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Abstract The objective of this study is to evaluate the impact of the high resolution topogra-
phies and landuses data on simulated meteorological variables (wind speed at 10 m, tempera-
ture at 2 m and relative humidity at 2 m) in WRF. We compare the results with WRF
simulation using each resolution of the topographies and landuses, and with 37 AWS observa-
tion data on the Seoul metropolitan regions. According to results of using high-resolution
topography, WRF model gives better topographical expression over domain. And we can sepa-
rate more detail (Low intensity residential, high intensity residential, industrial or commercial)
using high resolution landuses data. The result shows that simulated temperature and wind
speed are generally higher than AWS observation data. However, simulation trend with tem-
perature, wind speed, and relative humidity are similar to observation data. The reason for that
is that the high precipitation event occurred in CASE 1 and 2. Temperature have correlation of
0.43~0.47 and standard deviation of 2.12~2.28°C in CASE 1, while correlation of more than
0.8 and standard deviation of 3.05~3.18 m s™' in CASE 2. In case of wind speed, correlation
have lower than 0.5 and Standard Deviation of 1.88~2.34 m s™' in CASE 1 and 2. In statistical
analysis shows that using highest resolution (U01) results are more close to the AWS observa-
tion data. It can be concluded that the topographies and landuses are important factor that
affect model simulation. However, the tendency to always use high resolution topographies and
landuses data appears to be unjustified, and optimal solution depends on the combination of
scale effect and mechanisms of dynamic models.
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Table 1. Descriptions of the digital Elevation Model (DEM) and landuse.

Resolution Digital Elevation Model Land use

3600 m x 3600 m (SO1) USGS USGS

900 m x 900 m (RO1) USGS Korea Land Cover

90 m x 90 m (TO1) SRTM National Geographic Institute (1:50,000)

30'm x U30 m (UO1)

National Geographic Institute

National Geographic Institute (1:25,000)

1971; Garstang et al., 1975; Oke, 1982; Draxler,
1986; Lin and Smith, 1986; Oke, 1987; Baik et al.,
2001; Shepherd et al., 2002; Kim and Baik, 2005;
Kim et al., 2008; Choi et al., 2013). £3] 32|, vj=
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9 2 9y P2 54 Sl e B #3
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Table 2. Specification of landuse categories from USGS 33.

Category Specification Category Specification

1 Urban and Built-Up Land 18 Wooded Wetland

2 Dryland Cropland and Pasture 19 Barren or Sparsely Vegetated

3 Irrigated Cropland and Pasture 20 Herbaceous Tundra

4 Mixed Dryland/Irrigated Cropland and Pasture 21 Wooded Tundra

5 Cropland/Grassland Mosaic 22 Mixed Tundra

6 Cropland/Woodland Mosaic 23 Bare Ground Tundra

7 Grassland 24 Snow or Ice

8 Shrubland 25 Playa

9 Mixed Shrubland/Grassland 26 Lava
10 Savanna 27 White Sand
11 Deciduous Broadleaf Forest 28 Unassigned
12 Deciduous Needleleaf Forest 29 Unassigned
13 Evergreen Broadleaf Forest 30 Unassigned
14 Evergreen Needleleaf Forest 31 Low Intensity Residential
15 Mixed Forest 32 High Intensity Residential
16 Water Bodies 33 Industrial or Commercial
17 Herbaceous Wetland
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Fig. 1. Model domain for numerical simulation using the WRF model.
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Table 3. Configuration of WRF for numerical simulation.

Configuration Case
Horizontal grids 211 x 181
Horizontal resolution (m) 500 x 500 0000 UTC 06 Aug. 2013~0000

Initial Boundary Condition

Vertical grid

Physics option

50 layer
YSU microphysics
Pleim Surface layer
Pleim Land surface
ACM?2 Planetary layer

RRTM & Dudhia Radiation

UM Regional Model Forecast Field (12 km, KMA)  UTC 07 Aug. 2013 (CASE 1)

0000 UTC 10 Aug. 2014~0000
UTC 11 Aug. 2014 (CASE 2)

Table 4. Specifications of AWS stations, KMA in this study

area.

Station Number Location Altitude Remarks
108 37.571 126.966 85.800 Urban
116 37.445 126964 622.370  Rural
400 37.513 127.047 59.580  Urban
401 37489 127.016 35.530 Urban
402 37.556 127.145 56.900 Urban
403 37.512 127.097 53.620  Urban
404 37.550 126.843  79.100 Rural
405 37.530 126.878 9.730  Urban
406 37.666 127.029 55.500 Urban
407 37.621 127.097 52.050 Urban
408 37.585 127.060 49380  Urban
409 37.585 127.087 40.210  Urban
410 37.494 126918 33.800 Urban
411 37.552 126903 25490 Urban
412 37.570 126.941 100.630  Rural
413 37.542 127.081 52.540  Urban
414 37.612 126.999 125.900 Urban
415 37.520 126976 32.620  Urban
416 37.611 126934 67.580  Urban
417 37.466 126900 41.480 Urban
418 37.525 126939 10.660  Rural
419 37.552 126.987 266.440  Rural
420 37.626 126.960 454.940  Rural
421 37.547 127.039 33.710 Urban
423 37.494 126.827 53470  Urban
424 37.640 127.026  55.680  Urban
509 37453 126.950 145.130 Rural
510 37.527 126.907 24.410 Urban
532 37.735 127.075 72.000  Urban
540 37.634 126.892 100.000  Rural
541 37.653 127.149 28.000  Urban
546 37435 127259 119.370  Urban
569 37.582 127.157 24.000  Rural
572 37421 127.125 28.720  Rural
589 37.702 126.790  58.000  Urban
590 37440 127.002 44.350  Rural
649 37472 126.751 31.000  Rural
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Fig. 4. Surface height (m) of WRF model domain. Each surface height is made from four different resolutions with S01, RO1,
TO1 and UO1, respectively.
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Table 5. Statistics of temperature and wind speed obtained from AWS and WRF simulations with different resolutions in CASE 1.

Meteorological variables Resolution Min Max Mean Standard deviation Correlation
S01 21.20 33.18 2743 224 0.44
T . RO1 22.00 33.20 27.74 2.12 0.43
emé?fér;‘ ure TO1 242 3349 27.74 228 047
uol1 21.93 33.53 27.76 223 0.46
Obs. 19.80 29.1 25.64 1.50
S01 0.27 15.05 445 234 0.24
Wind soeed RO1 0.41 16.22 4.43 2.18 0.26
‘(‘I‘n :Pf;e TO1 031 21.97 434 2.15 0.29
ol 0.31 16.76 428 2.13 0.32
Obs. 0 7.0 1.34 0.45
AR 9 71 5 ASAES} AP H EXo]EE o HwalHde W zel7F AL YA 2 A&
9] =l e TR AY A FTAFES U 13l th(Figs. 10f, g, h, and i). ol XA¥F A%
Ebd Zojth, AAH SR YTt FoldrSE Het o] §xo] LT Afol7t dSx7]e] 7129 W3l
Ao 7 7] Aetal F&5L Aaske Aol v A FFE FAR A 2 a3 HhE] el
Bt AAF R FARH Ayt AWS #5202 AZE viEwse 7 s Eed wel A s
5¢ Hlawste] 72 458 A BoEgly, 53] YERA] 3%
U0l AgolA AaaA7E =4 JEdTh AWS #5 Figure 112 20143 8¢ 102 0000 UTCH-E] 244]
A5t TR RO ARoA 7] 0430472 7r &<t s =l e A At 370 A AWS

43 2.12~2.28°Ce] FZHAT YEIDL, 52 0.24~
0.329] A4} 2.13~234m s'o] EFHxL UE
ok

Figure 102 20143 8 102 0000 UTC Z=Y-E 8
A 7va 22X)17F &% U0l 239 2m 7123 10m
v (Figs. 10a, e), 283 U0l A& S01, RO,
225 Tol A¥e] 71 ZolE e A th(Figs.
10b, c, d, f, g, and h). 8A17F <=3 U01 A&l
AAA o2 AP AZX = 53, &A=
B30l B2 o, ARG A& EE A H
AEe g 27°C o] &2 7|2 X7 YEhe
< 2 & JukFig 10a). A2A 9] vy 24
7 U0l A= HZFo] Yes o, Sol, RO,
23 Tol A= LA o] YepA &
o}
1
o

[N

skoh U02 A¥3 7129 xol= S01, RO1, LB]AL

AY FOo 7 FAA A HHRO AT FAH]
> FAREFeH, U0l Agae] Zole= S01,
RO1, 28] TOl AY o2 7|29 2po]7} Mz} 2+
olF T 1Elal A HA Al SF fAFHl U0l Aol
A S RS Ao dEFS A48 BAES
, S01, RO1, 223 T01 A PN = FhrelE 5}
£ 7o) YERTHFigs. 10a, b, ¢, and d). 22A]7F
o S U0l APolA HAFH SR &5, AR G4
= 33 50| UERHIL 7122 ¢F 25°C o]st=
Yehstth(Fig. 10e). SO01, RO1, 2222 U0l A& olA
o] vigre HAH oz Yo JFo gz AT AT
o] YA g¥gtor, 71 Aol= AR dSE

TO
[e=]
=

A=7)gets 7] A1259 2% (2015)

HAZAES] 7|2, 5, 283 U] HFs A
o2 ZFHAs HEAZ YeRd Aol 377 A
Aol AWS 7|2 Atg e} v|wsle] FR|5e] Axje] 7
Fo] HMAH o2 FASHA YERRLTE 53] 0000 UTC
ol 0300 UTC7HA] 7]<°] 53 3 0500 UTCH-H
71&0] FA3] 74U, 2100 UTC ©]% tpr] A
Fole ATE TR AFAME AL FARH
Bl o= 0700 UTCIA 1100 UTC7EA ¢] Ve
7drel Jgo g T)2o] fidle ALE AzEh
ojuj AWSS] AHEEE 90% o)A 2 Vel 4
g Aifs BEAs vlE A 2ot
242 0000 UTCH-E 0700 UTC7HA] A=} 450 =
7hetd ey, AR E A3e 0300 UTC7HA S7t
% 0700 UTC7HA] 743kt 0700 UTC ©1%- 2
o] gJ3Fo 7 Z&o] WEo] A UEREI, 1500 UTC
ojF e FHo=T HAZAES} FARHl YERd A
o=z Az AAHeR AZAF HE] JUE
o) oY, el o F&e] s A ol
o Yehte $42] 7ol B3l YERSTHFigs.
l1a, b, and c). Table 6= F WA AldA AWS &
SAHE 723 F5 ARG AP H EX0EE
o] Y=ol M AR Y s vERd Zlo]
o AAH OB STt oA E FRRH V)
23 TE&L golxe AHrt YERTE 729 A4
ABAA7) 0.8 o)) =& 33t 3.05~3.18°CY) ®EE
HA7F el oy 349 e 0.5 olst2 4ax
W Ve, BEFEXE 1.88~2.01m s 2 UER
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Fig. 10. Same as Fig. 8 except for at 08 hr and 22 hr prediction from 0000 UTC 10 August 2014.
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Fig. 11. Same as Fig. 9 except for 0000 UTC 10 August 2014.
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Table 6. Same as Table 5 except for CASE 2.

T Aol M e T Y AP F AU BT mE AR U= Y

2 713 B9tk o)t DAYE AYAEES & 5
Ame) AP H5E FAPI melshs Aow
9T,

2 AFelM= 2013 8 6€ ¥ 2014 89 10
0000 UTCH-E| 24A|17F AR AHES T3l T
A G A Y3} | Fo] 89| szl w2 WRF
Tds3 F2AFE ] AlEA S Tl
Atk AFAE S} AHol 8 A A, =T =
olAFE AA| A AxolEE AETF A
Zot fFAH UePES Bt 53] A xol8&x= A
BolA A XYGE BAS AE 2UE, FY, 4
AAG ] £F77F 7Fe3HA

AR AY Az A HA AlgldAe AAFH e
2 7t aiwe] J=AFeA Uol1e] Ad7} So1, RO,
I2]3 TOl A Aole =Tt Eold4E 2
7t AR @A YERTh A2 BE2-3) 7 g
A= AR ARE vlast A3, HAAHSZ 2m
259 10m 359 MsPEES FASHA YERT
Iy FXRE AUt AA AEE F83] 2AF
3R] BEate] EAI7ES A Fete] WE Fo| A U

O:

Gl M 7|3 F£] ¥slhe SR
oF FAFSHA vebt o 737t vEeRg ] del 71
< HAaR9, FEL AR se o= YEith
AWS 7]22tg e} ARl 7|2t Jagde A
HA AL (0.43~047)E Tt T AR AH](0.81~0.82)7}
A YERRDL, F59] 9ol el 05 olstE
Uetstth ol F WA ARElA el Bejrt A
AsHA H07] QR w Aty T 7HA AR
< Sste] AAA R APAE S} A Fol&xE B
T7b wold s FARH Ha 713 FHo| &

Meteorological variable Resolution Min Max Mean Standard deviation Correlation

S01 17.91 30.38 23.29 3.14 0.81
Temperature RO1 17.07 30.51 23.63 3.15 0.82
€C) TO1 17.13 30.52 23.59 3.05 0.82
uo1 16.90 28.92 22.73 3.18 0.82

Obs. 16.10 29.10 21.57 291
S01 0.50 12.65 4.14 1.89 0.45
Wind speed RO1 0.33 12.91 4.08 2.01 0.48
(ms TO1 0.38 12.78 4.01 1.95 0.46
uo1 0.33 9.83 3.81 1.88 0.49

Obs. 0.00 12.70 1.76 1.12

A=7)gets 7] A1259 2% (2015)
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