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Spatial relations between land surface temperature and impervious surface and greenspace

density in Bangkok, Jakarta and Manila
103 Ronald C. Estoque (University of Tsukuba)

Keywords: greenspace, land surface temperature, remote sensing, spatial analysis, urban heat island

Urban heat island (UHI), a phenomenon first described in
1818, refers to the phenomenon of higher atmospheric and
surface temperatures occurring in urban areas than in the
surrounding rural areas (Howard 1818; Weng et al. 2004). This
phenomenon is caused mainly by landscape changes due to
urban development, which often result to higher land surface
temperature (LST). On the other hand, urban greenspaces (e.g.
forests, grasslands, etc.) are known for the various urban
ecosystem services they provide, including their role in
mitigating UHI effects.

Due to its negative impacts on the urban ecological
environment and the overall livability of cities, the UHI
phenomenon has become a major research focus in various
interrelated fields, including urban climatology, urban ecology,
and urban geography. The purpose of this study is to examine the
relationships between LST and the abundance of greenspaces
(GS) and impervious surfaces (IS) in Bangkok, Thailand; Jakarta,
Indonesia; and Manila, Philippines, using Landsat 8 imagery and
various geospatial techniques (i.e. multiresolution grid-based and
urban-rural gradient analysis techniques, as well as spatial
metrics). These three major cities belong to the developing
countries of the Southeast Asian region, and thus are assumed to
be in the same stage of economic development.

Results revealed a comparable mean LST between Jakarta’s
IS and Manila’s IS, i.e. about 1.5 °C higher than that of
Bangkok’s IS. Bangkok and Manila’s GS, on the other hand, had
a comparable mean LST, i.e. about 1 °C lower than that of
Jakarta’s GS. On average, the mean LST of IS was 2.94 °C
higher than that of GS across the three cities.

Along the urban-rural gradients of the three cities, IS
density and mean LST had a similar pattern, i.e. both were
gradually decreasing in rural areas, contrasting the pattern of GS
density. This is a typical characteristic of the UHI phenomenon,
in which urban areas have higher LST than the surrounding rural
areas. For the case of the three cities, the difference in the mean

LST at the 10-km (9.3-10.5 km) and 24.5-km (23.7-24.9 km)

distance was 3.0 °C for Manila, 2.1 °C for Bangkok, and 1.8 °C
for Jakarta. This had been the case (Manila had the highest;
Jakarta had the lowest) because at the 24.5-km distance, the
fraction of GS and mean LST were, respectively, higher and
lower for Manila, whereas the fraction of IS and mean LST were
both higher in Jakarta.

In all three cities, the multiresolution grid-based analysis
revealed an increasing trend in the correlation between IS density
and mean LST as the grid size increases, contradicting the trend
in the correlation between GS density and mean LST, which
decreases as the grid size increases. The spatial metrics analysis
showed that the IS patches in Jakarta and Manila were larger.
This result might help explain why the mean LST values of the
IS of these two cities were higher than that of Bangkok’s IS.
However, compared with the ‘size’ and ‘shape’ of IS and GS
patches, the ‘aggregation or compactness’ of IS and GS patches
had the most consistent, strong correlation with mean LST
(positive for IS; negative for GS) in all three cities.

Overall, although there were some differences between the
three cities (e.g. quantity, spatial configuration, and the mean
LST of their IS and GS), their respective IS and GS densities
were all significantly correlated with the mean LST (positive for
IS; negative for GS) across grid sizes and along urban-rural
gradients. These findings in Bangkok, Jakarta, and Manila
provide further evidence of the cooling effect of GS in urban
areas, highlighting its potentials in regulating LST and mitigating
UHI effects. This is an important urban ecosystem service that
GS provides, which needs to be seriously considered in

landscape and urban planning.
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