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Abstract

Change point analysis is a efficient tool to understand the fundamental information in hydro-meteorological data such
as rainfall, discharge, temperature etc. Especially, this fundamental information to change points to future rainfall data
identified by reasonable detection skills can affect the prediction of flood and drought occurrence because well detected
change points provide a key to resolve the non-stationary or inhomogeneous problem by climate change. Therefore,
in this study, the comparative study to assess the performance of the 3 change point detection skills, cumulative sum
(CUSUM) method, Bayesian change point (BCP) method, and segmentation by dynamic programming (DP) was per-
formed. After assessment of the performance of the proposed detection skills using the 3 types of the synthetic series,
the 2 reasonable detection skills were applied to the observed and future rainfall data at the 5 rainfall gauges in South
Korea. Finally, it was suggested that BCP (with 0.9 posterior probability) could be best detection skill and DP could
be reasonably recommended through the comparative study. Also it was suggested that BCP (with 0.9 posterior
probability) and DP detection skills to find some change points could be reasonable at the North-eastern part in South
Korea. In future, the results in this study can be efficiently used to resolve the non-stationary problems in hydrological
modeling considering inhomogeneity or nonstationarity.
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Fig. 1. Location of the 5 rainfall gauges to generate
the 3 types of systhetic rainfall series; (1) Cheolwon,
(2) Chuncheon, (3) Wonju, (4) Inje, (5) Daegwanryeong
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Table 1.

General Information of the 5 Rainfall Gauges

Gauges Longitude Latitude Elevation (m) Starting year
Cheolwon 127.3 38.1 154.9 1988
Chuncheon 127.7 379 76.8 1966

Wonju 127.9 37.3 150.7 1972

Daegwanryeong 128.7 377 7724 1972
Inje 128.2 38.1 198.7 1972
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Fig. 2. Examples of Generated Synthetic Time Series of Rainfall Data; (a) Homogeneous Case,
(b) Inhomogeneous Case with a Single Shift, (c) Inhomogeneous Case with Multiple Shifts (3 shifts)
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Aol oha BAANE A4 Aolch

Table 35 XM, CUSUM, BCP 09 ¥ DP7|H2 =%
o 9367} e AAGS B Bl gl Ao §
A%

Asto] kg Aok A)A1gE vl BCP 0.7¢]
]

= 812%° AL Q= e & 9

o,
10
[
ol
®
o
©

713 D71 717} 98.2069% 9719 o] $<et 2
S UehlgS o 4 oleh WEH WA SR o) g3

S eSS ¢ S ) W
= Table 304 AHEH W5 s
a4 CUSUM, BCP 0.7, BCP 09 2 DP7]¢]
7} 82.8%, 70.8%, 89.7%, 79.6%= BCP 0971
a1l ot, DP7IHS CUSUMY ol Hls) tha Ao v
Aoz Yepdr) 3 ulE5d v WA A5l visiMe
470 718 e] A7t 22} 75.5%, 50.9%, 79.8%, S45%% 1%E}
L} BCP 09711t} DP7|Ho] 9573 A o= yElyto

Table 2. Type | Error to Homogeneous Series by 4
Detection Skills

Error CUSUM | BCP 0.7 | BCP 0.9 | DP

FH)&(false alarm rate, F,) 2 ‘B2 7] %5 (detection skill, Type( ; )error 6.7 18.8 1.8 29
EYE T3t 2] Eas. (24 ~(26)S E3 APg= gl ’
Homogeneous case Single shift case Muttiple case

e points

"
g

Number of detected change points
Number of detected change points

(a)

Number of detected cha

Fig. 3. Diagrams of the Number of Detected Change Points
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Table 3. Results of the Number of Series with or Without Detected Change Points

Change points | Change points CUSUM BCP 0.7 BCP 0.9 DP
(True) (Detected) | Number % Number % Number % Number %
0 933 93.3 812 81.2 982 98.2 971 97.1
1 67 6.7 151 15.1 18 1.8 29 29
0 2 0 0 27 2.7 0 0 0 0
3 0 0 10 1 0 0 0 0
4 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0
0 14 14 0 0 16 1.6 0 0
1 828 82.8 708 70.8 897 89.7 796 79.6
1 2 158 15.8 218 21.8 87 8.7 204 20.4
3 0 0 58 5.8 0 0 0 0
4 0 0 15 1.5 0 0 0 0
5 0 0 1 0.1 0 0 0 0
0 0 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0 0
2 167 16.7 58 5.8 168 16.8 101 10.1
3 3 755 7.5 599 59.9 798 79.8 845 845
4 70 7 241 24.1 33 3.3 54 54
5 8 0.8 98 9.8 1 0.1 0 0
6 0 0 4 04 0 0 0 0
CUSUMZ W3} BCP 0771 2] A7} vls=stAl 4 ARk o] &g A5-Hr} gl 33| st U
Aes Bl AoE FAEdrh Teu WiEH 229 5 ERESS & 7 vk g ‘g ARA o] HpoA =
AL WEi ] 'Ael =ghE= Blo] oje} T Ao R B A7) 7199 A7t 795%, 83.3%, 20.2%, 87.6%% LIERL}
Al WEFe] YAE olgate] TAF SA(7IM= 3 ase o] ko] ‘G B oA et AR YERE S
ol AR 7R Eeetal 2 kel A AP e S & F ATKA7IA BIEARES 918l ARSE R A
A7|E vlaLsh= Alo] vl FostE R the Hojlx W 4 7521 1,0000] o}, Table 3914 W& o] 1= B4
o] A& A aefste] vhA] BlaLekith H AAIE S 74 828 (CUSUM), 708 (BCP 0.7), 897 (BCP
43 HER 9AS Tas u|SA el HER 0.9)‘, and 796 (DP)o]o{o} &it}). weba BCP7|H2 tha
ol st BAl AREEE 7)ol wolA| et Ao QlojAl= o]}
T Fraglo] et 91218 AT S Itk ARLS & 4
o] HollA+= EeojH 1,00071¢] vEd 9 HesH = Atk &3k DP7IW o] 75 T dFA e o] Adgs] 7
5E o R FAANE A 7E elA AAE Bt o] £2:d el = WE e 91x1= BCP 0.72 {AsH
o} Zro] ‘A A3 (correctly identified), "B UF-H S 2R e & galsla 98-S & 4 Ak
(well identified) 2 ‘B4 5-7dEHpoorly identified) = 1+ A4 HES Six|E D25 H|EH CIE HEX
o] B41519 ). Table 4= 47 71l th3t zHzte] =of gt &4
A7E e, 93 Aot glo] WEd Ak -
0|83k 7-5-¢F vk A7t dojxivh WA T g o] 7N e W A5 11 H54 v Wy
7% CUSUM, BCP 0.7, BCP 09 ¥ DP71¥ 9] A3}= 2+ k529 gk BAS ] s v HEH AR
7} 53.5%, 72.3%, T1.8%, 65.2%= el BCP 097} 714 off digk & X5 sk B4 lolx= A AA

/
Sl e 59U A oLk CUSUMS} DP9] 74
W Aol Bshs A7t el o

e, 53] CUSUM®| 749+ ®
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1 7350l s == 42915 A

o‘?‘ EH%X:H 7HT

SJvlgieka ¥ 5

ATt

H AAILL] M5} nr # nd

MABEA 34 AR F B

2y} 2,287, 2,100, 2048, 2,109= BCP 097l 717 - At A3} F nr=ndd
S FE FAYSS & Aen, CUSUMZ el 7k Alakaat) 91714 25200 e dE = kel ©lmlshs vl o]
T EA &2 A7E Bk T3 BCP 0.771H3 DP7] #E Ao crto g AkE AALe]
HE g FASE 2792 Hola &S & F Aslon, 2 XE e 2 HAsleS
DP9l A% 27} BCP 07x.c} 27 YeR BCP 0.7 wEba] 2 ATl v o Bed A=l digk 5,5
Hop 4] &2 s BieS & F Aith Aol ol nr=nd = A%

45 371K| X EE s LAz ¢l AL Cgre] B%HT AL RS 7_?]% AAIE ] Tl

£ Hsto] S5 ]”‘}3}: 7o ® &-gaqith

o] Hollx= oA AAIGE 37FA]9] EAAER] HA e Table 7 2 Fig. 4=
(power of detection, P,), ‘T QFH]&(false alarm rate, P, FE 3 "’340}01 TS0 A Fo|H g o] Flo]
F,) 2 g 7)1 5 (detection skill, £))l W& A AE ESTE §WE sHo| e

Aoz ¥ 5 ek

AT Aiﬁ‘r Hl'52 vl Wsd A5 Table 40 #AA1E A HE5d 9d WEd A5 A5 4719 B4 w
7y 71 A gEg el o] AylE o]8-3to] Egs. (24)~ 2 E;= 27 316, 250, 61.8, 394 AlXt= ] BCP 0.97]
299 5 Spg RIEIn) e MR B4 AR A9E WT DRIl b $4etRee o 4 Aslon, nE
Sps ALl 2le] Table 490 s9=]= 3k ThA] ALkt A tg wsd A5e 4% E= 242 -31.0, 45.0, 370,
Hovt =, 015 3l WA Table 62] Eq. (23)l <] 1922 A Eo] 2 AEo] dojHe & & ok
Table 4. Results of the Number of Series with a Single Change Point by 4 Detection Skills
It CUSUM BCP 0.7 BCP 0.9 DP
em
Number % Number % Number % Number %
Corrected identified 443 535 512 72.3 698 77.8 519 65.2
Well identified 658 79.5 625 88.3 809 90.2 697 87.6
Poorly  identified 109 13.2 83 11.7 88 9.8 99 124
Table 5. Descriptive Statistics of C by 4 Detection Skills
Statistics CUSUM BCP 0.7 BCP 0.9 DP
Mean 2,287 2,100 2,048 2,109
Std. 2,897 2,648 2,514 3,048
MIN 0 0 0 0
MAX 8,105 8,004 7,854 8,288
Table 6. Quartiles of C Values by 4 Detection Skills When nr = nd
Quartile CUSUM BCP 0.7 BCP 0.9 DP
25% 5147.1 4911.0 4998.0 5312.0
Median 6003.0 5714.0 5489.0 6258.0
75% 6307.5 6101.0 6001.0 6634.0
Table 7. The number of Series to Calculate the 3 Efficiency Indicators
. Single shifted case Multiple shifted case
Indicators
CUSUM BCP 0.7 BCP 0.9 DP CUSUM BCP 0.7 BCP 0.9 DP
S 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000
Sk 658 625 809 697 345 (51) 275 (74) 685 (87) 596 (48)
Sr 342 375 191 303 655 725 315 404
Py 65.8 62.5 80.9 69.7 34.5 275 68.5 59.6
F, 34.2 375 19.1 30.3 65.5 72.5 315 40.4
Eq 31.6 25.0 61.8 39.4 -31.0 -45.0 37.0 19.2
AT E8WE 20144 8H 679
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o] Hejlx= BCP 097193 DP7H-& &-8-3F
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EA54E AAsEATE 3 HA A 7
o] #EH4e
AR, F “WH 2l Zﬂ 7*°7<}‘§.L 20133 5-
W7k o] wle d7-eAtgelrh -2vhet 7173472 RCP
(Representative Concentration Pathways) 452} 8591 u}

2 S Fo AN dig e AeARE GCM
(General Circulation Model)$! HadGEM2-AOS Al-8-3}

HJo N R

o] 243+ 5 RCM (Regional Circulation Model)?! Had
GEM3-RAR @& AME-3te] A4S nf Qi) 2 Aol A
= 717 o] o=k RCP 459} 8590 e A& 57H 7¥
FHSA A sl A F o] v AeAsE
ARgsle] WEH BAS AlYsI tH(Fig. 5).
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F Aol BAA S4el np
91491 ke BAV} 29 & ok
o} e FAIE A5 AaA 9P (quantile
Agete] 54 AnE wAsAL olsh

P B ARS HAT H W ¥

il

OSingleshift
800 4 mMultipleshifts 700

OSingle shift
1 mMultiple shifts
s

700 555 L
) 600
as
600 555
500
€500 g
: 5400
400 w42
s
300
300 s
00 200
166 100
00 + 00 4

OSingle shift
| mMultiple shifts

2200
. : “ ﬂ
3
3
s _ 00 4
191 -200 4
400

BCPO.9

Cusum BCPO.7 BCPO.9 DP Ccusum

BCPO.7

BCPO.9 DP
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Table 9. Result of change point analysis by BCP 0.9

Gauges Data Change points (Year) Homogeneous period (Years) Mean rainfall (mm)
Obs. Not found 1988-2012 1399
. 2013-2047 1237
Cilviif RCP 4.5 2047 20482099 1313
2013-2043 1223
RCP 85 2043 2044-2099 1340
Obs. Not found 1966-2012 1341
. . 2013-2058 1209
%ﬁggﬂ RCP 45 2058 2059-2099 1344
2013-2048 1220
RCP 8.5 2048 2049-2099 1291
Obs. Not found 1972-2012 1348
2013-2059 1332
Wonju RCP 45 2059 2060-2099 1409
. 2013-2046 1327
RCP 85 2046 2047-2099 1366
1972-1984 1441
Obs. 1984, 2000 1985-2000 1942
Daegwan— 2001-2012 1740
ryeong 2013-2064 1395
RCP 4.5 2064 2065-2099 1582
RCP 85 Not found 2013-2099 1435
1972-1995 1083
Obs. 1995, 2004 1996-2004 1289
Inje 2005-2012 1352
RCP 45 Not found 2013-2099 1227
RCP 85 Not found 2013-2099 1212

Table 10. Result of Change Point Analysis by DP

Gauges Data Change points (Year) Homogeneous period (Years) Mean rainfall (mm)
Obs. Not found 1988-2012 1399
Cilveo?'i_ RCP 4.5 Not found 2013-2099 1282
RCP 85 Not found 2013-2099 1299
Obs. Not found 1966-2012 1342
2013-2058 1209
T o o
RCP 85 2043 2044-2099 1294
Obs. Not found 1972-2012 1348
Wonju RCP 4.5 Not found 2013-2099 1368
RCP 85 Not found 2013-2099 1345
1972-1984 1441
Obs. 1984, 2000 1985-2000 1942
Di‘iiglag“’ 20012012 1740
RCP 45 Not found 2013-2099 1470
RCP 85 Not found 2013-2099 1435
1972-1995 1083
Obs. 1995, 2004 1996-2004 1289
Inje 2005-2012 1352
RCP 4.5 Not found 2013-2099 1227
RCP 85 Not found 2013-2099 1212
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