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Table2  Calculation results of Pettitt mutation point test
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Fig.1 Pettitt test results and moving average results
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Table 4 Calculation results of correlation between maximum daily precipitation series and meteorological factors at each station

s HE FAIIH 1 B (g [febt] =il
Nino3.4 -0.1887 -0.2166 -0.078 1 -0.1724 0.0758 0.1713 0.0747 0.0317
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Table5 Calculation results of GAIC value of each fitted GAMLSS model with time ¢ / the first two most relevant meteorologi(:al

factor as covariate
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Fig.2  Quantile diagram of optimal nonstationary GAMLSS model with time t as covariate
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3 ZEipHIEER

(1) 5 1Lk | g 308 3 A oF 4 B K H B 7K 1 AT g
K I3 AR AT B K H B = T RE S/ NI Bt T F
Gio CEATG RS HTES TR LA ] ¢ A A f Y
— B A A P A S A S - LR R R
1960—2020 4F- [ 4 f K H FE7K &7 7 5848 i 2 )5
FEAEREN B3 1 TR 3 T M s 47 B K H Bk i

PTG AL 13 2 e W 2 sl N i V2% .

(2) DAl AR SRR B AT P AR S I AR R
22 PR B 1 0 A R 5 2R XHE R H KT
1 A — BOrE B A A 00 20 R . AR T A
GAMLSS #2846 R S R AR UR I 4 e 7 7
5% ~ 95% W K BE S L 5L o (HAH ST DA (] ¢ ok AR
i, DA 3l a5 T SR A G R R AR S A A A5
T PR 45 SR 1 1 32 1 5 DX e 5 00 i EL A — 2 ) [



#2240 A3 SCEE AR H KR P8R —Er 2 b 65

MV B RE 2T RFSE 5 0 2808 A 1], TR I, 2015, 38(4): 652-665.
A Mg T W] ¢ R 6 R 2 BT (Ninol +2 [3] Twid, Wk, XKEE . ASEIREE T 0 i b K Ao
. . . bt st 3 1] /K 3¢, 2010, 30(4) : 32-35.
N1n03 \N1n04\N1n03.4\PDO\SOI) EP*H?%T%@L?% E/:J HUWj [4] fit jﬁé, ?TE'E», /I*i{ﬁ% @{t%ﬁ?jﬁ*ﬁ‘ﬁﬂ(i%%‘ﬁ*ﬁﬁﬂ‘%
ARG VR EF LN Y GAMLSS B8, 753 1 5

3
2

A ()], KBRS, 2015(4).

& =

BRI A SO POV A A PR . (5] P, W00, B KB b 95155 )
Vb A s A2 SN NI IKBEIEEE, 2011, 22(6) : 864-871.

- (DB T{[‘lb&? :Q/J ?ﬁj/ZIRE _\;%.%/ﬁzj\?m‘l [6] WANG H, KILLICK R, FU X. Distributional change of monthly pre-

E*@}i GAMLSS *%LF:J ’ %ﬂi/fﬂ: §IJ *ﬁﬁ?ﬁ—ﬁd‘ [h] ¢ j‘j cipitation due to climate change: comprehensive examination of data-

Tj}ﬁi‘%&‘ﬁ‘%ﬁ¥ E@Tﬂ%?ﬁ?% s ’f#%; ﬂrﬁj %7}(*&{5 E’:J set in southeastern United States [J]. Hydrological Processes, 2014,

SRS AT SLBRRBRM FRI 28(20): 5212521 |
(2)/_(:'?:":&%%%’?@” ﬁ?’FEEF' ,%ﬁﬂ%6ﬂ3%%ﬁ/ﬁ% [7] JIN .H., C.HIL.N X., LHONG.R, et al. breql.xency.analysm. of extreme

. precipitation in different regions of the Huaihe River Basin [J]. Inter-

T b AS AL GAMLSS B A, #0545 SR A1) national Journal of Climatology , 2022,42(6) :3517-3536.

GAIC fHR T AR KRR R PIRN G I F B (81 VO, SEacte. ST GAMLSS BUMAY B BUbAFAETFIE ST (1)

AL 2 455 W T 00225 AL 5 %, (L AL 2012, 6711): 15051514

. (9] BHEII, X, 5752 1970—2014 4K T i s ke K o F iy
S o A AN = NI . 23
AT A 3t 5 S A R i it — 20 e 2 AR RIS (1), 7K 3, 2017, 37(4) : 77-85.

(3) A SO RS sl s 5 BRI VLA T (o) @R o o e ik S P 2 A A S H PR AR
(14 3t 8 1, DX A B R H R K B 3 ) S 34 i s ek I FAREDTE (D). B IR, 2018.
TE?EU:H:J?\‘%%ﬁi&ﬁ/;by\&?ﬂ_ﬁ%,fﬁﬂ:%%ﬁnﬁo [11] X4Ek, Ped, RAESCE. ENSO S EEFHRKNIER . &5

. N ‘,A:, [N . , QBO BYIHHIVER [J]. #4244, 2019, 35(2): 210-223.
IS SIS SRR RS I B R, BB

MANN H B. Nonparametric tests against trend [J]. Econometrica:

%%7&% Q @ﬁé s U&J&?Iﬂ?ﬂﬂjig E/‘J ﬂﬂ%%7k1zlgﬁﬁ Journal of the Econometric Society, 1945: 245-259.
@i” E{(J»ﬁf)fﬁ ’1)3@?%%%&'%0 [13] KENDALL M G. Rank Correlation Methods [M]. Oxford, England:

Griffin, 1948.
[14] ARFLAAE - FTTH, JRAR - nh /R, ARREAE R RE 60 4F
Rk R SRS RAERIFSY ()], K 3C, 2022, 42(1): 85-89, 66.
[15] RIGBY R A, STASINOPOULOS D M. Generalized additive models
for location, scale and shape [J]. Journal of the Royal Statistical Soci-

ety: Series C (Applied Statistics ), 2005, 54(3): 507-554.

SE

[1] JAWW, #kik. IPCC ARG 5 M 15% « AR O KA /R F AR 1K (1],
SARARAE IS BRI, 2021, 17(6): 713-718.

[2] Tknife, KikDy . KICGF IR T 528 LW 7

Nonstationary Analysis of Annual Maximum Daily Precipitation Series:
Taking 8 Stations in the Middle—Lower Reaches of Main Stream of the Yangtze River as the Example
DENG Qingwen', NI Lingling’, WANG Dong'

(1. School of Earth Sciences and Engineer of Nanjing University, Nanjing 210023, China;
2. Nanjing Hydraulic Research Institute, Nanjing 210029, China)

Abstract: Under the global climate change, the consistency of extreme precipitation series is challenged, so it is of great signifi-
cance to study and analyze its inconsistency. This study integrates a variety of analysis methods to analyze the nonstationary of
the annual maximum daily precipitation series of 8 stations in the middle and lower reaches of the Yangtze River from 1960 to
2020. The moving average, Mann—Kendall trend test and Pettitt mutation point test are used to analyze the trend and mutation
of the annual maximum daily precipitation series of the selected stations. The GAMLSS model is used to analyze the nonstation-
ary of the selected annual maximum daily precipitation series with time t and meteorological factors (Ninol+2, Nino3, Nino4,
Nino3.4, PDO, SOI) as covariates when selecting the best fitting function to explore the law of the annual maximum precipitation
series. The results show that the maximum daily precipitation of Baoshan Station and Nantong station may increase in the future
while the maximum daily precipitation of Jingzhou station may decrease and tend to be flat in the future. Comparing with the dis-
tribution function fitting results with time ¢ as a single covariate and meteorological factors as multiple covariates, the latter has
a better description effect on the nonstationary of annual maximum daily precipitation series.

Keywords: nonstationary; extreme precipitation; GAMLSS model



