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Abstract This study examines the impact of the urban parameterization scheme and the land
cover change on simulated near surface temperature using Unified Model (UM) over the Seoul
metropolitan area. We perform four simulations by varying the land cover and the urban param-
eterization scheme, and then compare the model results with 46 AWS observation data from 2 to
9 August 2016. Four simulations were performed with different combination of two urban
parameterization schemes and two land cover data. Two schemes are Best scheme and
MORUSES (Met Office Reading Urban Surface Exchange Scheme) and two land cover data are
IGBP (International Geosphere and Biosphere Programme) and EGIS (Environmental Geo-
graphic information service) land cover data. When land use data change from IGBP to EGIS,
urban ratio over the study area increased by 15.9%. The results of the study showed that the
higher change in urban fraction between IGBP and EGIS, the higher the improvement in tem-
perature performance, and the higher the urban fraction, the higher the effect of improving tem-
perature performance of the urban parameterization scheme. 1.5-m temperature increased
rapidly during the early morning due to increase of sensible heat flux in EXP2 compared to
CTL. The MORUSES with EGIS (EXP3) provided best agreement with observations and rep-
resents a reasonable option for simulating the near surface temperature of urban area.
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Fig. 1. Domain for Unified Model simulation and study area.
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Table 1. Summary of numerical experiments.

Experiment CTL EXP1 EXP2 EXP3
Model UM 10.1
Resolution (Horizontal Grid EW x NS) 1.5 km (1188 x 1148)
Urban Parameterization Scheme Best Best MORUSES MORUSES
Land-use/Land-cover data IGBP EGIS IGBP EGIS
Integration Period 2016. Aug. 2. 0300 LST~9. 0300 LST
Initial and Boundary data KMA GDAPS
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Fig. 2. Surface type fractions of (a, b) broad leaf trees, (c, d) needle leaf trees, (e, f) C3 grass, and (g, h) C4 grass. Left and right
panels are derived from the IGBP and EGIS data, respectively (126.6~127.6°E, 37.1~37.8°N).
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Fig. 3. Surface type fractions of (a, b) shrubs, (c, d) urban, (c, f) inland water, and (g, h) bare soil. Left and right panels are
derived from the IGBP and EGIS data, respectively (126.6~127.6°E, 37.1~37.8°N).
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Table 2. Area average fraction of surface types over Seoul
metropolitan for IGBP and EGIS data and differences
between IGBP and EGIS (i.e., EGIS minus IGBP).

or

Surface type IGBP EGIS EGIS-IGBP
P ) () %)
1 Broad leaf trees 10.2 19.6 9.4
2 Needle leaf trees 6.8 12.6 5.8
3 C3 grass 30.5 19.2 -11.4
4 C4 grass 24.0 4.5 -19.6
5  Shrubs 0.8 04 -0.4
6  Urban 6.1 219 15.9
7  Inland water 3.2 3.9 0.7
8  Bare soil 10.7 9.5 -1.2
9 Land ice 0 0 0
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Fig. 4. (a) Scatter plot of IGBP versus EGIS urban land-use fractions and (b) Spatial distribution of the difference between
IGBP and EGIS urban land-use fractions with AWS station numbers.
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Table 3. Model evaluation statistics for 1.5 m temperature
(°C) during 2-9 August 2016.

Experiment MBE RMSE
CTL -1.11 227
EXPI -0.01 2.05
EXP2 -0.94 2.12
EXP3 0.00 1.88

CTL® 79 227°C, MBEE -1.11°CE eI,
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Fig. 6. Spatial distribution of (a) 1.5-m temperature RMSE for CTL, the difference of 1.5-m temperature RMSE between CTL

and (b) EXP1, (c) EXP2, and (d) EXP3.
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Fig. 7. Spatial distribution of (a) 1.5-m temperature, (b) surface temperature, and (c) sensible heat flux for CTL (left), EXP1
(middle), and EXP1 minus CTL (right), respectively. The spatial distribution is averaged for the entire period of simulation. The
thin black contour in CTL, EXP1, and EXP1 minus CTL means over 30% of urban fraction using EGIS data. The thick contour
in CTL, and EXP1 means the administrative boundary of Seoul.
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Table 4. RMSE of 1.5 m temperature (°C) for CTL and EXP1 with different urban fraction change category between IGBP and

EGIS.

Category Description The number of stations CTL EXP1 EXP1-CTL
A JAEGIS) — f(IGBP)< 0 5 0.69 0.55 -0.13
B 0 <f(EGIS) - f(IGBP)< 0.3 23 1.48 1.41 -0.07
C 0.3 < f(EGIS) - f(IGBP)< 1 18 1.57 1.38 -0.19
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Fig. 8. Mean diurnal variation of simulated 1.5-m temperature (°C) over observation site of (a) Category A (f(EGIS)—
1.(IGBP)<0), (b) Category B (0 <f(EGIS)—-f,(IGBP)<0.3), and (c) Category C (0.3 <f(EGIS)-f,(IGBP)<1) with
observation for the entire period of simulation. ‘f,” describes the fraction of urban land-use of IGBP and EGIS cover within the
model grid box for each station.
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Fig. 9. Diurnal variation of (a) sensible heat flux, (b) latent heat flux, and (c) storage heat flux for CTL (solid line) and EXP1
(dashed line) for the entire period on the observation site of Category C (0.3 < /(EGIS) — f,(IGBP) <1).

o] 7] W&l 1.5-m 7]
e o2 YElHTHFig. Ta).

EX ¥ Edste] mE 7]29] /A Y9de BA5]
913l IGBPS} EGIS Atole] mAd]E B]&9] RISl
wZ} Table 49} 7F0] 3714] 7| 2E] 2 73t CTL
Z EXP1 239 7] RMSEZ Uehiit. 7Helx
2] AE IGBPol|A] EGISE W3sl3S W T4 H&
o] Golzl A4, 7HE 28] BE E=AMEC] 0 ©]/4F 03
o3t F713k A X FHH|2E] Ce EAHE
o] 0.3 ol s XS vepdn. ZHEl e Cco
739 CTLe] 1.57°CellA]l EXP12] 1.38°CZE 7|29
RMSE”} 0.19°C 74319 om, 1 7+AaZo] 3714 7}
Hae & 7P =2A YT Figure 82 ZF 7HHIGL
gol e Hg 7] dHSE veRd Aol FhE|
3 A° 73§ EXP19] EAH|E0] CTLEY Fof&
ZAg-oly 7]20] 23|8 EXPlo] A53 AS &
At o= mdle] 7t Axte] ZAHE wRo] 7]
FEFE FlR= Ao] ofvet i ARt JFgS

2 4

AL AdEn e B A 7]Lo] A oF
0.6°C &7V, 71 ag] Co 49 Hol 1.5°C &
7t e H, ol = EAINE | Wt F 5 7 A
o] Ath= AL vephdoh 7HEH 2] BollA CTLY
A HA7|E H4a Bo| sk AEo| EXPloA =
23} Qo o7k 7] EXPlo] CTLET Fuj
29 = AES ®welth JHH e ColAlE EXP1o)
CTLY F7+ iR olE ddste #&X9 2
2SS Holt)

EXFEHII} 1.5-m 7] vXE IS
3] A9et7] 98l CTLZ EXP12 A AT o)A 7}
38 Coll dFshe =AY Hge] 03 oY TUhsh
18719] AZA ] oR] 7R dskS A A|3HA
ThH(Fig. 9). o= AA =] 7|7k sl H#gh AW
3} grolH, dvx] A WY A2 v 2o

Ry=H+H;+H;+ AHg %)

okl
R

>

A7IM Ry FEAMRol L, H} He AR
Qg et Hes EYULE, AHE A 7GRl

==

Atmosphere, Vol. 28, No. 4. (2018)



438 SRS 0§37 EX | H o} mA] B

3} Hete] w2 )4 7] 1o)A

A
&

ofr

n7E

i

Table 5. RMSE of 1.5 m temperature (°C) for CTL and EXP2 with different urban fraction category of IGBP.

Category Description The number of stations CTL EXP2 EXP2-CTL

1 S.IGBP)<0.3 31 1.86 1.77 —0.09

2 J:IGBP)>0.3 15 1.30 1.16 -0.14
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Fig. 10. Mean diurnal variation of simulated 1.5-m temperature (°C) over observation site of (a) Category 1 (f,(/IGBP)< 0.3 and
(b) Category 2 (f,(/IGBP) > 0.3) with observation for the entire period of simulation. ‘/,” describes the fraction of urban land-use

of IGBP cover within the model grid box for each station.
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