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Abstract This study investigates the impacts of urban land-use fraction and temperature
advection on the urban heat island intensity over the Seoul metropolitan area using the UM
(Unified Model) with the MORUSES (Met Office Reading Urban Surface Exchange Scheme)
during the heat wave over the region from 2 to 8, August 2016. Two simulations are performed
with two different land-use type, the urban (urban simulation) and the urban surfaces replaced
with grass (rural simulation), in order to calculate the urban heat island intensity defined as the
1.5-m temperature difference between the urban and the rural simulations. The land-use type for
the urban simulation is obtained from Korea Ministry of Environment (2007) land-use data after
it is converted into the types used in the UM. It is found that the urban heat island intensity over
high urban-fraction regions in the metropolitan area is as large as 1°C in daytime and 3.2°C in
nighttime, i.e., the effects of urban heat island is much larger for night than day. It is also found
that the magnitude of urban heat island intensity increases linearly with urban land-use fraction.
Spatially, the estimated the urban heat island intensities are systematically larger in the down-
wind regions of the metropolitan area than in the upwind area due to the effects of temperature
advection. Results of this study indicate that urban surface fraction in the city area and tempera-
ture advection play a key role in determining the spatial distribution and magnitude of urban
heat island intensity.
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Fig. 1. The domains of the Unified Model simulations and the study area including Seoul metropolitan (126.6~127.6°E,

37.1~37.8°N).
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Table 1. Summary of the numerical experiments.
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Experiment Urban simulation Rural simulation
Model UM 10.1
Resolution (Horizontal Grid EW x NS) 1.5 km (1188 x 1148)
Time step of integration 60 seconds
Urban Parameterization Scheme MORUSES

Land-use/Land-cover data

EGIS

EGIS (urban land-use replaced with C3 grass)

Integration Period

2016. Aug. 2. 0300 LST~9. 0300 LST

Initial and Boundary data

KMA GDAPS

Table 2. Error statistics for the 1.5-m air temperature urban simulation (vs. observed) and the number of observation site

according to urban fraction (f;) category.

Urban fraction (f,) Category The number of site RMSE (°C) MBE (°C)
0.8<f,<1.0 High urban fraction (H) 18 1.28 -0.32
0.6<f,<0.8 Moderate-High urban fraction (MH) 8 1.49 0.15
04<f,<0.6 Moderate urban fraction (M) 18 1.58 0.27
02<f,<04 Moderate-Low urban fraction (ML) 19 1.77 0.11
0.0<f,<0.2 Low urban fraction (L) 22 1.93 -0.52

Total 85 1.66 -0.11
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Fig. 2. The scatter plot of 1.5-m temperature between the observation and the urban simulation for (a) high urban fraction, (b)
moderate-high urban fraction, (¢) moderate urban fraction, (d) moderate-low urban fraction, and (¢) Low urban fraction with

correlation coefficient.
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Fig. 3. Spatial distribution of UHI Intensity in (a) daytime (1500 LST) and (b) nighttime (2200 LST) on August 6, 2016. The
thick blue contour indicates the area of over 30% of urban fraction.
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Fig. 4. (2) Distributions of EGIS urban fraction in the study area, (b) Urban land-use fraction along the west-east transect from
A to B, (c) the Hovméller plot of the UHI intensity temperatures along this west-east transect from A to B.
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Fig. 5. Diurnal variation of the (a) 1.5-m temperature of
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perature difference between the rural and the urban simula-
tions according to the urban fraction category in urban
simulation.
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color and blue color imply the westerly wind and easterly
wind, respectively.
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Fig. 7. Spatial distribution of the UHI Intensity for (a) a westerly wind case at 0200 LST on 7 Aug. 2016, and (b) an easterly
wind case at 0200 LST on 5 Aug. 2016. The colored rectangles show the areas for which the corresponding box whiskers in
Fig. 8 are plotted. The area A and E imply the upwind and downwind side of the city center, respectively.
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Fig. 8. Box-whisker plots showing the strength of the UHI intensity at 0200 LST on 7 Aug. 2016 and 0200 LST on 5 Aug.
2016 is dependent on the land-use fraction for all areas A-E as in Fig. 7. The color coding refers to the A-E area in Seoul. The
ends of the whiskers indicate the minimum and maximum values of the UHI intensity. The bottom and the top of the boxes
indicate the 25th and 75th percentiles and black lines within the box indicate the median of the UHI intensity.
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