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Tab. 1 Definition of extreme climate indices
R i i B o X iy
TN10p R HEL H B RS <10% 5N Y AL d
TX90p et H AL H 5 55 SR >90% 4 AR Y A %L d
TNn H AR BB P9 H B AR A S ME C
TXx H e RS P H s R A ok (E «
SU25 HHHEHK AR H R AR>25 CRYH K d
FDO FHHE AR H B AIRSIR<0 CHY H R d
DTR S A2 N H IR EAIRS B IRICIR N 2(E C
RV TS V== I 2 NSRS = ~ g NS
CDD FREE T H AL H Bk <1 mm A SE H 8L d
CWD Fraimi H AL H Fk it = 1 mmAy i K42 H L d
R20 KW HEL BHAE H KB = 20mmir) 5 H %L d
R25 TR HEL BHAE H KB = 25mmir) B H %L d
R95p TR B4 H KRR T4595% 03 R IR K 2 22 il mm
R99p MR R K f B4 H KRR T 4599% 03 A R 7K 2 22 il mm
RX5day HELES H IR RMK R A #5825 H KR Kt mm
PRCPTOT T H BEK S T H CH &K = 1mm) FoK mm
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K Sen BEHRAG T BT B AL #a #, DA M Mann-Kendall( M-K) 77 72 X} 18 8000 i 35 PR 3E A7 K 56
Sen APRANTHE—F R IES G AR ATT R  , F T TR 50 8 i B 3, M-K ik
J&FAESBG L )71, AT BREAE N — & 530, Z SR ETHRE N, 7K S0, KB 5T
E T RE AR U, MK 5 Z Gei DL SRR, 2 | Z | <1.96, MIFE A5 55 B Ak i
o 1.96< | Z | <2.56, 2B EEAHEF0.05 BEMKT);2.56< | Z |, BB EBLEEC0.01 BEEK
V) o RHREEACE R (IDW) 64723 [, BRI AR5 23 (R AR fh a5
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RIE ERTS 2, 2 AT 8 MR TIRIE S M-K IS 4550 . 3 2 Al L. FARARIR A% i
SAEFEEGRE H H BEEB(FDO) FIVA % H 8B (TN 10p) S B FRE#a 3, FDO R [l R kK, 4 6.42 d/(10 a),
TN10p FFEHER /DN, 24 0.004 8 d/(10 a), H AR IRALEFEE(TN) 23 H 0.72 /(10 ) [ ETHE
e, JAT TN10p(Z=—0.04) A7 8 b b 25 PRG35 . AR i fen Tl HE 4500 e H AR 45 (TX90p) « H e e Sl AR 15
EAEE(TXx) FIE H H A8 E(SU25) 2230 A, 7358 4.06 /(10 a) | 0.32 °C/(10 a) F12.31 d/(10 a),
HA TX90p(Z=4.10) il T B E MWL, IR B EZERE(DTR) (Z=-4.89) I B EFW/NER, TR
BN, H—-0.35 °C/(10a) . K ZKEFRB(GSL) (7=2.52) £ B &M BT, H EFERE K, N
4.83d/(10a),

F2 MIRRIBREH MK R1E%T
Tab.2 M-K test statistics of extreme temperature indices

PRI DX W XI5, IR
5L
VA SendbH VAi: SenRpE VAIED Senf}HR
TN10p 0.6401 0.2031 —1.5664 —0.4862 —0.0410 —0.0048
TX90p 4.1269 4.0270 3.9363 4.0761 4.0995 4.0581
TNn 2.0297 0.6024 2.5473 0.8356 2.3835 0.7232
TXx 1.2941 0.2398 1.9620 0.4036 1.7569 0.3158
SU25 1.2254 2.0435 1.9889 3.1110 14711 2.3063
FDO —3.8680 —6.4550 —4.004 1 —6.3085 -3.9230 —6.4238
DTR —4.2911 -0.3190 —5.4365 —0.3921 —4.8889 —0.3463
GSL 24923 5.1085 2.2061 4.7345 2.5200 4.8321
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Fig.2 Spatial distribution of extreme temperature indices
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3 Moo A $OR AL AFAE

3.1 BB {LEHE

3 3 WWFIEIX 8 AP KFEH M-K K30 G T4 5 . D3R 3 n LI s iR K8 58 2 L THia
ANF T IR AR A . FRELiiE H A8 20(CWD) . KT H Z5%k(R20) AR H 28 80 (R25) F b sl 3248
/N, 53R 012, 0.42 #1037 d/(10 a); FR2E T4 H 5% (CDD) b #3802 CWD 1Y 11.9 £, iX RW L 7R
A H B IR, X AT RE SN R E K . R B K R A (R99p) A& LE 5 H B K /K A5 5K
(RX5day) b T R4 Ak, 4351 10.83 1 10.55 mm/(10 a) . 35 /K &35 %L (R95p) b T3 R & R99p 1Y
2.05 %, J 22.16 mm/(10 a) . T H FE/K S 550 (PRCPTOT) | FHl &k, H 2649 mm/(10a) . HA
R95p(Z=2.11) . R99p(Z=2.40) Fl RX5day(Z=2.98 )it | 0.05 A i PERGLS, X R IL AR A8 BAR K 5 B A
NS, HAE AR, A SR K A XU o

*3 MImbEkIEH M-K 105

Tab.3 M-K test statistics of extreme precipitation indices

PR i DXk VTR X I INARA
B

VAl Senf}HR VAl Sen}E ZA Senf}FR

CDD 0.5579 1.1341 1.1567 1.9824 0.7910 1.4175
CWD 1.2245 0.1193 1.5129 0.1112 1.3215 0.1189
R20 1.0476 0.3889 1.5810 0.5658 1.3445 0.4221
R25 1.1715 0.3556 1.3758 0.4469 1.2656 0.3735
R95p 1.2390 15.8138 2.4640 28.0128 2.1121 22.1634
R99p 1.5120 10.3211 24103 14.3521 2.4005 10.8345
RXS5day 1.8923 8.3546 2.8459 12.7231 29821 10.5524
PRCPTOT 0.968 1 19.1329 1.7671 34.6435 1.2688 26.4875

DA i DX SRV X S AR AR AR 34 5 IR WA 25 5 . (RS bR KN, B T CWD, HApda4ire
P XI5/ INTF VR K5, ILZR A AT Wi 22 8], CDD 78 V5 DX 32 P el XI5 04 1.92 435, k4546 vl 1) o
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PG DI, Z (48N Tt X, LI AR T RX5day (Z=2.98) K T WA X Ah, #A T 2|, A Nk
X3k R95p(Z=1.24) . R99p(Z=1.51) 1 RX5day(Z=1.89) F M ! T B E ML 5, K@it 0.05 B9 B FERLK
32 ZTETAFH

B3 25T 8 A it 7K 4 s ) AR Akt 34, T D45 W st B2 7K 8 002 ) A 22 Sk, LIl IE,
EEB 433k 1 S /N A (i 2 3Rl at 0.05 19 i E MK AR S ) . CDD AR B 1A AR e 2 PG S il N
s, ML IX A — 2B AR K R SE S EL, S E DR G H IR I AN T . CWD A5 4k
IREEfR /DN, 41-0.24~0.51 d/(10 a), i {E L OFEREM T . H BT AEIE T . R20 Z8fb#a %2 CDD, 251k i
BN, H-0.30~1.24 d/(10 a), 92.63% Wl s 5t EIHES B HA 5.26% mysh i w3 I R25 TR 23 [A]
A, mE P O GT . TR, IR AT, 2FE SRS, R9Sp. R99p Al RXSday HAT K
RUR 25 (8] 43 A5, 2R 0 UV Jmp 0 . P e 30 RN 38 /0N e T DX Ay v (L DX 8, b ol LB 4 3310 - 84.21%
74.74% 1 85.26%, . b T4k 5 LG5 )R 8.42% ., 6.32% Fl 14.74% ., PRCPTOT = i [X 38 78 A< 30 6
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Fig. 3 Spatial distribution of extreme precipitation indices
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0.36, H AT X8, CDD(r=—0.53) MO HERSR, 1E AR CPE T B 255 . [AR), ZE SR L, 16 1>
8B AT CDD A5G, HATHE A A3, X 2 W9 X N DA RS B AU 22 08 H B0 2 i in, A6 X
WA 59 FE R A AR

R4 RRRIBEEHSEGEMEGREXRY

Tab. 4 Correlation coefficients between extreme climate indices and latitude, longitude and altitude

Ei1e G Sy R LR 2| L ZRED HiRE2 k2
TN10p -0.23 -0.02 0.13 -0.27 0.29 0.12 0.32 0.04 -0.10
TX90p 0.02 —0.25 -0.07 0.18 -0.15 -0.11 0.15 -0.35 0.11

TNn -0.17 —0.42 0.11 ~0.11 -0.29 0.13 -0.07 —-0.62 0.12

TXx -0.08 0.37 0.05 -0.03 0.54 0.09 -0.29 0.18 -0.02

SuU25 ~0.04 0.34 0.11 0.03 0.53 0.14 -0.23 0.11 0.10

FDO 0.06 0.16 -0.22 0.10 0.09 -0.27 0.11 0.37 -0.16

DTR 0.05 0.39 -0.02 0.13 0.44 -0.01 -0.25 0.36 -0.01

GSL -0.01 0.12 0.21 -0.03 0.37 0.36 -0.21 -0.23 0.17

CDD ~0.13 0.59 -0.13 -0.21 0.2 -0.07 —0.42 0.52 —0.53

CWD 0.24 0.02 0.13 0.30 -0.07 0.17 0.10 -0.10 0.24

R20 0.33 ~0.13 0.12 0.32 -0.36 0.19 0.27 ~0.24 0.25

R25 0.33 ~0.13 0.12 0.32 -0.31 0.21 0.25 -0.23 0.20

R95p 0.08 —0.34 0.12 0.15 —0.37 0.14 0.00 —0.45 0.23

R99p 0.15 -0.22 0.13 0.19 -0.36 0.17 ~0.04 -0.41 0.36

PRCPTOT 0.32 -0.21 0.11 0.31 —0.44 0.18 0.25 -0.31 0.28
RX5day 0.21 -0.26 0.07 0.34 -0.37 0.08 0.07 -0.47 0.24
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6], ¥ 9% ORH&E AAMHOE, FED, Ko #da &
FDO-TNn, SU25-TXx, TXx-DTR, SU25-DTR A
FDO-GSL; & i B3 7K Fi5 Z5 1] AH OC 14 55 ik 48 BOxt 45
%, 59k 24, 22 F1 28 X}, H 45 CDD #l CWD f&

LEPSER 54

RXSday L

L 2R 4 R PAY il DX 3 550 A i kK i RO A %§§§§‘[§
S5 A S =l 5 80 R i e K AR KR ) AR S P £ 2

HEL
SRS B A 9. 12 K115 K, 4 TXx-CDD.
BIRH A RIS X, #EL 3 TXx B4 RS B S A R R 8

TXx-PRCPTOT. TXx-RX5day. DTR-CDD. DTR- Fig.4 Line chart of correlation coefficient between extreme
R95p il DTR-RX5day climate indices and latitude, longitude and altitude
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Fig. 5 Heat map of correlation coefficient of extreme climate indices

MR BRI 254 85 N TNn, TX90p., SU25., FDO A1 GSL 3t 5 AN s S e 48 B 3 e A8 ki
B RAERIR AL 5 A8 2 (TN10p A1 FDO) &5 1 [ R 3, A8 = I A0 A o A5 46 £ (TX90p. TXx ANl
SU25) & FFh#a#, ix 2 B AT X 5L B0 L AR 192 F) s

N NI % 5 A[E Eiﬁi*&-‘lﬁﬁ—wm*gﬁiﬁttt
LSRR e e £ B LU D Gy SART £ ] Tab. 5 Comparison of the extreme temperature indices

NS X U BF R 4 R R —3, RS AT B in different regions
9T XA o IR PR B A R T e . AT LR Y, AR £ WERIHE NEET IR
X TN10p T K& i 2 7 /]y ; FDO T [ K e K TN10p/(d-(10 a)™") -187  -345 367  —0.0048

TX90p L TH# AR K SU25 ETHE RS T 3 4~ Xk FDO/(d-(102)") 290  -3.04 395  -642
Z Ml TXx EFFEARRFRITHE. TNn 5 TXx 2

TX90p/(d-(10 a)™") 1.15 171 2.20 4.06
LA EHE, TNn |3 R JE TXx E TR0 2 4% )
" T2 AT (2324 TXx/(C-(102)") \ 0.14 \ 0.32
2, X 5 BT i e a2
SU25/(d-(10 a)™) 2.76 2.63 2.16 231

LI AR 28 0 ity o TR 48 B8 B T, HLBE N B AL R
()RR B e R M R R . 1949 4F 2 2020 4EH1R], 1L R A WAL R LOE Y R4 0.79% 1138 BE XS, th
5.72% ¥4 N F) 61.80%. T KA 25 2 F 58 4 H 1L AR 45 3ol Tl A %t i 3R 48 B0 52 ) T R 3R 43 1] R 40.66%
(SU35) . 19.32%(TX90p) Fl 1.02% (TN9Op), #E—AIESE T WA R A0 H 5 6 L1 75 A4 Wb s e YR8 B L A
—E R

AR A8 5% N AR i B 7K 8 U2 30 AN [ RR BE 1 b TR #5 . R95p. R99p Hil RXSday &5 3 M vif R 7K 5 32
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Study on the characteristics of extreme climate indices in Shandong Province

LIU Xuan', TANG Peijun’, WU Tongshuai', FENG Zhonglun', DIAO Yanfang', WANG Gang'

(1. College of Water Conservancy and Civil Engineering, Shandong Agricultural University, Taian 271000, China; 2. Weifang
Hydrological Center, Weifang 261031, China)

Abstract: In order to explore the temporal and spatial changes of the extreme climate indices in Shandong Province,
based on the daily temperature and precipitation data of 95 meteorological stations in Shandong Province from 1979 to
2020, we used the Mann-Kendall (M-K) test and Sen slope estimation methods to calculate the time-varying
characteristics and the Inverse Distance Weight method (IDW) to explore the trend of spatial change. The results show
that: (1) The extreme temperature indices (TN10p and FDO) characterized by low temperature in Shandong Province
show a downward trend, and the decline rates are 0.004 8 and 6.42 d/(10 a) respectively, and TX90p, TXx and SU25
characterized by high temperature show an upward trend, and the ascent rates are 4.06 d/(10 a), 0.32 “C/(10 a) and 2.31
d/(10 a) respectively. The extreme temperature indices in the inland and coastal areas show good consistency with
Shandong Province, but the spatial trend is not obvious. (2) The extreme precipitation indices are upward, and most
indices in the coastal area are larger than those in the inland area. The precipitation intensity indices (R95p, R99p and
RXS5day) show a significant increasing trend, and the ascent rates are 22.16, 10.83 and 10.55 mm/(10 a) respectively. In
terms of spatial distribution, the high value areas are mostly the eastern coastal areas and some areas in the south, which

may increase the risk of flood disasters.

Key words: extreme temperature; extreme precipitation; extreme climate indices; temporal and spatial changes
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