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Abstract
Changchun, the warming characteristics of temperature in Changchun over the recent 100 years were evaluated and the

Based on the homogenized daily maximum and minimum temperature records during 1909-2021 in

contribution rate of urbanization impact was quantified, the multi-scale variation characteristics of 16 extreme temperature
indices were revealed, and then the relationship between extreme temperature indices on different scales and Pacific
Decadal Oscillation (PDO) and Atlantic Multidecadal Oscillation (AMO) was further discussed. The results showed that
warm indices (SU25, TX90p, TN90p, and WSDI) showed upward trends in fluctuation; while cold indices (FDO, TX10p,
TN10p, and CSDI) showed downward trends in fluctuation in recent 113 years. Trends of all indices were at 0.01 or 0.05
significance level, except for SU25, WSDI, and TX90p. The extreme temperature indices in Changchun revealed periodic
changes at different scales, which are mainly determined by the first two intrinsic mode functions and the residual signal.
Most extreme temperature indices have a 3-year or quasi-3-year main time scale revealing the interannual variations and a
quasi-6-year time cycle dominating by decadal variations. Few indices are with significant longer time scales, such as
quasi-31-year in SU2S5, reflecting the characteristics of multi-decadal variability. In the original signal and multi-decade
variation, most warm indices (SU25, TX90p, TXx, and WSDI) were significantly negatively correlated with PDO in the
same period but significantly positively correlated with AMO. It indicated there are obvious in-phase relationships
between warm indices and AMO, revealing the significant modulating effect of AMO on interannual and multi-decade
variations on extreme warm indices, but out-phase relationships between them and PDO. While, the situation is opposite

for cold indices.

28 &
Vol. 28

Keywords Homogenization, Extreme temperature, Ensemble Empirical Mode Decomposition (EEMD), Multi-scale
temporal variation characteristics, Century-scale, Changchun City
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XIS, WomeiE. AR, JEF . ambfK
GHpHESEW, B2 PRSI R RGN .
HEASREAEE RS (2021) EoRFKE R 4ER
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F2 1909 ~ 2021 FRETRHSBIEHFRRES L EEE L EEMD 5BHENE (C1-C5) X% ZE (RES) 5FRBES
HIEXEHEREFERBE . ESENTHEZEH

Table2 Linear trends of extreme temperature index original signal, correlation coefficients and variance contribution
rates between the components (C1-C5) based on EEMD and residual (RES) and original signal, and average oscillation
periods of C1—CS in Changchun during 1909-2021

5 RIRE 5 IR R AL J5 TR V1152 A Wl/a
e T iﬁggm Cl c2 C3 C4 C5 RES Cl C2 C3 C4 Cs RES Cl C2 C3 (4 Cs
SuU25 3.88d/100a 0.73%% 046** 044** 042** 0.04 026  53.57% 13.56% 4.51% 1551% 295% 991% 28 53 11.7 263* 525
TXx —1.78°C/100a**  0.76** 047 028 025 035 034** 59.66% 18.54% 6.00% 2.14% 3.65% 1002% 2.8 62 13.1 21 525
TX%p  044d100a 0.76%* 0.58** 034 025 032 004  50.54% 1897% 4.62% 4.80% 14.52% 6.55%  2.9* 58 105 21 105.0%*
TN9Op  2332d/100a**  025%* 035* 023 029 039 092* 749% 333% 106% 234% 090% 84.88% 2.8 58 17.5 350%* 52.5*
WSDI 1.56d/100a 0.74** 044** 036 017 027 029  6029% 20.11% 420% 328% 4.55% 757% 3.1* 66 13.1 263 525
FDO —3706d/100a**  042** 0.17%* 0.09** 02 0.11 0.84** 1874% 447% 126% 222% 136% 71.96% 3.0* 62 13.1 350% 105

TNn 6.95°C/100 a** 0.6 037 033 029 018 0.64** 3851% 1039% 724% 2.73% 198% 39.14% 29* 55 11.7 263 525
TX10p  —586d/100a** 0.6 04 044 024 01 047** 3757% 138% 852% 449% 3.19% 3244% 3.1* 55 13.1 35 105.0*
TNI10p  —2682d/100a**  021** 0.19%* 029** 0.11 —046 091 808% 129% 228% 1.02% 144% 85.88% 3.0* 58 11.7 263  105.0%*
CSDI —3026d/100a**  045** 028 035 034 035 0.72%* 3499% 844% 1126% 203% 2.14% 41.14% 3.0* 62 11.7 263 525

i FFRORTEO IR B, *RIRTE0.01H)/KF R,

. BRI B S EGE S I KRB I TT ETT w— SN B A % R, Ul 2019~ 2021 4
BRRAS BT B AN, BIARRE, BREEL TX90p M b7t oh 4 7 HAB AR ki s . TX10p
PAETHESA T, RREINLL TSN (B 2). (2e). TN10p (26 [ARLLIEEE KT TX90p
KRBT (K 2), 1909~2021 FKHF (B 2g) 1 TN90p (& 2h), X5iKHLZE (2006)
FDO. TX10p. TN10p. TXx FICSDI 4%-37.06d/ 43 #T i 1957~2000 FEPLBH X A H « A& KA
100a. —5.86d/100a. —26.82d/100a. —1.78°C/100 a M P KT B H FHBR AR R 45 18— 2
H1=30.26 d/100 a )2 & T FFEH (p<0.01); 1 5T EEMD 7315 2| K % RES (& 2),
TN9Op A TNn U 73 5 2 23.32 d/100 av Fl 6.95°C/  FREL T JE4GHT A7 5E R ERER B AR, B
100 a {42 3% b JH#&%4; SU25. TX90p Al WSDI £ HHEM. BAKRE, RES KA LA SL
FIHEAREZ RS, 558 3.88d/100a. 044 d/ RIS HEAIEAR T, (H RES ¥ HEE S R H
100 a A1 1.56 d/100 a. DA F25 SRR #himd FH4F P v 18 B AR R AE . T SU25 £E 1969 4 Z 1l &
BT, tomiEEIS S, FEeRERE ST TR, 1969 FHIMAE, ZJEHKRN EFE
Wiy i A AR AL RFALE #, HEW ETHEAR T A T REEs, i
3 B i e O AR A B 5 T N I AL 4 e B SU25 “JelbEEFT B U MARHE; HAE
CRZERXHE T, 2011; Z20E55, 2015; J&I e 52 4%, 20 42 20 AR 40 AR, 21 LY ZS5 W
2015; /5 4%, 2017; Qian et al., 2019; J& ik 75 Ak M SU25 M R# s 2, HFEm# (E 2a).
B, 2021 WEA—, (NEEMEEARZER. Bt WSDILE 1962 ZHi & FFEH, 2 EE FARE
TXx M5 (B 2k), 1909~2021 FEKFEMNE-1.78°C/  #a¥h, LF-RKGITARTH TR 2 5, UiHRRR
100 a 132 3% R RFE%, 5 Yuetal (20200 KF SHHECCA R e R 2T BIRHE, Hik
7 1909~2018 £—2.10°C/100 a [ ZEfL e I A — )38 hn i B R T SR D R AR (B 2. Btk A]
Fro AR B 1909~2021 4F TX90p LL 0.44d/100 a O, AR SRR ARE R B AR R, AN R AR 2
EEIEI (K 2g), X5 Yuetal. (20200 1909~ I H BN W S 1 22 AR AR PR AR AL ARFAE
2018 FKF 1 TX90p LL—-0.9d/100 a [ fa%h T B &5 3.3 HumSIBEHZRETK
WA, B E R 1909~2018 4E TX90p & T SR AN ) R v SR TR bR 2 R AR
—0.71d/100 a [ F F£ %, 5 Yuetal (20200 &5 FHIE, X SRR GRS 5 5 70 E A R I #1742
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ot (R2). HTFREBEFIRAES, BAH
AHOCAE, 21 75 I 8] P 51 15 AH D¢ R EBE V% )5 N [R]
BRI, BAHK RECER A AR (A
HHEE) BN N TR S RETR bR R MG E 55 %5
BN, ERTHE T S IRERR R85 5 A
Ao &G —Hr BHHK RE, SR5 A Bretherton
etal. (1999) HRHEHEMAN, THEERMEER
RGBS S B TA rERA R EBE, Fit—2
THEFIGE 55 &0 2 1 R R A G R 8. it
X E AR5 5 &5 A AH HECSRE ARV E, 15
FRAWE A HEE, FHoR 5 AR R R AR A
REAHLE S, WKW ¢ K50 X A OC R 2 3 kAT
FIW . SRR Cl 5RGE S 1A &R,
Kk TNn I TX10p 4, HABFEEAE 0.01 /K H3E
MK, Hd TX90p Ml TXx # % R m ik
0.76. F& TXx. TNn. TXI10p fil CSDI 4b, HAh#E
br C2 5JRIH(E S 7NYTE 0.01 KF B3 IEM K.
C3. C4. C5 5JRIHE 5 5 E MRS EZ
s K& AR U, BT A R R R
(SU25. TN10p. WSDI F&4k) ) RES 35 J5i 4
G RREIEMIS, HP TNOOp [ HH % & HUA
0.92. SAKE, ZEumIRELWN C1. C2 M
RES 5 JF 4615 5 FIAH G808, 30 B =& X T 1)

\ T
—4t A —
(a) SU25
78 1
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N
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AE R P A2
A
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e R R RO R
A
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\
—4 N
_g (9) TN9Op . ‘
0 i T ‘
N
74 - *
s (i) WSDI . ‘
2 4 6 8
S35 A 393 i ok B

— 0.01EFAKPLE — 0.1 ERFKPLR

Ui R PR B AR AR EEAE R, X 5HAEZ R
FEBAEFIEAR ) & (FRIEEE, 2019),

N B R URE 5 T ZE TR RS, A
L ETE SRR AR AR S w0 5 2 TTHR R B B L
A8 N H RN (£ 2). ZHEEHK C1 o &xt
JRI6 15 5 17 Z TR R i K, X SU25. TX90p.
TXx 1 WSDI )77 Z st Bk 2l 50%, % WSDI
(15 25 STmk R T H Ik 60.29%. F& SU25. TN10p
A1 CSDI 4k, HAth35 % C2 4 & Xt B4R 1S 5 17 2
TTRAR T2 Cl. C3-C5 3 Exd T4 K 2 Bl
I SR TR T Z TR AE 10% LR, 5 C1 4y
B ETBREZE MRS, YIS C3-C5
St HRIA(E 5 DTk E N . FDO. TN10p. TN9Op-.
TNn #1 CSDI 1 RES {77 Z ST Bk AT 39.14%~
85.88% . [H], ¥JKTHXF R[] C1 W77 2 DTk %,
A TN10p A1 TNOOp 1) /7 2 01 Bk %1 85% i 47,
Ut B RES X R 4515 5 i 2 7 i F Z R oTk . ik —
B ait, KILE SR Z BRI TR (FDO.
TX10p. TX90p. TN90p. TNn. TXx. WSDI) A&
PEIEZETTERE C1. C2 Al RES JLH e, X5
AT R A — 2

tT7£ EEMD 7 il i B R 51N T E RS, W]
HEIT M AR ST AT B A, TTTZR

(f) TX10p

4l N

(h) TN10p

747 N
) CSDI ‘ ‘
2 4 6 8
S8 A R 0 4
* C1 * C2 * C3 C4 * C5

E3 1909~2021 F£KZFT (a) SU25. (b) FDO. (¢) TXx. (d) TNn. (e) TX90p. (f) TX10p. (g) TN9Op. (h) TN10p. (i) WSDI.

(j> CSDI #4114 EEMD 4 fi#tif] C1-C5 1) %3 M 56

Fig. 3  Significance test results for C1—C5 of normalized extreme temperature indices series (a) SU25, (b) FDO, (c) TXx, (d) TNn, (e) TX90p,
(f) TX10p, (g) TN9O0p, (h) TN10p, (i) WSDI, and (j) CSDI based on EEMD in Changchun during 1909-2021
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HENTEREE. T RIS &
S BB S, i A s R A 0 4 A
AW A mIENE, FEXT AT B AR
TEF RN, RIS, BA A,
RS, [FE, BEMD #2578 ERINVE
JFAE MR, B, X% A A
AW T REAEAE R . B 3 & m IR FE L
oy RE R B R A A, AR E RS b
TR EAA IR RS PRI, EREEIT A
11, RIS, BN, &6% 2 E 3,
¥ C1A C2 MUNERRAE R, C3 F C4 W AR
A, C5MINZEAABREZ . 7 A il F5 %L
( FDO. TXI10p. TNI10p. TX90p. TNn. WSDI
A1 CSDD) Cl 4877 0.1 BfEK P&z b, Ui
FOXF R AE 3 N E R G I, B 2
T El Nino—Fd J7 48 W Al RERZ i . IX 5 AF 42 5%
(2017) 43 M1 1961~2015 4E 75 M4 W o < iim 4
1) 3 a BAE 3 FA A — 2. BT A mtE £k
) C2 F1 C3 &I/ 0.1 FEFXEILLR, Wi
#E64FE. 105a. 11.7af 13.1 aEAMESG AR
=, IR RO ) e K E R SR A i R R
DL RS 2395 SU25. TN9Op. TX90p. TNn 1
CSDI ) C3 73 &1 AL 5K FH BT iEBhH) 11 a
W& . 34540 (FDO. SU25. TN9Op)

1) C4 7 &5 4E 0.1 KBS /K B, Hrd TN9Op
£ 0.01 BEX A F, REH35a 0 E RS, H
HAMFEEAE 21 av 26.3 a A1 35 a AL W B =
WS ; TN10p Al TXx i C4 43 & F {1 iz
22 aff) “W/REE”. FDO. TX10p. TNI10p Fl
TX90p [¥) C5 4y B 5 105 a [ & WA 454, H
NEFEN (FDO BRAN, 1X 5 K PHTE sh it a0 )R
Bt AAh 6 NMEEE 52.5 a (A AL RFAE .
SAEKRE, KI5 R R T B A bR R B2 A
#E 3 SR 6 MRS AN NE, FERFRE L2
S 114E. 21 av 26.3 a M1 35 a i A A HEAR 1L,
ZERPR N LA 105 a A1 52.5 a {9 JIE 2% 4
th, HZHIEEANE 3 F. 35af1105a 5
EPEE AW
3.4 WIHSIBEHS PDO. AMO HIEER

PDO Fl AMO X} T 4 Bk Al [X 38 < I 16 4 AR b
A EEFZ, 45T PDO M AMO ¥ BE A7 A
AN [ C B I B AR o SR e B A AR REAE , X T
P 1 XIS A AR BR A8 2R TR () M B A B i
B I X 1909~ 2021 4 PDO 1 AMO 8 % i 1T
EEMD 73 i, 153 2|J54615 5 & & 7> & C1-C5 i
SiRFEES PDO. AMO HIRIH A& %L, Fexd HakiT
BEVEACHFRLE (2 3), WU EERA R R
FE B SR TEES PDO. AMO HIBE R . B 4 DL

F3 1909~ 2021 EKEFTHRHRBIEHE X FFEFERBRIRS ( Pacific Decadal Oscillation, PDO ) /bt X 7 ¥ £ K BR#R%
( Atlantic Multidecadal Oscillation, AMO ) 15#{/F 1515 5 K& % EEMD 4 f#H1 C1-C5 HEHE M F 5 B R £ 1B 13 Z &)

Table3  Regression coefficient between extreme temperature indices and Pacific Decadal Oscillation (PDQO)/Atlantic
Multidecadal Oscillation (AMO) in Changchun during 1909-2021
RNEIRA R EL
SU25 TXx TX90p TN9Op WSDI FDO TNn TX10p TN10p CSDI
PDO  JR#nfE S -0.14 -0.19 -0.16 -0.14 -0.36* 0.13 0.05 0.06 0.04 0.01
Cl —0.24* —0.20 —0.22* -0.21* —0.26* 0.22* -0.12 0.21* 0.18* 0.04
C2 —-0.04 —-0.01 0.12 —-0.05 —-0.08 0.05 0.18 —-0.12 —0.10 —-0.02
C3 —-0.03 —-0.15 -0.51* 0.34%* —0.73* —0.13 —0.01 0.16 0.00 0.04
C4 0.09 —0.46* —0.27* -0.37* —0.74* 0.12 0.65* —0.50* —0.52* —0.36*
C5 —0.98* —0.67* —0.26 0.40%* —0.52* 0.34%* 1.04* —-0.18 0.26 0.80*
AMO  JFis(E S 0.17 0.06 0.21 0.43* 0.13 —0.29* 0.11 -0.12 -0.27 -0.20
Cl —0.04 —-0.07 —0.06 0.08 —0.06 0.09 0.05 0.12 0.04 —0.08
C2 —-0.10 0.22 0.02 0.18 —0.22* —-0.06 0.04 0.25% —0.03 —-0.20*
C3 0.20 —-0.13 0.03 0.18 —-0.27 0.29%* 0.26* 0.02 0.31%* 0.16
C4 0.19* 0.33* 0.15 0.33* —-0.03 —-0.14 0.07 —0.11 -0.11 —-0.10
C5 0.56* 0.90* 0.93* 0.31* 0.86* —0.60* —0.64* —0.73* —0.89* 0.12

W *FRIRTE0.0SIMKF LR .
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Fig. 4 Comparation of multidecadal component (C5) obtained from temperature extreme indices (a) SU25, (b) FDO, (c) TXx, (d) TNn, (e) TX90p,
(f) TX10p, (g) TN9Op, (h) TN10p, (i) WSDI, and (j) CSDI (black solid line), PDO index (black dashed line) and AMO index (gray solid line) in

Changchun during 1909-2021
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