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Figure 1 Schematic diagram of the calculation of the characteristic evaluation index (a) between

clusters and (b) within clusters. Different colors represent different clusters, see the text for

details.
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Figure 2 The distribution of ensemble members for each cluster at different lead times. The solid line
is the period of heavy rainfall affected by the Meiyu front, and the dashed line is the period

of weaker rainfall that is not during the Meiyu period.
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Figure 3 Boxplot of DIST within each cluster at difference lead time. The warm colors refer to the
period of heavy rainfall affected by the Meiyu front, and the cool colors refer to the weak

rainfall periods other than the Meiyu period.



10 1

R (cl.Meiyu)
. (c2,Meiyu)
6 B (c3,Meiyu)

h"

4 RERFITERN S BEEM DIST i&2&E - aalEE 3 -

BN (c3.Not)
Figure 4 Boxplot of DIST between each cluster at difference lead time. The box color is the same as

outside

B (cd.Not)

in Figure 3.
(a) threshold =1 mm / 12h (b) threshold = 10 mm / 12h (c) threshold = 40 mm / 12h
035 Y 024 Y 0.18 -
\". 020 014 =
"‘.‘3::,_ o 018 012
= [ - E 010
014 LA, 0.08
012 A 5y - 006
olo
0.08
20
18
16
14
Qs
@ 104
08
I
04 N
12 24 36 8 60 72 12 24 36 48 60 72 12 24 36 48 60 72
Lead time (hr) Lead time (hr) Lead time (hr)
| WPM Clusterl Cluster2 Cluster3 Cluster4

5 WPM KEHEEAEAREIRTERFEHY ETS K BIAS - () Bl#/KEI{E 1 mm / 12h © (b) BfF/KRI{E
10 mm / 12h ;5 (c) Ryl /KREME 40 mm / 12h - BFER R bigri i f2 B mlEpl 0 - FE4R Rt
PRISHEY S50 RIS -

Figure 5 The ETS for NPM and each clusters at different lead times. (a) is the precipitation threshold

of 1 mm/12h; (b) is the precipitation threshold of 10 mm/12h; (c) is the precipitation
threshold of 40 mm/12h. The solid line is the period of heavy rainfall affected by the Meiyu

front, and the dashed line is the period of weaker rainfall that is not during the Meiyu period.
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WPM/each cluster at difference lead time.



(a) Case A- Valid time=20210605 00Z. Forecast time=24-36h
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Figure 7 12-hour accumulated precipitation distribution of observation, WPM, and cluster 1-4 in two

Meiyu cases (the numbers on the lower right are the SSIM, CORR and DIST between

forecast and observed respectively).

M~ BKkBEEZERRRSEER
sEfF ARSI
A/ NER 5 A 45 e PR T P B B 2
e EAHRE 2 KRG HIRAGE - AT 5T s
» H R RO R Y 2 E AIKSEEY)
i W U8 2 SR AR IO ok A4 1 A R JE R VK SR
& R FEAKNEERE - Hit -
FeAM T #2021 45-6 A [ 52 9 R $4% 1 52 2
B 58 7 PR AR BEEU g (925hPa »
850hPaf1700hPa ) AYJEZE - FH&E 28 ~ K
REOKFBEE  HE—-HEZHRENKRA
BT PR EZEENGRRRAS - I
2 L B B [ Pl I S O R e
Hootbl THESRKAS , B TR
RlmEIEEX R EETHE TS ) B

\

EE

DIST ~ CORRESSIM » T f#& B AR
RIGHYTHHEMERE ([E8{EHI/RCORR ; DIST
Je SSIMIEIHE ) = &% Bf F£AE A [F KRR 5 HY
CORR K EZBELTHY fiin i & » fE[E—LT »
BFEE IFYCORR A EH B N HEBE S - Bf
HE3F14HYCORRA TH A HY S BT - RN [E & &
HIES (LL)) HE=HICORR » FIRE
THERABRENZER T - 11K E KR HE
# K 5355 » 700hPaffy CORREL = » [fi850hPa
FHE AL F2 925hPasK 7 5 CORREZAR » &
& E TR AE DEUK » Z TSR KA o] 8
A E MR AR -
LT EE =M T HERE
T $7 B3 0] 2 CORR/SSIM/DIST | 81 " B¥
EEHE K RXASL B 5N SH Z



CORR/SSIM/DIST ; @i & HIHR(GE - &
AR K R E A T RE R (R1) -2
HHYSSIMAYAL BE A BUIE - KES T HIR R
5 CORR/DIST i [% flf CORR/DIST 4 79 £H
fE 14 R 1] DL 21 - {HAE850hPafl700hPafy
7K A5 e 100hPat & fir ) 75 i Al 2 35 o &
TEAERA - JRED & B R /K BRI CORR
B2 1= BCDISTHRARNS » H ot g & Rl/K RS
4 /Y CORR B /DIST 7] A& 7 77 1% 351 (LAY #
oo EEGREL - FEEEERKIEE
A BE BN A b g K R AR B

DA b — &1 A 5] 21 e Pl 5 2 7K {1 28
BISRERET 73 M 355 B 55 & B K SRS BLE B [
Ko AiHIRR: (B9 ) - {E 2 2 925hPa [ 2
73 A S B B By T 35 R R B R Ib T A
ORI TIRE R fE N 2= RABEE > (£
— b/ R TR AE RS 22 22 - {E ARV R 62
41T 208 ok e B0 1Y o R 2R T S K L

Ny
SRATR | (A BATREE | ERERAIE B

e Rl 2R AR+ B I R 17 S5 S B L AR
MR RE - AHBIHY > 850hPaffl & iz m YT

FEERKAS 1] AR ERADRE SV -
58 JEE 53 AR AN BT Y 72 FREOK > (B Z=BAYEE 4
| ER AR BAE 285 I S A0 & LR A 73
Gl 4 EER IR N Ky N T R e,
2= B A] S B R [ BT I 45 AR (L Y 55 FEE R
Pexiil

&R LRl - SRR RS E TS Y
CORREZ /= s DISTRK - URMBEZ K
RSBV TTEEE - BIAAR [E] i Y
%58 700hPas LAY KRS - BLUEE /KSR
[58] BT & 1 K SR B 4 A 355 O AH R 12 I
i~ ZFEEK > FIA1850 hPa & fir JH 5¢
925hPasK5i 5 - HIRETE FH & K BV A Tt 2
PERZEACN © i & EK RS H B &k
K 4 % CORR/DIST i % /K ') CORR/DIST
SR ETAAR - ROREEEEFT R IH H ARHY
KRG 7= R g B K IF R DA R -

1 T E/KBEEBEDH > CORR/SSIM/DIST #ill BEEA B K EIE8157 M35 CORR/SSIM/DIST |

EFHRE (BT -

Table 1 Correlation coefficients between "CORR/SSIM/DIST of clusters Precipitation and
Observation" and "CORR/SSIM/DIST of cluster composited fields and analysis fields".

Filed Pres CORR SSIM DIST
925 0.14 20.03 020

LLJ 850 0.17 2006 0.15
700 0.18 014 036

925 0.14 014 028

Ov flux 850 0.17 2020 020
700 0.18 2034 0.42

925 0.23 0.34 037

Ov 850 038 033 0.40
700 0.48 027 0.38

850 030 0.20 0.05

Theta-E 700 0.40 0.3 038
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Clustering Characteristics of WEPS Pecipitation
Forecast and the Application of Associated Weather
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Abstract

There are complex multi-scale interactions in the weather system accompanied by the Meiyu
front. Although the forecast ability of the synoptic environment has improved in recent years, there is
still considerable uncertainty in mesoscale forecasting which related to the severe precipitation in
Taiwan. The Central Weather Bureau has developed the WRF based Ensemble Prediction System
(WEPS), which can provide the uncertainty information of the weather forecast to the user through
the different quantitative precipitation forecasts (QPF). In order to a facilitate the interpretation
performed by forecasters, clustering algorithm based on self-organizing maps (SOM; Kohonen, 1982)
is adopted to summarize the voluminous information content of WEPS QPF.

This paper takes the May-June 2021 WEPS forecast as an example to analyze the clustering
characteristics of the Meiyu period. The principal cluster (cluster 1) accounts for roughly 2/3 of the
members on average. As the lead time is longer, the ensemble members tend to be concentrated into
the dominant cluster rather than scattered in other clusters. While the number of members in the
clusters 2-4 decreased slightly, the intra- and inter-cluster variability roughly increased. Cluster 1 is
less disparity from rainfall observations, but the verification scores and observation correlations are
slightly lower than those of cluster 2. The weather fields related to the members in each cluster during
the heavy rainfall period affected by the Meiyu front were composited. The correlation between the
composited weather and the analysis of middle/low-level wind field is relatively high, as well as the
weather fields on 700hPa; while the correlation of the theta-e field on 850hPa are lower, as well as
the Qv field on 925hPa. On the other hand, there is a moderate correlation between the
correlation/disparity of weather fields related to moisture and the correlation/disparity of precipitation.

The case shows that the distribution divergence of the composited theta-e fields on 850hPa



corresponds to the precipitation scenario.

The study suggests, according to the rainfall forecast scenarios obtained by clustering, the
precipitation scenarios of clusters with a large number of members are more likely to occur and need
to be paid attention to; to the clusters with a few members which the probability of occurrence is
smaller, forecasters are advised to be alert to situations that extreme rainfall scenarios may occur. The
composited weather fields with large divergence can be used as a diagnostic reference for the source
of uncertainty in precipitation forecasts.

Key words : Ensemble forecast system, clustering, Meiyu
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