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Introduction

The thermal environment is a significant part of  the urban 
environment; it is a reflection of  the surface and atmosphere 
energy balance as well as of  the energy fluxes in between the 
surface and the atmosphere close to the surface. The state 
of  the thermal environment may be described with the use 
of  air temperatures (at 2m from the ground) and land surface 
temperatures. The latter have a strong impact on the prevailing air 
temperatures locally, especially within urban areas.

Epidemiologic studies show that high temperatures are related to 
mortality and that older persons are especially susceptible to the 
adverse effects of  heat [1-4]. In particular, heat-health relationships 
in urban areas have been studied extensively worldwide and these 
studies observed a U-, V- or J-shaped temperature-mortality 
relationship [1-3, 5, 6]. The adverse effect of  extreme heat on 
mortality is exemplified by the 2003 European heat wave [7], 

when more than 70,000 additional deaths occurred. 

The increasing urbanization of  cities projected for the coming 
decades [8] is an important concern for health security, as air 
and surface temperatures are expected to increase further and 
the urban heat island strength to be intensified [9]. To this end, 
the analysis of  the thermal environment in cities is important 
for building thermal resilience plans [10] for health security. Of  
particular concern are areas in the cities where higher than average 
(surface and air) temperatures are systematically observed. The 
recognition of  such areas is important as they reflect areas where 
photochemical pollution may increase [11] and where immediate 
interventions are necessary to ameliorate the thermal environment 
and thus protect the health of  the city dwellers. Furthermore 
quantifying the impact of  heat on health security supports public 
health authorities for a coordinated heat response and in designing 
heat-resilient adaptations to housing and urban design. 
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Methodology

Land surface temperature (LST) is a key parameter for assessing 
the thermal environment in urban areas. Despite ground 
measurements, LST may be also estimated with the use of  satellite 
data in the thermal infrared part of  the electromagnetic spectrum 
[12-13], a fact which takes advantage of  the high spatial resolution 
of  the satellite sensor. In this study, the methodology to define 
hot spots in the city of  Athens, is based on the use of  Landsat 8 
satellite images (of  spatial resolution 120m) during summer, for 
days with similar synoptic conditions. The methodology observes 
the following steps:

Step 1. Classification of  land cover for the greater Athens area in 
eleven classes (Figure 1). The classification is considered necessary 
so as to link LSTs with the type of  land cover.

Step 2. Estimation of  an average LST field for summer (Figure 
2). LST values refer to the scale to the right of  Figure 2, whereas 
air temperatures as measured at the ground based stations at the 
same acquisition time with the Landsat images, are presented as 
a second layer (black: urban; green: suburban; red: rural). For the 
estimation of  the land surface temperature (LST) the algorithm 
(Eq.1) was used [14]. It is a generalized single-channel method in 
order to retrieve LST from only one thermal channel.

LST= γ [ε-1 (ψ1 Ls + ψ2) + ψ3] + δ (1)

where Ls is the at-sensor radiance, ε is the surface emissivity, γ 
and δ are two parameters dependent on the Planck’s function, ψ1 
is the reverse of  the atmospheric transmissivity (1/τ),  ψ2 depends 
on the upwelling and downwelling atmospheric radiances and ψ3 
equals the downwelling atmospheric radiance.

Step 3. Estimation of  LST zone statistics analysis (max, min and 
mean values) for the classes urban, suburban and industrial. As 
seen in Table 1, higher average LSTs are observed in the industrial 
and urban areas. It should be also noted that LSTs are considerable 
higher compared to air temperatures (on the average around 30 
deg Celcius) at the same areas and observation times.

Step 4. Identification of  hot spots in the city of  Athens. The 
manual interpretation of  the LST images, has showed that a local 
threshold of  44˚C may be defined for the identification of  hot 
spots. Thus an area with LST consistently above the threshold 
value is considered as urban hot spot. As expected hot spots are 
recognized in areas with such land cover as urban and industrial 
(Figures 3a and 3b). Vegetated areas such as urban parks are 
found with lower temperatures, although they are located near 
the aforementioned areas. Figure 4 provides a closer look to the 
areas concerned.

Figure 1. Classification of  land cover for the greater Athens area.
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Figure 2. Estimation of  an average LST field for summer for the urban agglomeration of  Athens.
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Conclusions

As seen in Figure 4 (a, b), several hot spots are identified within 
the city of  Athens and particularly within the historical centre 
and the industrial zone of  Athens. On the contrary, hot spots are 
not identified in the green areas of  Athens and in the northern 
suburbs as LST is much lower. Results allow a detailed view of  
the thermal characteristics of  an urban area (at a grid of  120m x 
120m) in conjunction with the respective site-specific land cover 
types. To this end they (a) support the recognition of  areas in the 
city where health security may be in pressure and (b) support the 
development of  focused and differentiated interventions in the city 
so as to ameliorate heat stress in the areas where hot spots are 
identified and thus improve health security.
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