BaTHEFEIW AREIL
2026 4F 3 f1  PEARL RIVER

http://www.renminzhujiang.cn

DOI:10. 3969/j. issn. 1001-9235. 2026. 03. 006

EHIEN, TEH% AT 35,5 . AT NEX-GDDP-CMIP6 # I 22 & K kM sh R FE [ ], ARZRIT,2026,47(3) :54-66.

JE T NEX-GDDP-CMIPG6 11 4 52 & A e b i

2 SiH0

EYFELL T EZHBATER, TAREL EHBS, R mY, % 48 EEH®R?
(1. AEE B RERER, AEHE T 0115992 FREHTABRALA, AXE FARLE 017099;
3. %A LR, R ER 513299;4. S E AL R, W) #T 629200;5. mAEE LA, W) EE  610225)

W EAZTHEATERLT TENATELRFE, IS TF FTF 2 581 K6 B4R 54, 270
IMERFMRAE, G A BFRE RTREEAESZARD, PR BRI A 5 A ZFHAE MR TR
Mo BAFH AN F R R A ASH K F 4R A T NEX-GDDP-CMIPG 9 26 A Hu3k £ S AE X e BE 25 R 5
B W AR HPELE CNOS. 1,745 Ensemble Median /# # B, BARIT 4 FF 2 FALZFRET 21 # 25  F A 5A
MK IG R R R R E AR IE, AR AN OEARTEY AN TESREMBERIEHHEF L
Ft, LR E SRR F g e LIt A BB SSP5-8. 5 T KR B3, RIaT, &4 R A% Rk Ig4 Lotk g 2 7
2 ¥, 4w Rxlday #2 Rx5day £ &5 % T L itk R 3%3) 4 F 2 K ,R10 mm . R20 mm .SDII AR B HZ T LARE
FRBEARF;QEM L KM BB KIEHZRAS>HFZN ALV %, AT FRREERLYREE,
Fowe h F 2 K 3 A4z EAH ZHACRHE ;R Bl AL DL BT 2, A3k /K 38 SO AR MR 2038 A do B9, ka0 R T B A
MHPFRF BEHIEER ., FREREAV, RRAZFREIE TG " F BB R EH TR SRTREHE

5t R AR EELE KR,

SERIR] M sH B R IE 2 CMIPG; 3k AL A B A2 ; AME T AL ; R R TR

FESES TV SCERARIRAD : A

FEAERAS R (5 5 1, K A6 A 0 ) 5 S808% o e
IR 2 B R A D B O A AR
PJUESE , 4Bk — 215 LA b il i 5 B K A5 1T, i)
T RIS e X ik g KU 52 K R 5 R e
FERRE KU W B K 5 | & Bk o5 i B 55 F AR
PE AU A A R G, 6 IR 48 v
K5 N RA AR 7™ 4 A b i B AR b
SAEARAL W 2 45 (2023) ) 278, 1961—2022 4F i [
e i 58 B A S A1 A S 388 o e, R A SR W i e
i R ED DI EUINGEDIIIE ) S iR e I O
] AN [ DX 380 s o K = e 25 AR A i B 5 5 ke )

XEHS:.1001-9235(2026)03-0054-13

P2 S

M52 (97~127°E,37~54°N) fii T 463, 1
e, s R AL AR S dE = R IX S, 2 E L
T EE N AERL R GAE A e,
R (18t B 57 68 EC A VU 2 VR A e 2 T
BT E A Y 3 U A S T U A
FI 20 28 60 AR AR LA , oy [ HR 43 DB R T H 4L
Yok A, LA o K S A, B A K R R
T R N b G el w1 I - R S E
IR VG /0, Wit B K = B 0 38 22, A ) X
B 7K 1 50 TR 25 S AR R AE - VG LA S 3 3 i oy

BEE£IWB N5 AR X ARREIL S H (2024LHMS04014) s W51 AR X AL REBHEAHTIT H (nmqxkjex202426 . nmqxkjex202443) ;

SRR 2R R G R H L BHEAHT H (ORDOSQX202401)

rFE B H:2025-07-18 {&[@ BHEA:2025-09-05 ML E % BHEE:2025-09-26
PEE B 2 1 AL (1999—) , Lo, F2%E PR A 5 b o % v 225 ORI L Al 95 46 T4

BAEIEE BRI (1984—) , 2, FEMNFALM TL TAE,
BX R 1EE : BUS rmzj@pearlwater.gov.cn, P54 .



3

ZE M HE FL, 45 BT NEX-GDDP-CMIP6 14 1N 52 11 A Sk i s B K T4 55

HR RS VR R R R S B [ 22 R R I 2 B A
iR JEE ST AT UK A5 R R s TR /1020 B 25 4 BRAE
B AN, A WF 5T £, 1981—2020 4F 4 X 4L % 4 12
YR i 2 T 3 A T ) P ST 2 b X P 5 oy
ZR R R DX 5 () o B A K 2D T 5 XA g R
IKAGHE T 18 TR, 45 5 51 IR B Ji AR
ATAR L by Hb DX R AR S A AR A 14 i 3 B R
D5 SR SR F P S T ) R T Tk XU AS 7
Fh, O 559 19 A 25 R 5 0 7R A7 35 M R K I LR R
T3, 7 BN R A A e A B, Bl
AT PN 552 by Wi it A 7K 2 1 i s i A R X (it
X B A 4 AR 2 % v I e ELA T AL

bk R G AR AR R G AR AL T
KA MR AIAZ O TR FERR A A ARl o
Iz R H S & R E S B B (CMIP6) P
SR, 32 AR W 70 AR A M 7 0 e S O B2 S 4 7
HAT R, CMIP6 A5 X v ] A A6 R 7K R 1 54
AR BRI 25 [H] o Fe e d R T/ R
JE DX I S L A B ML Z R, NASA 1)
NEX-GDDP-CMIP6 [ ]URE B 4 38 1o f 2245 1F 5
Gy RN T AT B AR it A K RS Ay T R R R
Al A X ek R BE S AR Ak A 5T 4R T T S Y M5
B o A g B K S AR A Ay 5 R SRR PR Ak
10 5L 0 R 6, T CMIP6 A5 X P 52t T 5
IX B K BT e R G PRI 22 , oA a] R
JEPT SO rh N R R K G AR B P BE AT BR .
It , % Fl NEX-GDDP-CMIP6 % 5 73 #t R %
0 X PR DX ISR B T

AR SCHEILUT 5 Wi K8 B0 S B i oE 48
s, ] A A3 BT SR B 4R CNOS. 1 PFfl NEX-
GDDP-CMIP6 Hfs 75 N 52l iU RE )1 JF R T £
i 44 7 50 (Ensemble Median) 77 ¥ , &R 480 Hr
2015—2100 4F A [a] 3 52 4k 25 20 5 A2 T 9 52 i i
Vi BB 7K 6 B B 23 AR AR RRAE o RS LR Sl P 5
B it B A XU 7 1 2B A AR e R R S R A

FHARAE SRS %
1 HARRXBREFENSA
1.1 W5 IX

P 5 E 2R b 1) P AR, AR P Bk R RS 24
2 400 km, B JLES 291 700 km, SR AR 2 118, 3
T3 km?, o R 12, 3%, NS R TR
Bk P A TS 2R KA L TR 22 K, ZR T e B B
ARERAR, 0 VU AL R A VDL - VD b X
Hi A DA A T R A3 i X VR ZE 1000 m DA |,
WHLEEIE ZRE . A2 M B IR SR R | [ K M Ik 2 A
e, PRI P 52 R 43R 4 A4S X sk, DA PG B 2R A T hy
FERX R X R KRR IE X (F 1),
P e 0 b PR 1 0 i T e A N R ANE [ AR BT
R P12 AR o A s A v e T R 5 R 8 T R o
K55 ok GS (2024) 0650 1) [ Hb & 1 4, IS & JE
1B

- 2 000
1 X
500N | TPl ) 441800
I ETRIX N
T X 1 600
IV Y3 X
1400
47°Nf 1200
_'.’ 1000
II
_______ ; J 800
42°N"\ ~~\~— /_-__, L CPRZAR. -4 4
. o 40, SR 600
) I /
"’
e £ : // - 400
” 7y & 7 -
x/ ‘; L / / ——t
B AN 4 200 km 200
37°N 1 1 ! | 1
102°F 112°E 122°F i /m

1 ARHFIES R DEM
Fig. 1 Dry and wet zones and DEM in Inner Mongolia

Autonomous Region
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Tab. 1 Basic information of NEX-GDDP-CMIP6 models used in this study
P R4 R BURG 7 I ) 2R B b X =2 K44 Bk BIUAL) /o e el 5% B b [X.
01 ACCESS-CM2 ACCESS/H R FIE 14 GISS-F2-1-G NASA/ZEH
02 ACCESS-ESM1-5 ACCESS/HAF I 15 INM-CM5-0 INMARZ i
03 BCC-CSM2-MR BBC/CMA/H[H 16 IPSL-CM6A-LR IPSL/: [
04 CanESM5 CCCma/nEE kK 17 KACE-1-0-G NIMS/&i [
05 CESM2 NCAR/ZE[H 18 MIROC6 MIROC/H A4
06 CMCC-CM2-SR5 CMCC/ERA 19 MIROC-ES2L MIROC/ H 4
07 CMCC-ESM2 CMCC/REARF 20 MPI-ESM1-2-HR MPI/f8 [
08 CNRM-CM6-1 CNRM-CERFACS/i%[H 21 MPI-ESM1-2-LR MPI/{&E]
09 CNRM-ESM2-1 CNRM-CERFACS/i%[H 22 MRI-ESM2-0 MRI/H A<
10 EC-Earth3 EC—-Earth/Bk % 23 NorESM2-LM NCC/H)ak
11 EC-Earth3-Veg-LR EC—Earth/BX 2 24 NorESM2-MM NCC/Hh)gk
12 FGOALS-g3 CAS/H 25 TaiESM 1 RCEC/H
13 GFDL-ESM4 GFDL/ZE[H 26 UKESM1-0-LL MOHC/3 [
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Tab. 2 Selected extreme precipitation indices and their definitions
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Tab. 3 Rates of change in future evolution trends of extreme precipitation indices by region
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Fig. 5 Climatic state of extreme precipitation index in historical reference period under SSP1-2. 6 (the first column) and

differences between simulation period and historical reference period

(columns 2—5)
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Fig. 6 Climatic state of extreme precipitation index in historical reference period under SSP2-4. 5 ( the first column) and

differences between simulation period and historical reference period (columns 2—5)

30 0.4 04 04
£ R
£ 50°N 25 03 03 03
__§ 45°N qﬁ 20 J 0.2 %ﬁ 0.2 ﬁ UO.Z
&£ 40°N 15 0.1 0.1 0.1
10 0 ' 0 0
15 03 . 03 03
é 50°N 10 02 02 02
s 4N 5 0.1 0.1 0.1
= 40°N - ' - -
0 0 0 0
70 0.6 0.6 0.6
£ soon ® 04 0 04 04
= 50 - - -
E45°N 10
Z arn oy 0.2 '0.2 02
20 0 0 0
_ 8 03 ' 03 03
TSN 6 02 02 02
SN 4 0.1 0.1 0.1
= 40°N : : -
(=]
171 2 0 0 0
3 1.0 1.0 1.0
= spon 0.8 '0,3 0.8
2 0.6 0.6 0.6
: 45°N ; 0.4 0.4 0.4
= 40°N 02 0.2 0.2
0 0 0 0
100°E 115°E 120°E O 00°E 115°E 120°F 100°E 115°E 120°E 100°E 115°E 120°E 100°E 115°E 120°E
a) [ 5 S ] h)SSP3-7.0(7.411) ¢)SSP3-7.0(rh141) d)SSP3-7.0(H1) )SSP3-7.0(Fii it 1)
7 SSP3-7.0 TRuGBEKIEH L EEERNSES(E15) UREMNBASEHEELAHANER

(882—531)
Fig. 7 Climatic state of extreme precipitation index in historical reference period under SSP3-7. 0 ( the first column) and

differences between simulation period and historical reference period (columns 2—5)



Fepe N7 i JRaey - ity
5 3 3 Y FE L, %5 FET NEX-GDDP-CMIP6 114 N 52 ity A SR i R 7K T 63
30 05 05 05 05
£ “ 03 03 05 03
AN [20 02 02 02 02
= 40°N 15 0.1 0.1 0.1 0.1
10 0 0 0 0
15 03 03 03 03
< soon | n
g 10 02 02 02 02
Eusen :
2 i 0.1 .0.1 .0.1 0.1
0 0 0 0 0
70 06 0.6 06 06
£ soon 60 M m
£5 0 04 04 04 04
£ 45°N o
. 02 02 02 02
& 40°N 30 . .
20 0 0 0 0
_ 8 03 n 03 - 03 03
TSN 6 0.2 0.2 02 02
£ 45°N
= oo 4 0.1 0.1 0.1 0.1
(=]
@ 2 0 . 0 . 0 0
3 1.0 10 1.0 1.0
lsouny 038 Bos Bos 038
£ Jo. 2 0.6 06 06 06
s ’ 04 04 04 04
2 40°N 02 02 02 02
0 0 0 0 0

100°E 115°E 120°E

a) JJj R S

100°E 115°E 120°E
b)SSP5-8.5( L)

100°E 115°E 120°E
¢)SSP5-8.5(rf1 1)

100°E 115°E 120°E
d)SSP5-8.5(1.11)

100°E 115°E 120°E
&)SSP5-8.5(THifli i)

8 SSP5-8.5 FikimFEKIEH AR EAERWSES(F17)UREBRRAEH R EERHNER(F2—57)

Fig. 8 Climatic state of extreme precipitation index in historical reference period under SSP5-8. 5 (the first column) and

differences between simulation period and historical reference period (columns 2—5)
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Future Extreme Precipitation Estimation in Inner Mongolia Autonomous Region Based on
NEX-GDDP-CMIP6
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Abstract: Serving as a vital ecological security barrier in northern China, Inner Mongolia encompasses arid, semi-arid, and semi-
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humid regions characterized by complex and diverse climatic conditions. This diversity increases the region’s susceptibility to extreme
precipitation events, which can lead to flooding, water resource imbalances, and disturbances to ecosystems. Such events present
considerable risks to agricultural and pastoral production, as well as to broader socioeconomic development. To enhance preparedness
for future extreme precipitation events, this study utilized simulation data from 26 Earth System Models under the NEX-GDDP-CMIP6
initiative, combined with the high-resolution Chinese meteorological reanalysis dataset CNOS. 1. The accuracy of the multi-model
Ensemble Median was evaluated. Furthermore, the spatio-temporal variation characteristics of five extreme precipitation indices
during the early, mid, and late 21st century under four shared socioeconomic pathways (SSPs) were investigated, in comparison with the
historical reference period. Key findings are as follows: (D During the future projection period (2015—2100), all extreme precipitation
indices across the four aridity and humidity zones showed a significant increasing trend, with the magnitude of change closely
correlated to greenhouse gas emission levels. The upward tendency intensified progressively under higher emission scenarios,
becoming most pronounced under SSP5-8. 5. Considerable spatial heterogeneity was observed in the rate of increase among different
climatic zones. For instance, semi-humid zones consistently exhibited the fastest rise in Rx1day and Rx5day across all scenarios. In
contrast, the regions with the most significant increases in R10 mm, R20 mm, and SDII varied depending on the scenario, shifting
among arid, semi-arid, and semi-humid zones under different SSPs. These differential responses highlight regional disparities in
climate sensitivity and underscore the critical influence of emission levels on the intensity and spatial distribution of future extreme
precipitation events. 2 During the historical reference period, the spatial distribution of all extreme precipitation indices exhibited a
distinct east-west gradient, with higher values consistently observed in the eastern regions and lower values in the west. Notably, the
most significant upward trend in these indices occurred in arid regions, highlighting their particular vulnerability to climatic shifts.
Throughout all future simulation periods, a consistent pattern emerged: as emission levels rose, so did the magnitude of extreme
precipitation indices. This trend was markedly more pronounced under high-emission scenarios, with the most substantial increases
projected for the late 21st century. The amplified response in arid zones underscores their heightened sensitivity to climate change and
suggests an accelerating risk of extreme precipitation events in these regions under continued greenhouse gas forcing. The differential
spatial and temporal patterns further emphasize the importance of considering region-specific vulnerabilities in climate adaptation
planning. @) Across different simulation periods, extreme precipitation indices show an overall increase with higher emissions, with
more pronounced trends under high-emission scenarios and greater magnitudes of increase in the later periods. The research results
indicate that Inner Mongolia may face more frequent and severe extreme precipitation events in the future, which is of great significance
for the formulation of regional water resources management, flood control, and disaster reduction strategies.
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