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Abstract. The aim of our investigation was to study in detail the relationship between the spatial structure 
of the urban green surface and land surface temperatures. The research was carried out to support the 
elaboration of the Environmental Action Programme of Budapest (Hungary) focusing on city planning as 
well. The ultimate goal was the utilization of the findings to provide planning guidance for the city, on 
how vegetation could contribute to the mitigation of the negative effects of urban heat island in more 
effective ways. 
Keywords: Green surface, land surface temperature, satellite image, land use, urban heat island, human 
comfort, vegetation, remote sensing 

Introduction 

Analysing the Landsat5 TM satellite image of Budapest we found strong negative 
correlation between land surface thermal radiation and biological activity of vegetation. 
In order to present this correlation for the general public we created cross section 
diagrams of Budapest, which simultaneously present the land surface temperature and 
values of a vegetation index (NDVI). In accordance with the city’s zoning plan we 
analyzed the land surface temperature and vegetation characteristics of 14 land use 
types. The difference between the mean temperature of these land use types exceeded 
15 ºC. The land use types of highest land surface temperature values were road and 
railway junctions, commercial areas (shopping centres), manufacturing sites and high 
density residential areas. Our suggestion is, that these are the land use types which are 
chiefly responsible for the creation of the urban heat island. 

Utilising the findings of the survey our team made several policy recommendations, 
which form part of the Budapest Environmental Program 2007. 

Review of Literature 

The effect of urban heat island on human comfort 

The high building density, the lack of surfaces allowing evaporation and increasing 
human activity change the energy and water balance of the land surface and the 
atmosphere in urbanised environments. This results in the creation of the phenomenon 
of urban heat islands (UHI), which are the areas of excess warmth of the urban 
atmosphere and surfaces compared to their rural surroundings [19]. There is a great 
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number of surveys describing the characteristics and effects of the UHI. Oke’s study of 
1987 described the changed temperature, moisture and aerodynamic conditions of 
urbanized areas [16]. There is a difference between atmospheric UHI and land surface 
UHI. The former has its highest level in the early evening hours, while the latter around 
the mid day period. [10] The annual characteristics of the UHI vary regionally. For 
instance while South-East Asian surveys suggest that the annual maximum values of the 
UHI are in the autumn and winter period [14, 26], a survey of 8 Asian mega cities 
suggest that in the North Hemisphere the maximum in August, in tropical cities in the 
dry season [10], while surveys in Hungary demonstrate the maximum values are in June 
and July [1]. The easier access to satellite images and the improvement of GIS 
technologies contributed to the increased number of studies. Images of NOAA [6] of 
Terra and Aqua [1, 10] and of Landsat [19, 23] area also used for UHI related analysis. 
Because of the effects of UHI the energy demand for cooling of buildings increases 
[15]. Different land use types have different effects on UHI. Using remote sensing data 
and GIS analysis, studies try to reveal these effects. (For literature review see [13].) It is 
suggested that the UHI has a significant effect on the regional climate and also on socio-
economic development [3]. In our paper we would like to emphasize that it frequently 
has a more noticeable local effect, since it can significantly deteriorate the value of 
human comfort indices of open spaces in urbanized areas. 
 

Human comfort and the mitigation of urban heat island effects 

One might think that the thermal environment of the human body is chiefly 
determined by the air temperature. If the air temperature is too low we are cold, if it is 
too high we are hot, if neither then we feel comfortable. A study suggests that there are 
three other factors to be taken in consideration: relative humidity, wind speed and 
surface radiation [8]. The combination of these four determine the evaporation of the 
human body, and hence thermal comfort. During the summer period the most 
significant input in the thermal indices is not the air temperature, but the mean radiant 
temperature [9]. This suggests that the land surface temperature studied in this research 
has a very significant effect on the comfort conditions of open spaces. 

Research suggests, that there are six main strategies of how the negative effects of 
UHI can be mitigated [2]: a) modification of urban geometry, b) use of light-coloured 
surfaces, c) policies and measures to increase energy efficiency, d) management of 
traffic and better transportation system design, e) use of permeable surfaces, f) use of 
vegetated surfaces. In our research we study how the presence or the absence of urban 
greenery in Budapest effects the Land Surface Temperature (LST) and hence the UHI of 
the city. 

Methods 

The relation between vegetation and thermal radiation of land surface 

It is a well known and documented fact that the land surface temperature and the 
vegetation are related to each other. Some studies focus on the description of how 
urbanization process, and the loss of vegetation contribute to rising urban temperatures 
[13], while others focus on how vegetation can reduce the negative effects of the UHI 
[21]. Multispectral satellite images make possible the measurement of both the 
vegetation and the thermal radiation at regional scale. Several indexes are derived from 
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satellite images which can be used to describe the urban vegetation, such as the 
Normalized Difference Water Index (NDWI) [7] or the Normalized difference built-up 
Index (NDBI) [25]. The most frequently used index to measure vegetation is the 
Normalised Difference Vegetation Index (NDVI), derived form the red and infrared 
channels of satellite images [24]. 

In our research, analysing the Landsat5 TM satellite image, we intended to 
investigate the relation between NDVI and Thermal Radiation (TR) values in the case 
of Budapest. The 25-120 m resolution of the image allowed us to analyse urban 
vegetation and the UHI in greater details than was done so far in Hungary [1]. We used 
the vegetation index (NDVI) as an index of green surface intensity (vegetation cover) 
since in our previous studies we have found strong correlation between them [4, 12]. 
The analysed satellite image was taken on the 1st of August 2005 at 9:30 AM (CET), 
which was a clear and sunny day. The air temperature at 9:30 was 24,3 ºC, while the 
daily maximum was 31 ºC at 16:30, hence the radiation values of the image do not 
present the daily peak values. 

 

 
Figure 1. Relationship between biological activity of vegetation and thermal values of land 
surface in Budapest. (Represented by positive NDVI values and values of thermal infra band 

Landsat5 TM satellite image in the 1st of August 2005 9:00 CET) 

 
The relation between the positive NDVI values and the TR variables were tested by 

seven different correlation analyses. The value of the square of the correlation 
coefficient (R2) in the case of linear regression was 0.588. The value of the R2 was 
slightly better in the case of Quadratic (0,603) and Cubic (0,604) correlation. The value 
of the constant was negative in all cases. These results suggest that there is significant 
negative correlation between Normalised Differential Vegetation Index and the TR 
values of the satellite image. (Fig. 1.) However the correlation is not strong enough to 
make it possible to calculate the TR directly from the NDVI value of a designated spot. 
(Table 1.) 
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Table 1. Correlation between vegetation biological activity (NDVI) and land surface thermal 
radiation (TR) values derived from satellite image (Landsat5 TM)  

Equation Model Summary Parameter Estimates 

 R2 F df1 df2 Sig. Const. b1 b2 b3 

Linear* 0,588 2638,38 1848 0,000 140,082 -21,455     0,588 

Quadratic** 0,603 1401,51 1847 0,000 138,562 -8,9969 -18,475   0,603 

Cubic*** 0,604 937,77 1846 0,000 139,033 -16,41 8,6186 -26,727 0,604 

Exponential**** 0,592 2680,46 1848 0,000 140,224 -0,1624     0,592 

Independent variable: NDVI, Dependent variable TR 
 * Y = b0 + (b1 × A) 
 ** Y = b0 + (b1 × A) + (b2 × A2).  
 *** Y = b0 + (b1 × A) + (b2 × A2) + (b3 × A3). 
 **** Y = b0 x (eb1 × A ) = ln(b0) + (b1 × A) 

 

Retrieving Land Surface Temperature 

It was important to estimate the Land Surface Temperature (LST) from the satellite 
image in order to facilitate understanding of TR easier and relate to Celsius temperature 
scale. There are two main methods of retrieving LST using the data basically of the 6th, 
and additionally the 3rd and 4th band of Landsat TM5 satellite image. One of these is the 
“Mono Window Algorithm” [18], the other is the “Single Channel Method” [11]. Using 
the LST software [22] we have calculated the land surface temperature both by using 
the mono window algorithm developed by Qin et al and the single-channel algorithm 
developed by Jimenez-Munoz. The publications describe both methods with 
approximately 2 ºC accuracy. [20]. We generated the LST for our purpose by 
calculating the average values of the two model outputs. The meteorological data 
required for the calculations (atmospheric transmittance, effective mean atmospheric 
temperature, total atmospheric water vapour) were provided by the National 
Meteorological Institute of Hungary (OMSZ). 

Results 

Analysing the cross sections of Budapest  

Using NDVI values, representing green surface intensity as well, and LST variables 
we created cross section diagrams of Budapest. It was found that these diagrams make it 
easier to understand the correlation between vegetation and LST for the general public 
and also for decision makers. Using the diagram the results of the analysis of the 
thermal and vegetation biological activity of a given location are more evident, which 
was the basic for the research team to form policy recommendations. 

The diagrams present the Northwest-Southeast and Southwest-Northeast cross 
sections of Budapest, with well recognisable inverse tendencies of the biological 
activity of vegetation and LST. The increasing values of biological activity result in the 
decrease of thermal values and vice versa. This tendency can be recognised for each 
area where significant differences between NDVI values exist. The only exception 
being the Danube river where the 0 NDVI values are met with equally low LST values. 
In this case the cooling effect of the water surface results in low LST values. (Fig. 2.) 
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Figure 2. Diagram of cross sections in Budapest demonstrating green surface intensity (NDVI) 

and land surface temperature (ºC) connection with regard to land use types as well. 

 
The maps, based on interpreted satellite images, show that e.g. in the Margit-sziget 

(Margaret Island), one of the major parks of the city, the intensive vegetation causes 
low LST values (18,5-24,0 ºC). At the intensive residential area of the East side of the 
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river in Újlipótváros one can mainly find low vegetation values and high surface 
temperatures (NDVI 0, means actually no green surface at all; LST 33,0-36,0 ºC) except 
of patches of smaller parks, gardens and squares of high green surface intensity (e.g. 
Szent István park, Honvéd tér, Kossuth tér). The roof garden of the West End shopping 
centre definitely reduces the LST values by a few degrees Celsius (30,5-32,5 ºC), which 
is in great contrast with the neighbouring railway area (LST 36,0 ºC). (Fig. 3.) 

 

 

Figure 3. Map of green surface intensity (based on NDVI) and land surface temperature 
(ºC). Margaret Island and Újlipótváros. 

 
It is noticeable that compared to densely built intensive residential areas, the 

extensive residential area along the Városligeti fasor (City Park alley) with higher green 
surface intensity (32–100%), results in lower land surface temperatures (28-30 ºC). It is 
remarkable that the high temperature of the Hungária Ring (32,5-31,5 ºC) is in strong 
contrast with the adjoining Városliget (City Park) (NDVI 0,3-0,9 mainly 60-100% green 
surface; LST 23,0-26,0 ºC). (Fig. 4.) 

 

 

Figure 4. Map of green surface intensity (based on NDVI) and land surface temperature 
(ºC). The City Park and the City Park alley in Budapest. 
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Analysing land use types 

In the next stage of the research we examined how the different urban land use types 
can be characterised both by vegetation and thermal values. According to the city 
zoning plan we differentiated 14 land use types, in four groups such as residential, 
economic, recreation and transport. We examined 95 sample areas covering a total of 
3 300 hectares (over 6% of the city area). Calculating the mean value, the standard 
deviation and the lowest and highest NDVI and the LST values of the pixels we 
described the characteristics of these land uses (Table 2.). 

 
Table 2.  Land use types with vegetation and land surface temperature characteristics 

Land use 

types Sample area NDVI LST (ºC) 

 
sample 
number 

size ha mean standard 
deviation 

max. 
value 

mean standard 
deviation 

max. 
value 

RESIDENTIAL GROUP 

Intensive 
residential  5 53 0,02 0,05 0,45 33,92 1,47 37,00 

Extensive 
residential 6 120 0,27 0,12 0,61 28,35 2,14 34,50 

Garden city 10 288 0,22 0,09 0,55 29,79 1,92 35,50 

Housing estates 9 232 0,19 0,11 0,56 30,48 1,53 36,00 

ECONOMIC GROUP 

Manufacturing-
logistic 6 270 0,05 0,08 0,59 34,87 2,76 43,50 

Commercial 4 47 0,03 0,07 0,44 35,30 3,28 44,00 

Agricultural  13 596 0,34 0,21 0,70 27,59 5,37 41,50 

RECREATION GROUP 

City parks  4 258 0,40 0,16 0,64 25,15 2,65 36,50 

Smaller parks 9 51 0,35 0,17 0,65 28,20 3,14 38,00 

Cemetery  2 68 0,40 0,13 0,65 26,62 2,39 34,00 

Recreational parks 3 29 0,35 0,18 0,63 24,94 2,11 33,00 

Woodland  11 1207 0,59 0,10 0,85 20,58 2,45 33,00 

TRANSPORT GROUP 

Railway junctions  5 70 0,03 0,08 0,42 35,51 1,42 39,00 

Road junctions 8 18 0,01 0,04 0,33 33,53 1,13 30,50 

Sum  
Average  

95 
 

3307 
 0,23 

 
0,11 0,58 29,63 2,41 36,86 

 
Amongst residential land use types the highest mean LST (33,9 ºC) and the lowest 

NDVI mean value (0,22 which is approximately 44% green surface intensity) can be 
found in the intensive residential areas, whilst the lowest thermal values and the highest 
green surface intensity characterize the extensive residential areas (LST 28,3 ºC; NDVI 
0,27 means around 54% green surface intensity). We found that the zones of garden city 
and housing estates have similar thermal and vegetation characteristic in Budapest, and 
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that their LST intensity is surprisingly a bit higher than that of the extensive residential 
areas. (Fig. 5.) 

 
Figure 5.  Diagram of sample area study results (see map of samples in Budapest on the top). 
The 14 different land use types investigated in Budapest are characterised by the mean and 
standard deviation values of land surface temperature and biological activity. 

 
In the economic group of land use types the highest maximal temperatures were 

found at commercial and manufacturing-logistic areas (43,5-44,0 ºC), which can partly 
be explained by the low NDVI values (0,07-0,08 14-16% green surface intensity), but 
the thermal effects of manufacture and the intensive radiation of asphalt surfaces are 
likely to also be responsible for the high LST values. It is an unexpected finding, that in 
Budapest the commercial areas have lower mean NDVI value and higher mean LST 
than the manufacturing-logistic areas. Agricultural areas have higher vegetation and 
lower thermal values than the types belonging to the previous economic group (LST 
27,6 ºC; NDVI 0,34 means 68% green surface intensity). However their most specific 
character is the high deviation both in vegetation and thermal values, which is not 
surprising, since the arable land, which mainly covers agricultural type in Budapest, can 
completely lack vegetation or may also have 100% plant coverage depending on the 
cultivation. The thermal standard deviation of manufacturing-logistic and commercial 
areas is also high, which suggest that the thermal characteristic of economic group land 
use types is not homogenous at all. 

Within recreational group the lowest LST mean values (20,6 ºC) and also the lowest 
standard deviation values (0,10 ºC) were found at woodland which typically have 100% 
vegetation coverage. The recreational parks (outdoor swimming pools and spas) have 
very low LST values despite the relatively higher rate of built up areas within them 
(LST 24,9 ºC, NDVI 0,35 means only 70% green surface intensity), which is probably 
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due to the cooling effect of water surface. Amongst recreation types with the highest 
LST values (28,2 ºC) are the parks of smaller size. The high standard deviation rate of 
the thermal values is also noticeable at these areas, which suggests that their thermal 
condition varies not solely according to their vegetation, but also other factors (e.g. the 
type and extent of paved surfaces within the park). 

Among the examined sample areas the railway junction areas had the highest mean 
LST values (35,5  C). The low vegetation at these areas (NDVI 0,08 means 16% green 
surface intensity) is not capable to reduce the high heat values. The road junctions were 
the areas of lowest vegetation intensity (NDVI 0,01 means 2% green surface intensity), 
which reflects that the low vegetation cover of these areas also contributes to the 
creation of the UHI. 

Discussion 

Findings 

The UHI, prevailing during summer in continental climate, has a significant negative 
impact on the thermal comfort level of the citizens. Hence its reduction is important to 
create a better urban environment. As a result of our research we have showed that the 
manufacturing-logistic, commercial, intensive residential, railway and road junction 
areas are chiefly responsible for the creation of the UHI. This becomes highly important 
when results from a previous study about the change of biological activity in Budapest 
based on more satellite images are taken into account. This former study showed that 
two of these five land use types (commercial areas, road junctions) were definitely 
increasing, and green surface was slightly decreasing in the period between 1990 and 
2005 [5]. 

 
The most important findings of our research: 
1. Biological activity and land surface temperature are in strong negative 

correlation. The vegetation index (surface cover) is on average low in the land 
use types with the highest LST. 

2. The highest land surface temperatures can be found at manufacturing-logistic, 
commercial, intensive residential land uses and at railway and road junctions. It 
is suggested that these areas are mainly responsible for the Urban Heat Island. 

3. The difference in land surface temperature at 9:30 CET in 1st of August 2005 
exceeded 25 ºC. 

4. The difference in the average temperature of the examined land use types 
exceeded 14 ºC. 

5. We found that the mean land surface temperature of the city parks was 12 ºC 
below the mean temperature of intensive residential areas. 

6. The low LST values of large parks did not effect the LST values of other land 
use areas around them. However this does not suggest, that the cooling effect of 
urban parks does not have effect on the air temperatures of the surrounding 
areas. 

7. In the case of green roofs, surface temperatures were reduced by 3,5 ºC. 
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Policy recommendations 

The conclusion of the research team is that in particular the LST primarily at 
manufacturing-logistic, commercial, intensive residential land uses and at railway and 
road junction areas should be reduced order to mitigate the negative effects of UHI, 
since these are the areas chiefly responsible for creating the UHI. Our recommendation 
is to reduce the LST at these areas by increasing the areas covered with vegetation 
within these land uses. These new green areas should be created on ground level but 
also on roofs as roof gardens or green roofs. The evaporation from vegetation acts like a 
natural air conditioning system and the foliage of the trees also has a positive shading 
effect. For these two reasons we suggest that the planting of deciduous trees, with large 
and highly evaporating foliage during the summer period, is the most effective way of 
reducing the UHI in Budapest, which is strongest in the summer. Obviously the increase 
of areas covered by vegetation is not the only way of reducing the UHI. However the 
aesthetic values of the plants is a very strong argument to support their use in urban 
environments. 
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