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B 5 B A Y 7 T A G o DRI AR SCAR HH R T 7K SC A X VR DT I A X3 AR — 0t AR SO R 4 A
B, 1 SR AR 25 BB F-madogram (9 BB 2% 0 RS0 (PAMD) 38 2650 32 6 3 3 8l 40 /K 3023 X, HEWR AR TR — 23 IX.
Al T S22 Ok DL ) DX I AR — SO S o BT T, BRI FE T Ak . E i Ak R A b Ak 3 AT . B s, DA
VLU IAE fie R 24 WA R T O 461 O JRe S 9 . 5 AR e W] : e UG 1 B 1 A R SRR AE L, KM VLI I 36 4
A3 0 432 3N K SO AR X USRS DK S IR ), 55 RS 43 o i 22t 8 3 TE A DG 19 SO 3R 3l L2 FMA Ninol2,,
AHAE Ll A — BT, 853 b A A R R 3R I e O, AR A M AR I T A K 0 PR ) X3 ) R o 7 A E £ B
TR A2 S, A DS O AN B T X ] B AR T 10% ~ 35% . BEE I ANEIG K, AR — Btk
IR — B AW, 0 SO AE — B R BB, R0 il s L 420 60% , 2R BITHE S R T 3K B R 4
DX PN AR A I8 TR S e A R B R . AR SO I TR T AR — Bk K SOIR A BT 1 T IR AR R L R TR T AR
F 1T B 9 K W B AR IR o

KRR XIEAE B KU SN REAK SO IX Z R DU VL
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AR IR A, 25 BTN G o A UL i AR SC A A Y AR — BOMEEAT ORI o AR BT E I T 9K B
T, R TR AR B B O R AR — B R SORUR MM, BT AR A TR SRR L, T [ K SO vk S K
CRINBEARRKEAR, PR SO IIREAMREEA R, SRR SOBCR A B & P e w,
SR T K SCBOTHE A TERE EE o PR, ey i e Bt Sl — BoME K SOBUR T BRI R A TH SRS L, R R i
B} 2 R

DX IR 7K SCIAR 53 W S — i A A0 8 7K ST (B 590 B2 A9 183 07 ik e TR AT DX AR SOOI 4
A 757 T A9 ST AR B, IR BN N, T vk R R A OM) H A S8 DX PR R L 3t A K ST
R, DAV R AR BEAT RN AL, B i A RS R R A AR R A S e o G v R B TR S B
Sz BT SR AR EEHE K (Index—Flood Method) ,  1H 75 5 1l A2 O M B0 45 =[] 3l 57K SR 51 99—
BUEBRE 5 [ — K SCor XN, BRAS TR 3 5 8] A9 HE K RO R BOR RIS, BT A5 3l s 7K SCRe 91 9 MR 5 2 A A1
SRR B AWK SOF IR E ML o HOR R ARBIAE ™ (1) X hR Btk e, —BerR A
uti )R SCRe 91 B SR S0P A BOR Al T, SRR W B SO s (2) 4% i K SCF 81 Z 18] AN 0] REAH H
ThST, BPSR 25 pE kT 2 (AR DG, LR AR DG 8 il 0BT A 5 1 A [ 7K SCAR I B e 3 B3 A A i 5 )
L SR B K SCBR BB E P s (3) R — 7K 3043 X P 25 3l s 0 A BN S 80— B e, SEpe
ARAE S L o BEE BRI A B, R 3h K SO 81— BobE e R0 B RE, DX AR — B K SO A
SHTR OB B OC T, BRI — Uy, T IFM B, 98 5E £% b bR BE SR R R, JE
3 AT DX SR A it R B AR — B R BT 53—, B R — K SO XA A K SCRE B, ST X R
JE— B SRR R G W 55N TR T2 U DL S A DX AR R A AT AR R, (EUR B IR SO
H A — BOME AN [RAH OGHE 5 Sun S5 R E T DGR — SO MR S T BL AL, $ 1 Y SRR 2 K03 S
Sz e DX 3l A 5l R, B X O 2 A R 2 O A T AT 1 AE 8 5 Renard 5517R T X ARl — Bk A
B, SR R SR KRS ECRBEL S8, h TG 22, SBOELIN A Chen 5522 2
U DL et S0 R TR T 9 T R S8R ) A 9L R R E AT T XA — BOPR SRR, AR K SO X, R IX
A8 U VR T o

AR SCAE L SO SS9, AR 345 o 4F e K 24 h R AEL R TR P 91 D WFSE 0 &2, BT RE T 4N
TR TAE (1) SRR B BE V8 1 2 (8] BRI T7 ik, R AE /K SCRP A BEAT K S0 X5 (2) [Al— 7K 3T
RPN, ARG BN DR UK, 0 A (A T R S T P ) DX — B R R, SR T R
WU HEZR 45 0, BEFE 20 M 20 IX N A sl (A R R AR B, S5 Il s P S AR 565 (3) WA R 1
AR DX ] o A A 3ty e R A T 2 0, AR AR AR — BOME K SOOI T 5 45 SR I AN 1 o AR SCRRE Y
] — 2P e A — FOME K SO BT ST T IR R &R, D U5 8 TR K S T AR i A B
AR

21 WEFIIKISR AR XK SO RMTT A, 5 AR I R /8K 3R 23 A il 282 BOH [R] Y 1X 4R
PR TR — K S X, LR W32 20 X [ R /B AR PEAR R o A [ — 7K S0 o3 IO I A AR E 2R L K
SCHL RPN TS R A . RS T AR, o R N ) IZ, KRS BOWIR S . Y
R WTIRGBARASE . LA R T vk I B DA DK Ity s R SO R M (R mb o 2 S A v ok HE AT 23
2, T F B 45 6 5 B v S0 R AT EL LA 3l ) G G g Al 2 ) R S, o S B i e A 1) 7K SRR fE ) 51
IFAEE

RS R DA LSO R, AR SOR 2 TR 25 PREL F-madogram B9 B 58 i 0 53 K] 43 (Partitioning Around
Medoids, PAM) 2 & 5524 0 It 3k P9 4% ol s W% K SCe 9 3 47 TR — K SC a3 X, G b 728 22 ok B F-
madogram' > 1] L)t f6 il s 6] AR (8 910 09 25 ) AH DG, X R A 7 B2 SR I (H BB K 2R . PAM B L
AR il A5 50 ) B S )R S Al B[R] — K SO XL, O LR X RO B MR e ST AR . IR
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W AN K Sl 3 R A (E K SO B 43 i S MR M, S A A A A8 TR DG TR R AR 25 pR R F-
madogram JE S Al 1 5 A AR

d, = zhzw> F(m)
S Ul R R ) 2 TR SR B A s MR M 3 B R K SC S S A R B R AR K

SO TRHWMEFIIKE (=1, 2, «, T); FHFREEMGRE, 53R F 5 MO m M
WbrayA, AR AR N

(1)

1 T
_FZI{M;'»SM} (2)
Rte 1 WM < BOSE R B H 0 IE— B

ﬁﬂ:xﬁ B F-madogram 15 2] 9 4> 7K SC Uk AL F 31 22 18] 14 25 A1 AR P, PR FH PAM 53092 65 i 48k
PN 2% 3 B 970l 2 1 22 A IR S0 a3 X ﬁfgﬁiﬂﬂ’]ﬂ#ﬂ(iﬁj\l_ TR p g — 20 A AR B AR B
S AL, T EL R IE 3 XA A A7) 22 (] R A TR AH OGP fe /D o

0 W 7 e R K SCA XA BOK, I 0 W 38 880 P9 B (L 91 UK SC 43 X A5 B fE . Rousseeuw! ™ 2 1 SR
“ER R R ﬂétbﬁ7kiﬁcﬂﬁ%%ﬂﬁﬁ%ﬁzﬁ R 2 T A8 22 PR AL F-madogram [ PAM 3 2855 1. 45 3]
T KA, B RS G A Ay Rl sk, WK S 1 R RO A KO

s(K)=1-4d,/5, _ (3)

Ao WP S KA KO X s(K)jWKjCJﬁ'SLEI’J?‘Jf%’}ﬁI d Rl 5 B R O3 X 2R L
SRR AS TR OG5 8, ol i 5 BR kA A At 23 DX R 26 o il Y i 10T S R AH S

h i E ﬁ‘ﬁl:7kjt/\l_/\§ﬁl< i3 T R AR B B ER W, R AN

(K) = 4 D) (@)

Aorbe s(K) 0BT KA K SO X5 8P B 58 5 2280 NV g it del N /K SCunli s B 8, Horpr, KK
3 DXV 24 0 B AR BOBCEDB T T 1, R B o DX SR 6 10 S A ) AH DG M G, K SOy KRR B s =

2, BUEBEE T 0, K0 XU ORI
22 RBIFE—FMKRIIFESTAZE AR IR E BB — BOE BRI R A R, A SO [F] 7K 3
73 XN 2% BB K SRR 91, R S R T 22 U DL e S8 A 8 ) X I AR — B0 7K SR 23 A A B (Hierarchical
Bayesian Model-Nonstationary Regional Frequency Analysis, HBM-NRFA), #H 7 r XH(H 751 10 £ 48 B
HRAG oA o BT RUA AL RE 78 53 F T [A] — 7K 3023 XN 25 il B 45 2., B AIROK SCREAS B2 BRI B 52, A
T A AR 1330 AR R B M5 i ELHC B T 2 )2 R S5 M n 0L, R B MR XS Ak ) R AR, RB AR HE
2 Ul R R

TEJZ R VLS HEZR 5 My vh . A8 RIS 0 A 00 pR 8O U B B aa i, IO B i Copula bR
HORM A . Lo, 254 P 90 0030 G o A e R T SCAB 20 A, HL#% ol s AR DG OC R R, TSR
Copula pRE 7 1 28 BG40 B T TE BN 7> i 2R RES A, B — AR
M RRBOE T, n] B TR D g b, 15 80 X 28 S A 40 A DL TS 5 43 A o Serago
SO TGS BT A IS A TR KR A AT AR A A L R T S X B S 40 A (LN2 43 A ) A 2R s T
i, JEPATC 25 1 o A e B s LN2 3 A S0 0, ke d i Al — S A5 780 o fj Ak

FET UL BRI, A SR W AR d X80 A 70 A5 (LN2 430433 ), AR Ry [R]— 7K 3C 43 DX e 425 3l 4% 7K SO
G i JR B 3 5 53 A, BIAS BB 51 B AR 0 $0Z J5 8 P 9 I A IEZS 40 A1, T 4% 0 07 07 91 A Bk 5
I3 A R Z AR REA A, IR A N TZ R DU HESE i . HBM-NRFA 58 1) BAK 7 - 410 F

[ — 7K SC 43 DX PN 4% 3l i S R AR (B K SCAE 50 X, R IO LN2 43 A1, A 2389 B R By

exp[—w} x>0, 0>0 (5)

20°

f(xlll” o) =
21
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AP w Mo 230 R A MR S 4, Ho, BOH 2R X5 BUR 1Y Ina I AEZS 204, [) — 7K S5 XA 2% 3l A
Inae 357 7 51 BRI G o A O 2274 4 TE A8 0 A
Sl AT AN X, RN LN2 40, o SR ] — K SO KN s R B g (s =1, 2, =, S), T

WREAKEE (=1, 2, -, T), W HBM-NRFA 825k %5
H—Z: In(X;))~N(B;,Y) (6)
Bl =mo+ imz{ (7)
B w-MYN (g, 3,) (8)

2 2 R Al S 800 DL 307 56 56 43 A 43 5
y~U (0, 10000), w, ~U(0, 10000)
3, ~IW (v, Ay), Z~IW(v,, A))

P I HBM-NRFA SR ZE g rfr 50— 2 R Bl s I ARE T 91 In (X)) IR IE S 0 A, IE & A 1Y
NESENB, BEWEE(I=1, 2, -, n, n AUPERE SO LM RE & PR RNE R 5L
;xS IR, e O XS E, FIBUE A 2% Bl A2 o (B i B ) ) 4% ol A0 13 91 ) DX 3 A [
[ R BE s XS x SHY 2 AR IR A DM AR AR B, IR FNARER A il AR IR AR C O R . R
2 S AR AR T 51 B 45 Bl A2 S s el g ) 1o AR 32, IR S By, 13, W 278 BRS04 . 724
T S S o A i, g A, J2 IR IS 2) 3 A B9 T B BRIEE; D07 22 5E B 3, R 3 A S S 58 43 A
AR AR R 1E R HE B A S A T A L. L E B8 v 0o, 5936 BT 4543 A (Inverse—Wishart distribution) ,
B Iw (v,, A )FTIW (v,, A,)5rAE>7",

[F] — 7K SCAr DX, 4% ol B (A A A J8 i) 2 5 A R AR 3 Xl ) J5 14 i) 07 7 AiE , 7E HBM-NRF A #4 #Y
S ok IS BB R AR B . BT XIS B BUE AN A, #4229 HBM-NRFA #2581 0] 43 3 Fi i
§= SR 11 1355 11 S gL B

T AR ALY . A 5T Ok B R — B R R R A S AR A R AR DG OC R . Kl
() AH FL Sy, WA ARG, A il A F 91 4% S AT B AR — B S8 . ) HBM-NRFA 15 54
W SR R R SR KU S RIE S o, S XIS Bw 4 A R T S8, K
HBM-NRFA B#L i F

(9)

In (X))~N (o + > iz, o) (10)
i=1

A AR Y . 3 R [R] — 2K ST X A% i WA 1) S PR A e i ) DX [ AR AR, N P A% v
BB B A AR 22 55 0 D) 4% o5 XS S 8w AR 4, L HBM-NRFA #2840 R

In (XN (i + D i 3) (11)

FRP MRS . B A il B R S R A AR G SE &, DR B IR] — 7K S50 IX 32 W /A8 2 32 0 11 X Jek ]
JEOWE LR AL, PR B ol A A9 MR 22 S AR AR o 2N (6)—(9) Fifi 18 9 HBM-NRF A 452 78 ]I 3y 38 7t £ 455
B, 2% 0l A A IR A e e [T U] R A B % 0 DX B By R S S (], (BRI 2 By e, DS, 4 T) — IE
oA, W32 B R R A LA [T A 2R RO 1) DX [R] 7 20K 5 AR L) 2208 R O 2R 0 A B O 22
P AR 2 18 A B A (B P B[R] A A OGO R o HEv D0 AR ASE TR 1T et A A 7R S 35 s A A2 TR 11 19 ol
A i 15 5

SR BE, HBM-NRFA BRI DU RO AEH . (1) & 6 s B S BORE AR, AR ol S fE 5 51
AR 22 S R fiE 5 (2) FR AR DX [R] RS AE B9y X2 B, FIBCOEC A ) (it A ) sl 7 AR 55— J22 ok A
Al — AN IE 25 0 A (RR Ak ) R AR B s (3) 52 R sUpR Bmy 28 BEIE S o0 A, bl 7 22 40 MR AU 4% ol A (L
PO Z B R A s (BRI i 2 BG40, 8BS TR — KO XN mEEA S,
AEAT RCRAR B T 7K SRR B AN W 2 1
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23 BESHETRMARE  HBM-NREA B FTA S5O0 S8, 5 0L 04 20 7
flidt o 3R ST BB S HOE R A =X (9) B R, BT A ¢ Al 2 50 5 35 23 A 149 R I TR [l Sk
NUTS b # (No-U~Turn Sampler) 1 1 54515 5 s 5005 00 7 66 10 o BRI AT 506 5801 0 %
7R HHET U U S B A 5 4
F(8]nx) e f(nx]6) (@) [N (x:

s=1 =1

N (| s 30N (2,0, 10000) IW (3] vy, A, ) (12)
FE T DU 7 338 21T 2 808 O B PR ] B9 A 3, AN [A]F 2R 3 A5 U2 ] ATC (Akaike Information
Criterion ) 1 DI - Hip {5 B v | BIC(Bayesian Information Criterion), 2~ 3% FH 2 22 {5 BN DIC (Deviation
Information Criterion )", RIV 38 43 25 J& A1 ) 1 DU it 307 4 0BT 199 4298 0 00 20 A 45 8., X B8 A7 00 5 O B2 A
TR H, BB DICAE BN, HAERE AL . DIC 5520 30 W SCiik[33 ],
XF 3 A 5N Y HBM-NRFA SR, A SR A0 Bl o Bk H o — Btk | 8L, 20005 — 8ok
HH AT LB . Parey A3l 1 BE e A YR A1 ( Expected Number of Exceedances, ENE) 1 8481,
Salas %M ENE BURY R BI4E —ZEE oL, 7 kA R DL SCik[35 .

py+iz, X)W (3] v, AN (w0, 10000)x

3 SEBIN

AR SCAE A VT H i b DX R I B R S
AL IR AR 9.46 77 km?, T K 856 km, 343
R 1.34%0. 4 it W@ W2 H0HT 2= XU I M, TR i 7S
i, B E K

% SCR HTT 40 1959—2017 4F- 36 SR sl g 28V |
SN AR Fe K 24 h R B0 A B ST A0HE L W AR A
B 1S, B TR SO0 S8 FR i R A K SR IR B
DR

WHVE I Bt 5 3 A A ) D R R S T
W s B W, LU B AR A K, R ) I P A DX S 265N |
W 2 L B 2674 22 5 O B I 22 {éi
— K 353 DX PN AR B % T A 52 e O R T, AR SR
MRS T AR ES R, WE/RIEH -/ A TR
W 8 45 B (ENSO, 3 4% Nino3.4. Ninol2, Nino3. o
Ninod I F J7 ¥ S8 KL SO . A2 4RSI (PDO) . sy | 208 e
6 K767 % o (NAO) AL i % 3 (A0) P, Bl ok IR e =7
T 2= B R LS W 3 Chitps : //climexp. knmi.nl/ IR I2°E A Ik T4
AR R 24 WIETR # N BUAE 4—8 H , MR L% IE 5]

E B R A —4F 8 J (F) Z /i M < B N+, [F4F 8
A ZJE WS EAE AT . R B A A T30 00 DX B[R] BB R 1959—2017 4

111°K 112°1 113°1L 114°L

20°N | 129°N

128°N

27°V t

127°N

126°N

asey | 4

Xiangjiang River Basin

4 GRGIHE

4.1 REHREEMAXSRXREERERIN D  FET 72222 K5 F-madogram [ PAM R, XTHMTTHR
B 36 A~ TR A 3l 9 41 fie K 24 h WRC(E I RN S R AT K S8 XL SR B b /N A3 I (I R — K SCAr X HA 2
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AUl RO RSO0, KK SO XA B K B e RAEH 60 25 Kp il 02 3. 4mf, 93 S0 6 K 1 510 )
K SCoR DX A5 RN A 2 B 7 o D S A% 0l A0 (L A T /K S0 DX 23 8] A, RS 01 58 A S sl R =2 40, TRl K
SCOF X X B

1P 112°KE 113°E 114°L LI1°E 112°K T13°E 114°K [11°E 112°5  1I3°E  114°E
29°N  29°N 29°N  29°N )\1\ 29°N

29°N

28°N 28°N  28°N 28°N  28°N 28°N

27°N 27°N  27°N 27°N  27°N 27°N

26°N 26°N  26°N 26°N  26°N 26°N

25°N| 25N 25°N| 25°N  25°N 25°N

24°N deo2008 124°N 24°N 24°N  24°N i 24°N
T 2008
fi&: -7 fi&: -7 fiE: -7
111°E 112°E 113°E  114°E 111°E 112°E 113°E  114°% 111°E 112°E  113°E  114°E

(a) K=2 b K=3 () K=4
K2 #F F-madogram i) PAM K Sy IX gh
Fig. 2 Hydrologic regionalization of PAM algorithm with F~madogram

AN TR 7K SC 53 XA B K X 7 1) % T 2 5 R 55 A G ol s BN 38 1 BT o 2558 K SC 43 XS ) 43 A AR
R AR B R s MK IXBON K=4 Je LB, P 35 5 B 28 K0/ EL G B A O 0l 1, 55 A0 5% i i B
KO X b R L, AHOCMERLSS s MK S0 IKEUK=3, PRI RBOB/N, KO KORG24
Oy DXBCK=2 1, 588 AR BRI HL 35 AR SGul sl 2 . MRS, /K S0 KB K=3 I, IV O i
{EL P T 7K ST o0 X2 0] o3 A1 B (G, B AR OB ELTE S A O 0l A, 4% 1 K S 53 IXC A ) A0 (L T P 5 01
Al — 73 X o

1 RIS XA B K B % S % 80K 555 A0 G ol 5 4

Table 1  Silhouette coefficients and numbers of weak correlated stations with different K

KIRE YN /N AR AL AR ES S8 R DG 3 A5
2 0.273 0.059 0.147 5
3 0.291 0.035 0.153 0
4 0.291 0.045 0.144 3
5 0.291 0.017 0.128 2
6 0.291 0.017 0.128 2

BRLIbE o 9 VI O Sul A0 1B B3 5 91 e 26 4 1l 3 A /K S 43 X, Hezs Rl oA i 2(b) fir s, o8 WA I
AN 53 X, 43 6 & B ol s B0k 10, 8 A 18 A4S, 4% 7K 343 IX At AR 3R 3 g 2 L P iy ok W i o 4%
s i

T 4E 0 HBM-NRFA A5 78 S F000 i1 A A5 BIK By DR~ 8 341 Y 98 3 [7] — 7K S 43 DX AW {8 T
FIYFEM, A SCHFFE T KA ARG B0 WL S (R TR =2 (8] 3B OGO R o R HH Spearman FRAH G
Koo, A3 ATFLEES T 5 45 K SC A3 DX N RS 43 i i A L 93 R A DG P I 35 A A AR 8k, 45 SR 81 3 o .

M E 3(a) A48, 140 X8 104 &3l b, FMA Ninol2, MAM Ninol2 Fil AMJ Ninol12 5 43 X 4
Tl AR R T 2 W TEAR OGO AR, T H A A 8 HOM DG S 2 i al B s Hoh FMA Ninol2
55565 143 DX A 3R 3l A0 {1 6 W 7 970 A G P o Wb 35, DT I 6 B FMA. Nino 12 2 55 143 X S 3K 2 5 1
[ Fof 3K s, 156, BH 575 143 DX RG34 3l 5 %) B (L A T 2 22 3% FMA Nino 12 Y520, 24 RSP 7 2R 355 % 3 B 30 1) 1
AT R B HR BOT R, AR ORCE RV R R, P R R R IR 5 b V8 A AR KV T U b DX VR
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SEALEE, 2P R RR SRR K . BB 3(b) (o) AT A, S5 10 43 XN 5 S0 f 8 HIOR OGP b 25 9 0 s 2K
ANEN 12, W, RN ] HBM-NRFA AL DU VLG 305 17K 343 X R 9 36 AT 34

FE T W VT B 1K SCA3 X P 10 A4S B 3 4F B K 24 h AR B FR R 410, 3O 258 A AR f K 24 h
W AE B W 7 512 K SCAE B T 51, BT BRAEBR TR X P 5 i sg o PR, AR SR I Mann—Kendall 7 AH
SR 55 75 FAE S50 Pettint K 507, 43 0 G 50 0 F P 210 1 R 3 bk R 8 A 0, 25 LRI R B A B | A RR
i T D W DUE i BN W BT S, FAR 6 ul mUN A R T 81 B A Y T
(=0.05); BREEALYG | EARGE T £ ok IO R AR AN, FoAth 74> sl A5B9S 8 2% AR ATy 3 4
A 1990 4F 2 47 (o = 0.05) o

JFM FMA MAMAM] MJJ JJA 7 JFM FMA MAM AMJ MJJ JJA JFM FMA MAMAMI MJJ JJA

7 7
Ninol2 Ninol2 Ninol2
6 6 6
AO AO AO
Nino3 5 Nino3 5 Nina3 5
Nino3.4 4 & Nina3d4 4 Nino3.4 4
I 7 i =
Nino4 3 R Nino4 3 & Nino4 3 38
NAO 5 NAO 5 NAO 2
roo rno roo
1 1 1
SOL SOL 501
0 0 0

@ %E T rx

) B

(o) 2 M 431X

T JFM, FMA. MAM., AMJ. MJJFRUJJA 530308 = A Ay 9P X(E, W FMA (February March April) 3782, 3H14 7] 10°F351H .
P 3 IV B A 7K SO o3 DX A i 0 35 A S 1 il e B
Fig. 3 Numbers of stations in different hydrologic regions of Xiangjiang River Basin whose precipitation

are significantly correlated with climate indices

42 REIE—HEPETMEERME 1 HBM-NRFA K5 Sk 15 0 A1 4k S5 3K 35 7 FMA Ninol2
XTIV 3 35 1 4 DX PN R (L A T A 6 1 s ), O 5 Bl 3 — 5 A % 485 AU (Nonstationary Local Fre-
quency Analysis, NLFA) BJJCth AL BIRY A 1138 s SR b dss,  DLSGHIE 5 58 45 0 A 1 B4 W TR) AR O 14 1Y) IX 38 3
— PR R B A 4R T R

W JC Ak . 53t Ak A Tt Ak 3 NI S 0 DI — SBOME AR R A BT BB, 43 53 FH NLFA . HBM-
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Table 2 Constructions of HBM-NRFA models

e 5800 285 1) T 2R 2 B0 30 4 A
NLFA (FCithft) In(X))~N(py + py X Z,0); wy~U(0, 10000), w)~U(0, 10000)
HBM-NRFA, In (X;)~N(ph + i X Z, 3); py~U(0, 10000), pi~N(n,. o, ), w,~U(0, 10000),
(43t AE) 3, ~IW (05, Ay), Z~IW(v,, A,)
HBM-NRFA,

i) In(X)~N(wh + p, X Z, 3)5 wo~U(0, 10000), w,~U(0, 10000), 3~IW(v,, A,)
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Fig. 4 Boxplots of the posterior distribution of coefficients u, for all stations in the no pooling model (local model)
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Table 3 Model performance comparison with different HBM-=NRFA models

NLFA(TE L) HBM-NRFA, (4t 1k ) HBM-NRFA (4 1k)
pic 373.7 118.5 119.4
AlC 578.2 300.1 305.1
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partial pooling and full pooling models
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Regional non—stationary frequency analysis based on extreme hydrological

regionalization and hierarchical Bayesian framework

ZENG Hang"?, ZHOU Yang"?, LI Lingjie’, WANG Guoqing™*
(1. School of Hydraulic and Ocean Engineering , Changsha University of Science & Technology, Changsha 410114, China;
2. Key Laboratory of Dongting Lake Aquatic Eco-Environmental Control and Restoration of Hunan Province , Changsha 410114, China;
3. The National Key Laboratory of Water Disaster Prevention, Nanjing Hydraulic Research Institute, Nanjing 210029, China;
4. Research Center for Climate Change , Ministry of Water Resources, Nanjing 210029, China)

Abstract: Non-stationary hydrological frequency analysis is a critical scientific research issue for engineering hydro-
logic design under changing environments. Existing methods exhibit high uncertainty and often fail to account for the
spatial dependences among data series of different stations. This paper proposes a regional non-stationary hydrologi-
cal frequency analysis methodology based on hierarchical Bayesian framework and extreme hydrological regionaliza-
tion. Firstly, the partitioning around medoids (PAM) clustering algorithm based on the F-madogram variogram is uti-
lized to partition the basin into hydrologically homogeneous regions. And then regional non-stationary hydrological fre-
quency analysis models based on hierarchical Bayesian are constructed. They can be classified into no pooling, par-
tial pooling and full pooling models. Finally, a case study is conducted using the annual maximum 24 hour extreme
rainfall data from the Xiangjiang River Basin. Results indicate that based on the spatial clustering algorithm adapting
with extreme value theory, the Xiangjiang River Basin with 36 rainfall gauges is divided into three hydrological
regions. For Region I, FMA Ninol2 is identified as a climatic driver significantly positively correlated with most sta-
tions. Compared with the at-site non-stationary model, the partial pooling model exhibits superior performance, effec-
tively capturing the regionally homogeneous response to climatic drivers while preserving individual site characteris-
tics. Simultaneously, the regional models exhibit a great benefit with the uncertainty for regional parameters at each
station reduced by about 10% to 35%. Moreover, as the return period increases, the non-stationary return periods
consistently decrease, compared with the stationary conditions. For instance, at the 50-year return period, the reduc-
tion rate approaches 60% for some stations, indicating an increased probability of extreme rainfall events within the
region driven by climatic factors. This methodology enriches the methodological framework of non-stationary hydro-
logical frequency analysis and can provide a scientific basis for determining the design rainstorms in basins and formu-
lating disaster prevention strategies.

Keywords: regional non-stationarity; hydrological frequency analysis; extreme hydrological regionalization; hierar-
chical Bayesian framework ; Xiangjiang River Basin
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