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Abstract

Based on daily precipitation data sets of 22 meteorological stations from 1971 to 2016 of Zhejiang
province, 11 extreme precipitation indices were analyzed to study the spacial-temporal variation
of extreme precipitation in Zhejiang during 46 years. Methods including correlation analysis, li-
near tendency estimation, Mann-Kendall test, moving t test, significance test and IDW were used.
It is aimed to offer guidance for the diagnosis, prediction, decision and deployment of extreme
precipitation in similar regions. The results were as follows: 1) The precipitation in Zhejiang is
getting greater in amount and longer in time. 2) Only the PRCPTOT had the mutation year 1977.
Except that CDD always declined, other indices had fluctuations from 1970s to 1980s. Even so, the
strength is not strong enough to influence the total upward trend. 3) According to two rules for
average spatial distribution: the decreasing from southwest to northeast and from southeast to
northwest, the latitude and costal effect must take into consideration. 4) From the perspective of
single station, the CDD decreased while wet indices mainly increased. Additionally, the changes
were more significant where the rate were larger, which leaded to the intensive precipitation. 5)
R10 mm, R20 mm, R50 mm and R95 contribute most to the increasing PRCPTOT. And latitude has
good correlation with the indices.
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Figure 1. Distribution of selected observation stations in Zhejiang area
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dices)EE TR EUAR R, 4R & HREILE S IR T 11 AME Ak m B K 8 5 . 1% B BRI 4 8 = 2K[13],
BN RR: B H B /K E PRCPTOT. #E4:T HAL CDD. Z4:E H % CWD; 2 N4t
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JKBRFE SDIl. 1 Hix KF&E/KE Rxlday f1 5 H i KF/K B Rx5day. FE4HE XL 1.

Table 1. The extreme precipitation indices and definition
7= 1. WumpEKIE B ENX
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Figure 2. The time series of Zhejiang extreme precipitation indices from 1971 - 2016

[E 2. #TH#IX 1971~2016 F 1Rk FE7K s B8 a5

Table 2. The 10a tendency and significance of extreme precipitation indices in Zhejiang from 1971 to 2016

5% 2. #IHBIX 1971~2016 FEARmpEIKIEER 10a R K B& 1%

EiFE1d PRCPTOT (mm) CDD (d) CWD (d) R10 mm (d) R20 mm (d)
10a fHi% 3.64 -0.12 0.011 0.054 0.07
B R50 mm (d) R95 (mm) R99 (mm) SDII (mm/d) Rx1day (mm) Rx5day (mm)
10a fii % 0.032" 357" 1.66™ 0.038™ 1.22 1.52

e BiRA R, TREP<0.01, #IET a=001 KEEERT; % P<0.05, #iTT o=0.05KEEHK.

S EEE I BT T BUR I, 28— KRR SR IR AU, WL X H S K BT S B B2 IB 4
BN, H K SRR K R B AL 1B /MBS, S KESTCRK HECEE/NME T, U T XS
IKIEDL, EAERKEZ , SRR A AT AR . 5 SRR FRK IR AL, /K E KT 10 mm A1 20
mm R AR R R BN B0, ML R, FE/KE KT 50 mm f B9 R 10a i), K0 N &
Fo RYTHTLI X AR i KA PR R BEWT FE B, AR BAES R T RKF BT %: R95 A1 R99 7
TR WK ISR, MBS, smRKERIKTILAENIA 95% 77 s i) H B /K B S AT NS 5 5
Fo KR, WX B AR BB ARG AR IR, X5 PRCPTOT I H A /K B ) KM 1 ini
H

=R TRAL, UK SIS (8] (4 A7 K & SDII, B 10a R AR, S InAl 2%, XK Y]
3R R K B AR AL T AR A, AR, (EANATRAIL BT, R TS H g
HAEZE, S KR i, EEIRRTRKERE . 1885 HiKFKE, ik 10a Hi,
AR FEMEG LT 1 BRI SARSCRTI e 2 — R haie — 8, BT X AR
KA TAERE AR RN, FraEmf A KA .

3.2. B FFEEEEHHE

UnTE] 3 SR HTL I X BTk ol i i 8] 5 31 BEAT M-KCRARKGB6 45 5, L 82T 43 45 B 78 48 4 301 18]
WHEZANZ R, MNZADRE G T HEREARA (T, ASCHET 13 A I i LU 56, 183 t
K 2 P A REASC T A A 22 572 15 B3 R I I R A [14], A REIRER 3 .
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Figure 3. The Mann-Kendall test of Zhejiang extreme precipitation indices’ time series from 1971 - 2016
3. #IHhIX 1971~2016 FEARuRFEKIEHETEIFS M-K #618

Table 3. The years of mutation in moving t-test of Zhejiang extreme precipitation indices from 1971 - 2016
= 3. HiIHhX 1971~2016 FEARIRFEKIEHUBEh t 1IRZRTEH

R PRCPTOT CDD CWD R10 mm R20 mm
RAZEA 1977/2002 - 2002/2007 1977/2002 1977/2002/2007
EiE R50 mm R95 R99 SDIl Rx1day Rx5day
RAFEEA 1975/1977/2010/2011  1977/2010/2011 1997 1977/2011 - -
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g4k E, TEE 3@, PRCPTOT RfF 1 ANM##Mf4E, KL, PRCPTOT MIRAF /& 1977
o bR ITEE UF 5 UB #5H 3 KU ERIAC R H , (RAEJS IR 2 t kg0, R EE A5 H B R
LA TRAR 5

M-K SR 56 A 7P S a4 i B Al b, 6f ELRHIE 7S I B E AR AL BT AR (R 4R AR 72 . 7E 1] 3(a) s
PRCPTOT it H S B /K AE 70 FEAX BT, HEN 80 FEATT 46N 1%, 55 Z A 5848 s AE 1977 SR 11— 2.
ZJi, PRCPTOT —HEAREZEM ETF. FHlH 3(b), CDD ELTHEM UF —BEAETL L UL T 03
3, CDD #{AR TS . CWD HEHE HEOE 74 FAEHS 7, AFET 70 AR 80 %], X
FHH CWD 7EiZ BN /MR R %, Tk BASh, CWD #oh B FF. 754 1996~2003 4], Rk F|EE LT,

R10 mm F [ HEL, METE 70 FRAAEEFEW LTF, 15 #7E T, Wikl 3(e), R20 mm Kl H %k
A A PRCPTOT i H A P /K EARBL %S, BITE 70 ERAEE LA, 80 4EMRAEE FR, M5 # ZHA
RER BT R RS0 mm F W HEIWES), WIBSHE . ATE 70 FFARRE D 7 2 8. T faHEsk b
Tt 90 AR LT R, 2013 SEHENF— EFHEEW . K 3(g)HF, R95 s:fF/KELE 70 & 80 AR BN
%, [FIFEAE 1996~2003 4ERi 5 BT 3, 1E 2011 )5 3 1 Fk. R99 Hufisff /K 5 R95 5 /K & 11
WIBIAR JEARRL, BN 1993 FJ5, BAERFIRAL LAWEN, RO9 L4 K 2 HNHERE B3 Frt.

SDII /KSR EELEZ T T 70 2 80 AFARMNEE LG, B3 FAHHATEL) 2009 2 J5 . Rxldayl H KR
IKEAE 70 ARV ETE, A T RS, KRS, mE—BEARE L. WHKE, Rxbdays
HioKBE KR, fEVIIMEEEE, BHE 90 A LT, 13 EFHEERE LTHKF.

M LA e a 19, #4a5k CDD #b, FiBTE 70 448, HAAHIEM 2 80 4E4X, FATEI BN Z1L I,
AT AR FTHE%, Hd CWD. R50 mm. R95. R99. SDII #1 Rx5day # 4 &3 T, x5 3.1
DEMSERE —EHR.

4. HRimbErk a3 8) 5 T HHIE
4.1 ZFERBNBRESE D

R E SRR IR R R, ARHE Z S AR 7E, WiV DX 3R B K 2 Bl VB v 2 P T v i 4
Z[15], i ZNISE AR, BEKR e Sk B C, BNEHOBRME, FrKRR e e ZE[16]. TERFIT
BREKR RIS, IH B ZHCHIEWE R, WU KRR KIREESS = FE[16] A 45 B 55 (1 52
Mep[17] (Ll Bkt R N L 8 b s AT 4 22 B R AREL[18]),  IXAE A S PRt U, e DK A ANk )
THEOLEAT 8 — AL S, 13 BNAEX A . BORSTIIEIR 73 BAUE R T B K B R 3 A 225, kS K
() B BRT VAN AR SCEE p

B E 4(a)f3, PRCPTOT ¥ H . FR/K EAEWHTT 27U rg M AR Lk . CDD EL:T H At 2518 4 A
HAEA — B . CWD SE LRI H 5t /2 MV i 7] AR AL D 35, WiV 44 il — 2 X 38 CWD
75 8~9 R KME =Y, MILLEE CDD ki, CWD 7F H % i B RAE M &S, HEEmMEsEN.

7E & 4(d)F R10 mm W F§ H %, 5 PRCPTOT Al CWD 4Lk, H PHEg 1A AR b, S/ MEX JLFEATT
Jle R20 mm AR H 30t il pu g ) AR ALk, (HR 2 3/4 B XK Y H sl /E A (i &2 . R50 mm 21
HEOR BB A AR IR s, BAEZA K. JEE TP 2017 FR0RF5E, WiiLiohm H 4, KM H 5k
R HEFRATE 4 E M E A [11]. RI5 SRFF/KE M /A, HRAESE PIEAR MU L M &, MAE i
TEWHT A o3 B R A0 2 Hh X o 1T ROO ity ik P 7K B P KARLATY AR B A 7E R ma v, ARG /ML L
RO5 LK, W ALAEE 43 Hh b [X 0  ROQ RS /IME 78 25 14 [X 35

SDII F& /K 38 ARV, SAME7E 12.4 mm/id. Rxddayl H i KRR, kS 248 B v ) 75 L
U, (EAR N R SR T 314 XK. Rx5day5 H kKR, MUETEABIE, BMEAE 170.2 mm,
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Figure 4. The spatial and altitude distribution of Zhejiang extreme precipitation indices’ annual average from 1971 - 2016
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Figure 5. The spatial and altitude distribution of Zhejiang extreme precipitation indices’ tendency from 1971 - 2016
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Table 4. The correlation coefficient of PRCPTOT with extreme precipitation indices in Zhejiang from 1971 - 2016
Fz 4. #iIHb(X 1971~2016 458 H 2 K2 SHRuRMEKIEHAEX R
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PRCPTOT -0.26 0.48™ 0.95™ 0.95™ 0.76™
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Table 5. The correlation coefficient of extreme precipitation indices with latitude, longitude and altitude in Zhejiang from
1971 - 2016
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