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BiHERTES ] - DEBIE AR B (ERe R TH R K B R n (S - RELAE TR - VIS - A
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EEINBOEEE - FETH492 5
3~4 (EEEEZEE (F, 1992) =2 HaE
SRR KR R S B E RN > —
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JPEbEE 3000 m) - B2 E| &MY
22 7t Byl R 2R R 2 A A i 8H E B &
(Chang et al., 1993, 2013; Su et al., 2012;
Wang et al., 2012; Hsu et al., 2013) © PR »
{ERe B 2 AR~ RRERK -
P H R BB R A AIELL - it
B3 H S 25 B
2011; Wang et al., 2012; Hsu et al. 2013) -

A Rt A > 2 E K
Y RE B AR SRR EEAE (BN{E 7]
R e e L B S A A S ) v SRR
It o Lee et al. (2006, 2013) 75 DUFIFH
1989-2006 477 5t e ol s 18 Bl e /K U 3
ko R —EREREKREES - 47
SHRIC R B TR (ST
Ko = IS ERIBESET 245 - B
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SLAEEGHREN TR JR B ARG R, > I ELRE
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BEAAR IR IR R AT R IR 7K 534
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% K2 Bt (Chien and Kuo

2 ———4t A

A —EREEINE - EAR L EAHE
FiiE - B4R LAY FE OIS, - Hong et al.
(2015) {50 FH S 365 731 e JL 1Y) % B2 7 2P
7KFE#; (quantitative precipitation forecast)
GESRL - T TR BRI (ERZ SR PR
BN 2 B FEREAR) 2 BhAE 2B R /K TR -
AR fr B8 A [E] e Y e 7K g 14

Fobg e AT R 2R DR TR KR
R AER GRS 2 B R A » Wang
et al. (2016) #2H R A B — A 72205 £
0 2 SRS HET TG R E & P /K TE R - HLELfE
SRR R E TR RN E P RS
5 DUEEAT =5 AT L o AT L e B K
HBS R R THER - A R 2= TR 2
LB — THIER AT R A S S A - Wang
et al. (2016) {FHIAVTHEREE R 8 K (192
h) - ESt¥f 2012-2013 FERHTIANERZRE
JRVEEAT B R AER K TSR AR - 3535351
FE8~4~6~3~6 K 7KHl FLA] U
{1 R L B A S 1 T e K T -
I o TSRS TR GRS 24— B RTRE AT A
BHAGTE = AT FE IR /K 53 AR - SRR ]
Fe/K mIE WIHA U e B BRI THR - 24
i HERE A E AR - RSB
IF PR AR - HE SRS EHS R ERE
% - RIS BUE R AT S R i 22
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PSR EN S EE TR T AR 2 2 E
RIMZEZ 5 - Gagneetal. (2014) EEAIH
FRE2EH AW 774 ¢ BEM AR (Random
Bl e X R
regression) & 26 {[ETHH K S HI4EF 2K
PR TE B RKTHHR - A w2 e
J7 A EE R L B A R RS R Ry
Gagne et al. (2017) fEIZSE2E T 12
{ERFIE RS g S BRI BT
TREE LI EE R > USSR KER
4y 28TV CSENPNTE S (EE ST S SN
MHEHN R ET7E e ERE AT
HIB% E KB FEF - Whan and Schmeits
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A - BRI EMIB A (Zero-

adjusted gamma distribution) Ei 5y & g 1%
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T B s A T B KRR B TR - Ha PS8R
P RTRE K IEN TR A $E - Zhang et
al. (2019) RIfHE I 25 40 A% 25 B2 U A AR E T
s 1 RUE B R e S I R EVE R
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(generalized linear models) &y fE 22 3 fift
IRFZE 4518 - IS R P S e A H
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[ ER SR T 51 2 2 oo S T ot T e 7K
fliat o PEbFFE R A T MBI - 55
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HURI 7 AR R PR A2 7 22 - Wi
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7% (greedy unsupervised learning algorithm)
HEHEE /KB B RF EFEOR AR
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RS AEE RV E Ry —THEE R
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etal., 1996) - 28117 » IEXMAGERTERAY " T8
B A ) AT S AR S R PR
R g o e (% P i
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RIFGE{E Wang et al. (2015, 2016)
A LAE - (EH AT B EER) T
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Simulator ; fi5f§ CReSS f&5t » Tsuboki and
Sakakibara, 2002, 2007) » 25 B 52 R
ARy (National Centers for Environmental
Prediction; NCEP) 4 EkTH# Z2.4; (Global
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22N k¥
2IN
20N |
19N |

18N |

el

TEMH 82

2021) EHEFEREE TER RORABEE, » TR
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EEDARN TSI SR A e Y o i
St NFHET TR BT AR A T LE
fir » XA BB S AR AT e R Y RIE 7
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SRR BR B R UCHC - sk 2 RS0
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fol e SR T - W10 2 AR - HEJE
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BL o BHBGEESEERATA - IR
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{B{L#s (Kingma and Ba, 2015) « fBICRHE
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o EEIRERIE T o ERAERS T
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BT o BRI Rl - Hp =5 E Rl
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SR B — R LR BT A B pe A A
TSR 0 HHGMEEREAE Relu
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FEAR - HIE o 2 1% B 2R
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2
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Wang et al. (2015, 2016) » —f&iH5e %51 h
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SRR B AR B S TR T - A E] » A
W B A LBk EE T 105 & il AE R 2 /K
PRIC TR RV S8 (F Rl ABEs 5 E
R 280 FINER— N ARITERYAS
R LRENE R EE IR TR - (NILEHR R
TRATFHRYTEER T - BeE O SR R PR R
=2 300 km B > {5 270 24 h HIAT

B > IETHEAE R i - A

L ———4t A

SRR B RE S/ DAHRE 48 h o i SEITELRE
HEEDE N ZE 300 km FHEERTYRE EIERE -
FHRRIEs C300_1 B2 C300 2 - KRERSHE
SYIIHILETTAM > 2RI FREEE
OB R ~ /KR - S5 THR
Z RO OMLE ~ SERT TR S
RIS~ DR TR A AR
S FTE SE R TR E T S

HITHHEAS I N es 22 - (I » B A B THER - H& HAVE— R
TERTA TR S - RECEE TR BEEHEE - YRR — -
Fe—  ARWFEATEENE AMEEREERENY 105 (ETEEIRSE > ([ERH% - MeRBAELEEREH -
Bk PP B iE 1 d i #c
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AP AR PO ET 0 RIS TR &
RAE FlAmE P > d ¥&E3 234 E -
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Beh B BL BB EARE 0 AR B4R S > A a §4%
5o Ak PR TS (84 7w 30448 (Wang, 2015) °
Fr100, FFARE R A wlE s BrEOREE (100200~ 2 300 mm) 2 # B |3
Fr200, FANE G ot b (EF]K) e
Fr300 EAREREF TR E TG A HARE o A BARS o PSEE R
B IS B e 348 o
Max TEIRERFENE AL R AR AEAE () o 1
Lat_C300, R P B X RT R AES 2 300 kn p RS FR R - 2
Lon_C300 Bl AR A B g Sl - o
Lat-24, R P oSBT AT AR 2 300 km poopER (T 12
Lat-18, ---, C300_1) 2= 24 h¥l2 12 h@ > EF6h2? vSwRizE -
Lat+12; Lon-24, LAPFRER PO Sl Rk R ERE £ DL
Lon-18, ---, Lontl2 | #k -
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Along_24_C300; Bafs) A WS 6 h 24 hifdRg O REE) FIAPFF
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Mitsor - RIS E T AUERIHE © H
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TR Z (S PR S UK TR Y T 04
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MR KB E > TR Ry
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A= FHHESET BT RALEL @) HE TS
ZIEFs
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Roberts and Lean (2008) iz a9(5EER;
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He N BRERRL (RN 4880 o
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Abstract

Typhoon rainfall is both an important water resource and potential disaster in Taiwan, so
its forecast quality and improvement are important. An issue of all numerical weather
predictions, regardless deterministic or ensemble, is that whether its scenario will occur or its
exact probability, is not known in advance. Nowadays, this issue may be solved through
artificial intelligence. In this study, therefore, we have developed and tested a model through
machine learning that provides objective guidance to indicate the credibility of each quantitative
precipitation forecasts (QPFs) for typhoons once it is made and thus help improve forecasts.
Specifically, time-lagged forecasts (out to 8 days) every 6 h for 10 westward-moving typhoons
affecting Taiwan by the 2.5-km Cloud-Resolving Storm Simulator (CReSS) are used. A total of
105 parameters are selected from each forecast and data from nine typhoons are fed into the
learning model to, after training, predict the similarity skill score (SSS) of total accumulated
rainfall during the period when the storm moves within 300 km from Taiwan in each of the
forecasts for the tenth typhoon. As a measure to the overall quality of the QPFs, the predicted
SSS thus serves as guidance for forecast credibility. At the initial time of forecasts included, the
typhoon center is still at least 300 km away, so many are at ranges beyond the short range (>72
h).

Results from these 10 cases indicate that the machine learning model can capture the

tendency of the actual SSS (computed using observed rainfall) for most cases, thereby
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informing the forecasters which QPFs are more trustworthy and which other ones are less so
before the event. Such guidance is especially valuable at longer lead time, when the forecast
uncertainty is relatively high, and thus our results are highly encouraging. Nevertheless, as
machine learning can be viewed as a complicated statistical technique, when certain typhoon
behaves differently from those that serve as the training data, the outcome would be less useful.

Some possible directions for further improvement are also offered and discussed.

Keywords: quantitative precipitation forecast (QPF), typhoon, cloud-resolving model,

machine learning, Taiwan. d0i:10.53106/025400022022075002001



