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Abstract

This study investigates the influence of anthropogenic heat (AH) release on urban boundary
layer in the Gyeong-In region using the Weather Research and Forecasting model that includes
the Seoul National University Urban Canopy Model (SNUUCM). The gridded AH emission
data, which is estimated in the Gyeong-In region in 2002 based on the energy consumption
statistics data, are implemented into the SNUUCM. The simulated air temperature and wind
speed show good agreement with the observed ones particularly in terms of phase for 11 urban
sites, but they are overestimated in the nighttime. It is found that the influence of AH release on
air temperature is larger in the nighttime than in the daytime even though the AH intensity is
larger in the daytime. As compared with the results with AH release and without AH release,
the contribution of AH release on urban heat island intensity is large in the nighttime and in the
morning. As the AH intensity increases, the water vapor mixing ratio decreases in the daytime
but increases in the nighttime. The atmospheric boundary layer height increases greatly in the
morning (0800 — 1100 LST) and midnight (0000 LST). These results indicate that AH release can
have an impact on weather and air quality in urban areas.
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layer
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Figure 1.

Configuration of the WRF model domain. (a) The four domains with the horizontal grid spacings of 27 (d01), 9 (d02), 3

(d03), and 1 (d04) km. (b) The terrain height for d04. Blue dots represent the selected 11 urban sites to validate the
simulation results. (c) Modified land-use/land-cover (LULC) using 30 m GIS data for d04. (d) Anthropogenic heat flux

(W m™) at 0900 LST.
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Table 1. Experimental setup for the simulations.

Domain 1 Domain 2 Domain 3 Domain 4
Horizontal grid dimension 108108 81x81 69X 69 102 %90
Vertical layers 43
Horizontal grid size (km) 27 ‘ 9 ‘ 3 ‘ 1
Time integration (h) 72 (starting from 0900 KST 01 June 2010)
Time step (s) 60 | 20 | 6.67 | 111

Microphysics scheme

WRF Single-Moment 6-class graupel scheme

Cumulus parameterization

Kain-Fritsch ‘

none

Longwave radiation

RRTM (Rapid Radiative Transfer Model)

Shortwave radiation

Dudhia shortwave radiation

PBL

MY] (Mellor Yamada Janjic)

Initial/boundary conditions

NCEP final analysis data (6-h intervals, 1° X 1° resolution)
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Figure 2. Diurnal variation of urban-averaged anthropogenic
heat flux (W m) for AH1, AH3, and AH5 simulations.
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Figure 3. Diurnal variations of observed and simulated (a) air temperature ("C), and (b) wind speed (m s") near the surface

averaged over the 11 urban stations on 03 June 2010.
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Figure 4. Comparison of diurnal variations of urban-averaged (a) air temperature, (c) wind speed, and (e) water vapor mixing
ratio near the surface for AHO, AH1, AH3, and AH5 simulations. The differences in (b) air temperature, (d) wind speed,
and (f) water vapor mixing ratio near the surface between the simulations.
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Figure 5. Diurnal variations of urban-averaged surface energy and anthropogenic heat fluxes: (a) net radiation, (b) sensible heat
flux, (c) latent heat flux, (d) storage heat flux, and (e) anthropogenic heat flux near the surface for AHO, AH1, AH3, and

AHS5 simulations.
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Table 2. Difference of air temperature between urban and three rural stations. The names of the three stations are Sanung,
Nunggok, and Goyang. Here, AUHI intensity (AUHII) represents the UHI intensity (UHII) of simulations that consider AH
release minus the simulation that does not consider AH release. AHF means anthropogenic heat flux.

Mean Nighttime Daytime
Case UHII (C) AUHII (C) UHII (C) AUHII (C) UHII CC) AUHII ("C)
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AHO 0.9 1.1 0.6
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Figure 6. Diurnal variation of (a) UHI intensity, and (b, c) the contribution of anthropogenic heat fluxes to UHI, where Ryy; was

calculated as Ryy

I with anthropogenic heat —

Il without anthropogenic heat

UHII, with anthropogenic heat

% 100% from Chen et al.(2009).
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