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Abstract

The sensitivity of accumulated rainfall to the horizontal resolution and the numerical viscosity of a numerical
model was investigated by using a Cloud Resolving Strom Simulator (CReSS) for a heavy precipitation event
over Hiroshima prefecture that took place on August 20" 2014, and caused landslide disasters. For the sensitivity
experiments in terms of horizontal resolution, we used a horizontal grid spacing, Ax, of 5, 2, 1.5, 1, 0.75, and 0.5
km, with the experiments commencing 4.5 hours before the beginning of strong precipitation. It was found that
Ax=1 km is necessary to satisfactorily forecast the maximum accumulated rainfall amount and the horizontal
distribution of accumulated rainfall. Furthermore, we found that Ax = 0.5 km yields the best forecast accuracy.
Quantitatively, the percentage of the forecasted maximum accumulated rainfall amount to the observed maximum
accumulated rainfall R was 43.4 % for Ax = 1.5 km, 85.4 % for Ax =1 km, 105.9 % for Ax = 0.75 km, and 105.0 %
for Ax = 0.5 km. In case of the sensitivity experiments for numerical viscosity, we used horizontal numerical
viscosity coefficients 0.25, 0.5, 1, and 2 times the value widely used among the CReSS users, commencing the run
4.5 hours before strong precipitation started, and at a grid spacing Ax = 0.5 km. Although significant differences did
not appear in the horizontal distribution of the accumulated rainfall, R was determined at 101.7~135.2 %, indicating
that the difference in numerical viscosity can cause a 33.5 % forecast uncertainty in the maximum accumulated
rainfall.

Key words: Predictability, Heavy precipitation event, Cloud Resolving Storm Simulator, Horizontal resolution,
Numerical viscosity
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Fig. 1 Time series of the accumulated rainfall. The black line indicates the accumulated ralnfall observed by AMeDAS at
Miiri, where the maximum accumulated rainfall was recorded among all AMeDAS stations. Lines other than black
indicate accumulated rainfall from CReSS forecasts (Table 1) at the location where the maximum accumulated

rainfall was calculated, for each forecast experiment.
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Fig. 2 Accumulated rainfall using analyzed rainfall data provided by Japan Meteorological Agency (JMA). (a) 15-hour
accumulated rainfall (from 21:00 JST on August 19 to 00:00 JST on August 20), and (b) 12-hour accumulated rainfall
(from 00:00 JST on August 20 to 12:00 JST on August 20). x in each of the figures indicates the location of the

AMEeDAS site at Miiri.
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Fig. 3 (a) Map of Japan and (b) domain for the numerical
simulation used with CReSS (600 km x 600 km). The
different colors indicate topographic heights (m).
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Setup of forecast experiments with CReSS, including the number and names of experiments, initial
time (JST) of numerical integration (end time is 12:00 JST on August 20 for all experiments),
horizontal grid spacing, and non-dimensional horizontal numerical viscosity coefficient ay,

(¢=0.001). The use of color bold font indicates experiments used for comparisons in section 5.
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Table 3 Scores of forecast accuracy for accumulated rainfall prediction experiments using CReSS. These scores are

defined in section 4.

No. Experiment name TPAqx (Mmm) R (%) RMSE (mm) CORR CSl BIAS POD FAR
01 00JST_dx1km_Numh1 235.7 98.1 727 0.86 0.43 0.68 0.51 0.25
02 21JST_dx5km_Numh1 1.9 0.7 157.2 0.00 0.00 0.00 0.00 -
03 21JST_dx2km_Numh1 84.7 31.9 146.6 0.46 0.00 0.00 0.00 -
04 21JST_dx1.5km_Numh1 115.1 434 1223 0.70 0.02 0.05 0.02 053
05 21JST_dx1km_Numht 226.4 85.4 78.1 0.79 0.27 0.45 0.60
06 21JST_dx0.75km_Numh1 280.8 105.9 80.0 0.80 0.30 1.57 0.59 0.62
07 21JST_dx0.5km_Numh 2784 | 1050 | 736 089 | o042 | 144 | o072 | o050 |
08 21JST_dx0.5km_Numh0.25  299.0 127 65.9 0.88 0.39 0.83 0.52 0.38
09 21JST_dx0.5km_Numho0.5 358.6 135.2 74.0 0.87 0.39 1.21 0.62 0.49
10 21JST_dx0.5km_Numh2 269.8 101.7 88.8 0.80 0.36 1.66 0.71 057
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August 19 (about 4.5 hours before the strong precipitation began). The accumulation time is (a) 12 hours (from 00:00
JST on August 20 to 12:00 JST on August 20) and (b) 15 hours (from 21:00 JST on August 19 to 12:00 JST on August
20). In a rectangular region at lower right in each figure, the maximum accumulated rainfall and R (percentage of

forecasted maximum accumulated rainfall to observed maximum accumulated rainfall) are also shown.

5.2 /MRS RERLICHH S 2 R

NEANFAB L% (207 O 1% 30 578) D
4.5 % HEn (19 7 21 %) o/ ZPfE 75:}3 vy, AAEE
THEAX &S5, 2, 1.5, 1, 075, 0.5km &7 (v X
Bleddmetho(E1, #3:3%2~7). FEh
ERAMBENTLND /2 Ax=5 km DF 52 (21JST_
dxSkm_Numhl) %R\ /=4 TN R DI RRIC
BNT, GEFEERITHTFTONY VBT 2T
B RNA LN (Y A7), ﬁ}tﬁ"‘éht%%fé@“
T E W T B TFEFINHE MR RE OFFF R,
AX 315 km ) - D VI R=0.7~434% TH O,
B EF TR LTORD, Ax=l km U™ T
T R=85.4 ~ 1050 % L5 FHH T 2L TIT
ETWe, XDFELLSHADE, RiFAx=1km T 854
%, Ax=0.75 km T}Z 105.9 %, Ax=0.5 km T 105.0
% THHE=DT, Ax=0.75km LTV Ax 2 "X LT
HRIFIFITED SRV, T72H5 RIL Ax=0.75 km
TRALTWBZENDOMS.

SizENTND A DI BRI

21% 75207 12

IWR9 5, 197
SETOISH af‘?'ﬂ g D&

A E AT, MR ENZIE, Ax=Lkm T O3B
CBOLT, FEINAT® OAY DL
(v 22) U THD, Ax=0.5km D4 % 7 (21IST_
dx0.5km_Numhl) 735, %g" M TWB EDITA X
5, IO EtETE E'Jébﬁfﬁ\&bét&bk, {
AFTER LIEAREFROATY @ M 5K F9 X
?% (RMSE), #3433k (CORR), XL v hZAO7Y
(CSD, NA 7 XA (BIAS), *##iz (POD) & 2=
kD% (FAR) 259, ZNHDORESTHDOAITIE
TR E 7Y 100 mm ) - ORKIZE LTEE 20 o
oo TS OfE AN BEIRER O ey B3 2 ~
NDIITHWHLTHFEmTHE, NATARXRAT 2T
NT O AT Ax=0.5 km D 5. % 7 (21JST_dx0.5km_
Numhl) & B FENTNWDE 2 ENDOMNBE (F3ITH
NWTEBI2~TDOBHEDIFIMEMT ATHT).
Z @D Ax=0.5km @ 3\ 7 (21JST_dx0.5km_Numhl1)
2% 2 95 &, MHERKIF089 &4 <, Hitkp
072T356@T100mm D -DREE TE] AL
LTWb. TEROFIISETHD, NMT R
20T H 144 ETERFEO LT RFEL, A

=]

U

(@]

Iz
=

- %
’



7/
\\
(Exp. 7) 21JST_dx0.5km_Nufmh1 N

(Exp. 6) 21JST_dx0.75km_Numh1

FRGHRET LS 2014 § [ & % O T EE —JrkE

(Exp. 5) 21JST_dx1km_Numh1

R=1 05.0%

(mm) (mm)

35.0°

-7

R=105.9%

R=85.4%

—
133.0° 10km

(Exp. 4)21JST dx1.5km_Numh1

— =
10km 132.0°

133.0°

133.0°

(Exp. 2) 21JST_dx5km_Numh1

i (mm)
- 300

(mm) (mm)

[rsn]

w50 Ax=1.5 km e o o0 " 00
. o f I- 200 L 200 _ /,J - 200
. 150 150 » /j’/ ;)‘ .
7 .
f’} g 50 50 . {}};I 50

o b 20 20 @ 5‘7,#'7' 9%3}) L 20

S&Dg ‘M’j@g" 1 10 o %?‘( S{/}&V H 10

PN Woary? 2r] 115.1 mm 1 1 i 4&, M 1.9 mm 4

T T er| R=43.4% ) R31.9% P P A R=0.7% | T
L}"éggﬁc\:\% =43.4% il 9% LI 4“7,,{'/ - 7%
: 132.0° y . 133.0° 10km 133.0° 10km 132.0° 133.0° 10 Kkm
Y5 AVREITEHENERBI BRIV T HETRE . AFREII9T 21%/n5207 RBETOISHHETHD.

Wikldy 6 &Y 8 Tj\—d_v;\ﬁ%im—g_.

Fig. 5 Accumulated rainfall forecasted using different horizontal grid spacing. Accumulation time is 15 hours from 21:00 JST
on August 19 to 12:00 JST on August 20. The dashed rectangular region indicates the region plotted in Figs. 6 and 8.
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Fig. 6 Rainfall rate (mm h™!) observations (analyzed values of high-resolution precipitation nowcast) and forecasts using different
horizontal grid spacing with CReSS. Time is at 01:30 JST on August 20, when the precipitation band was observed. The
entire region of each figure is shown in the dashed rectangular region on Fig. 5.
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Fig. 7 Accumulated rainfall for different horizontal numerical viscosity forecasts. Accumulation time is 15
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