FA1E S 4 KB W OB Vol. 41 No. 4
202344 H Water Resources and Power Apr. 2023

DOI:10. 20040/ j. cnki. 1000-7709. 2023. 20221327

EF GAMLSS BB =E4
FE—EERENXBEKIBEE S

OB ERBEARLCAVE L KER K B EW

(1. BRVCAK SOK BRI s, 7&K 7 5103705 2.0 h TR KEHERARA A, 14t #I 430070;
3. RIKRHFKFEHRS/KHE TREA % ERESLRE, $dt R 430072)

BE:, TFRUASFIFOMREILETSE, MEABRTRFARLTHNZ 0, KPP 6 E 5 A e %

L HEHEE T I3 — 5, ARERERIEH S A A ERIBA Gamma 5 A , 57 545 o A F 2 A

HBFRERE, MERG A RHLKE R FH LA — 48505, B A A GAMLSS & 2L 6t [ 5 5

A EFMET BAKSF) 69k — KM Gamma 2 B A, 78 3e K b3t 3k — BOME AR R AL B K383 N et o

AZ A R A R T 1960~2019 6938 A Ny« Sepr » B 3 F 24T 2 16 547, i%ﬂﬁ%ﬁ%%éﬁiy%ll
LR BRI A2 E 1960~1985 F Nyg RAW T FHFT A F LB T Sqy,1986~2005 F % & 48 &L

FE 2006~2019 5, Sq AN T FHEFRFABH AL Ny E—F 2 AR, FET \#ﬁuéfcf:amﬁﬂa‘ 18]

T AL Nepr AE T 5 B 52 BR F F 45 0L,

FHER . FF6%; NSPI; GAMLSS # 8 ; =& 4

FESES: TV213.4 XERFRAERD: A XEHS: 1000-7709(2023)04-0009-04

1 #]R [
. d ?@\m* u*r
113)"1*}* B %%J:\
ZH A {3 T R 7 3 B ST ALY 39, 4 .
10" kon® , 6 of LA T B o 44 B T BL) 8526 . - y Lo
PIMEHR29H 2 000 m™ .z E A AR T A zfﬁﬁﬂ; @m‘;gﬁﬂ
R 5028 AR % 4 U 22 /o FLIRL2E Bk, TR ] e P
A )4 BB 20 1 100 mm™ L i 7 Y iy
(5~10 A) KB 2 5240 5%, T % (11 %;ﬁé‘ (‘L‘,,f";:zl'”% 0 125 250 500 km
~WAE 4 JDOREK R S 24 15% . ZRT Bl ZHAIESKEANTE
1= ;‘ffgﬁ By AE — 8k, X T e Eﬁ B2 B X igﬁ i ) Fig. 1 Distribution map of main meteorological

stations in Yunnan Province

HOLA R L, AR m B A N, A

GAMLSS 0 ) e [ K J 91 it i 1] 25 Ak fg ol —  1960~2019 423k 60 4R ()32 H 9 /ACROHE il o

M Gamma 3 A B AL, IF 76 e BE Al b 35 X BT B ARS8 3L = K Chitps://data. cma.

KA AE — 20 T R385 N wapr » VLA HT S Z X cn/) s B H BEK & 5 1H 5345 B 4%l 28 H oK

WK TR, wHYE AW BRI TR R Z DIV B E
BH A 1960~2019 4E & H Rk 25 .
# o
2 WR_RSTHE S K 0 B s — B0, A A Mann-Kendall #;
21 WRHE 05 R 30 NIk K m B A 0 E A FEK B

W= A LA 30 MR LA D ST RARVER R R A Bl s A A RS L AR

Wi BHB: 2022-06-28. 18 B H #3: 2022-08-01

EEWHE: MEARPAEEIH(51979198)

TEH B PRIC1994-) , 3 B4 L TR0, F 5% 7 1) o4 /K % 500 1) 5 45 2 . E-mail : chenhaoqy@ whu. edu. cn
WBIESE : FHardE 1979, B 4 BIZ8  WF 58 O il S K % IR LR 5 % B, E-mail : dgjin@ whu. edu. cn



.10 - KoHOH

=3
B

2023 4F

FEUR IR A AR E] . 255 45 i TH S A 0 =~
% B K BE 5848 I 2004 4F 8 A FFIR W18 K 56
AR K B A7 e AR — B
22 ®WRAZE
221 GAMLSS #i#l

GAMLSS BERR B FifF vy, (i = 1,2, 3n)
FAEAANL, f Cy, | 07 2y, R4 8 %% B8 431
PRECH T 0 =(01.05.0,.00) JHERHi REL
JIERE L ) S H, B A S RORR T DA i RS A 1) PRI
B8 LA R g, () (B =1,2,3,4) 43
VR 45 43 A oRUEL S B0 3% B2 R 5 ) GAMLSS
A A] 3 LR

]Lv

g0 =X,B, + D h,u () (D
=1

K, 0, WKER W& RRE £ DHSET
Ny, (G=1,2,n) BRI REBIEUE; X, R
RRBEAS T n X om HFE; B WEE R m IS
Bt s by () HRTHREAZR », WEREG =1,
2oy ] AT DAURER M Bl AE 4R M R B

FIHT GAMLSS #4127 44 JE — Bk Bk 2
AR, @ R 1B S gamlss A0 52 8, B 4% [ K [l
BsF B3 810 il DN 5 2 80089 Gamma 43 A5, D)5 7 1)
GAMLSS R #40 & Location Z%X p & Scale 24
0.4 Location Z4{ p VENEFTHT S ¢ (9 eRE I
gl(;z)=g||:/x(t)]=bo+/)lt+"'+bmt’” (2)
K0, (m=0,1, ) HZIMXRZE:m W2
IO RS ATC S/ JE W E UGS 4R

B LA i 28 )5 5 77 1A g 200 A (2
BRI A5 1A B 220 4 43 A ek KR S, DA A E A
JNj FsF 220 ) [ 7K 53 AT pRER
2.2.2 NSPI

(DFRUEILBEIKFEEL Sepr o I BENLE 2 2
R FBEKF I, W HE Gamma 43 i B9 HE % %
BRI -

f(x) = !

y X
B'T(y)

y—1 _—x/B

x>0 (3)

I'(y) :Ja‘yflef" dx 4)

L, WRESHGY WIBRSEL,

2 2N (3D T &M LS EUT X F B A
BT WK R o, T a3 (3D 2R AT B
Ry IR O B R G ()

7 e Pdr (5)

1
e reerae =]
() f(x)dx Oﬁyr‘()’)

H1 TR K AT RE B I A0 HAUGGHA

REVERATTIE 20 =0 ROME A, DXk e i =X (5) DU
HATHHE 2o =0 ME oL, Bk Rk N
H(xy)=q+ 0 —¢)G(xy) (6)

Horp q=m/n

A H (o) HREK BBAER g FHEKER 0 1Y

HE 5m RIS 0 IREARE ; n S BEEAR KL,
P26 RAFM H (2 ) FCABRHELL E S 5010

PRIACHEAT IE S AR E AL AL BRI AT 45 3] S, B

H(x,) =

A
J e 2 dx 7
V2T 2,

(DA —EET 58 N e o A AE—E00E
GAMLSS BRI Fe ok R AR A
(D AT IE S PR AL AL B, BI AT 75 3] N o 7541
M T PIE I A Gamma 43 4 . H 34 5 ] B K 2
RO i 1E A AR HE AL T A5, N N s &2 S
X RS AR L L 1

R1 Nun K Sq AFEERHKS
Tab. 1 Classification of drought grades by N\ and S,

. TREE TRAR B
1 o5 D, —0.5<Nysp1/Sspr
5 R D, — 1. 0<N ygp1/Sgpr<<—0. 5
3 s D, “1.5<Nygp/Sen<—1.0
A W D, —2.0<Nyg/Sep=—1.5
5 R D, Nxspr/Sspp=—2.0

3 AR5t

31 HERS5HH

B E A 1960~ 2019 4F & H [k i ¢ IR
1~12 H 43 5 44 2 2L e[| 7 51 ok B 28 /A
GAMLSS BRI, #2 18 ATC /M R %8 g, ()
B2 LA 57 R R 35S gamlss A 15 1
PREL pbO A B LA e i 8o« I3 240 2 1 I 1
FHMBERS KWL 2, AE 2T, 1~12 AW
I PAST R X B A% 35 B0 “ B 20 0, 7 280K 1,1
BREER 0,8 REHER 3, Filliben RECKTF
ST 0. 9777 M bR ES L LI N 4 A Y 1Y
GAMLSS BRI g e 45 2,

K28 1.4.7.10 A 4y et GAMLSS i 78
B8 2 worm &, & 2 tha] DL i 22 (8 R
B35 4 43 A 7E 95 Y0 B AR X ) Y R 8 ) £ 3
DL JCH B E8 4, A b Gamma 43 fi ) 5% 22
P60 A1

FiE— 3 GAMLSS #6558 1 {3, % &
53 PR S BB B R) P 0 4R AR AR GLM A
AL, GLM K H 5 GAMLSS #5 %1 [1 [ 7K 43 A o6 %k
5B HE LK, GAMLSS KR4 1



95 A1 B 4 B B4 A6 T GAMLSS BUB Y 25 854 1k — BObE bR FL WK 85 17 SRR
2 BFANEUSHERRERERLE
Tab.2 Results of model parameters and residual eigenvalues in each month
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Analysis of Nonstationary Standardized Precipitation Index in

Yunnan Province Based on GAMLSS Model
CHEN Hao', ZHANG Xiao-lin', HU Cai-xia', ZHANG Yan-min®, CHEN Chang', DONG Qian-jin’
(1. Pearl River Hydrology and Water Resources Survey Center, Guangzhou 510370, China; 2. CEWUD Group
Company Limited, Wuhan 430070, China; 3. State Key Laboratory of Water Resources and
Hydropower Engineering Science, Wuhan University, Wuhan 430072, China)

Abstract: Drought index is crucial to the study of drought. With the influence of climate change and human activi-
ties, the frequency distribution of hydrological time series changes with time, so the nonstationary of drought index needs
to be considered. The standardized precipitation index (Sgp) considers that the precipitation obeys the Gamma distribu-
tion, the corresponding distribution function parameters are usually stationary and invariable. The actual distribution
function parameters have a certain correlation with the time series. Therefore, based on the GAMLSS model, the nonsta-
tionary Gamma distribution model of precipitation series was constructed with time series as covariate. The nonstationary
standardized precipitation index N ygp; was calculated. Taking Yunnan Province as an example. the monthly Ny and S gy
during 1960 to 2019 were calculated respectively. Comparing the two indices, it is found that the overall trend of drought
recognition results of the two indices is similar. However, in 1960~1985, the number and grade of droughts identified by
N \sp1 were stronger than those identified by Sgp s and the two were similar in 1986 ~2005. In 2006~2019, the number
and grade of droughts identified by S gradually exceeded those identified by S¢y. Further analysis shows that the N gp
with considering the time-varying distribution function parameters can more accurately reflect the actual drought situa-

tion.

Key words: drought Index; N gp; GAMLSS model; Yunnan Province





