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ABSTRACT: To identify the relationship between land use and thermal environment in an urban area, the air temperature
was measured at different places of land use, and the changes of land use and air temperature were traced for 40 years in
Incheon City. The relationship between land use and temperature was also investigated using satellite image data. The results
of temperature measurements on a forest, a cropland (rice paddy), a bareland (school ground), and an urban area (asphalt
road) from 19 to 21 August 2014 showed that air temperature was the highest on a pavement road. The temperature
increased by about 1.4°C (0.035°C/year) for 40 years from 1975 to 2014 in Incheon. The changes in land use patterns of
Incheon for the past 40 years showed that urban dry land, bareland and grassland have increased and cultivated land,
wetland and forest land have decreased gradually. The land surface temperature (LST) was correlated with the normalized
difference vegetation index (NDVI) and normalized difference built-up index (NDBI) extracted from Landsat satellite image.
The land surface temperature was lower at higher NDVI, and higher at higher NDBI. Therefore, it is important to conserve and
restore the land use of greenery, wetlands, and agricultural land in order to mitigate the heat island effect and improve the
thermal environment in an urban area.
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Table 1. Location of measuring site of air temperature
in this study.

Site no. Location Land use
1-1 Forest inside Forest
1-2 Forest edge Forest
2 Paddy Crop land
3 School ground Barren land
4 Pavement road Urban area

Legend

m AWS
® TS

Fig. 1. Map showing the study area. The closed circles
indicate temperate survey sites (TS) and the closed
squares indicate the locations of the automatic weather
system (AWS).
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Fig. 2. Changes in temperature measured at the different
sites in Incheon City from 10 to 21 August, 2014.
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Table 2. Temperature characteristics at the different sites in Incheon City from August 10 to August 2 2014.

Site
Temperature
(°C) 1-1 1-2 2 3 4
(Forest inside) (Forest edge) (Paddy) (School ground) | (Pavement road)
Mean 22.8 23.7 23.3 22.6 24.9
SD 23 3.3 29 2.0 35
Minimum 17.7 17.0 17.5 17.8 17.9
Maximum 29.6 33.8 354 28.3 355
Mean of daily difference 54 8.6 71 4.8 8.5
SD of daily difference 2.9 41 4.5 2.4 3.9
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Fig. 3. Time series of monthly mean temperature change in Incheon City for the period of 1975-2014.
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Table 3. Change of areas (km?) according to land use pattern in Incheon City.

Year
Land use
1975 1980 1985 1990 1995 2000 2009 2014
Forest 85 85 87 79 73 68 55 61
(27%) (17%) (27%) (25%) (23%) (21%) (15%) (16%)
Grassland 14 18 8 8 8 5 19 36
(4%) (6%) (3%) (3%) (3%) (2%) (5%) (9%)
Wetland 60 59 44 17 10 5 24 12
(19%) (18%) (14%) (5%) (3%) (2%) (6%) (3%)
Waterbod 10 7 6 3 2 3 12 14
Y (3%) (2%) (2%) (1%) (1%) (1%) (3%) (4%)
Cropland 109 98 89 84 80 83 49 46
P (34%) (31%) (28%) (26%) (25%) (26%) (13%) (12%)
Urban area 37 51 73 104 125 141 159 176
(11%) (16%) (23%) (32%) (39%) (44%) (43%) (45%)
Barren land 4 1 12 25 22 14 51 46
(1%) (1%) (4%) (8%) (7%) (4%) (14%) (12%)
Total 320 320 319 320 319 319 368 391
(100%) | (100%) | (100%) | (100%) | (100%) (100%) | (100%) (100%)
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Fig. 5. The spatial variation of land surface temperature
(LST) estimated from the analysis of the satellite image
in Incheon City. The spatial variation of land surface
temperature (LST) estimated from the analysis of the
satellite image in Incheon City.
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Fig. 6. The normalized difference built-up index (NDBI) (a) and the normalized difference vegetation index (NDVI) (b)

of Incheon City on August 2014.
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