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Abstract: This study quantitatively analyses the spatial 
relationship between land surface cover and urban 
surface temperature distribution among different land use 
classes in metropolitan Melbourne. This relationship was 
explored through a detailed estimate of fractional land 
cover at 30 m grid resolution using LiDAR data along with 
land surface temperature (LST) and modeled heat fluxes 
using Landsat TM5 data. In this study spatially distributed 
energy fluxes specifically ET, in an urban area were 
modeled based on an energy balance approach 
incorporating the surface roughness parameters derived 
from the LiDAR Data. This study shows a strong and 
significant linear relationship between LST and the 
percentage of different types of land cover. The 
relationship is positive for built-up areas and negative for 
vegetated areas.  Such relationship quantitively depicts 
that with increasing total vegetation cover the LST 
decreases; in contrast LST increases linearly with 
increased imperviousness. 

Keywords: LST, ET, Landsat TM5, LiDAR, Energy balance 
modeling. 

Introduction 
A sustainable city endures the social, environmental 
and economic stresses and performs as a resilient 
habitat for the existing and future generation through 
prudent urban planning and city management. 
Urbanization transforms the natural lands into built-up 
areas which create complex and heterogeneous land 
surface properties. Urban air temperature is strongly 
influenced by the built environment and is significantly 
warmer than its surrounding rural or peri-urban areas. 
To reduce the thermal impact and to achieve human 
thermal comfort several studies suggest the addition of 
green space and vegetation as an important heat 
mitigation option (Coutts et al., 2013). Green surfaces 
use available energy and water for evapotranspiration 
(λET) therefore less energy is available for atmospheric 
heating (H) and heat storage (G), which resulted a 
cooler urban environment. However, such planning 
requires detailed information about the land surface 
heterogeneity and spatial relations between land 
surface covers and surface energy fluxes in different 
land use classes (Coutts et al., 2013; Grimmond, 
2007). With its synoptic capability, satellite images 
retrieve this information rapidly and economically. 
Recent development of LiDAR data offers highly 

detailed land cover information in an urban area and 
along with height information of urban elements. 

Three local government areas (LGA) namely 
Melbourne, Monash and Darebin LGA of metropolitan 
Melbourne were selected for this study (Figure 1). Each 
of the LGA is different in characteristics such as 
settlement age, geology, geographical setting, 
population density, land use, business types, and other 
attributes. 

 

Figure 1, Location map of the study area.  The magenta 
dots indicate weather stations, and the green dot 

represents energy flux monitoring tower. 

Methodology 

Detailed land cover extraction from LiDAR 
data 

In this study, classified LiDAR data according to the 
LAS 1.2 specification code has been used to generate a 
detailed land cover map at sub-meter resolution using 
geospatial tool of ArcGIS. Six types of land cover 
information were extracted for each LGA and these 
datasets included: 1) building, 2) road, 3) trees, 4) 
grass, 5) other impervious area and 6) water. Other 
impervious areas include parking, courtyards or dry, 
bare soil. 

Table 1, Percentage of area covered by different land 
cover types in three city council areas. 

Name of the city 
council 

Percentage (%) of land cover type 

Building area Road area Impervious 
area 

Tree crown 
area Grass Water 
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Melbourne 21.8 15.4 32.1 9.9 14.8 6 

Monash  19.5 15.4 14.6 24 26 0.4 

Darebin  25.2 16.7 13.4 12.8 31.1 0.8 

Fractional land covers estimation 
Detailed land cover maps were derived from very high-
resolution LiDAR data. In absence of very high-
resolution spatial temperature data, estimation of 
surface temperature and surface heat fluxes were 
derived from medium 30-meter resolution Landsat 
data. At the ground, these 30 m-by-30m land areas 
could include several different types of cover. The 
reflectance that the satellite sensor receives is a 
mixture of reflectance from different land covers for 
each pixel. To overcome the challenge, land cover 
fractions at a 30 m grid scale were derived to estimate 
the relationship between land cover types with other 
satellite-derived parameters (Figure 2). A regular 30 m 
by 30 m vector grid was created for this purpose and 
within this 30 m grid, the fraction of each land cover 
type was calculated using the Statistical tool of ArcGIS. 
Each of these grids has an individual identification 
number (ID no). 

 

Figure 2, A) The black lines represent a regular 30m by 
30m vector grid derived from Landsat Tm Raster with 
their ID no., (B) The derived detailed land cover map 
from the LiDAR data is overlain on the 30m by 30m 

vector grid, (C) Enlarged view of an individual 30 m grid 
and (D) the contained land cover fraction of an 

individual grid. 

For each building and tree polygon, the mean 
elevation was extracted from LiDAR data considering 
flat rooftop for building and smooth canopy for 
vegetation.  Mean building height and tree height for 
each grid were calculated using the following equation 
(Burian et al., 2004),  

h̅ =
∑ hi

N
i=1

N
   and  Sh = √∑ (hi−h̅)

2N
i=1

N−1
  ..........................(1) 

where, h is the mean elements height of N number 
of elements for each grid, Sh is the standard deviation 
of building height, hi is the height of building i and N is 
the total number of buildings in the area. Using the 
same equation, mean tree height was also derived for 
each grid. The displacement height (Zd) and roughness 
length (Zo) are the key parameters used in energy 
balance model to specify the boundary conditions 
above built-up areas. These two parameters were 
calculated following Grimmond and Oke (1999) are 

Zd = ∫ ZH
̅̅̅̅

d
   and Zo = ∫ ZH

̅̅̅̅
0

    ....................................(2) 

where, ZH is the average building height and ∫d and 
∫0 are empirical coefficients. Grimmond and Oke 
(1999) assumes 0.5 for ∫d and 0.1 for ∫0 in urban areas. 

The surface brightness temperature (𝐓𝐛𝐛)  
It was computed from spectral radiance in band 6 by 
the following Markham and Barker, 1986 using Landsat 
TM5 data (93/86 row/path dated 14-10-1989, 03-09-
2003, 01-04-2005, 12-09-2006, 24-12-2003, 24-11-
2004, 01-11-2005 and 28-02-2005). 

𝑇𝑏𝑏 =
𝐾2

𝑙𝑛(
𝐾1
𝐿6

+1)
……………………………. (3)   

where, 𝐿6 is the spectral radiance at sensor of the 
thermal band (band 6); 𝑇𝑏𝑏 is effective at-satellite 
surface brightness temperature and 𝐾1and 𝐾2are 
constants for Landsat TM. The surface temperature (Ts) 
was then computed according to Liu et al., (2007). 
Ts  =  

Tbb

(εΟ)0.25 ……………………………….………. (4) 

where, εΟ is surface emissivity. Following Griend 
(1991) εΟwas estimated using NDVI.   

Surface heat flux modeling  
According to Oke (1988) the surface energy balance 
can be explained as the total incoming solar net 
radiation Rn (W/m2) is divided in to the sensible heat 
flux H (W/m2) that warm the air, λET (W/m2) the latent 
heat flux which is used for evapotranspiration, 
G (W/m2) is the storage heat flux which is stored within 
the urban fabric and canopy layer. In this study 
anthropogenic heat component was not considered.  

Rn = G + H + λET ……………………………….… (5) 

The net surface radiation (Rn) at the satellite overpass 
time was computed from Landsat TM5 data following 
Allen et al., (2007) and Bastiaanssen et al., (1998). 

Rn = Rs − αRs(in) + RL(in) − RL(out) − (1 − ε0)RL ... (6) 

where, Rs (in) is the incoming short-wave radiation, 
α is the surface albedo (dimensionless), RL (in) is the 
incoming long-wave radiation, RL (out) is the outgoing 
long-wave radiation, ε0 is the broadband surface 
thermal emissivity. The term (1 − ε0)RL represents the 
fraction of incoming long-wave radiation reflected from 
the surface. The G is estimated according to Liu et al., 
(2010) using surface temperature, albedo, and 
normalized difference vegetation index (NDVI). 

G =  Rn[(Ts −  275.15) × (0.0038 + 0.0074α) × (1 − 0.98NDVI4) 
…………………………….…………. (7) 

where, Rn is total radiation and α is surface albedo, 
Ts is surface temperature (in Kelvin). H is computed 
using the following equation (Bastiaanssen et al., 1998) 

H =
(ρ×Cp×dT)

rah
 ………………………………. …. (8) 

where, ρ is air density (kg m-3), Cp  is air specific 
heat, dT is the temperature difference and rah is the 
aerodynamic resistance. ΛET for the time of the satellite 
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overpass is computed at each pixel as residual of the 
energy balance using the following equation 
(Bastiaanssen et al., 1998a): 

λET = Rn − G − H and ETinst = 3600
λET

λ
… … … . (9) 

The instantaneous ET (ETinst, mm/hr.) is defined as 
the evapotranspiration at the time of the satellite 
overpass and λ is the latent heat of vaporization. 

Results 
Statistical analysis shows that with a 10% increase in 
impervious cover, the LST increases about 0.6°C to 
1.3°C during summer and about 0.38°C to 0.76°C in 
winter. On the other hand, for each 10% increment of 
tree areas, the LST decreases about 1.0°C to 0.7°C 
during summer and about 0.56°C to 0.33°C during 
winter in Melbourne. These values are much lower for 
grass cover. For example, each 10% increment of grass 
decreases the LST of about 0.27°C to 0.54°C in summer 
and 0.13°C to 0.28°C in winter (Figure 3). 

 

Figure 3, Relationship between summer LST and land 
cover of three LGAs. 

The estimated energy fluxes showed significant 
effect due to spatial land cover variability. Impervious 
cover was the dominating factor for the spatial 
distribution of G and H. In all three LGAs, the value of G 
increased with increasing impervious cover and 
decreased with increasing vegetation cover, but the 
effect is more evident for trees than for grass cover. In 
all three study areas, the spatial distribution of H was 
highly variable. The ET rate also varies significantly for 
grass and trees. Grass cover always showed higher 
mean LST even when it had higher mean ET values 
(Figure 4).  

The LST and ET were inversely correlated for both 
grass and trees, and the coefficient of determination 
(R2) is more than 0.9 for trees in all three areas, 

whereas for grass it is more variable and ranges from 
0.2 to 0.9. From the statistical analysis it is evident that 
increases in ET rate and associated decreases in LST 
are higher for trees than grass, indicating that trees are 
more efficient than grass for LST reduction in the urban 
environment of Melbourne. As LST has a direct influence 
on air temperature, trees will be most effective to reduce 
air temperature and mitigate excess urban heat. 

 
Figure 4, Relationships between surface temperature 

and ETinst rates for tree and grass cover for the three city 
councils. 

Conclusions 
This study demonstrates that remote sensing data can 
be used as a tool for informed implementation of 
greening as a heat mitigation measure in an urban area 
to achieve a sustainable city. The resulting 
relationships can also facilitate the planning of a 
balanced spatial arrangement of land use types where 
areas prone to excessive heat can be managed into 
relatively cooler land uses. 
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