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and lower reaches of the Yangtze River valley in the 21st
century under different representative concentration pathways

HAN Le-giong'** HAN Zhe>*, LI Shuang-lin*”

(1.College of Atmospheric Sciences,Chengdu University of Information Technology ,Chengdu 610225, China;
2.Climate Change Research Center,Chinese Academy of Sciences,Beijing 100029, China;
3.Nansen-Zhu International Research Centre, Institute of Atmospheric Physics,Chinese Academy of Sciences, Beijing 100029 ,China)

Abstract; This paper evaluates the future projection of heavy rainfall events in the middle and lower
reaches of the Yangtze River valley based on outputs of eight coupled models attending the Coupled
Model Intercomparison Project phase 5( CMIP5) from IPCC ARS5.The experiments under different rep-
resentative concentration pathways( RCPs) are compared with each other,and with the previous CMIP3
experiments as well. The outputs from the historical simulation of CMIP5 are also utilized as a base to
derive future trends. The results suggest an agreement among all the CMIP5 models, in that both the
strength and the occurrence frequency of heavy rainfall events are projected to increase in the 21st cen-
tury relative to the last twenty years of the 20th century ( 1980—1999).In contrast, the strength increase
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in the east of the region is even greater than that in the west.Besides, the interannual variability of heavy

rainfall events is also projected to enhance in the future.As for different RCPs, the projected increases in

the strength and occurrence frequency of heavy rainfall events in RCP2. 6 and RCPS. 5 are greater than
those in RCP4. 5.In comparison to CMIP3, the projected increases in the strength and occurrence fre-
quency are even larger,albeit a significant difference in the spatial distribution in the latter projection.

The projected maximum increase in the rainfall amplitude in CMIP3 is located in the central region,

while it is in the east of the region in CMIPS5.

Key words: CMIPS5 test; RCPs;middle and lower reaches of Yangtze River valley;heavy rainfall ; pro-

jection
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Table 1 A brief introduction to the eight CMIP5 models and
the seven CMIP3 coupled models, which have their
outputs analyzed in the paper
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Fig.1 Distribution of difference of climatological summer mean rainfall in the eight CMIP5 models relative to the observed

(CMAP) (units;:mm/d; (a)—(h) corresponds to the eight CMIP5 models.The contour of 4 mm/d of the observed cli-

matological mean rainfall is displayed additionally.Shading represents the region contained by the contours—4,-2,2 and
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Fig.2 Taylor diagram for the East Asian summer seasonal
mean rainfall in the eight CMIP5 models and in the
CMAP observations ( “REF” is the reference dot,
and the digitals “1”,“2” -+ and “8” represent the
models, NorESM1-M, BCC-CSM1. 1, BNU-ESM,
CSIRO-MK3. 6. 0, FGOALS-g2, IPSL-CM5A-LR,
MIROC-ESM, and MRI-CGCM3, respectively )
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Table 2 A comparison of the climatological mean occurrence frequency and strength of heavy rainfall events in the eight CMIP5

models with those in the observed( As a comparison, the multiple model ensemble of seven CMIP3 models is displayed ad-

ditionally in the parentheses of the last column)

CMAP IPSL-  NorESMI-  BCC- BNU- CSIRO- MRI- MIROC-  FGOALS- MME/
CM5A-LR M CSMI. 1 ESM  MK3.6.0 CGCM3 ESM 2 (CMIP3)

Bk 2.63 0.79 2.46 4.67 5.16 4.22 3.32 2.54 0.39 2.94/(1.76)

R 70.2 14. 84 27.86 38.22 31.57 32.71 38.8 29.37 8.9 27.78/(21.52)
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Fig.3 A comparison of temporal evolution of occurrence frequency of heavy rainfall events simulated in the last 20 years of the

20th century by the CMIP3 historical experiments (20c3m) with that projected for the 20 years (2026—2045) of the 21st

centur the rojection experiments( (a)— correspond to the eight models, respectively ,and (i) is
y by the CMIP5 projecti peri ((a)—(h) pond to the eight CMIP5 models,respectively,and (i) i

the multiple model ensemble ( MME ) .For comparison,the MME projection by the seven CMIP3 models under the three

SRES emissions is additionally displayed in color curves in (i).The digitals “1—20" in the horizontal axis in all the pan-

els correspond to year 1980—1999 for historical simulations and year 2024—2045 for the future projection)
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Table 3 A comparison of the standard deviation of annual av-
eraged occurrence frequency of heavy rainfall events
simulated by the 20c3m models and projected by the
CMIP5 models under the three emission scenario
RCP2. 6,RCP4. 5 and RCP8. 5( The multi-model en-
semble( MME ) results for both CMIP5 and CMIP3

models are also given.The emission scenario used in

CMIP3 include A1B,A2,and B2) d

CMIP5 20c3m RCP2.6  RCP4.5 RCP8. 5
IPSL-CM5A-LR 0.57 0. 54 0.24 0.53
NorESM1-M 1.08 2.25 1. 66 1.74
BCC-CSM1. 1 1.68 1.37 1. 65 1.8
BNU-ESM 2.41 2.42 1.82 2.55
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Fig.4 The scatter diagram of the ratio of occurrence frequency ( standard deviation) of heavy rainfall events in the 21st century

projection to that by the 20th century historical simulation (20c3m) ( The horizontal axis is the ratio of occurrence fre-
quency,and the vertical axis is the ratio of the standard deviation.(a),(b),(c) represent the three emission scenarios
(RCP2.6,RCP4. 5,and RCP8. 5) ,in which the dots marked with “a” ,“b” .-+, “i” represent the models, IPSL-CM5A -
LR, NorESMI1-M, BCC-CSM1. 1, BNU-ESM, CSIRO-MK3. 6. 0, MRI-CGCM3, MIROC-ESM, FGOALS-g2, and their
MME, respectively. (d) depicts the ratio of their MME in both the CMIP5 and CMIP3 models.The emission scenarios used

in CMIP3 include A2,A1B,and B1)
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Fig.5 The spatial distribution of the MME averaged rainfall strength of heavy rainfall events in the 21st century projection
(2026—2045) and its difference relative to the 20th century simulation( 1980—1999) ( (a)—(c¢) represent the difference

of the 21st century projections (2026—2045) minus the 20thcentury simulations ( 1980-1999) ; (d) —(f) is the averaged

strength of the 21st century projection under the three RCP scenarios; (g)—(i) as (d)—(f) ,but for the CMIP3 under

the three scenarios A1B,B1,and A2)

AR INE A B S A g, B ROk 5 T H B i 0
)38 % 7K g5 {4, NorESM1-M , BNU-ESM FI MRI-
CGCM3 A B A i T2 X, 17 EL e 1B s 30430 36 o,
e 2% 47 . NorESMI1-M Al () 5 JiE 78 = Ff
WP B AR T, AR vh a3 A Y Ry 20 2219 25 ~ 30
mm/d {i# & 30 ~35 mm/d, MME (& 7i) t 575
BRI 5 A B RRAS  TE R XA £
5 CMIP3 #f kb, RCPs ¥k £ 42 T iy am FE(ESE b T
28~30 mm/d, i T A1B F1 Bl {55, (H/N T A2

5.
4 g

AT CMIPS Z2 65K 20 {208 1R K RS
BN 25 R AT 1R b FESCEERE |, 23 A T
FEA [ HE AR 5t (RCPs ) R A OK 20 a(2026—2045

AR ) AT i 5 A K 2 AR SRR 1 A L
I AR (ZE XU, 2012 ) B 5 CMIP3 [ il fil 45 1
AT T R 3R R E5E

1) RO 53 Faf R AR U S P EUOR B, R
2% CMIPS AR DL 5t 3 /K ZH 501 U -5 L0 45
R, A 1~4 Ko LG VI8 2.94
K, H CMIP3 Z A G- P21 1. 76 R, Sk
TR Y 2. 63 Yo AR 8 L 11 25 18] 73 A5 K
KN, CMIPS B T CMIP3 #550, iX R
CMIPS BEUPEREC A W A3 vy, HOXs R ok i Tl A
VA TR 8

2) ARk 20 AR YL AR T Ui 5 A K SRR S B
BT AR PR AL AR Sb A7 £ — 48
Ak, = AR HE S 5 (RCP8. 5 1 RCP2.6)
&, SR K S B R 3 IR B (E Hh S HE T S



538 XA F FR % 37 &
RCP2.6/20c3m RCP4.5/20c3m
5 : 5 :
a b
5.e
Z 204 Z 504
g ; s ‘e
Z 154 o E 154 g
2 a¥®p @ =
10 [ F—————— :..,.‘..... .................................................... &\‘
i3 o I :
. @ :
0.5 — P a
T [ T T t T T
RCP8.5/20c3m 0.5 1.0 A 1.5 2.0 2.5
25770 : 5 38R HE ST H
g 50 a. IPSL-CMSA—-LR
,ng b. NorESM1-M
& P ¢. BCC-CSM1.1
Z 15 g d. BNU-ESM
i ¢ e. CSIRO-MK3.6.0
= gy f. MRI-CGCM3
g% 1.0 R }. g. MIROC-ESM
) e h. FGOALS-g2
i i J 1
05 | - d o’
T i T T
0.5 1.0 1.5 2.0 2.5
T R P A

&l 6

CMIP5 AR (Y 21 20 SR B /K 3 B (AR 22 ) 5 20 HE 20 5B B /KR B (ARl 22) M L R 2 =0 AE 57 1
(MME ) Lt B A A ] (R A A S 340 A B, A AR B A v 25 B LU AEL; (@) L (b) | (¢) X RE = FfUAs [a] RCP % 3¢, B
RCP2. 6 RCP4. 5 RCP8. 5; Hif, “a—i” & 543 %) i it IPSL-CM5A-LR . NorESM1-M . BCC-CSM1. 1 . BNU-ESM ,
CSIRO-MK3. 6. 0 MRI-CGCM3 ,MIROC-ESM .FGOALS-g2 % MME)

Fig.6 The scatter diagram of the ratio of rainfall strength( standard deviation) of heavy rainfall events in the 21st century projec-

tion to that by the 20th century historical simulation (20c3m) ( The horizontal axis is the ratio of rainfall strength,and the
vertical axis is the ratio of the standard deviation.(a),(b),(c) represent the three emission scenarios( RCP2. 6,RCP4. 5,

and RCP8. 5) ,in which the dots marked with “a” ,“b”,--- “i” represent the models, IPSL-CM5A-LR, NorESMI1-M,

BCC-CSM1. 1,BNU-ESM, CSIRO-MK3. 6. 0,MRI-CGCM3 ,MIROC-ESM,FGOALS-g2,and their MME , respectively )
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Fig.7 A comparison of the probability distribution function of rainfall strength of heavy rainfall events( (a) —(h) correspond to

the historical simulation (20c3m) of 20 years in the 20th century( 1980—1999) and the projection of 20 years in the 21st
century (2026—2045) under the three RCPs. (i) is the MME of eight CMIP5 models (MMES ).The MME of the seven
CMIP3 models( MME7) under the three scenarios( A1B,A2,and B1) is additionally shown for comparison)
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