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Analysis of spatiotemporal variations and regional differences in extreme

temperature events in the coastal area of China during 1961—2014
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Abstract: Based on the daily temperature dataset of 156 weather station records, a set of statistical methods, including
trend. analysis, Wavelet analysis, Mann-Kendall test, accumulative anomaly analysis, Pettitt test, and principal component
analysis was, employed to investigate the spatial and temporal variations of the exireme temperature events from 1961 to 2014
in the coastal area of China. Results of the trend analysis demonstrated an upward trend in warm extremes and a downward
trend_in cold extremes as well as diurnal temperature range ( DTR). The decadal trend rates of the night extremes were
obviously higher than those of the day extremes in the coastal area of China. Generally, a decrease was observed in the

multi-year averages of the frost days (FDO) , ice days (IDO) and diurnal temperature range ( DTR) , and an increase was
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observed in the mutil-year averages of the summer days ( SU25), tropical nights ( TR20), minimum value of daily
maximum temperature (TNx) , minimum value of daily minimum temperature ( TNn) and growing season length ( GSL)
from north to south. However, a little variation was observed in the multi-year averages of the cool days ( TX10p), cool
nights (TN10p) , warm days ( TX90p), warm nights (TN90p) , maximum value of daily maximum temperature (TXx),
maximum value of daily minimum temperature ( TNx), cold spell duration index (CSDI) and warm spell duration index
(WSDI) between the sub-regions and the entire coastal area of China. The primary period of extreme temperature indices
varied from 2 to 8 years in the sub-regions of the coastal area of China, and no significant decadal period was detected. The
mutation time of extreme temperature indices occurred mainly in the 1980s and the 1990s in all sub-regions. Additionally,
the cold extremes and minimum values of daily maximum ( minimum) temperature mutated earlier than those of the warm
extremes and maximum values of daily maximum ( minimum) temperature. After mutation, the extremé warm events and
extreme value events tended to occur frequently, whereas the occurrence of extreme cold events décreased gradually. The
extreme temperature indices holding high load in the first principal component showed strong positive corrélations with each
other and exhibited high contributions to the daily average and daily maximum ( minimum) temperature. On the other hand,
the extreme temperature indices holding low load in the first principal component presented weak, correlations with other

extreme indices and showed low contributions to the daily average and daily. maximim (‘minimum )/ temperature.

Key Words: extreme temperature ; spatial-temporal variation; regional difference; coastal area of China
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Table 1 Definition and classification of extreme temperature indices
432 Classification BRI D 5E X Definition B} Units
AAXTHEHL Relative indices TX10p H BB IR < 10% S RAR Y H 5L d
TN10p HR AR I < 109% 43 REAR B4 H %X d
TX90p st 2 508> 90 % 4 (RE B 1 H 8 d
TN9Op H 5 IR>90% /3 A4 Y H %L d
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1DO AR H AR <0°C W B 3L d
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TR20 AR H ARSI >20°C 19 H L d
W AE R %L TXx AW H R ESIRRKRE C
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days;TDO; 7K H 4K Tce days;SU25: 5 2% H 40 Summer days; TR20: #A7% H %X Tropical nights; TXx: H % & < i A9 % 7 16 Maximum value of daily
maximum temperature ; TNx ; B f /% IR AR 25 {6 Maximum value of daily minimum temperature ; TXn ; H 5% & R A% AR {E Minimum value of daily
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Fig.2 Spatial distribution of decadal trend rate in extreme temperature relative indices in the coastal area of China during 1961—2014

J7 1 1_E AR B = AR B B TR T BeRy AR 3, oy S0 = MR MBHE N T B 95% M BE R, 250 =
TERFAA A B2

http ; //www.ecologica.cn



7102 A E = 378

TP EACER  VLUEIR Y 0 VL R VI C P TR0 g T v v 390 Pt AU A 50 P 2 AR ¥ 1 H T o i
BRI 3t 1 B A TR AR AU ARV P, B 7 H 50 T il P8 5 Ay sl o 7 3 N T U b X 20 43
2.1.2  AXTFREN ZS (B o3 A

TV b DX R ity A TR 4 X 8 AT B A0 ) 6 ) 25 6] A A AL 3 7R . 240 81% 1 62% 1143 4 i 1 (R AR VR H 8K
FUKER H B T B 38 o b 2 PR 50 1 3 2 L1 20 S 208 67 % Fi1 22% 5 24 96% Fl 99% 114k 551 5 2% H 4K
TR H R T3 38 A o 2 M A 00 1 sl o L8153 0 29 R 62% 1 75% A< VT DAL W vl b DX 3l A5 1) 6 14
H BRI VKR H 00T R0 BRI XA, 6 R VR IR I 38— 7 L A pig VR e AL 28 AN 3l 1 6 R H 480, A )

N
A
R HE KR HE
FD0/(d/10a) ID0/(d/10a)
v -9—=6 v -3—-2
e A e

e 0

HEHH P HE
SU25/(d/10a) TR20/(d/10a)
v -10—-5

0 400 800km
e

B3 1961—2014 FEiFBRIRSIBEX IEHE R RN T B S

Fig.3 Spatial distribution of decadal trend rate in extreme temperature absolute indices in the coastal area of China during 1961—2014
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Fig.4 Spatial distribution of decadal trend rate in extreme value indices in the coastal area of China during 1961—2014
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Fig.5 Spatial distribution of decadal trend rate in extreme temperature other indices in the coastal area of China during 1961—2014
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Table 2 Multi-year average and decadal trend rate in extreme temperature indices in the coastal area of China during 1961—2014
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area-during 1961—2014
22 /NI 3 (Wavelet power spectrum, WPS ) 8], S22k B ] X IR 7R 38 33 T 95% B A5 /KF A LLME S G 30, A5 8y 22 JR) /N3 ( Global
wavelet spectrum, GWS) ] , M (8 i 284, 2% AU UG B 33 T 959% A /K V- ZL MR PR 380 1 . 355 R U
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R, WM BFEAEZ 13.2 a BYARARBRAS AR R (H AT (5 B i, Rl W A e . &1 6(b) R, 1 H AL
B S PR ER — B AR A 290 3.9 a 1 2.3 a, 45 RUBE SR Aty sif B v 5 i Bt 38 31 1L 43 31 A 1990s RT3 A
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1970s, BB/ HEAAEL 1.9—3.5 a By E WAL, =R 3.3 a, 2 REERY E AR (L 7E 1980s R 2
1990s WA K 21 a0 S i B N 95 s Z (8] 6¢) o BRAR H 350 i 2 R VE A F 2.9—4 a Z 8],
JAIAZ) 0 3.9 a,1987—2012 412 RUEE JRT I Ay 5 4R v i Fof 35 L (1 6d)

6 A~ DX A A iy R R ER 3 A (38 3) RN T - (1) AR ER . ARG AN AR b I 1A b DX (%) 32 S S /)
THA A DB, SRRV XV (B2 ) B H ) TR R, 2050 5.6 a; (2) 48X 484k BRAEAL I IR 2 2= H 40R
EEG IR VKR H A SRR 5.6 a LU HENT G H LTI R 2.3 a Z 00, HAR 7 XS4 02 3 a 5 4
a Zida 5 (3) MRABAREL . ARl B DL K VTV H 5 o IR A e (B Y 2 SR DA S 902 5 a 5L 6 a B2 AT,
At~ DX Bl B = (A T R A2 02 2 a B8 3, U3 BE AR AR 8 %50 = JR) 10 LAY B A i VR T b X H (IR
T AR Y B, 23 2902 7 a T 5 a, HAW - DCHURARE F8 200 F2 R A FJE 3 a 2240 (4) At 454 /R
e H i B RREE H A A, 2900 7.9 a, 484 BUEFIVL RS VR I R RE S H 50 £ R I3 3.9 a 245, %%
FRek HEU AN ARICUTIE R 4.7 a B LR TR 2.8 a, 45 XK B K B 1 R A 3600, 00 2 a 1§
3 a, BREERNT R AT R B2 0 E WK, 4.7 a LIAN, AT RIER B EZE N ER AT 2—3 a
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#3 STFRERBSRIEHOEDD/

Table 3 Primary period of extreme temperature indices in sub-regions

FEEL Index I [X Region I 1T [X. Region 1T III [X. Region Il IV [X Region IV V X Region V VI [X. Region VI
TX10p 2.3 2.3 5.6 3.3 3.9 2.8
TN10p 2.3 2.3 3.9 2.3 2.3 3.9
TX90p 2.3 - 5.6 3.9 3.3 3.3
TN9Op 2.3 - 3.9 3.9 3.9 3.9

FDO 3.9 3.9 3.9 2.8 4.7 3.9
iny 3.9 3.9 2.8 2.8 3.9 5.6
SU25 3.3 5.6 3.9 3.9 2.8 3.9
TR20 3.3 3.3 3.3 2.3 2.8 3.9
TXx 2.3 4.7 4.7 5.6 2.8 2.3
TNx 2.8 2.8 5.6 2.3 3.3 2.3
TXn 3.3 3.3 3.3 3.3 2.3 2.8
TNn 3.3 3.3 3.3 3.3 6.6 4.7
WSDI 7.9 3.9 3.9 5.6 3.9 4.7
CSDI 4.7 4.7 3.9 3.9 2.8 2.8
GSL 3.3 3.3 2.3 3.3 2.3 2.3
DTR 2.3 2.8 4.7 2.8 4.7 2.8

SN2, N 2 R AT DX SR e ST ) T2 SR AN AR ] 3 28 5 VR Vg e DX R R 199 A A0 A 35 00 b LA
B2 EREAR, T EUTEE ST ZE ARROT R, I 15 3 00 AT 52 22 K0 PR A5 R RUBE S R - 1 5%
M 2 R, L YIP VAR B IR o A 26 5 B A, b g B e AR b K SCAR P N SCRREE DL B T At e 4 1 2 X < 4
F AR AN )RR B R ) P 3 HA ORI 25 53, B0 T XS o R 1 1 R AR (b B — e A 2k,
ANASTF Xk 3 R R /N T 10 a BYARBRIE) R, TG 35 PR A AR AR PR 7 3% JEL 0T, AT R J2 AR SC A 7F 5 ek B3 AF o
A, XA e S AR A B TR S0 AR AR PR 5T o AN
2.2.3 Mo R AR BN AL IR

AR UTIEHLIX 1961—2014 AR I SRAR T 6 B S8 28 40 S 45 R AN &L 7 s, ¥ 8 H ) M-K 5725 40
BRUI(E 7a) ,UF(JEUF5]) A1 UB (P41 Geit it th 27 B 5 X RN SRR 3 A28 05 (1997—1998 45 2009—
2010 4F- 2013—2014 4) ; BAEEF /04725 51 o 728 H B BAEEEMATE 1997 AE 2 A1 2 E A 2R 52
TR LA R TR IV B H TR 1997 SFRTIE 401 T ETb- FREIAR (LI 72 ; Pettitt K2 4015 H AR R VIS
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VT X A7 H AL RS (72) H 0l 78 1988 4E A1 1986 4T R 401 T £ 2/0 Ml /DR £ 48, W
HE TR TR DXV AR H BCRNBE IS (180) H 003 2878 1) — M X 2 RN 2 & B B

——UF UB ---- BKE  —— REUEE ——-off

1961 1971 1981 1991 2001 2011

1961 1971 1981 1991 2001 2011

Q
=}
2
=
<
=
w
ic: Y
=
8

Cumulative anomaly/d

~~~~~~~~~~~~
\\\\\
-
<,

N\, / -
= SRRy N o gErRihy_ AU o —— =

—~—

1961 1971 1981 1991 2001 2011 1961 1971 1981 1991 2001 2011
d d

-1
-3

: : : : : -165 : : : ' :
1961 1971 1981 1991 2001w 2011 1961 1971 1981 1991 2001 2011

A4y Year

BE7 1961—2014 FEEFEH KRR SBAXIEH M-K RERENRREFE
Fig.7 Mann-Kendall mutation test and cumulative anomaly for the time series of extreme temperature relative indices in the south coastal
area during 1961—2014
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Hi X B P2), H AR LA S A v DX 1% 1 H B0 2 A8 I TR] 7E 1980s A | BT Hofh 7 X BB A ( 2) H 3k
ZE7RHT ] 5 (2) ZEXTHEH . 6 AT IX SR FE AR H ACRIVK R H U 28 A8 I [R] Y5 78 1980s , 1111 B 2% H AU H Fiy 28
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T VR b DX, 6 /> DXl A T AL 8 550 1) 28 78 B[] AR 0 3 B vy, JEAR A T 1980s Hf A HAFI 1990s %) 4 ;
(4) HAFEEL . 25+ IR RREE H 80 58 A8 i ) 80— 3, 62 T 1990s FRHET S, A me Ui 2 4 22 H 300 28 A2 i
) B B 67T 19708 oK, Hofth 7 X 3 F5 4L H 2078 1980s H1 1990s K4 T 5878 AER MR LI iAWk K 2
Y GEAR I ] 53350 e A= 7E 1970s AR FN 1980s A7, - oAt DXl AR 4 26 K ZR 0 2 AR I 1] (1980s RIW) |, BRVL RS
WIS B 322 W 58 B AR AE 1970 AFHT S LAS , oA DI 3 & AR 7E 1980s #1545 T 0, 4% X Sldk
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R4 BTRERFSEEEHREED (F)RELES

Table 4 Mutation time and tendency of extreme temperature indices series in the sub-regions

11X X 1 X vV X VIX VI X
R Region | Region 11 Region III Region IV Region V Region VI
Index SEME] % R B AERE EFH SUBRE B SRR B SRR ER
MT TE MT TE MT TE MT TE MT TE MT TE

TX10p 1987 l 1987 L 1987—1988 | 1993—1994 | 1993 L 1997—1998 J
TN10p 1987 i 1987 | 1988 b 1992—1993 | 1993 ! 1988 i
TX90p 1988—1989 1 1996 1 1996 1 1996 1 1995 1 1986 1
TN9Op 1987 1 1986 1 1996 T1996—1997 T 1996—1997 T 1986 1
FDO 1988 l 1988—1989 |  1987—1988 | 1988 } 1987 ! 1980s 4] !
DO 1988 ! 1987 L 1985—1986 |  1985—1986 | 1984 i 1987 !
SuU25 1996—1997 1 1997—1998 1 1996 1 1993 1 1994 1 1996 1
TR20 1993 1 1993 1 1993 1 1995 1 1997 T1993—1994 1
TXx 1996 1 1996 1 1996 1 2000 T 2001—2002" 2002 1
TNx 1996 1 1993 1 1993 T 1999—2000 1 1989 1 1978 1
TXn 1987 1 1987 T 1987—1988 1 1981 T 11985—1986 T 1991—1992 1
TNn 1987 1 1987 1 1987 1 1991 T 1985—1986 1 1986 1
WSDI 1996 T 1993—1994 1 1996 1 1996 { 1993 T 1996—1997 1
CSDI 1981—1982 | 1987 ! 1993 ] 1993 ) 1987 ! 1979 !
GSL 1981 1 1988 T 1988—1989 1 1988 T 1987—1989 T 1977—1978 1
DTR 1983 L 1983—1984 | 1983 i’ 1981 ! 1970 ! 1980 !

MT; 2875 [} i) Mutation time; TE : #435 Tendency;“ T 7 Fm &AL THDBIZHRA,« | " TR EETHZADHRA

Xt T T DX %1 DX R o L i A ) R AR AR A -

FIEEIHT (1 8) . 6 4 FICHPT AT 0 Ol s |
S 48 AR 41 A REIN AR R AETE 1980s FI £

1990s, (0 4 1 3 A0S A4y et 1970 A1 5 S
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SAIRZEEIEMG REHRES HWREZ REAAE, AN, BRAIE H 82040, Hfb B SR is 5 1h]
B PE AT, Hds K2 BEE 5 8] A SRR I T B A5 95% i) i F K50 . Hodh, B BB 18 B 2] |

FAAR B Z [P B IE A O OC R | MV 47 5 MR 48 B i) ) 22 AR OGSC R SR (B B2 TR 4 B IE ARG KRR

F5 1961—2014 F£HERBERHVRIEHNWEFHTSMEF=

Table 5 Factor loadings and explained variances of extreme temperature indices in the coastal area of China during 1961—2014

T4 F 43 Principal components T4 F 143 Principal components
Index 1 2 3 Index 1 2 3
T, 0.98 -0.01 0.07 TXx 0.60 0.41 0.34
TX10p -0.77 0.18 -0.32 TNx 0.77 032 -0.19
TN10p -0.89 0.25 0.26 TXn 0.52 =0.57 0.31
TX90p 0.82 0.45 0.16 TNn 0.68 -0.53 0.03
TN9Op 0.90 0.27 -0.18 WSDI 0.68 0.51 0.12
FDO -0.91 0.19 0.05 CSDI -0.74 0.27 0.31
IDO -0.56 0.60 -0.39 GSL 0.76 -0.17 0.21
Su25 0.79 0.44 0.17 DTR -0.41 0.23 0.85
TR20 0.81 0.20 -0.32 ziif}iii:ﬁmﬁm 57.01 13.51 9.69
F6 1961—2014 EHEGBKIBREHZEHEAXRY
Table 6 Correlation coefficients of température indices in the coastal area of China during 1961—2014

FEHC Index T, TX10p TN10p TX90p TN90p FDO IDO " SU25 TR20 TXx TNx TXn TNn  WSDI CSDI  GSL DTR

T, 1

TX10p -0.80" 1

TN10p -0.87* 075" 1

TX%0p 081" -048" -054" 1

TN9Op 0.88* -0.51" =0.75% 090" 1

FDO -092" 069" 085" -067° -079" 1

DO -061" 059% 054* -032" -033" 062" 1

Su25 081" -0.62" -056% 087" 082" -064" -022 1

TR20 0.78* -0.58" -0.81* 0.65" 08" -062" -0.18 070" 1

TXx 053 -0.50" -034* 066" 053" -038° -0.15 060" 043" 1

TNx 0.67° -045" -0.65* 071" 079° -058" -0.16 063" 069° 067" 1

TXn 048" =057 -049° 021 028" -043" -0.68* 020 031" 028" 025 1

TNn 062" -049" -0.66" 037" 049° -0.67" -0.69* 029" 038" 024 039" 073" 1

WSDI 065" 041" -042* 081" 074" -0.51" -0.17 073" 062 056" 060" 011 026 1

CSDIL -0.68" 058" 082" -042" -0.60" 071" 043" -042" -0.60 -031" -058" -044" -0.54" -028" 1

GSL 076" -0.65" -0.65* 056" 058" -0.86" -0.56" 056" 042° 041" 043" 037" 058" 046" -050" 1

DTR -034" 004 062" -0.11 -048" 048" 005 -0.07 -053* 009 -039° -009 -043* -0.10 057 -020 1

* RN WFK
Xof 2% 5 DX b s il 1 A A8 R EA T T2 R e A AR DG 23 Ar , 45 RN 7 Fs

251 DX g L AR BT R U R Y SRR NN T 4—5 A2 JE], 323 J7 22 TR A E 80% DA, 2
Fie T T ESR . 6 A1 Db sl T 57— 2 o0 e 3T (L (AT (> 0.7 ) M sy 418 e — 3
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(B AT (1 53 ) 27 W s 8 500 H 44 I RAT B i R S8 4 e

P DX AR PR TR T, 5 H 380l S 9 AR S A AR e IR R B 2R A () HAL AR R B R
JEE IARH 0 2 OB R, 5 R S SR SO S A D S B a () H B R R H RO Bk vk R
SEVRAREL, 5 H R A5 IE (B0) AR O ) 2R A e R e (¥ ) FR B (b ) H [ B ke i H 255
AN, AN, B 1 DX, 5 AR R FE KSR 55 A D A 8 R A UL H 022 | H e e
(MR fE B Fr 2 FR AR A 2 EE LA KR A, Rk S8 L A, 2% DXCICH A AR S =l 415 50 I 2 ] )R
KPERIEAS , AR ZHCZ AR SRR i 1 A5 95% 1) B VERL S

®7 BFRESEEBHERS S HFEXESF5ET

Table 7 Statistics for principal component analysis and correlation analysis of temperature indices in the sub-regions

X 3k FRANE ETERR i E Load value IR B Correlation coefficient
Region Num CVC/%  1>0.7 L<-0.7 IL1<0.5 r>0.7 r<=0.7 | r'1<0.3"
X TN9Op . FDO TN10p TN9Op . DO DO,

5 84.71 DTR . TXx . TX DTR . TX
Region 1 TX90p TX10p R ) ) TN10p . TX10p A
I TN9Op.GSL.  TN10p .FDO, TN9Op\GSL. | FDOYTN10p.,

4 82.43 DTR . TXx.TX DTR . TXn.TX
Region II TR20.TX90p  TX10p.CSDI ST Tx90p TR20T TX10p AN

X S
s . s10p  TNO0P.SU2S. TNIOp.FDO,  DIR.TXx, INOORSSU2S ., FDOINIOp, o
Region 111 TR20.GSL TX10p.CSDI  WSDI GSL.TR20 IX10p
vV X TNI0p.FDO,  DTR<WSDI, . TN9Op.TR20, TN10p .FDO. WSDI.DTR,
K 5 84.08  TN9Op .TR20 U o P -
Region IV TX10p TXx SU25 TX10p TXn,IDO GSL
VIX TN9Op . TNx , DIR GSL{  TN9Op.SU25. DTR.GSL.
4. TN10p . TX1 TN10p . TX1

Region V > BR03 ixoop suas  TNIOPTXIOR 6 TX90p NIOp TXI0p 1y 100
VI X TN9Op . TX90p , GSL.DTR,  TN9Op .TX90p. GSL.IDO,

5 81.22 TN10 TN10
Region VI TNx .SU25.TR20" DO TXn SU25 . TR20 P DTR . TXn

Num: FJ855 144 Number of extracted principal componefits;GVC; 75 2% BTRA# Cumulative variance contribution; L: i {H Load value in the first
principal componen;r # ¥ S MR 15 80 5 H ¥R Z [T HHSE 5 FL Correlation coefficient between extreme temperature indices and daily average
temperature ;' ; F 3 S TR EU 2 (B A 5& R Correlation coefficient of the extreme temperature indices between each other; * 183 B 548405 HAth$8
B A AT 2 SR A HE BN B A BB S0% L L, 4% BITAK BT SR BB R /N 22 25 A K Uk

X DX CHG T X IR K0S i (M%) IR AEAT F2 0 20 AT A DG A i 25 2R 15 E a2
SR —E, RIPEERE — F2 0o 2 9 B ol A8 8 2 B2 B s (1) H 80 AR H O B 5 H B R R 4K
AR B () HRCFRVR HRORIVE 15252 HBCAE Ve 48 0, 1ol 23007 1) i 802 1 1140 A S Pt 5 5 A1 281 19 6 2 2
B FBCE | F e R AR (M) (E M52 HBCR AR R RS BT H ds (M%) A2 i %
FR R A PR 55 , L5 A Sl 18 R0 ] R AR S Pt s

3 i

TR T F [ TR ML IX 1961—2014 AR o il SRR A AR B9, 45 Hh DL R 468

(1) T TV v i IX R - DX bl o A 3 i 504 28 b 4 — 350 A i B 8 B St b T A v R HCR <R H
e R NG S RFR B AR BT ) R B K TR T8 B AR PR ) e, 4% DX SR g A A X A
FRBC A (BB) Hrse H A 2R S (A2 0T, 7R H B0 vkods B 8L R <R 322 1) 2 A H49 (L B iR vk
W, 52 AR, 52 H A IR H B AR R AR AR (B A8 B A S AR K 2K B ) 22 AR S UL 2 RS

(2) &7 IR o SRR B F2 R AR AR, AR BR8] 32 R B F 2—8 a Z 0], ¥ 700 18 35 1 AR AR PR 72
R AT X R S IR AE B 28 T R AR TE 1980s F1 1990s 1 [1] | ¥4 18 BIORMAR AR (5L 45 £k £ 2 75 Fisf i) i
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(3) RGP Href RS — FE 3 e AT 98 (I ) 45 B0 B 4G B fe e (1) ORI A B i f8 7R
P, ENTZ AR M AR RS AT A HE KO0 H 33 R H e () IR B /s YA B8 | 55 H AR
BRI g A E DL EPS SR SE

L5 LTI o FE i M DR e R S OB B W =t 15 X ) A8 (R S5 — 25 s T Y T M DX e
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