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Abstract

High-resolution meteorological simulations were conducted using a Weather Research and Forecasting (WRF) model with
an Urban Canopy Model (UCM) in the Ulsan Metropolitan Region (UMR) where large-scale industrial facilities are located on
the coast. We improved the land cover input data for the WRF-UCM by reclassifying the default urban category into four
detailed areas (low and high-density residential areas, commercial areas, and industrial areas) using subdivided data (class 3)
of the Environmental and Geographical Information System (EGIS). The urban area accounted for about 12% of the total
UMR and the largest proportion (47.4%) was in the industrial area. Results from the WRF-UCM simulation in a summer
episode with high temperatures showed that the modeled temperatures agreed greatly with the observations. Comparison with
a standard WRF simulation (WRF-BASE) indicated that the temporal and spatial variations in surface air temperature in the
UMR were properly captured. Specifically, the WRF-UCM reproduced daily maximum and nighttime variations in air
temperature very well, indicating that our model can improve the accuracy of temperature simulation for a summer heatwave.
However, the WRF-UCM somewhat overestimated wind speed in the UMR largely due to an increased air temperature

gradient between land and sea.
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Fig. 1. (a) Five domains for the WRF modeling. (b) Terrain in the Ulsan Metropolitan Region (UMR) and its surroundings.
Gray lines and red triangles indicate main roads and meteorological sites, respectively, in the UMR.
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Fig. 2. Daily variations of air temperature, cloud cover
amount, and wind speed at ASOS for the period of
20-26 in July 2018.
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Table 1. The configuration of the WRF-UCM/BASE modeling
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Domain D1 D2 D3 D4 D5
Horizontal grid 48 X43 88 X173 76 X73 73X73 67 %61
Horizontal resolution (km) 81 27 9 3 1
Vertical layer 43 layers
Initial/Boundary condition GFS (Global Forecast System) 0.5° data"
Terrain/Land use SRTM?/EGIS® data
Physics options (NIER, 2014) Microphysics WSM3 (DI and D2), WDM6 (D3, D4 and D5)

Cumulus Kain-Fritsch (only D1 and D2)

Radiation RRTMG (long & short wave)

PBL YSU scheme

Surface layer Monin-Obukhov

Land Surface Noah Land Surface Model

Urban Phisics

Single-layer UCM (only D5)

UNOAA(2019), ?Farr et al. (2007), *Environmental Geographic Information Services (2019)
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Fig. 3. Land use distributions in the UMR for (a) USGS-24
cateroty and (b) UCM-34 category.
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Table 2. Statistics summary results for meteorological variables

3 A AEAA & At 71/ ™ 49

Variable (refer. height) Statistical measures WRF-BASE WRF-UCM Benchmarks”
Temperature (2 m) ) 0.89 0.92 -
MBE -0.91 -0.42 <+0.5C
MAGE 1.45 1.04
RMSE 1.68 1.32 <2C
10A 0.92 0.95 =0.8
Wind speed (10 m) r 0.69 0.65 -
MBE 0.96 1.62 <#0.5ms’
MAGE 1.32 1.85 -
RMSE 1.65 2.19 <2ms’
10A 0.67 0.63 =0.6
Wind direction (10 m) MBE -8.96 -7.39 <+10°
MAGE 41.52 40.20 <+30°

YPearson's correlation coefficient
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Fig. 4. Day to day variations of (a) air temperature, (b) wind speed and (c) wind vector for the period of 22-25 July 2018.
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WRF-BASE 1500 KST, and (d) WRF-UCM 1500 KST in 23 July 2018. Colored circles indicate air temperatures

observed at meteorological sites.
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