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Fig.2 Spatial distribution of multi-year average wind and photovoltaic power generation potential across the Qinghai-Xizang

Plateau during 2015-2024. A indicates multi-year average of wind power generation potential. B indicates standard

deviation of wind power generation potential. C indicates multi-year average of solar photovoltaic power

generation potential. D indicates standard deviation of solar photovoltaic power generation potential
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Fig.3 Relative changes in wind power generation potential and solar photovoltaic power generation potential across the

Qinghai-Xizang Plateau under different GHG emission scenarios. A-C indicate relative changes in P, , on the interannual
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forcing based on different NEX-GDDP-CMIP6 models. Asterisks (*) indicate the statistical

significance of changes in each variable (P<0.05)
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Fig.4 Intra-annual relative changes in wind and solar power generation potential on the Qinghai-Xizang Plateau under different
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in intra-annual variability of P_,, Error bars represent the standard deviation across the multi-model ensemble
(NEX-GDDP-CMIP6). Asterisks (*) indicate statistical significance of the change (P<0.05)

R 1T R W e R T SRR T A S T
KEH . P, BN 2 80k 75 S i oo A HL
1 A ZEM A & H v T, LB HE O SR B
1 R LTS 1 B> AR R T B 2 . W
1% & HL 7 1 H 0 SSP1-2.6 15 5t T Y 36 d 1 &=
SSP2-4.5 [ 5= T 4 38 d, F 4 % SSP5-8.5 1f & T Y
40 d, ¥ A2 i i R FEL T 1 H O 42 d
%31 d,SSP5-8.5 ra,aFﬁ%io d, TRAE & T &
MR THEEZAL.

24 REMBAFTBSENLLEENHERIFM
BREE =Y ML HHE

5517 S AR L, AR SR XD & L Y T A T
Lﬂﬁ'ﬁF%%#%ﬁ%EMHX#W&XM%%’%W#FWF%
o U, BEHE OIS SR, AR Ab g B A R s
B) S kR (9 7) . fE SSP1-2.6 i 5t F , P, Tt
T2 0 R O A5 A 3.2%+13.2% , BB A K H—0.5%
+6.3%, BIR I A &R BT, /NS BT B AR
AR I TN 3 (P>0.05) 3 P, 2 FH R 0 A %t
AR —-5.1%13.8% , BEFEIIH K -3.0%+10.2%,
ERREESE, FEEEE AR . SSP2-4.5 1%
BN P, A THIFUR I 28 8.8%+17.3% , W [ 41 % 44
2 2.1%+6.8%, P ERIIEFF S K. P, 2 TR
50 1.9%+13.6% , BERE I 357 4 3.0%+10.3%, 4 H

R Tt PUALT I AR mE SR AT O RE T . SSP5-8.5
5T, P, 2T R I — 18 % 23.6%+27.3%, I}
RN 28 8.9%+7.0% , R R4k 2™ K, kil
GABMXSFRAE 5 P, TR 2 12.7%+21.3% , 3§
R AT AR I 2 3.6%i20.1%,@jlz%l3jwal§li§ﬂﬂ,}Eﬁ‘i
TR I T R A R R A BT I o 25 1 S AR
i 2 Bt HE IO T 328 25 15 O, 4 () S Joit A () 20 1 0
AR b 2T 5 R AR A 3 0 XA T
JE S R PEAGER , AR e U PR A sl T B
A AT, Aok Kot & B i B Br &
TH55 R BT R0 GHG HET I 5 v B SR, HE
G v, AT I T A 3R IR R, S RS A2
PARY R B 2 2B 1 (K18) . 7F SSP1-2.6 11 &
TP TR 10 H BT, S R IE 33.9%,
127 H 83 R (P<0.05) , B FAE A H LT,
T KGR 10.8%; P, S FHFAANAE S A LI, &
KIG 1 23.8%, TRIEFAFAES D H I, | RIS iR
15.6%. SSP2-4.51 5t N, 2t SR F 4 m A
hi % Jﬂz%@ﬂcxﬁzo SSP5-8.51F 5 T, P, .,
AT RS 1240 A T BRI IE 53.4%,
Hor 44~ A 3k 83 K (P<0.05) , BRI F 144 9 4~
A LTt B K380 29.4% , Horpr 44~ H ik B2 7KF- (P<
0.05); P, AT R ERE 120 H 5 EIt, &
KGR 52.4% , Hir 34> H 3k B 3K 7 (P<0.05) , 3§



292 S I €5 o546 %
SSP1-2.6 SSP5-8.5
T
2 f
ﬁ i
E i l, | 60
L e | e SR
K [0 | A gy 0 600km A g 0 600km EEmn 0 600km 20
-20.7% —BIRKAE  —— 205 — R KGAE -38.1% WRXinE -
40
- A/—/W’\K ! | 30
& [Nt e i e iR
= ‘ N 20
2
= Al Al ~ I
2 o> l;\l;'v (:\Mé%k 0 j;;LWVML/AM%ook 'ng e T 0 600k Vs
S0 v e | |78 —pikus e | |06t —Boimns mem | () 3
i
G 1 1 ‘ -10%
m L
g zt\,\r—/ 20
IR
B | 79 N 111.4% ‘ 30
b i
= ISOLL 2E mm 0 600km 150 L | A2 g 0 600km "
0= Bk O | prsexiny  weme—m -
2| £t '
= \‘ ‘ ¥\> 60
=
=
5 15 ' 3.8% ‘ ' 12.1%] g
z ohr *W 15 *;\‘VV\JWJ 15 0 i
R A mm 0 600km OPL A 600 km oJri AL mm 0 600km
24 —pRKAE  -—— eV —] —WRXiaE  ——

T BT AR VR bR 1 ] IR S5 I3 A TS GS(2023) 2767 SAn i R il , IS Rl e s 2l

K5 A RHECS

T 8L e DA g A PR SRR AR XS AR A . A~C R P, i g A2 R VS 0 HER AN 284K, D~F O P, B

Ui e A2 HLTES 3 HSUR AR AR AL, G128 P, Wi i HA T ) HOBUAAR X AR AL, J~L A P WS I A L T 0 A AR X A2 1

Fig.5 Relative changes in extreme power generation events across the Qinghai-Xizang Plateau under different future emission

scenarios. A-C indicate relative changes in the frequency of days with extremely high wind power generation potential P, .

D-F indicate relative changes in the frequency of days with extremely high solar power generation potential P, .

G-I indicate relative changes in the frequency of days with extremely low wind power generation potential P, .

J-L indicate relative changes in the frequency of days with extremely low solar power generation potential P,

FEFAELE 10 H BT, S R38R 72.3%, 10 7 H N %
B3 (P<0.05),

3 itig

3.1 LB E TR —ReIR I & XU B9 22 fR U

BT ARG R R, R R T 5 T
T 98 fef Dt B — T A RE IR Y B 45 BE 0 A T I 25
) TARAR . R I P, FEAR L PR, P 1E
Hhes HE RO ST AR B, AR R R A LS
A e s 1 FL TS 0 S A T e 2
JRCREL I gl 1P 7 i G S T B IR Ik 8.6% .
kSRR RE B A W5 7R B —EL, Chen
A5 IR S A A HR 0 B R, XD B IR B Ak

U Sl Z 5 Lin 552 i — 2048 1 KOG AT D8 B2
A bR HE RS S R A SR, 5 R BT
T e S A B T VAR 250 A0 L, ABIFY R B
A SSP2-4.5 f 5t N 4F FE O AR 3 e Mk 7T GE ms A 2
427 AR v K & F v ) HBGRREE n  H BR 20
R & o 3k S AT B A o T T 0 U B M XL
B, AR L ) R Ge R ia A T G B B HR AR
DA HE, 5 5 F XTI B AR T3 S R ) 25 5
A b 274 B GWsh HF 19 AR fb i B2 546 &
HEBCIE 5T WG 35 T R 3.2%~5.0%, 1 48 5 A8 1k
1L -0.5%~+0.5%. it % ARG B T 205 I pg b
B R U S LV KR B i AR L
R S BEIR Bl PRE Y, Dy s XU I AR S T
= AR KGR = SRR, M2 T 5



R e S RO K L T 0 ) 25 A 5 XU DA 293

S TWh
3

B: G :
| N, VORAE AT IO0%)

R i (10%)

%51 IRAEFR A R ST
A RHL
80 | ; ;
o} BRI 71 00%)
é 60
3 50
3 PRI R I (10%)
20 ? |
%% kT a7 %E 4%
—SSP1-2.6

Blo  RAARHEM

SSP2-4.5
TR JEOGRE AN XUBE R m  F RI Z 1 A B . SRR SRS

g e 3 ; e L o
A% &% 2% ®E  XF
SSP5-8.5

(NEX-GDDP-CMIP6) )t HE R IIE , B35 X 3k 7 Z2 A RIAE S b T HE PR 22

Fig.6 Evolution trends of intra-annual extreme power generation events of wind and solar energy on the Qinghai-Xizang Plateau

under different future emission scenarios. A indicates intra-annual evolution trend of extreme wind power generation events.

B indicates intra-annual evolution trend of extreme photovoltaic power generation events. Solid lines represent

the mean values estimated by the multi-model ensemble (NEX-GDDP-CMIP6 ), and shaded areas indicate

the standard deviation of multi-model ensemble estimates

Wzraw RRKREZHTAE, BIREE R,
PRI DR o3 2 R A A, 2 XU R G 559 12 5
Tl A BRI

b Z G Al B — R R I A R 55 P PEAE T
AN TR HE ST 5T 75 78 e TR XU B TR 1 A f XU 23
(A% Jar o 78 S HERCTE S T, S — XU A —la L Y
o B v AU DX BG4 31 R 75.1% 1 69.5%, T XL
R R % LI 2 4.7% (81 9) , & B XUOE B[R] JT
5 LA RCF B— BE VR A S XU (1 9) o X — 2%
b — AR W, 2 3h 5 2 RE Ty 220456
PEAG AT RE A PR — BB R B I A28 KO &
B R P — BB A XU I A RGR AR

A XU 2% fige 2k 1 VR T XU AE 5 A BH g o B
RUEE b A Pp ] AN 2 i) ROBE |, e HE RO =
T XURE A HL Y T 100 Ja) 270 0 e i A & Vs T
S DX A R A v R R S T2 X R AR S HL v g
7 AR SR 5 S AR M o A1 & L Vs ) A% B 2 TR
DX 3 = A T v R PG AL 1 1% Hh XU RE & H v I
LA BRI o B Ia] RUBE I, 7 8 e JRL i KO %
VR ELAT B AR NS H RS B LA KOG
F G530 3L 6 R) 48 B B B ) AR, AT A RO R — e
TR ARG E PR

32 RESRARTHFEEEL K

4 T R S ) XL e R g Ak Tk AR
BB o T SO I B O RO A SR B ek

5 MR E AR SR AN, BLAEZS (] b AR v
T 1 S AT VT U S R X A AR
X X 7 AR AR AL R 24 T AU
DX CEEL9) T I 48 s 1) 4 P4 0 3 5 W o A1 & H v )
JEJH

O IR P, AP, AR R AR AR
23 (8143, TN 155 H g 67 far 500 w8 32 4 vh e 2R AR R
RTINS TR GRS s 9 28 AR 07, AR K
S Hb 9 - 5 ST A IR Rk 5 670 A gl T T 0
ARG HE— L UESE G R & B T 5 N D 2
T 5 A BE AL T XU (P 10) , HOBAR & s FE A il A
2 v DX A ity g 2 HL W o H AR DR 38 s 3
U TH 5 IR I T A R A 2 X S S R R RS A
H PR3 sl PR 38 et/ . DRk, A9 I — 47 g DG i
G RS A B, AR T K e P T T e VR R AR A
JRIE LASGHL A KU R

FFROETEER e v AR5 A O VE e
FRAE, R AR DR IX (A3 #E>10 A -km™)
FE S BC 2 1 AT VR N G Sk 2 B R LA B RETEAR
(TR 05 2% X I 12 X s B 7 R GHG HE TS =
T, RO K AR A T 5% (F10) o i
% HL TR o 1 B R R A DR R AE 40% LLF
PEA, TR — M B A B B 3 8 AL 5 G AR - P AR
DAL R DG B A R B0 fer T EL AT EOAME SR %
X AT S 2 B KOG A A, DI SR ) R G0
SAERIE



[

294 aE 55 46 %
SSP1-26 SSP2-4.5 SSP5-8.5
60
50
40
30
=
ga ‘ 20
R 30 [
'l 30 10 ¢
i 01—'& A 0 600km | of®- TEHEA S
51— BRRSR B 0 5
[
T T T T | ‘ =
G | L —— 1 -10
P
5 by [
\\\/ T /|
S I ER 20
=l 4 R *
= [0 ~ - 8.9% ¥ -30
o Aap ' 0 Gokm |1 | 22gy | opmL | Xy 0___600km
05 | —PRKaA s i B Kin 1 e -40
- -50
& ] -60
5
R |20 ' E - 20_3.6
0 R | ‘ ‘ : 1 | K ‘
Frmp Xhmm A5
50 ToBR e O 600km ,ojr-F SR 600km | | O TUEE L LU0 600km

T T AR TR U AR o i P IR 45 03 1 1515 GS (2023 )2767 S b v i & il 4, IS 1 e i&s ek

K7 RRA RIHERL S 5

TG IUXRE S R FHAEGAR & HL v T H PR 2T S SRR R A X 24 . A~COA P,

SIHRAFIR AT AL, D~F 2 P, 2 TR AT, G~ P, BRI A A2 AL
L P, SREE SRR A 22 1

Fig.7 Relative changes in sharp rise and sharp drop events of wind and solar photovoltaic power generation potential across

the Qinghai-Xizang Plateau under different emission scenarios. A-C indicate relative changes in the frequency of sharp

rise events for P, ,. D-F indicate relative changes in the frequency of sharp rise events for P . G-I indicate

relative changes in the frequency of sharp drop events for P, .. J-L indicate relative changes

in the frequency of sharp drop events for P

BEXF e N TR B AR S A e 22 T SR A 22 S AR
FEHET TR £35S 70 DX A R < PR 4
A Ao AR i ™, A BRI AR R T &, i
A JRy 3 A FROG 5 TR R 5 e R XL
GEUR FE AR s T AT A AR, EL AR R XU B
TEF e A P A5 I A RE RO S B SR IR, ELAE A
TS T RETRAE A X . AR AR, R
BT MR 5 B - N D DERE AR B 0

WA T 255 % B HIE B SR a4k
ABE T FEB LA AR
3.3 BRM

RWETE R G TR AL 78 i it

P, P, (2 R RRAE o A L S50 T 22 R
P g HLAE, IR 4R T ROGRE A N 5k bk 1k 2
WA —E SR PR

B, AR5 3 EAK i NEX-GDDP-CMIP6 4>
BRABEB R RGBS, REZRAES
B 5 R AR o — A5 2 T i 25 , (L 75 7 oo D e T
52 7% G MR ZR Go AR AR A 2 ) i AR R s B R
B BB R RAE B AT A7 7 [ A AR . ek, R
1% Jey b M IV 5 W) 25, AR5 SR FH e XU e A
RUMEAT A ELAMEE™ 75 52 24 MY XA ] k6 b A7 7
— AT EE . AR AT X XD AR $ B U oy
MR, SHGEBEAR B O 24500 AR 2 4% 1L
DX B & X6} i FL VS T VEAR TS PT RE AT AE A 25



55 5 1] ERAFTRIAE . AR ARG 57 T 7 g S KO K FEL T ) ) 2 A 5 U A 295

300F A | PENE
250 F e aTt
200} * P<0.05
°
$ 150
- 100
' 50
®
-50
-100
1]2]3]4]5]6]7]8]91ofn]i2f1]2]3]4]5]6]7]8]9tol11]i2[1][2]3]4]5]6]7]8]9]10[11]12
SSP1-2.6 SSP2-4 5 SSP5-8.5
200 B I X R
[ R R
150} * . * P<0.05
2 100l
3 100 * * *
= il
g 501 i
_%

1]2]3]4]s5]e]7[8]9oiolui]i2]1]2]3]4]5]6]7]8]9iofii]1i2[1]2]3]4][5]6]7]8]910[11]12
SSP1-2.6 SSP2-4.5 SSP5-8.5
K8 AR IR 5 T e UXBE 5 R BHRE LR & HL i 1 H Br 20T 5 BRSO AR A2 Ml . IREFIRIE T Z
A (NEX-GDDP-CMIP6) B A BN 25 A ARIE 22 , #3275 5 17 sl 01 R L A A8 S ARG R AR i e 31 8 251 (P<0.05)
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Spatiotemporal evolution and risk assessment of wind and solar power
generation potential under future climate scenarios
on the Qinghai-Xizang Plateau

Qiu Mengyu®, Zhang Deshuai*, Du Jianhui®
(a.School of Geography and Planning / b. Carbon-Water Research Station in Karst Regions of Northern Guangdong, Sun
Yat-Sen University, Guangzhou 510000, China)

Abstract: The Qinghai-Xizang Plateau is endowed with abundant wind and solar resources, serving as a critical
strategic reserve base for clean energy in China. However, ongoing climate warming has significantly altered key
meteorological factors over the plateau, including wind speed and solar radiation, thereby increasing the uncer-
tainty of wind and solar energy exploitation. Furthermore, the prominent spatial mismatch between resource en-
dowment and population distribution highlights the necessity of systematically evaluating future climatic risk pat-
terns. Based on the multimodel ensemble dataset of NEX-GDDP-CMIP6, this study simulates the long-term fu-
) across the Qinghai-Xizang Plateau

ture changes of wind power potential (P,,,) and solar power potential (P

wind solar

under three Shared Socioeconomic Pathways (SSPs). Multiple temporal characteristics are quantitatively as-
sessed, including annual mean trends, intra-annual variability, extreme events, and day-to-day abrupt fluctua-
tions in power potential. The results indicate that: (1) The wind and solar power generation potentials on the Qin-
de-

increases slightly; under the high-emission scenario, the declines reach 10.9% and

ghai-Xizang Plateau are highly sensitive to greenhouse gas emissions. Under the low-emission scenario, P
creases by 4.2% while P

2.8%, respectively, showing greater vulnerability of wind power. (2) Higher emission scenarios lead to stronger

wind

solar

intra-annual variability and more frequent day-to-day sharp rise and drop events. Under the high-emission scenar-
io, the intra-annual variability of wind power increases by 8.6%, and the affected months of sharp rise and drop
events expand from less than half a year to most months of the year. Extreme events exhibit pronounced seasonal
differentiation, and extremely high wind power generation events do not occur under any scenario. (3) Joint
wind-solar development can effectively mitigate the climate risks of single energy sources. Under the high-emis-
sion scenario, wind-solar coupling reduces the proportion of high and extremely high-risk areas from 75.1% and
69.5% for single energy sources to 4.7%.

Key words: Qinghai-Xizang Plateau; wind power potential; solar power potential; climate change; climatic

risk



