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Abstract

Based on the CN05.1 daily observation temperature data from 1961 to 2012 and the daily model
temperature data from CMIP5 models in the medium emission scenario RCP4.5, this study eva-
luated the extreme temperature in summer in Sichuan-Chongqing region between observation
and models data. We used the percentile threshold method to define the extreme high tempera-
ture events and extreme low temperature events in Sichuan-Chongqing region in summer. The ex-
treme temperature changes of Sichuan-Chongqing region in summer in recent 52 years were ana-
lyzed, and the change trend of summer extreme temperature in Sichuan-Chongqing region until
the end of the 21st century was predicated. The analysis of the observed data showed that the
frequency of extreme high temperature events in Sichuan-Chongqing region in summer had been
on the rise as a whole, and the frequency of extreme low temperature events had been on the de-
cline as a whole in the past 52 years, which indicated that the extreme high temperature in Si-
chuan-Chongqing region in summer was on the rise and the extreme low temperature was on the
decline. The study of three models under RCP4.5 scenario showed that the frequency of extreme
high temperature events in Sichuan-Chongqing region will continue to increase in the future. By
2050, compared with the current extreme high temperature threshold, more than half of the time
in Sichuan-Chongqing region will exceed the extreme high temperature threshold in summer
each year; the frequency of extreme low temperature events will decrease, and after 2050, Si-
chuan-Chongqing region will be affected by the extreme high temperature threshold. Extreme low
temperature events may not occur in summer in most years of the region. It shows that under the
future warming climate background, the trend of extreme high temperature events in Si-
chuan-Chongqing region will be much more frequent.
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1. 5|8

T 50 ARk, TEARREENIR ISR, AR DL I LA O IR BRI A G S A A
A 1B BURF IR S AR A0 23 51 22 (IPCOYI SR 5 Ul =R 4R (1], A3RAFIIRETE 1901~2012 4E[A] k
% 0.89°C, T 62 FAERSIRLL 0.12°C/10a FIER 7, i 50 Eh EE L HHE, SFE0ETHhE
ARG 1.1°C, HRIEENY 0.22°C/10a, & TARRERFEER2] [3]. EARERERIRE =T,
e R F F BN RAR K EIR, nmiRT 25 BWEERH .. FHERRNASE, REAMUFHA
AR PN SR R I, 1 H g4 ROl AR =iy RAR K S I R2 4] [5]. 10 2006 425
25 )13t DX 2R L e, FLRAZD R, P S 5 ) DN B AR TS, )1 X ™ B A A 5 4
GERAUR[6] [7]. SARARAY, 0] A, V48 p SR Al PR R 2 1) A Ak g N 28 T R R B0 1) . G L ZE 2015
SRR (EZRPE) . $RE CFiETHRIEHITER T AET BT 1.5°CRLA 7 (8],

[ Py LA 18 2 3 AN [ 1l DX A o SR B AR EAT 7 0 BT R R [9]-[19]. #53%[9] (2010) %515
H e A A oy R A D T B R B R A DGR B AR I T A G RE s, 02 AE[10] (2006) 558 i X
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1961~2000 4 4 [ vl i Bt BORMIE T L 30 40 4F0K, [ iR R 5l = in S 0F I R, IRR I
AR, SRR . AHUERUI1] [12], 21 g g o B X7 f w5 AR AR v R
I 1.5°C, HAT R 2.0 $CREE, KMEXMFHEE, B2 21 tHalk, FHIRE T EERS N
2.0°C, VR HhIX IR R BRI 25%, W] R IERE n] 8 T 30 E A RS BRI

NP A AR S R, AR, mR. . B, PRESZMARME, MEEs, &
R TR R, N SR 2 AR X . A EL A R IR T R R I b ERA A A5k X SR
A B3 P RHRHE, B — e XIRARARERNE . B[ 13] (2008)%5 45 H 2006 42 Y )1 HLIX H
1951 4R A AR I i id AR B O™ B —4F, Z2AMITFT[14] [15] [16] [17] [18]13R M 50 4K, H¢liE 20
4 80 ARG, PURFHLIX RIGREES, FEnt P E ARG — vk, HL V6 S 23t X AR B e %4 B
2. BZEAR[19] (2008)5F FIH 1961~2006 4F 145 A1 6wk B 2= 2405 GORMIE 70 3R BH, )16 5= 2R i i =
BFERMREMKAK, FER XA T 1038, HAE SR 7 g by 2 B g K, 05
JE VG e SR | 7 e 0 L X R 3G K 3, AR R 0 RO i A . AR 2 FUAE AT TN L A SR P 1 A2
whi A HARE, RN B LA AR b R I IR B2 R R AE R o R A O, TR A H AR B iR D
ASCAERT N ORE R 3R -, R 1961~2012 451X H P RE R, HAHAER PR E, gt
T ZER o AT, AR IR AT, 43T ) T X B A A A B S AR AR PR AR A B, SRR
CMIPS A5 2ot 1 X ARSI 47 )3 e A OnT ) A o S AR AT TR FF 50 AR5 ) 1t [X
JE 5 W ity A A T R P 7 L s 3R AR TR 2 A

2. RS
2.1. MREEXESFERHER

AR M SRR A B RS CMIPS B RCP4.5 15 5t TR Tfh Fdcdis . W 55 k)
CNO5.1 ##E & 1961~2012 4F 4 [H H 7 35 <& &% &3 52 okF, 16 B )1 ¥ #h [X (26°25'E~34°75'E,
97°25N~110°25NYHEAT R 78, NI L XSG A O G Gl an 4] 1 Fros . D208 LSRR b U7
3~5 HNEZE, 6~8 HAHEZE, 9~11 HAAZE, 12~KF 2 H AT AXTAFTTNETE, EARE 6~8
Heo @ik, FRATKI 2001 FEFH 27 REAEHKE, #1961 F~2012 FE2FH HFHRBERHR
BIL 4757 Ko WA TR CMIPS $24E 1) RCP4.5 1755 K it SRR H 1435 $dhs, i e)ye
FEI A 2006~2100 4, 3t 95 4, AT EDYLIN ZORHE [R] BEXT EE, B 2006~2012 4F I B e il 4 A5 wUBEAD v
Wik, LA 2013~2100 4ERF BEAE 3R 200 SRR TAL J6 v . 1375 [20] (2017)%55% T CMIPS #5204 i
T L X AU AL RE 1A R . ACCESS1.0, CESMI-WACCM, CMCC-CMS, GFDL-CM2.1,
GISS-E2-R-CC, MRI-ESM1, NorESM1-ME IX 7 /M X0t 7 R i DX B AR AU AU, BE 0 RN T . 7R T ik
AT K, CESMI-WACCM, GISS-E2-R-CC, MRI-ESM1, NorESMI1-ME X 4 /M5 $ At ny
PR EI H SR, RSO SCERIR BRI R, LT AR gt O SR s, B ACCESSI1.0,
CMCC-CMS, GFDL-CM3 =M %L GFDL-CM3 #3A GFDL-CM2.1 #& [\ A), K
XoF ) XA SR A v il 52 A (i . ARECIIBEARME B2 WL 1, B 2115 2 5
http://cmip—pcmdi.llnl.gov/cmip5/.

RCP4.5 {5542 2100 E4EETRIAFETE 4.5 Wm® BTSRRI B, XA
T H5ABRGTAERME R, KHFATE R AR = SRR AE A7 B 04 T RS, DA b o1 F g i T
Ak o A SO LA g S HEBOR B T 2545 ., R FH A (AR ik B4R S 5o HARI & 2. A TIR
H SRR, T SRR R, ZAEH AR CHERRIRBOAR, FF R BRI IR ot R g A . @
Tk B R (1 77 A5 BRI HE i K = R ) X5 2L [21] [22].
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Figure 1. Study area and topographic map of Sichuan-Chongqing Region
1. MRS )b X R E

Table 1. Basic information of the model

=1 RAPEKER

AR s & KPS
ACCESSI1.0 WORH I 192 x 145
CMCC-CMS =N 480 x 240
GFDL-CM3 2 [H 144 x 90

2.2. ik

HIN AR Z 00 702 I A H & i 2 A H B AR IR P R R A AR s SR, Bl s ki, HiEmiEEMH
BRI s AR S AR [ 25 Wi 15 i, 5 HIIREAE £ 5. ASCENF 7 A B PSR 7T
U6 I X 32 2 A i SR A I L, R B MME R Gt 1 f B v Wi FE =, B et S B/ MR
i, R E SR B3 1) i E 2= X H BRSBTS, AT 95% 0 B T
SE SN s el A BREL, AR T XA B B S AR O R s = iR A (T > 95th T); AL T 5% E
AL 58 SONRR AR IR A BRME, SRR T3 A BB P AR AR IR (T, < 5th T). 7ERfE H
W M RS , St —EE B B R AERIR, @S R R RS, T
ZRMEIRNH, B TR R R AR SR AR SR 78 )1 i B 2 AR AR e . SRR PR AR .

TR A B IR SR R R SR, AR SCERE A OB ORI T R, RIRE S
FF IR SC il FE R 35 28 3O -

T=K-273.15 (1)

ARDT T NEKIRE, $6°C, K NIF/RCEE, $47 K.
3. It XEFHRInSET AR
3.0. )R E F PR E TN

2 4 1961 H:~2012 4F 52a IV X 2P 1<, MK 2 el BUE |, 52 S0k, JIaE =R
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255 &S . 1961~1989 F M URABSN P IRFFRERE, siRFENURERGES, &)5-LHERE
IRIEFERCR, FREZ) 0.35°C; RIRF MRS ETHES, &)a-LER BRI, EIHEREY 0.2°C/7a.
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Figure 2. The time series of average summer temperature
in Sichuan-Chongqing region for 1961~2012
B 2. 1961~2012 £ )13t X B =R SRR E F 5

3.2. )IGa X EFRiRHREEL

T IHATHLIX 1961~2012 4F 2 Z= H PR THF T, 3BT 95%A B <R, AT LA E Hidk
Ui et T BB N 18.97°C, HAFHR > 18.97°C il AR i =il o

Bl 3 N )ITHBIX 1961~2012 4 52a B Zt i SR 2 AR SR s 18] 7 51 . AAEEL 3 AT DL HY, 31X 52
B E A iR S AU, (AR R B THESS, LM% RHCH 0.105, MEIRZ) 1 K/10a, i
re i FEA A B A TR BB I AR . SRR AR, 7R\ AR E L AR i R A R AR
SR — BB TR R B e 1961~1973 4 A% ity i il TR TE 8 3l R AR R e RS, 80 I R 1 T s B
BEfiko 1976 LA A 1996 4FLART, M s S A AESKCE T e, FEIX BRI I, Ao i il AR
Gk, A il R AEATIRCE R LU I, SO RIS 1984 SR 1987 47, A il F 4 R AE
(I UE L R R A, S B I SR AR B — 3. 1996 4F LA, M il i AR AT
FEAE 2000 SECLE, AR s R AR AR BTSN BT . 2006 SRR ER AT — AN B R, 7R
MR ARRFAE N, ERERAET 27 Kt iR, 2010 FR s SR . ATRUAA, HEA
21 A m, W m iR s . ARRie . 1963 4, 1965 4F, 1968 £, 1973 4E, 1974 4, 1975
fE, 1979 4F, 1982 4F, 1987 4F, 1993 4, 2008 X 11 fEE A M il FAF &L . HA 1973 4£5 1975
AR T AR R ARy, H A W i F AR, T RE R 52 B B I AR 1 RS

3.3. )b X E FIR IR T

T )AL X 1961~2012 48 28 H PSR T FHET , BB T 5%00E A, 7] DA e AR
RARME N 13.35C, EFEH PRI <13.35C Atk .
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Figure 3. The frequency series of extreme high temperature events in
summer in Sichuan and Chongqing area for 1961~2012

& 3. 1961~2012 &)l X B =ihinmRE 4 & £ 5TURETE F5)

Bl 4 AN TEHLX 1961~2012 4 52a H 2ol S0 K AR IR T 81 . AN 4 Rl DUE H, 52
SEIRL, 1 DX B 2 A IR S A AR T R S, M S R CR-0.051, TRRIREEZ) 0.5 K/10a.
AR i AR A2 A I A BT 1) 4D 08 D 7 i 3 A o B ot R U S R A AT I IR S PR LB, Ao (R A
FEPE AN kD o A% e R A AR B i R R A o AL 3l A AR R AR R A4, T R O s P A A i
R A R AL A3 FE AR IR AT 5 5 AN A VT, 32 B F -t )\ H4EAR PSS Bl 1985
M, R 1984 45 1986 FIA AR FRR, (RS AR AR AR, A 9 K, X ATREE AR
JUATHE X S BRI G D% . 1999 FRIREA FRK, MAHumRFMRER D N —HD G, Rk
RA R IR AT U, AR 2010 4, 2010 F)IGE FEER R, fEHREIRR
ARE] 16 RIGFEIR, MR R SIAF] 9 K. FRaldRH, £ 1994 4, 1995 4, 2006 4F )1 X 2 2%
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Figure 4. The frequency series of extreme low temperature events in
summer in Sichuan and Chonggqing area for 1961~2012
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4. )I|#nt XE =R SR E R TmG
4.1. EREHE

R TRE D DX A SR MR i A K R R S AT JE— 2B I T AR, A SCRI R CMIPS & HEIUR 5% RCP4.5
X 2013 4E~2100 4 )1 Hh DX AR Ui imp AT AR AR R AT B FLAE B 5 AR AR BRI AT T b B0k
FIFH 2006 F~2012 4F FOULI AL HE I8 IE CMIPS A58 RCP4.5 1535 N iR 36 B 5 )1 X P23 R, A =
TRATR, A ARIR AR (RS RE 77 o K] 5(a) s bR I B8 RE 5 5 3 BT BL RCP4.S 158 T =AM
(ACCESS1.0, CMCC-CMS, GFDL-CM3)#E=08 i Tl X B 23S ME S@nlLAEH, M
B TPYRERE, ACCESS1.0 A=W H A FE L SE BRI fE 5y, R 224 1°C~4°C; CMCC-CMS
BRI R LS PR ARG, (HARZE RN, E 1'CLLN; GFDL-CM3 #2005 SEBR AR L s
K, BREHBVN, £4-0.5CT~2°Co XTI X 22T BN -, CMCC-CMS X 45 55 M <R AH
FbiR % fe /N, ACCESS1.0 #R4h BARZ i Ko & 5(b) NS2brilill %kl 55 2= fri Bt RCP4.5 {5 F =4
B (ACCESS1.0, CMCC-CMS, GFDL-CM3) WLl 4t 5 T+ ) 11 [X & Z= bty il AR HR B . I rpm]
PAIE H, ACCRSSI1-0 #EACHHE A i AR o e A GZE i T 52 bR, iR 2580 20 K, IX AT Ag 5 R B
M5 38 57 2 o CMCC-CMS AR B4 Hh AW sty o i AT LG SE B A IS, AHR ZE /N, R
SRR ZELE 5 R UAN » GFDL-CM3 A5 X0 5045w B o v R A0 LG S ol AR s v, R840 4 WL
MARZEALE 10 AN - ISR, CMCC-CMS 52 2 AR i v UL 285 SR e o, ACCESS 1.0 52 OUL &5
%=, 5(c) A S B M0 ¥ KL 5 e EE AT B RCP4.S 1558 F = /M (ACCESS1.0, CMCC-CMS,
GFDL-CM3) WL e} 5 )1 i X 2 2= o IR IR AR R IR B o N AT BUE Y, ACCESS1.0 AR xCR v i
FEE R v () S DN AR AR IR A A AR ARCEAIG, REZHFEN 0 Ko CMCCC-CMS BRI Hi 1) 4 i 1K
TEATUR EE S BBl H AR o A IRATGR ZE R, IR 222 2~9 Ko GFDL-CM3 A5 xR I H (0 Bl s (i 44
AR5 S BRI H AR SR IR AR B R, R ZETE 1~3 Ko MEERWLLEH, GFDL-CM3 Btk Tk
I AEIR AR R 25 AL o RUNSHFARRD, BB, fEARHEAAZ 0T 2 itk .
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Figure 5. The actual observation data and ACCESS1-0, CMCC-CMS, GFDL-CM3
models RCP4.5 data in Sichuan- Chongqing region for 1961-2012 summer (a)
the average temperature, (b) the frequency of extreme high temperature events,
and (c) the frequency of extreme low temperature events

& 5. SEFRVME ACCESS1-0, CMCC-CMS, GFDL-CM3 &% RCP4.5 1§
R TRIEER ) AX 2006~2012 FEZ(a) FINRE; (b) RimSEEH
SR (o) MRmRfKIREHSUR

4.2. ACCESS1.0 R TEER

6(a) 4 ACCESS1.0 #EZ Bkl T 1131 X 2013~2100 £E 88 £E () H Z= V- KR FE At . MBI RS
DU, Ak 88 4F, JINMEFSIE A&, ZibEas 2409 0.029, FHEMEE A 0.3°C/10a, it
Tl AR, X KR A #] 21.8°C. £ ACCESSI.0 FITifhih, 2013~2030 43R LT+
MREEAK, ER B IRFFR R, 2030 FRUE, RREE ETb. 75 2040~2050 444 PIIREBCH B34 1
SRR, —RBER, —REFERFRR, FHREREZES Y 1.5°CRa. W BEAREA B 5008,
(AR IR EARIR AR 5 R R AE A B AR AL, FRATATCABH LA H, 2013 4% 2080 4ELART, MR ErIREZR
B b, ETRIEREZ) 0.3°C/10a, 2080 FELUE, mREA IR, E=FN BT 08°C, 53] 224°C,
FGE T a0 R R R RS E . £ 2090 fEPHIAA — R ARAR, IREL TR 2°C, HEL 2100
R, IR SRR TR 2. RIRAERIREEAE 2030 FELARTRA KK, FaEfE 18.8°C, 2030 HELUE
B T 40 SFAURER) — ARIR AR SN, HA 2090 4F, {RIR T K <RZEH_ETT, ETHIEEEZ) 0.3°C/10a. 2080
SE DU R IR RS AR R E, £ 20.6C. K] 6(b)f& ACCESS1.0 #5206 )1 [t X b s v 5, 644 T
e 7 50 . BRI LLE H, Aok 88 45, NVETHLIX B Zeilut il FA R A AR 2 THEass, &tk
I RHCN 0.385, LTHIEEL) 3.85 K/10a. RTLAE tH, 7 sl o A i imy i S AR AU, G I A Bl oty el
B o BR T8 SRAR AR, AN R =R 2 KRR AR AR, 2030 AR LU, AR i e i A AT HAE R
RSN, HAERK S i A A T, e X R ZE A I 2 N BT TR H PSSR B AT R s
BRME, 2070 45, JLTREANE 20 HFE SRR DA BME . SR AR iR 5 B, 2040
S LS Rty il AT T AN H S R RRIA R 80 K. WAELE UL, 7E 2040 fELUE, JINfTHLIX
fp— - E AT 2/3 (B 1A] R B IUAE B A i = iR B AR, R EE AN E RS . 7E 2090
LG, Mol — IR, (HTRRRIREA KR, HARPRIEIFF. 75 ACCESS1.0 L fifl &5 R,
HE ek, o sEAos th =+ — v BT 50%, EF 90 K, JLFEAE M H IR AE
Tt BT AR i v A 6(c)/2 ACCESS1.0 #5255 )1 b X A% 3 vy i < A o ik 1) Bk 1) 3 90 6 o £
ACCESS1.0 #r, Br 7 M X UR TR A 1~2 RIVURIC T IR ORI, ARG
W B 2= Tl R F

DOI: 10.12677/0jns.2021.91017 139 H ARl


https://doi.org/10.12677/ojns.2021.91017

ke 5t

23.0 T R L M
1T mme——— Regline
Temperature
g
=1
®
o]
Q
£
(0}
=
18.0 T T T T T
2020 2040 2060 2080 2100
Years
(2)
100 1 1 1
——————— Regline
Frequency
90 - -
80 - -
oy
]
=1 70 B
o
w
60
50 I~
40 T T T
2020 2040 2060 2080 2100
Years
(®)
2.0 I . L IR |
B [ Regline
B Frequency =
1.6 -
1.2 -
>
2 ] I
S 08 - B
o 4 n
o
[T
04 -
N | E—— e —
-0.4 T T T —
2020 2040 2060 2080 2100
Years
©

Figure 6. The time series of (a) average temperature, (b) frequency of extreme high temperature events, and (c) frequency of
extreme low temperature events in summer in Sichuan and Chongqing area for 2013-2100 estimated by ACCESS1-0 model
& 6. ACCESS1-0 R\ Ffk 11385 2013~2100 £EZF(a) FHKiE; (b) WMIm=EIL; (c) WIR{KRITRATEF
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4.3. CMCC-CMS HER {5 R

] 7(a)y CMCC-CMS ATl T, JIVAHLIX 2013 4E~2100 4F 88a H 2= TS IR Mt 18] 351 &, M
Kty DL Y 72 CMCC-CMS (13Ut o, 1T He X 2 2= fE AR e sl rh & BT S, etk R %0 0.025,
THEMREZE L8 0.25°C/10a. 7E 2013~2030 A4 —BE A FER, iR ARG SIREE — e R2EmN
TE%, 2030 FELLE, A EREE R IGIRA, BRT 2040 45 2050 1 — IR E A LN, R
TEIZE T FEER AT LIS A, R TS, BB PSR — N 20a 214,
A FEMZ MR E R T, NIRRT iR E SICEENR S, EIRARE N miRE RS
HAE BTt 05 il A R B R BT AR A N B, AR A R B TR A N A K. & 2090 4, 1]
TATHB X B 2 P 1508 P d i T LK B 19.9°C . 18] 7(b) A CMCC-CMS AR T v )1t X 2013~2100 4E 5
Z W i vy il A R AR I TRD P B B, NIRRT DL H )i DX AR o v i S R AR AR AE 88 4 2
BT, B RN 0439, ETHBREEZIN 4.5 K/10a. W R IR R AR R I R B
{EFRATTRT DL LA S A A0 (1) pe AR T 8] 40 =N 53 5 2013 4F~2030 4, By i 544 LA 10a i 1
B RREES, 2030 & 2055 4F, BT IUHERS FAEAE B IR SR IR S, A
Bl E R HAEG T, SRR, FEARYERRE 21~24 K, MR EEACKR G, MR E R AR A
BERBEES, 18 R TFBEH] 10 K. 2055 FLAE, NI X ERE LT 1~2 A H B H S0
e T A (R G e I R . AR iR A DA 10 RO TS, EFHIREEZ 6 K/10a. 1EJE IR
i e e v A PRV A PR, A welR R AR A A B, AR T AR, W R AR SR AR, 4
FRAE 30 KA . Bealie i, EX/MERHf T, 2020 45 2027 F£EZF )X H PR IRE 8
o IRAE B i e e BB 1] 7(c) 2 CMCC-CMS BTt vh 1 (X 2013~2100 48 B =4 i il 1 &
SRR B T AL, BRI LA H 1 b DR s i I R A AR IR TE 88 AR vh B N Rt dh, ettt
HREN-0.025660 AR S5 R A AU R A MEAS A 55, (H AL S At iR, BRATT T AR AR it
TR EATIR G X R e 18] 4 R = ANER 43, 2013~2030 4E, s iR R A 80ca LT, 2030~2055 4,
Mot A v R A S AR IR AR AR AR — B, 40 4~5 Ko 2055 LU, A iR & A2 AR R B
b 7B RAERAE LA, HAREM KRN 0~2 K. fFELHERE — RN, K3 5

Ko
20.0 L T I L I T
|1 | Regline
Temperature

19.0 - \ -
® .
E i
© ] i | ]
S 18.0 - pe =
£ | L
[}
= B

17.0 |l M1 -

16.0 - —T T — T

2020 2040 2060 2080 2100
Years

(2)

DOI: 10.12677/0jns.2021.91017 141 H ARl


https://doi.org/10.12677/ojns.2021.91017

ke 5t

70 L
——————— Regline

60 — Frequency [

50 ~
g 40 - -
[0
=]
g
& 30 = -

20 -

10 ~

0 i —T i — T

2020 2040 2060 2080 2100
Years
(b)
12 T L I R
N N Regline
B Frequency
10 -
8 ] [

Frequency
D
1
T

4 - L
2 - 1 = _ —
0 — L L UL
2020 2040 2060 2080 2100
Years
©

Figure 7. The same as Figure 6, but for CMCC-CMS model
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Figure 8. The same as Figure 6, but for GFDL-CM3 model
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Figure 9. The same as Figure 6, but for ensemble mean of
ACCESS1-0, CMCC-CMS and GFDL-CM3 models
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