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A Study on Improving the Prediction Accuracy of a Typhoon
Disaster Prevention Model

Part I: Sensitivity of the WRF Model to High-Resolution SST Data
and Meteorological Data Assimilation
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Abstract  The 3-second gust estimated by a typhoon disaster prevention model is a proxy for the maximum wind speed
that can occur during a typhoon attack. This information can be very useful for disaster prevention purposes. In order to im-
prove the accuracy of the Weather Research Forecasting (WRF) numerical model, whose results are the input data for typhoon
disaster prevention models, this study investigates the sensitivity of the WRF model to high-resolution sea surface temperature
data and meteorological data assimilation. In order to do so, analyses of temperature and wind speed have been carried out.
Among them, the modeling experiment utilizing high-resolution sea surface temperature data as well as meteorological data
assimilation (EXP3) yielded results that best agreed with the observed values. The experiment carried out using only meteoro-
logical data assimilation (EXP2) delivered better results than the simulation in which only high-resolution sea surface tempera-
ture data were used (EXP1). On the other hand, EXP1 performed slightly better than EXP2 for wind speed estimation. A statisti-
cal analysis was performed in order to evaluate the accuracy of the model results. The Root Mean Square Error (RMSE) of temper-
ature estimates was 0.928 for EXP3, and 1.642 for CTL, while the RMSE of wind speed estimates was 2.509 for EXP3, and 3.389
for CTL. These results demonstrate that the highest prediction accuracy is achieved when the model utilizes both the high-
resolution sea surface temperature data and the meteorological data assimilation. With this more accurate model, the predic-
tion accuracy of the 3-second gust, which is the maximum wind speed of a typhoon, also can be improved. Finally, this model
can be used for disaster prevention, because it can help to reduce the damage caused by typhoons in the Korean peninsula.
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Fig. 2. Flow chart of OSTIA (Stark et al., 2008).
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Fig. 3. Comparison of Sea Surface Temperature (SST).
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Table 2. Distribution of AWS point.

AWS Point distribution

Baengnyeongdo (102)
Seoul (108)

Incheon (112)
Ulleungdo (115)
Daejeon (133)

Daegu (143)

Gwangju (156)

Busan (159)

Seongsan (265)

Table 3. Configuration of WRF model.

2.4 AEA

£ A+ 4]&= UCAR/NCAR (University Corpora-
tion for Atmospheric Research/National Center for
Atmospheric Research)ol4] 7'&E WRF-ARW Ver-
sion 3.7.192 ARESFAITE & 32 2 Aol|A AMEE
WRE®] tiet 7125 Uehd Zlof, 217 4= WRF
FA RS AT AtFAE Lehd Zolnt 2 A
of did Al g FHo= F 3709 =HQl

45°N

40°N

35°N

30°N

120°E 125°E 130°E 135°E

Fig. 4. Nested model domains used in this study.

Domain 1 Domain 2 Domain 3
Horizontal grid 124x124 223 %223 334%334
Horizontal resolution 27 km 9km 3km
Vertical layers 27
mp_physics WSM6 scheme
bl_pbl_physics YSU scheme
sf_surface_physics Noah LSM
Physical options sf_sfclay_physics Monin-Obukhov scheme
ra_lw RRTM longwave
ra_ws Dudhia shortwave
cu_physics Kain-Fritsch scheme No CPs
Initial data RDAPS data
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Fig. 6. Wind speed of WRF model result and observation.
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Fig. 7. Wind direction of WRF model result and observation.
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Table 5. Mean of temperature statistics.

RMSE MB MAE I10A
CTL 1.642 -0.857 -0.416 0.356
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Fig. 8. Statistical analysis of temperature.
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Table 6. Statistical value of temperature.

RMSE MB MAE I0A

cTL 1117 -0386 0735 -0.965
10y EXPT(OSTIA) 0763 0344 0022 -0.592
EXP2 (FDDA) 1037 -0232 0057 -0935
EXP3(OSTIA_LFDDA) 0353  0.221 0363 -0.091
L 1359 -0254 0218 -0.264
10g EXP1(0STIA) 1031 0237 0082 -0237
EXP2 (FDDA) 1343 -0223 -0.105 -0272
EXP3(OSTIA_FDDA) 0998 0212 -0.094 0372
cTL 306 -2862 -1.854 2864
11, EXPT(OSTIA) 1654 -1.134 -0475 1096
EXP2 (FDDA) 3046 -2849 -1.84 285
EXP3(OSTIA_FDDA) 1642 ~-1.117 -0464  1.003
ot 1819 -1.132 -0602 1609
115 EXP1(OSTIA) 1094 -0206 024 0803
EXP2 (FDDA) 1021 -0.088 0206 -0215
EXP3(OSTIA_FDDA) 0.854 0083 0096 0.134
cTL 1287 0707 0544 002
133 EXPT(OSTIA) 0963 0071 0037 0338
EXP2 (FDDA) 1282 -0.501 -0.042 0799
EXP3(OSTIA_FDDA) 0545 -0406  0.137 069
cTL 1546  -092 -0.269 -0.168
143 EXPT(OSTIA) 0758 0687 0442  0.283
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Table 7. Mean of wind speed statistics.

RMSE MB MAE I0A

CTL 3.389 -0.89 -2.033 2453

EXP1 2.704 -0.262 -0.255 1.742

EXP2 3.223 -0.791 -1.817 2325

EXP3 2.509 -0.322 -1.254 1.544
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Fig. 9. Statistical analysis of wind speed.
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Table 8. Statistical value of wind speed.

RMSE MB MAE I0A

CTL 3.164 0.149 -0.657 1.398
102 EXP1 (OSTIA) 2.338 0.430 -0.272 0.599
EXP2 (FDDA) 2252 -0.077 -0.627 1416
EXP3 (OSTIA_FDDA) 1574 0.002 -0.110 1.088
CTL 5505 -1.945 -3.032 3.696
108 EXP1(OSTIA) 4234 -1.165 -2.249 2.700
EXP2 (FDDA) 5105 -1.869 -2.964 3.629
EXP3 (OSTIA_FDDA) 4.018 -1.031 -2.345 1.729
CTL 4248 -3345 -5.363 5.186
12 EXP1 (OSTIA) 3701 -1.798 -3.168 2.921
EXP2 (FDDA) 3984 -3.066 -4.134 4958
EXP3 (OSTIA_LFDDA) 3470 -1444 -2956  4.694
CTL 3268 -0.037 -1.625 2.479
115 EXP1 (OSTIA) 2.236 0452 -0.779 1.031
EXP2 (FDDA) 3.135 0.027 -1.548 2434
EXP3 (OSTIA_FDDA)  2.025 0.196 -0.125 1.956
CTL 3576 -1.456 -1.801 2.590
133 EXP1(OSTIA) 2458 -0.052 -1.006 1.092
EXP2 (FDDA) 3357 -1.205 -1.703 2.554
EXP3 (OSTIA_LFDDA) 2.181 -0.784 -0.508 1.009
CTL 1.949 0395 -1.166 1.108
143 EXP1 (OSTIA) 1.886 0410 -0.502 1.158
EXP2 (FDDA) 1.968 0386 -0.705 1.148
EXP3 (OSTIA_FDDA) 1.386 0.131  -0.991 1.067
CTL 2766 -0.316 -1.298 1.952
156 EXP1 (OSTIA) 2622 -0.202 -1.157 1.731
EXP2 (FDDA) 2516 -0.352 -1.286 1.899
EXP3 (OSTIA_FDDA) 1.717 0.178 -0.328 0.993
CTL 5524 -1.953 -3.617 4.492
159 EXP1 (OSTIA) 4593 -1.123 -2465 3.136
EXP2 (FDDA) 4615 -1.606 -3.075 3.760
EXP3 (OSTIA_FDDA)  2.025 0.533 -0.604 1.017
CTL 1.871 0.641 -1.286 -0.870
265 EXP1 (OSTIA) 1.039 0.888 0.205 -0.075
EXP2 (FDDA) 1.678 0.535 -0.287 -0.858

EXP3 (OSTIA_FDDA)  1.021 0.676 0.376 0.075
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