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Response of Eastern China Summer Rainfall Modes to Increased Carbon Dioxide
Yawen DUAN?, Qing YANGY", Zhuguo MA?'?, Ziyan ZHENG?, Mingxing LI*
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Abstract The spatial distribution of summer rainfall anomalies over eastern China often
characterized by meridionally banded structure. The possible change of it in response to global
warming is of great significance to water resource management and disaster prevention. Previous
studies show critical role of climate variability on modulating these rainfall modes while seldom
studies considered model’s internal variability on investigating their responses to increased
greenhouse gas. Based on model simulations with different forcings from the fifth Coupled Model
Inter-comparison Project (CMIPS), this paper analyzes the response of the leading modes of eastern
China summer rainfall to increased CO concentration with consideration of model internal
variability. The results show that increased CO; would not change the leading modes of eastern
China summer rainfall. The tripole and dipole mode during the recent decades would still be the
leading modes in the abrupt quadruple CO; experiment (4 X CO,) and 1% per year increased until
quadrupled CO; experiment (1%CO;) with the dipole mode plays a more dominant role. However,
the frequency, intensity and trend of these modes will change. Compared to pre-industrial control
simulation (piControl), the temporal variability of the tripole and dipople mode both decrease under
4XCOs; forcing. The variability of dipole mode intensifies while tripole mode weakens under
1%CO; forcing. With the gradually accumulation of CO», the occurrence of the positive and negative
phase of these modes will change. The phase of tripole mode which featured with drought over the
Yangtze River Basin while flood over North and South China would happen more frequently. So
does the “Southern flood and northern drought” phase of the dipole mode. Compared to piControl
simulation, the sea surface temperature and atmospheric circulation anomalies associated with the
dipole and tripole mode both weaken under 4 X CO; forcing. Whereas under 1%CO; forcing, their
differences are regional dependent. The tripole mode is associated with weakened anomalies over
the Indian and western North Pacific Ocean while the dipole mode is associated with stronger central
and eastern tropical Pacific and North Pacific sea surface temperature anomalies.

Key words precipitation, global warming, carbon dioxide, eastern China, climate model
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1 3]

NS B S L 2 A N o RS AR A E KA R -, 5 A RRIR Ry —
SO BT, BRI B (R R A B R A XS AN 2 1 (Chadwick et al., 2013;
FIBEREE, 2019; IPCC, 2021), HFEZREIX N D#E. Pl g, BR = TARE i X
SRR K K P BT JRAT B AR 2 1 AR SR B K R AL, ST BT S AR T R T4, 9
SRR AN IE R SRR SRR K40

TEMBES T, AR I S R KR AT B e 3 o, - 28 XU R] g o R0 79 50 L i OB 459 51
W, ZENPRIRE K EIERRRIR T Re R, MmO T Re 2 B 2 (BRIEIR, 2013;
Seo et al., 2013; Lee et al., 2014; Zhou et al., 2014; V%%, 2015; Zhou et al, 2017; J& K %4,
2018; Wang et al., 2020; Wang J M et al., 2021). {HLAERF FEHR 15 48 2 1 A2 FROK AR AL e 35, B
AP BPRAS K TEA [ SORBRIA T I 22 5, T BT S0d B /K A 28 2% ) G A4 REAE AR A PO AT 7 )
FEXFEE A 6

22 1v1) 2 AR I o 7K S AT o v B A B 2R /K A 7R I 3R 2 VAR 28 10 L BERFAE. (Diing et
al., 2008; Wang et al., 2008; Zhou et al., 2009; 7 M4%E, 2011; Huang et al., 2012; 22 KA1 E T
#F,2012; FEHEZE, 2015; He et al., 2017; Duan et al., 2023).  FLQiiE J L+ PR FIEAR PR N E L
PRI A, ok ST P R R S m . AL AR =R, AR AT A
AR LA R AR AR A B AEAR TR (0 25 IR A0 A A% R . ELARBR K S 2 R B 5, {E A R o) L A%
WHIPLHI I k. O KREFRRY, RGN EZRRUINRES) . ENSO. KA
RBrRE (PDO) LK — 8RR AH K A1) A2 0o i e B /K ABEAS 7 A Sl (X A5 45, 2009;
Huang et al., 2012; Pei et al., 2016; He S P et al., 2017;Yang et al., 2017; Tao et al., 2021; Duan et al.,
2023). [l AAhamie b ot e A R, iR = AR R SRk AT R S BUER R R
B CREEAL R BRKAS R K (Wang et al., 2013; Tian et al., 2018; Wang Q et al., 2021). 7E
AIRMBEAS R, AU RIATE R A, U5 RGN AR S HE A R [A) i B 7E
A 4% (Guan et al., 2017; Wang et al., 2020; Cai et al., 2021; Xu et al., 2023). Ftt, 4FREIEE
S T o B AR e /KA S B LR ML AR T 2 R A e

CA — LS TR AR SR S5 T o R K 1 RS HEAT T B, DA DX R] [F) AR AR A ) —
FUORLR 2 2 v E ASR PR K A8 B B A - (PVBIUII T I, 2009; VFE21EF4SE, 2010). X L8
WE 1 S x 2 MU K AT 6738, AR5 FHBIL 250 IEAS BB (EOF) $RHUH 245
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BT Mo IXAMEE A R AR B BRI I 0 AN R AR QK A 3L RIS, (H A0 AR
AR RG AR MER . ITERIOTE AR, kRGN AR AR A 5 it e 115 A 7] Bk A
AMAEZ (Heetal., 2017; Duan et al., 2023). Jy T BEUF X 50 Ny dsia it B KBS E R, T
I 9,25 8 B Y B 3 BUR SR R GE N AR K AR AR, FEX PR RS EA T AR Tl Aty e
FOHAE N IP oA R (K AT BEAR AL, 75 78 43 2 R0 R e 3 AR R I AE

g5 ERrid, ASCMA SR LR AR BT ) (CMIPS) (2 AHBEGSG, £E 7870 5 e
KNI RRFFR T, WX B AR COp #E IS 5 Tk H dr i 225 W I0 i 45 2R,
Xof ) AR P B A 2 0 N g 8 2 F) Wi 2 AT T T 9T

2 EREEE

2.1 BRHE 5 RB B

2% Duan etal. (2023) X 71 [F < 0 52 2= f /K A OB SR ILL A, JRATTEEHL 1~ CMIPS
FRCLRE BT 14 MECEEAT 0, BAE R IR 1. B sk B 4 DA R 75 5K
B COL WeRE (ARG, 40 I ABRHE 4 1% COL kB (abrupt 4X O, BLFHIFKA 4XCO,
WIS FEFEIEIN 1% CO2ikEe (1pctCO2, PLREFR 1%C02), LARAE NS 50 Tk -
AT ZH AL (piControD) . HAKIKL W 1HS % Taylor etal. (2012).

piControl 156 U fix R GE 1 il sl RV Bl H AR AP SRIE 1E E , CO» S5 = U AR B 5%
HIFE T Al RGBT B, AR GUEA AL TR PHPIRES, IR TTA%
RGN ARG 7OREREA . RS, 9 PRAERIA ) — 2ok, A B
450 SEHE

4 X COL 1RI 1 T 5ikiE 2% 155 piControl B AHF], (HAEHIERE B HEANT 4 fHKE
[f) COa, BRI IRFFAE . ZRIG MBI K 150 4, 1 38 S A YIa VAR BT RE A 15
2, FAML T T /5 130 FEMBALAE R . 1Zik5erh, B 7870 ik S sl (138 4 7 A i 1,
JCHFRBAR M N, I AT A ST ARAT LATE R, AR U RENS 18 23R AR P47 IR

1% CO» 38 5 4 X CO» I 22 AL T CO» LARHAE 1% AR LN, B2 HIKEILE] 4
fi5 T piControl I o KA P iZ I AR EN 140 4F, A SCHIZARE 153 b7
WA 140 40 IX MRS TP TS — B2 2T N COa II4REN,  (H HZ B 2 e i
FARIRIEAIXT 4X COLRIGTE “SLhr”, MR SM SR AR AL & 7 PRAS R A o

% B E] COp #E AL (1 K 5 piControl & [ ZEFRELR, Ny 1 S AF (0] EEAN [R50 )
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Table 1 Model information

5L, X HIRATRL 50 9T ANE L, $-EUT piControl iEG i 245 4 X CO» iEe K FEAH AN
TIXIE (130 4, 3L 74 5 CO IR & Rt ATt R, IXMlgkaess —efRE b
R B AR AR AN E I, B AT COr 3R HIFE
N TR, P B alss B WS R (IR (2 2.5° X2.5° s

(1) BEKERESH5E

ASCAEH EOF 77y BB s Rl vp o [ 2R3 X (100° E-125° E, 20° N-45° N) B2
BRI EAES . P EFEFEKEN 6-8 AR RKE, T TistEfbabEE, PLsgifX
2 (AN SRIE M o N T BB BRAEARBR U5 5, R a8k S8t xCnT B8 HH B SR FE B AR

i AL R WER L pagsES
Commonwealth Scientific and Industrial Research

ACCESSI1-0 o 145 x 192
Organization and Bureau of Meteorology (CSIRO-BOM)

ACCESS1-3 CSIRO-BOM 145 x 192
Beijing Climate Center, China Meteorological

BCC-CSM1-1 . 64 x 128
Administration (BCC)

BNU-ESM Beijing Normal University China (BNU) 64 x 128
Canadian Centre for Climate Modelling and Analysis

CanESM2 64 x 128
(CCCma)

CCSM4 National Center for Atmospheric Research (NCAR) 192 x 288
Centre National de Recherches Meteorologiques

CNRM-CM5 (CNRM)/Centre European de Recherche et Formation 128 x 256
Avancees en Calcul Scientifique (CERFACS)
Institute of Atmospheric Physics, Chinese Academy of

FGOALS-g2 . ) 60 x 128
Sciences China (LASG-CESS)
National Aeronautics and Space Administration Goddard

GISS-E2-H . ] 89 x 144
Institute for Space Studies (NASA-GISS)

GISS-E2-R NASA-GISS 89 x 144

HadGEM2-ES Met Office Hadley Centre (MOHC) 144 x 192

MPI-ESM-LR Max Planck Institute for Meteorology (MPI-M) 96 x 192

MPI-ESM-MR MPI-M 96 x 192

NorESM1-M Norwegian Climate Centre (NCC) 96 x 144

2.2 ik
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OV S5 & Bk piControl 156 s RN RIS o
(2) FERFREIILLAL
A2 LA A 06 PR S IO S Rl o A A SR Iy, BATE I T 52 (AR SC R &L (Pattern
Correlation Coefficient, PCC) SKEAL B [] (A BLEE » Dy O B A2 P #8500 e KB 25 14
TR, AT % B AR HEAT EOF 20 AT R ICH B /K AR o 11 0 A B AKX I (R A K
W H S BN R AR AL 5 BRI 18] P S REAT 2 R A 70 BT, 45 B AR
B AR Xt N FR) 5 5 37 » RN I8 7 W 3 T AR 2 A AR 12 (Mlulti-model ensemble, MME ).

3 GRO
3.1 K EESHRN

Bl 14T 4XCorikEa T 14 MK —HES (EOFD). WLEH, Ko
TEHY R COy NI A —HLA IR AR AT A T H I — B0 . 9 MBI AR I A e b SSAH 3%
WA, BRI AL S IR AL B AR A 220, XL/ y: ACCESS1-0, ACCESSI-3,
BCC-CSM1-1, BNU-ESM, FGOALS-g2, GISS-E2-H, GISS-E2-R, HadGEM2-ES, NorESM1-M;
T HAR 5 MR RS I A G 43 XA — B A2 1

1E 1% COy kSR (18 2), KBS AiAg RS 4 X CO kgL, I H I £ 1
LA 25 T (AR A g B /K RS o AU 2 MBI Bk A 4 X — B8, 4330 09
CanESM-2, CNRM-CMS5. [t4h, BT BCC-CSMI-1, MPI-ESM-LR, MPI-ESM-MR iX 3 /M=
bk, HABRRAEIX A COx MRS T AIBE/K S —BESAI L. BRI, BEORIEIXPIAH
8 1 BNU-ESM #8258 — M3 (125 () A3 A AEAE = A ol (FIE I — DR A i I LB — e
AWEE AL (B SRS AL, BRI DRI MRy 0, K5,
JEHh X BETK SARASAG IR RFAE s T 35— LA U 3 AR AT b U sk LA i A LA P 7K ) s A A2
WHRHE. B, FRATNAHSE — RS AR, 175 B =,

IR B TE 7800 FE A AR FE A AT T, COL I IRLAS Hh I AR b IX P /K S5 4 1) 2
(8] G5 A AT SRAFAE B S (R DX SRR AE, 58 — AR DU MBS R FTIL,  DAAEAF FORL 4 2 45
RS T HIFEKAF R 3 PR N — BRI AR, 80 2 PRI 2 HEIE T X 38— 350 Fe
K%, AHANRE SN Y AR FR R BRI R, (PRFIRT T —IL, 2009; VF52155%., 2010).
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Fig. 2 Same as Fig. 1, but for 1%CO, simulation.
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Fig. 3 Comparison of the first leading modes between 4xCO; and piControl simulation in (a) spatial
pattern and (b) variance fraction. (a) demonstrates the PCCs between the EOF1 from 4xCO, and
those from the whole span of piControl simulation (red triangle) and each 130-year subspan (gray
dots). In (b), the boxplot is based on the variance fractions of EOF1 in all the 7 subspans of
piControl simulation with the yellow line showing the median value, the red triangles represent the
variance fractions of EOF1 in 4xCO, simulation. A filled triangle means the variance fraction in

4xCQz is larger than all the subspans in piControl simulation.
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Fig. 5 PCCs between the observed tripole (EOF1) and dipole (EOF2) modes with the leading modes
(EOF1-5) in 14 CMIP5 models’ (a) 4xCO> and (b) 1%CO; simulations. All shown coefficients are
larger than 0.5 and statistically significant at 0.05 level. Purple color shows the correlation with the

tripole mode and green for dipole mode.
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in the (a) 4xCO; and (b) 1%CO; simulation. Filled triangles are statistically significant at a

significance level of 0.05.
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Fig. 8 MME of the linear regressed circulation and SST anomalies related with the tripole mode. The
first column is piControl simulation, the second and the third column are the differences between the
4xCO; and 1%CO, with the piControl simulation respectively. (a-c) precipitation (units: mm/day)
and 850 hPa horizontal winds (units: m/s) anomalies; (d-f) 200 hPa geopotential height anomalies
(units: m) and (g-1) SST anomalies (units: K). Black arrow and dotted area denote that there are at

least 10 models that are consistent with the sign of MME.
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Fig. 9 Same as Fig. 8, but for the dipole mode.
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