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Estimation of Urban Heat Island Intensity with LANDSAT/TM Thermal Images
Wanglin YAN U and Takehiko MIKAMI 05

Abstract

O O Urban Heat Island, a meteorological phenomenon by which the air temperature in an
urban area increases beyond that in the suburbs, grows with the progress of urbanization.
The difference of air temperatures between city center and suburbs is called Urban Heat
Island Intensity] UHIIO UHII is usually calculated as a fluctuation of the highest and lowest
values of ground-observed air temperatures. However, the magnitude of UHII may vary with
the locations of observations. Satellite remote sensing has been expected to be effective for
obtaining thermal information of the earth's surface with a high resolution. However, the
possibility and the technique for evaluating UHII with brightness temperatured BTUHIIO
from satellite images have not been verified yet. This paper, taking Tokyo as the study area,
aims to clarify a method for calculating BTUHII with Landsat/TM thermal images and
verifying its usability with in situ ATUHII. Based on the principle of ATUHII, we considered
that BTUHII must be estimated with the same spatial resolution as the spatial scale at which
air temperatures are formed. This is called the resolution condition. Moreover, the highest
and lowest temperatures for BTUHII must come from similar land uses as those for ATUHII.
This is called the land use condition. Our previous research has shown that the brightness
temperatures reach a maximal correlation with air temperatures at a distance of about 600 m
in Tokyo. Invoking this result, we improved the spatial resolution of brightness temperature
by applying a low path filter to the Landsat/TM night thermal image dated March 1, 1999. To
match the land use condition, we regrouped the 10 m high-resolution land use data into 8 land
use categories according to the brightness temperature and NDVI. In addition, we divided the
study area from the city center to the suburbs into 6 zones: CBD, SubCBD, within 10 km, 10-
20 km, 20 - 30 km, and beyond 30 km to take account of the impact of land uses in different
distance spheres. The following facts have been successfully confirmedl 10n an urban context
like Tokyo, resampling brightness temperature image into a resolution of 500 m can effectively
remove the influence of cooling or heating facilities, and make the spatial structure of UHII
much clearer.00 20 BTUHII is a little smaller than ATUHII, but they are still comparable.
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0 30 Although BTUHII can not substitute for ATUHII completely, the trend of BTUHII
decreasing from the city center to the suburbs is coincident with ATUHII so BTUHII would be
an effective indicator for a comparison of thermal attributes between different urban districts

or land use categories. We believe that these conclusions have great significance for using

satellite sensed thermal images in research on urban climatology and the practice of urban

planning.

Key words[ urban heat island intensity, TM thermal image, Tokyo Metropolitan Area, spatial

resolution, land use condition
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Fig. 10 Study area, zoning and meteorological
stations.
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Fig. 20 Landsat/TM brightness temperature image with a resolution of 30 m.
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Table 10 regrouping land use classes by NDVI and brightness temperatured BT

Land use class

Mean of BTO O O Std of BTO O O Mean of NDVI  New land use class

code name
1 Forest 15.0 1.4 00.0 A : Forest
2 Paddy Land 14.6 1.3 0Jo0.0
B : Farmland
3 Farm Land 14.2 1.8 0Jo.1
12  Park and Open Space 16.1 1.6 0o.1 C : Park
5 Bare Land 15.7 1.5 gJo.1
7  Low-story Residental 15.7 1.2 0o.1 D : Low-story
Low and Dense
8 Residential Land 16.0 1.3 002
9 Mid/high-rise Residential 16.6 1.2 0o.2
10 Commercial Land 16.7 1.7 0Jo.2
E : Multi-story
11  Road 16.3 1.6 0o.1
13  Public Facility 16.5 1.6 0Jo.1
4 In construction 16.2 2.0 gJo.1
F : Industrial
6 Industrial Land 15.7 2.1 0Jo0.2
14  River and Lake 16.8 2.6 0Jo.2
G : River
15  Other Facility 14.4 2.6 0o0.0
16  Sea 21.2 1.1 Jo.4 H : Sea
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Table 20 Mean brightness temperaturest [J [J aggregated by zone and land use class.

Land use class

Zone Total UHII O UHII O
A B C D E F G H
Z1:CBD 19.1 19.6 19.6 19.5 5.9 4.9
Z2 : SubCBD 17.8 17.5 18.4 17.9 19.3 18.3 4.7 3.7
Z3 : <10 km 17.5 17.7 17.0 17.8 17.7 18.2 20.5 17.9 4.1 3.1
Z4 :10-20 km 16.1 15.6 16.2 16.1 16.4 16.8 16.3 21.2 17.0 3.1 2.1
75 : 20-30 km 15.2 14.7 15.6 15.4 15.6 15.4 15.2 15.4 1.9 0.0
Z6 : >30 km 14.6 13.7 14.8 14.6 15.0 14.4 14.4 14.6 0.0
Total 15.0 14.5 16.2 15.8 16.4 16.0 16.0 20.9 16.1

ADDO0DO0OBOOOOCOOOOOODOOOOOOOEDDODDODODOROODODOODOGOOOOHODOO
A : forest, B : farmland, C : park, D : low-story, E : multi-story, F : industrial, G : river, H : sea

0 xoooooooooooooooobooooooooooboooboao

Table 30 Air temperaturesd ATO and brightness temperaturest BT with/

without filteringO O [0

Statistics AT BT in 30 m image BT in 500 m image
Min 3.0 058 9.0
Max 10.8 24.4 22.4
Range=Max O Min 7.8 30.2 13.5
Mean 7.8 16.1 16.1
STD 2.0 2.2 2.0
Samples 46 points all of cells all of cells
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Table 40 Hot spots and cool spots in 30 m brightness temperature image.

Top 5 coolspots Top 5 hotspots

No Landuse Zone BT OO No Landuse Zone BT OO
1 6 Z6 05.8 1 16 Z4 24.4
2 6 Z6 010 2 14 Z3 23.9
3 10 Z6 0o0.3 3 13 Z3 23.9
4 6 Z5 010 4 14 Z4 23.9
5 12 Z3 029 5 14 Z3 23.9

Landuse 60 000001000 0000001200000013000000
140000000160000
Land use : 6. industrial, 10. commercial land, 12. park, 13. public facility,

14. river and lake, 16. sea Zone : Z3: <10 km, Z4: 10 - 20 km,

Z5 : 20-30 km.
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Fig. 50 The gradient of brightness temperature by land use class.
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Table 50 The ground observed air temperature aggregated by zone and land use.

Zone

Land use class

Total UHIITO UHIIO

Name Statistics A B C D E F G
Z1: Points
CBD  Mean 108 7.8 3.9
Z2 . Points
SubCBD Mean
Z3: Points 5 140 19
<10km  \ean 58 96 94 66 2.7
Z4 Points 7 2 9
10-20 km  pjean 82 87 83 57 18
Z5 : Points 4 2 6
20-30 km  \jean 74 6.9 72 44 0.0
A6 : Points 2 1 5 4 12
>30 km  \jean 32 3.0 58 66 54 00
Points 2 1 210 220 46
Total
Mean 32 3.0 76 87 7.8
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