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Study on an evaluation for quantitative daily precipitation forecast
based on the SSM technique.

Ji Yeon Jang

Department of Environmental Atmospheric Sciences,
The Graduate School,
Pukyong National University

Abstract

Recently, severe weather phenomenon such as heavy rainfall and
typhoon occurred frequently due to the eclimate change. So, the water
management is more ; important than before. The efficient water
management accompanied by meteorological information is needed.
Especially, | quantitative' precipitation prediction which ‘is the unit of
monthly or ‘seasonal is necessary for long-term water management. For
this, In previous study, daily-precipitation with unit of ome month was
predicted and verified from June 2009 to August 2009 (Moon, 2010).

But, verification period of-previous- study is limit to the summer. So, we
need to reverify during longer period.

In this study, we forecasted and reverified from January 2012 to
December 2012 using the SSM(Slice Step Method) technique which is
forecast system of daily precipitation with unit of one month based on
short-range forecast and medium-range forecast using NWP model and
long-range forecast using statistical model.

To wverify the high-resolution precipitation data, we used the
Neighborhood which is verification method (Theis et al, 2005; Ebert,
2008) and checked the change of FSS (Fractions Skill Score) (Roberts

_Vi_



and Lean, 2008) according to percentile thresholds by the Neighborhood
size. We wused a contingency table to verify whether precipitation
occurred or not and category divided by precipitation thresholds. Using a
contingency table, we calculated skill score which is ACC (Accuracy), CSI
(Critical Success Index), POD (Probability of Detection), SR (Success
Ratio), FAR (False Alarm Rate), and ETS (Equivalent Threat Score) to
evaluate the accuracy. The results were expressed as the Performance
Diagram and ROC (Relative Operating Characteristic) curve. Using monthly
skill score, the hypothesis test was performed (Hamill, 1999; Jolliffe,
2007; Mason, 2008). Through the hypothesis~test, we determined the
distinction of skill scores according to the forecast process. To check the
difference between observation and forecast, ~we expressed as the
Histogram (Brooks and Doswell, 1996).

In the results of verification, through the analysis of the Performance
diagram, ROC curve and Histogram, the' accuracy of short-range forecast
process was the highest. The hypothesis test results showed that there is
some difference between short and long-range forecast process but no
difference has been. found “between medium and long-range forecast
process in the 95% confidence level.

From this study, ‘it shows that daily precipitation forecast based on the
SSM technique has high accurate forecast ‘before 10 days and in spite of
over a period of two weeks that is forecast limit proposed by Lorenz

(1963, 1982), maintains confidence of medium-range forecast process.
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et al, 2005).
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Fig. 2.2.2. For_the observation in:' the domain at
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a Neighborhood surrounding the observations
(b) (Ebert, 2008).
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Table 2.2.1. 2X2 Contingency Table.
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Table 2.2.2. Percentile threshold according to the season.

Percentile
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(mm)
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S Sesktd (Wilks, 2006; Jolliffe and Stephenson, 2012).
ACC = e ]\Hfi}}iJrR (2.2.4)
CSI = ﬁ (2.2.5)
Bias = gj-_]\}; (2.2.6)
POD = T Z 247 )
SR= = (2.2.8)
FAR = Ft+ R (2.2.9)

Aol g A5 Ade FEE SR, POD, Bias, CSIE 3
7 YERN+= Performance diagrame $3dle] Ay H ko™ (Roebber,
2009) &7k 2A Aol i3t A4S A= ROC(Relative Operating
Characteristic) =4-& F3dto] A3 R 31 ROCSS(ROC Skill Score) #h&
Boto] AgHoz Ay rgkti(Hamil and Juras, 2006). ROCSSE 2
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e A5 ed scorelth. ETSE ¢ 2.2.11% AXtE™ 1 gk
—1/3°0 A4 17hA19] 3b& ZHA ™ 12 gHek i S, 02 9= 53] 8l

o ouigal 2910 g8 WAL ALHY o5 Sl grpd o 3

= 27 A, ole Aeasel F= ol8=H 43 A5 dE 2E
7RA] ared 7] ol Fd B Fste FAskAlL Blalgk = gle] e

AHE-% = score©]t}.

ETS = G§§ = ——
B  H+M+F—a, (2211
 (H-M)(H+F)
A= T Fr R
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Skill Score® 7Hd AA& S8 oAr Axdo] wE oS4 2ol

il

dtstr] Skl 24 dR ddEE AtE 4

e

ot

Aetarzl skt (Hamill, 1999; Jolliffe, 2007; Mason, 2008) ©@7], &
7], A7) dn el diste] @R AbE Skill ScoreE o] &38to] 7}
ol A Skill Score®] zo]7F A=A fl=Alol HE MRS A
Aletglor FF7PAR Aol7h vk THdS AdAsta e JiaTt
307 mIRkel B2 t-testE ©l&3te] 7MAAAS Al

npAEte R Gaatne] A ghe) HluE 9] 3
kel ztolE 7 - AAHEE S| AEIHS Y

(Brooks and Doswell, 1996).
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&
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il
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Booh AAHE[EFG4,59), A506,7,89), 7F=(9,10,119) ]2 A HHE,
o Byl whel 74 A E60, 70, 80, 85U A percentile)dll kel ©f
W ek Aol S Hol=A Aua gttt
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(a) Short-range forecast

(b) Medium-range forecast

L i L s s

(c) Long-range (hindcast)

(d) Long-range forecast
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Fig. 3.1.1. Changes in FSS according to precipitation thresholds by
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Fig. 3.1.2. Same as_in Fig. 3.1.1, but for Busan, JJA.
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Fig. 3.1.3. Same as in Fig. 3.1.1, but for Busan, SON.



Fig. 3.1.1°14 3.1.3& BAx Ao that AZEGS, o, 71S), o
B 3AYE[@7], F7], #7](hindcast, forecast) ¢l® .74 ] Neighborhood
sizeo] W& FSS¢ wW3lo|t}, 7FE%S Neighborhood sizeZE ow]alH

M E5HL FSSE o r| &t

FSS #& 7F5 2™ Neighborhood sizeol| W& F7ME% 7H4 Zith 5
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89 tH(Fig. 3.1.1.).
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3.2. #EE o|&F A5 2

A

7FS), 9 E Performance Diagram@Z  AA &Gt (Paul  J.
Roebber, 2009). Performance diagram< SR, POD, bias, CSIE 7|
Fdsto 2N o= AT #Add= 1¥oltl. Performance diagram=

3 =2 dHE ddslr] 9fslA = SR, POD, Bias, CSIZF Y X|8kar

K

ol 1o 7Mhe4S =2 JdBolty. = Performance diagram® y=x
(Bias=1) Fol' 7Vga Q&% 9 7P 717k W o & 5o £ua

wea 5 gl
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(a) Nakdong river (MAM)

(b) Nakdong river (JJA)
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(c) Nakdong river (SON)
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(a) Geum river (MAM) (b) Geum river (JJA) (c) Geum river (SON)
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(d) Yeongsan river (MAM) (e) Yeongsan river (JJA) (f) Yeongsan river (SON)
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B Medium-range Forecast & Llong-range Forecast

Fig. 3.2.2. Same as Fig. 3.2.1, but for Geum river and Yeongsan river.

Fig. 3.2.19 (@=(0)t 4 F5o Uz 984 F90AM] 54,
oAEH 7}eAH performance- diagramo| ™ (d)-(H)= 7+ F5o st

A

S o] FH, o534, 7124 performance diagram®|t}. Y&
4 9

M E Gl BARHGo] y=xFHel| 7PFiL 47kA 9] score7} 19 7}
7] Wite] £L dEAAHoR s 4 glow T, FY] o B
A= POD, Biast %A% SR, CSI7F ¢F 0.2~0.3 A% Wity 37 &
Ao Ao @ e RnIGLe FE5d A9 dSPRTE dUHoR B

_PI_
E scoreZ} ¢F 0.1 A% A9 & o B34l Hs] 4714 2] score”}
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dA et Bk BEAth F71, A7) dERAAS G5t F93 wzrbA
= POD, Bias¥® ¥AWF SR, CSI7F o5 o2 oF 0.2
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Fig. 3.2.17 3.2.25 &3t w7 B Ao Performance
diagram®| y=x%F3 2 8% 9o 7P 7P SIAsilenE oS54 o]
7P S dRIgelgta Aad £ glom FY], Y] AEAAS Ml
7 AR 7] o w2

A9l forecast®} hindcast % hindcast®] A7} oW AHTo] ¢ Ed)

i

O

AW S71d g ol 2w ¥ F2

ol A7dS Aol FEsHA oEE A dE o] TR A

_27_



29

No

A

Ho A BE oBAHo] 47FA 9] ScoreZ} UXH|

4

—_
fife)

iy
B

L

o]

S

2 80™ percentile thresholdel] th

ol
=

A=

o A% w3

(o =
arTT

performance diagram= 2y H gk},

_28_



(a) Nakdong river (MAM) (b) Nakdong river (JJA) (c) Nakdong river (SON)
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(a) Geum river {MAM) (b) Geum river {JJA) (c) Geum river (SON)
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Fig. 3.2.4.! Same as Fig. 3.2.3, but for Geum river and Yeongsan river.
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(a) Nakdong river (MAM)

(b) Nakdong river (JJA)
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Fig. 3.2.5. ROC Curves and ROCSS at Nakdong river basin
((a) MAM, (b) JJA, (¢) SON and (d) ROCSS).
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(a) HAN river (MAM)
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(b) HAN river (JJA)
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Fig. 3.2.6. Same as Fig. 3.2.5, but for Han river basin.
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(a) Geum river (MAM)
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(b) Geum river (JJA)
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Fig. 3.2.7. Same as Fig. 3.2.5, but for Geum river basin.
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Hit rata

(a) Yeongsan river (MAM)
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(c) Yeongsan river (SON)
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Fig. 3.2.8. Same as Fig. 3.2.5, but for Yeongsan river basin.
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Table 3.2.1. Null hypothesis (ACC, CSI)

S-M S-L M-L

ACC  ACCs— ACC, =0 ACCs— ACC, =0 ACC, —ACC, =0

CSI CSI, — CSI,; = 0 CSI,— CSI, = 0 CSI,,— CSI, = 0
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(a) Nakdong river (ACC) (b) Nakdong river (CSI)
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Fig. 3.29. ACC and CSI at Nakdongl[(a)-(b)], Hanl(c)-(d)],
Geuml(e)-(f)] and Yeongsan[(g)—-(h)] river basin.
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Table 3.2.2. Hypothesis

test results(ACC, CSI),

indicate that null hypothesis can be adopted.

Bold numbers

Basin ACC CSI

S-M 10.01 7.69

Nakdong S-L 8.80 6.84
M-L -1.99 1.08

S-M 5.34 1.43

Han S-L 2.40 1.98
M-L -2.34 1.67

S-M 8.41 3.04

Geum S-L 3.79 6.61
M-L -2.76 1.47

S-M 7.73 4.63

Yeongsan sl 5.43 458
M-L =0.52 0.91
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Table 3.2.3. Null hypothesis (ETS)

S-M S-L M-L

ETS ETSy— ETS,,=0  ETSy— ETS,=0  ETS,— ETS, =0

Fig. 3.2.102 984, 34, 7, 4 w99 7t 2% 4
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(a) Nakdong river (ETS, 80" percentile threshold) (b) Nakdong river (ETS, 85t percentile threshold)
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Fig. 3.2.10. ETS at Nakdongl[(a)-(c)], Han[(d)-(f)], Geum[(g)-(i)] and Yeongsan[(j)—(1)] river basin



Table 3.2.4. Hypothesis test results (ETS), Bold numbers indicate
that null hypothesis can be adopted.

ETS
basin 80" percentile 85" percentile 90" percentile
threshold threshold threshold

S-M 2.43 3.76 5.06

Nakdong S-L 1.25 2.92 5.76
M-L -0.56 0.64 3.49

S-M 2.30 1.46 1.53

Han S=L 1.69 0.53 3.64
M=I5 0.58 -0.31 2.15

S=M 3.09 2.71 1.90

Geum Sal 4.95 2.40 3.51
M-L 1.76 0.19 2.65

S-M 2.01 2.11 3.13

Yeongsan S-L 1.49 210 3.79
M-L -0.71 0.05 2.66

_46_



Fig. 3.2.10% &3l ETST 97Alge]l AAFH 1 glo] FopAe
A4S BQa @y uagol ETS ghol b2 ouEadrc o . o
Agtel T71845 ETSS W3t £ Arlornages 714 Frh.
AAgke] F7rskAA Zb B ETSS] Aol F7hetes A
Atk ol GAIgke]l ARAFE 7 draAE dF549 Aolrp A
= A& Bolenh ALk ETSE &8 7HE A8 A3+ v 2o

g5 F9e - 80" percentile thresholdolA 7] & B2}A

e
L
oo

5

< 7], F7] dRBA 2o}k §I%laL 85" percentile thresholdol 4]
= 27, A7 dRAAL  gSAd Zelrk itk AT 90"
percentile thresholdolAl&= R & o BIAA L oS4l AolE 7HA
t}. o] Esle] =7, A7 dRIFAY g=4S 80™", 85" percentile
thresholdsell - tislAE @7l olBAHI} H| e FFolA|vt 90"
percentile 'thresholdoll” B 3|Al & ©@7] o|He] oSAdnoh wss &
A

S 9o 4 980" percentile thresholdelA 7]« 3}4-e &
7], &7 ARG} o] 7k gl 85" ‘percentile thresholdol A& =
T dBBANA o FA2 Aozt §ldth 90™ percentile thresholdell A
© T7ldB A ©7], BB} olrh gl ol 9e A
A3t wpR7kA = 80", 85" percentile thresholdsell WalA= EE oK
4ol Hj=g o F5AE 7FA AT 90" percentile threshold?] 74§~ o
=79 Apol7h AXIY = Ae Ho|ETh

7 99 A9 80", 85™ percentile thresholdsol A 7], &7]

M

_47_



B AL o &Aool x}ol7} gllal 90" percentile thresholdol A= &
71, 71 dEAA  odFAe] Aolzk (UATh o= 80", 85"
percentile thresholdsi= 7] BIAAoA FXRDS ALE3= oW}
A3} ¥=23k g S-S 7R AR 90" percentile threshold?] 2% zF 4
Hypgo] wel o544 Apeo]lE HATH

AA7} o] A9 80", 85" percentile thresholdol A =

rln
3
T

HA ] o ZAle] 2oz} gllem 90" percentile thresholdoAE RE
B IGo A o FA2] Aol E HSIT]

A7r A A MEAA ARE B8] 80", 85" percentile

te

thresholdol A& BE HI}F o Fdo] vlcstAY F7]1, 471 o
HA o] o =Ao] vzt AT 90™ percentile threshold®] 7%
Ao A AwY B 2o 7], 4] crRAAY 454 FA
Zo] AAMA 54 xelE BT A A% H ETSE EH ¢
Algkel AR whet ETS] g AF ol /7)o B34 o A 7bd 2kttt

_48_



3.3. &5 #F dE gke Aold AT AT 2

ke 313} 3.2%0lAE F5 AuANE F5 AR B WS
rold At 338 Ardne] JRAQ o5 g3 B
wel Aolz mastgth. A4 Ase FFA S B35 @3 s
etel BZ g3t = ghe] AolE slaEaRoR ek 47 7
T oo AREAE Ag, 0T, gd, 35, 28 o
ehiglen 2 dvhe ofd Fig. 8.3.1414 3.3.23 2tk 2 a9 xF
AR FolA #Z A W o on oS ey yEe 7} o
BoAte WHFE MEE %z riehlieh

_49_



(a) BUSAN (MAM) (b) BUSAN (JJA) (c) BUSAN (SON)

E: i 5 §2] A
: A ) : § 5
k= fry = il\;.\ i= }g’\‘

» 5 st v - -

sl - o 4 . A o

R T IL I S ST TLELLE TEITIITL LT

(d) SEOUL (MAM) (2) SEOUL (JJA) (f) SEOUL (SON)

2" ¢ 2 i i

H A . 3 A

E: % “ fﬂ.\_ .!”' .}L“

| Y L] o !
& T - Frhy o Il
F = L Y w 4N - .
Iﬂ-’ﬂ“-&d«mano:‘:unun"ﬂ A0 70 60 50 A0 -0 2010 O 10 X0 IO 40 S0 &0 7O MO “ﬂauaﬂnﬂo;‘:‘unnwann

(g) DAEGU (MAM) AEGU (SON)

: 3 e

% . g Nt - 1
fo A < - Fal _A“z-.ﬁ

H H
ke Sl I W
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(a) DAEJEON (MAM) (b) DAEJEON (JJA) (c) DAEJEON (SON)
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