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Abstract

To further study the spatial and temporal evolution characteristics of extreme temperature events
in Northeastern China, this paper used the ground climate daily temperature data downloaded
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from the China Meteorological Data Network, and checked the continuity and reliability of the data
information in the study area by interpolating the missing measurement data. Eight extreme tem-
perature indices were selected to analyze in Northeastern China from 1971 to 2020. The spati-
otemporal evolution characteristics of extreme temperature events were analyzed by using linear
trend, Mann-Kendall test, sliding t test, wavelet analysis and inverse distance weighted interpola-
tion in the last 50 years. The results showed that: 1) The probability of extreme high temperature
events increased and the probability of extreme low temperature events decreased in Northeas-
tern China in the past 50 years; 2) Among the eight extreme temperature indices, only the number
of frost days had a sudden change in 1988; 3) The significant interannual oscillations of the eight
extreme temperature indices were between 0 and 11 years, and there were 1~2 main cycles. The
main periods of most extreme temperature indices were 13~14 years or 18~19 years; 4) Most of
the extreme high temperature events occurred in the south, most of the extreme low temperature
events occurred in the north, and the temperature in the south was higher than that in the north.
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1. 51§

AR ARG W AL W, A et TR D Wl iy = A v ) — o B 0 2R AE A TR S A R A
Y2 s R T BRI . ZRAUH DX AR 3R S — O i b, Ak M & Frf NI SRR —[1].
SR AR, ZRAHE X 5 i il 5 W o Jt B AR, 497 4 2018 43 7248 HA I B i v O P R <55
SR ZRAHE X Rl A = AN RAE VS #A1 ok T B RS

HAT, oA bty il B ST T K= FL. G, Devesh 855 22 [ 5 334 ity il 55 4 1
ST Z R X B H H SRR H AR E 10, ¥4 H HECRA R H 208 980 [2]; Manton S5 75 5 W &
B AT EEHBIX I8 R B, JLRE HRIBE R H B 23k sy, A R4 H B $ 298/ #a34(3]; Peterson
ORI 1961~2003 4 H S P Hh X R f i B AR IR 23 e 35, Wi s iR 2 T REE A 4], EWEE T,
X 4 I PR B 3R B A e e S DXAURE B R B, HBRIRRR B LB Atair 2 T A5
MELHE R DN Z T H X 1 iR e A TS RIRIEECE TR A6], 25 BTE HE P A i i 5
AR 2 O .

FRACHL X ARME A 72 5 2 R 22 55 R R AN AR = AR BB A OE,  WRR B AR 2 4h 24 b B R R
N BRAE P2 AR TG 7 SR — 58 B 2R,  DRTIOGT 2= b DX 1 Wl iy T S A7 B 25 0 A1 SR ARARRAE 20 BT, BB A%
NEIEE X IR K, DR R R ZR AL X 45 A/ ok R SRR A — 2 AT B MA@ U
PSR TERE, IR H R FI0I ASR JL ZR b b DX R o e AR B 34 R ] 6 R 2R 1 ¢ I T 7 T o

A — 3 S AR AL X AR I P S AT TR AT, T, (R WERESE F B At S A AT IR 7 R IS
EARAG . A KBS TaEREE 4 AN J7 TN 1961~2013 45 4R JbHh X Bl il B gEAT 0 90, R I AR
JEb X AFEH0R N, BEIREON N, 450K H %, B HERMRE B B 308 A6 A8 b X I8 10 R b we Ak,
BE P8 A IR B AN K, A e BB RS K S50/ 7] RS IR 8 A Hlut R E FiR £ 1961~2013
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S 2R A DR i FBE S 1 2 A% R S AR AT A, AR AL M DX VG P 0 5 A P W et A, BT
Oy RAERIARIRF (8] RAETER M MR E TV ERaA L, BT T 1960~2014 45 A< Jbith X A <,
IS TA) AR AL 55 23 [ ) AR AL, 75 AR B3 X A 210 H AR AR ) R BAEAS BTG I, ¥ H A B R AE A
sk >S5 ER[0]. ASCATE AT AR ARG X HIWFTT, TR T 8 Wi SEAR AL, 45 & Zehia sy 7
Hrv Mann-Kendall f&:%:. 30 t 56 DB HOAACH IO 5 RAF A AR AT
JrAT, PP B RS IS P T 3200 22 TR 3 A RFAEREAT 70 o

2. WX

AT AR AL X 45 3 M AL T HARE . BRILE), Hi AW, ZEEHKKT R,
WRRETEEMRGZ —, LR KE KOKEE, PEfs™ . K. JEE, Faalae™ oK. AKCREE,
FEAOV R i A R[] ARACHLIX B R LB IRIEL T . ity 5O, AFM I ERVE, &
AR R, PUFE0 . AT RS IR, B2 SR, EFERE Y,
BEKAENR 2R PR T, KFRUER TR, BEZ, MRRTNEK, WK, WgEk, B
REK, 2REETRZMIX, 070 RE R EZEIX[9] [10] [11].

3. BEEG*®
3.1 BuEFHEE

ST LR v SR B BRI L [ S BRI BRI S
HAR X AR B X 1971~2020 43 50 4F 72w HAGR A EE (K 1), B2 H PR BH &
A B H BARTIREE . VAT e B BRI AT TR, R ERIE AT TN, DAORAE
Hm A Rk eI TT SEME .
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Figure 1. Distribution of selected stations in Northeastern China
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3.2. HuimBEEIEHLER

AR RHRGE T W H BSIEA B BEKESE T EAE T 27 MRS EEEL FH9RE STARDEX
THRIFETE s S Ak A AT R O e A, B B ESR . A (RS 5 [12] . A SCHRHE I 78 X P45 i
BRI T BB RENER 8 MR RIRFE S, BARNEE 1 R, HAPMEXTEEE 4 4, faxiEEE 21,
R 80h 2 4.

Table 1. Definition of extreme temperature index
2 1. RumREIEHENX

Byt 45 TEH PR (FAL) TE X
TX90p g E H%i(d) H & e > 90% 748t H %k
TN9Op M7 H %(d) H R ARIE > 90%7 o7 18 1) H 4L
ViERSEE )
TX10p “EHE(d) H i iE < 1095 Ae it H %
TN10p AR () H %R < 10%7- 15 1 5 %k
M <R 84 .
SU25 =2 H H%(d) Hikmis > 25 CRIH%
EILRIE =R/
FDO FEVRHE(d) HEARIE <0 CHIH %
A WSDI R H#F2E: H#(d) ES 6 HEmiR > 90% 21 {8 H #
o csDl W A B8 (d) MEE 6 HIRAGIR < 10%5-frff H %

3.3. EV3LMEH T
AR CIE 2R M 8] VA 75 VR (6] 1T SR AR i iR B 8 5 B 6 ) 3R IR 5 A o0 R AT B E AL, T HE LA 1]

FeoIRAE A, Hrh e R R0
X, =a+bt (i=12,-,n) €))

X, BEAECY n, AN AURIBECR R x , XNE G, BIEE S e, BHRHD, Kb > 044
KA AP BZ SRR R BT, b<0 R T3], a fl b Wit EARN:

Srxt - (Zhx) ()

Zinzltiz - %(Zin:lti )2 @
a=X-bt
Horpr,
Yzﬁgxi,t_=%gti (3)
R ZRHEL r:

no licn ' 2
e :

Zizl i _H(Zi:l i)

3.4. Mann-Kendall 28Z5#16

Mann-Kendall A8 K 30141 & —FhAESHUR IR 1k, MGt B FRR RS, S, & n MEAR
I FRA x X KT X, (1< ] <i)RIRBEL kOOFEAR%CR, Jib
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=N
>

)f%‘

i
Sk:_zk:ri(lsk£n) (5)
BRI, S, (BSE AT 2 5 A
E(S,)=k(k+1)/4 (6)
Var (S, ) =k(k-1)(2k+5)/72 O]

¥ S, AnitELAS
UF, =(S, ~E(S,))/\Var(S,) .k=1,2,n ®

UFR 2 IEFE T A (X, X0, X, ) THEH I Ge ik &, Pl 7 B 18] 5 81 (X, X, %) FRAR B Gt &
UF (k=n,n-1---1), [FEREUB, =-UF . —M&H 0.05 BEMKF, MAIKFEU, . =+1.96, ¥ UF,
UB. #1.96 iX 4 25224 F—ik B, 2 UF >0, NI LF#Ea%; UF<O0f N, #AHH+£1.96 B
Zm LN FR A A B3 45 UF 1 UB A2 s HAEIG SHE A, WIAZ 55 57 X6 N A AR bR S T AR 4F
£3[15].
3.5. BB t IRTHLE

WA IR [16] I FE A AR R I — SR A R R B R A LR ZE R B R AP SR EE
TR 2 B I RAS I o X FREARE N n BIRHEN 51 x, NS E R — I 2 0 uE &, SEvE s i )G 2
TFREHIN xy Al xo FIREAS B2 58 0y A ng, BT REAIFIME D HIA X I X, » T ZES RN sE flss o & X
Gt E[17]:

t= yl _72 (9)

¥

2 2
so NS +NS, (10)
n.n,—-2

FRME Y =n, 0, -2 900 478 BEWAT o . BT tABIETEL, . 5[5 >t, . W
DCHTEBEE S 2B T 5, KRR BN T B TP SIS 2 518

B MK R0 B i (B Sy T R 7E— 23523, BRSO & TR AU KA 5 1N R i
LRGN, BRI SR B A
3.6. KSR

AN HIB]RTE Fourier AMHRRl b AR K 19— Fi BT MO BUR BBAL 00T, Sh7E T3 A2 — 72
SR N F R o (1)

o 0=l o[ 22) @

a

X, abeR, a=0, g, WAON/NEEGES NI a AREGNET, 728 E Ua 0bpi 145
Ko b AMECFE)ET, B ERTR. 41 (1)el?(R), E5MNEEN:

W, (a,b) = |a|’“/2 j: f (t)a(%jdt (12)
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Kot W, (a,b) A () ZEA T (@, bR /NSRS REL. N I 2 B0 7407 T LU £ (t) e
SR I E R 28 LR PE[19]

AR CIE AN T I 77 5 4 35 SRR F B ST AL, 3 o D 0 P 4044 B 55 S 1L
N A PR N AR R O S DR A S 0 T 3

3.7. REEEMEE

I ArcGIS [0 &l i &1 i Uik B2 48 Bk 47 S BE B9 INASLAd {6 1IDW (Inverse Distance Weighting),
AT LAAS H 2R bt DX A ol B B 25 R 4 A P, e A ol 2 0 2 T A S B AR f e

4. PRum FEHE BT 22 53 T E
4.1. BHEIFFFIREALAHE

2 NARIEHIIX 50 4EPY 8 ANl B AR BN AR B AR . FTLLE H, AR SR, BEA H 3L
TX90p F1A%E A H % TN9Op 435 LA 0.1777 d/10a Al 0.2928 d/10a [ R & ETF#a3AA84k, B H% TX10p
FIYA % H % TN1O0p 737 LA 0.1667 d/10a A1 0.3163 d/10a fidi 5 5 T Fka A tk, gaxnt4soh, EHH%E
SU25 L) 0.3249 d/10a % 2 FFHE A4k, VR H% FDO L, 0.2878 d/10a 1% 2 T A1k +F
Zfadh, B2 HRRZE H #WSDI L 0.0882 d/10a fid 8 & F A AR, ¥ H #5742 H %t CSDI L1 0.0868 d/10a
(R 2 5 T pE a3 AR k. 45 B AT4E, BEFEE(SU25. TX90p. TN9Op. WSDI)H & b Fhi#ash, 44 (FDO.
TX10p. TN10p. WSDI)4 2 T [, 3B AR Jbtth DX AR i eyl =41 o A R 38 o, Wl o (EGR 42 AR A
B, RACAEIEHTARRE, SRS

WAL R MG E FoRE, R IEE TNOOp F1 TN10p A8 16 i# 2 4354 0.2928 d/10a F1-0.3136 d/10a, A&
Fe % TX90p 1 TX10p HIARAk I #4354 0.1777 d/10a F1-0.1667 d/10a, B[ AJ %014 5 K A8 AL ik R g kT
BIREL BRI X R AR S T A BT . 468 2 FREWKCHREE AT UAFH, 8 Mk
FEFa PR @I o = 0.01 [ R EMARLS, IR AN T E .

35 30
(a)TX90p y=0.1777x- 33845 (b)TNSOp y=0.2928x - 568.11
R?=0.2182 R?=0.5691

P=0.0006 5 P=2.5e-10

£ | O A A e

. | [
s o A Lk
o

10 e

5

0
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(c)TX10p y=-0.1667x + 348.84
R? = 0.2047 35
Ny P=0.00097

d)TN10p y=-0.3163x + 647.4
L R?=0.445

P=1.22e-7
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(e)su25
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Figure 2. Linear trend of extreme temperature index in Northeastern China from 1971 to 2020
2.1971~2020 FF R AL X iR R Bk M Ha T

Table 2. Trend rate per 10a and significance of extreme temperature index in Northeastern China during 1971 to 2020
= 2.1971~2020 F R L X iRimiRE IR 10a e R R BE 4

EiFE1 SU25 (d) TX90p (d)  TN9Op (d) WSDI (d) FDO (d) TX10p (d)  TN10p (d) CSDI (d)

10a i [ % 0.3249™ 0.1777™ 0.2928™ 0.0882" -0.2878" -0.1667" -0.3163" -0.0868™

4.2. BYEIFF3SRAEHHIE

K 3 Mt R RN M-K BRI mTLVE H, & 3(a)HBEE HEL TX90p —H 2 LIH#EH, I
M 1998 LEFFAA L ETE: 14 3(b) R H % TNOOp — BL 5L ETH#%s, 7F 1981~1985 48] F1 1988 4 )5 i &
EFts 1 3(c)HAE HE TX10p 7E 1971~1988 4 [A A2 FTH#aHA, M 1989 FEF4A TF%, JFA 2003 4
TR TR B 3(d) W R HEL TNIOP AMilAEp AR s, Sk E 2 TR, M 1990
TR TR 18 3(e)hE HHE SU25 BRANAIFED A RE FEEist, REZHFEN 2 ETHES, Jf
M 2000 SEFF4E E TR R, K 3(F)H A% H % FDO 78 1971-1981 “E| A &35 B, 1981 4F 5 —H 2 N4
%, R 1992 FEIF IR R E M T 5] 3(0)HBE HEFSE: H 4 WSDI 7£ 1971~1981 4 B AN B35 T FE#ass,
1982~1996 4F4F 0 ZIfELk b i, H 1997 2 J5—HE LT, M 2001 FFF45EE -7k Kl 3(h)
WA H RS H 4L CSDI 7 1976~1981 FEA R FTF, SAckE R TREEH, I 1994 FFH 0 N R

22 FRTR, A M-K G560 47 o il 3B 15 % SU25. TX90P. TNOOP. WSDI #4k & FTh#ass, 453
FDO. TX10P. TN1OP. CSDI EAFEAMES ETt, (HEARIE R 2T REES, X U6 R ST 1 K
A BT, IR SR R A T R, ARACH RIS A AURARRE .

ShE I 3 M 4 XFECH M-K KSR FNTE Bl t A e 3L [F] 1) SRR A W3 3 s, WTLAEH, RAREGH
) FDO f77E — WA WAL [ 2B 4Ry, v 1988 4, AR RAFEE N B AL [F JRALE,
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Figure 3. M-K test of extreme temperature index in Northeastern China from 1971 to 2020
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Figure 4. Sliding t test of extreme temperature index in Northeastern China from 1971 to 2020
[ 4. 1971~2020 F R AL X R uHRE TSR t 116
DOI: 10.12677/gser.2021.103031 266 AL


https://doi.org/10.12677/gser.2021.103031

IREEBE, il

Table 3. Comparison between M-K test and sliding t test of extreme temperature index in Northeastern China from 1971 to 2020
= 3.1971~2020 F R A X tRimR E R A M-K 1IGFIBE) t RIEXTEE

R M-K K56 FE A 4E THE) t R R AR RAA
TX90p 1989~1991 1982, 1983. 1995. 1996. 2013. 2014 7
TN9Op 1989 1996. 2012~2014 7x
TX10p 1997. 1999 1987. 1988. 2002. 2008. 2013 7
TN10p 1987 1980. 1981. 1987. 2002. 2003. 2008 7
Su25 1995 1982. 1993 7
FDO 1988 1980. 1987. 1988 1988
wsDI 1993 1995~1997. 2001. 2010 G
CsDI 1985. 2014. 2015 2010, 2011 7

4.3. EEIFF5 B RAFHIE

B SRR IR, PIASTN S T BA K2 B0M (5] 32 5 31 SU25 /N 73 i ] 5. 18] 5(a) B
T PSR RO HE LR, HELR DLR 16 8 IR AR EANE e v, PTG A 23 O~7 4R IR IR B iR T R AL 5
S5(b)H ] LAE A 18~19 4FR 1) 3 HH. [RIEE, X IRl Rt SoiUs Bt b, 452 4 By
N, EIREGRHEIE 0~1L F N, A 1~2 A FAIHEE, HrA e H 4 TN9Op A& H H % su25 733
AHIR], 9 18~19 4[], ¥4 45 H % TX10p F1#4 H #¢4E H %4 CSDI == A BAAHIA], 4 13~14 47 [a], A1 H %1 TX90p
FIRE HRF4E H %t WSDI 3 B ARG .

(a) BT (b) /At
M : = P
= )
4 e - - A A
5 = g |\
58 g8
E = |
16 16 = >
ol
32 T, 32 ~
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FE4 Th# (1/s?)

Figure 5. Wavelet analysis of extreme temperature index of SU25 in Northeastern China from 1971 to 2020
[ 5. 1971~2020 5 ZR AL #R iR E e 5 SU25 H/E R

Table 4. Periodic results of wavelet analysis of extreme temperature index in Northeastern China from 1971 to 2020
= 4.1971~2020 FE R AARImRE IR BUIE ST EILER

fa % B R G RFE /A EAWa
TX90p 0~5 10~11
TN9Op 0~5 18~19
TX10p 0-5 13-14
TN10p 0-5 27~28
SU25 0~4. 5~7 18~19
FDO 0~6 32
WSDI 0~11 9~10
CcSDI 0~7 13~14, 25-26
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4.4, 2B TR4FAE

6 J& AR AL X T 50 A B i ils B SR A S Rl o A . RTRUE H, AR Ao, BEA H %k TX90p
(& 6(a)). BER H % TN9Op (& 6(b)) ¥4 H %k TX10p (& 6(c))F174 % H % TN10p (& 6(d)) =5 18] 23 A
ZRMAK, BEIAT 15~17 d (1], Zaxtfadid, 2 HH%SU25 (& 6(e)) A PiF ) 123.41 d 171 %Rk
BTk B 42.38 d; % H AL FDO (& 6(f)5 SU25 2Bk, H IR 106.42 d 7 Z= L2 #i 1
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Figure 6. Spatial distribution of extreme temperature index in Northeastern China from 1971 to 2020
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