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Abstract: [Objective] With the large-scale development and utilization of wind and solar energy resources, the impact of the
construction and operation of wind farms and photovoltaic power plants on local climate has received widespread attention. The paper

focuses on summarizing the research progress on the impact of wind farms and photovoltaic power plants on local climate, providing
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support for their scientific and reasonable planning and layout, as well as the sustainable development of wind and solar energy.
[Method] The paper reviewed existing research results in this field and summarized the research methods, impact mechanisms, research
processes and achievements on local climate effects of wind farms and photovoltaic power plants. [Result] Wind turbines operation
causes local climate change as a momentum sink and turbulence source, which reduces the wind speed in the downwind direction on the
one hand, and affects the exchange of energy and matter between land and air by changing the turbulent motion of the boundary layer on
the other hand. Furthermore, the momentum, wind speed, sensible and latent heat fluxes in the near surface layer are changed directly and
precipitation and cloud cover are changed indirectly. The construction of photovoltaic power plants has significantly changed the
characteristics of the land surface and led to changes in the energy budget and distribution between land and air, the environmental
temperature cooling effect and the heating effect exist simultaneously, which in turn produces feedback on the local climate system. The
environmental temperature cooling effect is caused by physical obstruction, surface evaporation reducing and conversion of radiation
energy into electrical energy. The heating effect is caused by the heat release of photovoltaic modules during the photoelectric conversion
process and the weakening of nighttime radiation cooling on the surface. The integrated operation of wind and photovoltaic power may
form a positive feedback mechanism of increased surface roughness/reduced albedo - increased precipitation - increased vegetation, leads
to increased local climate change. [Conclusion] In the context of building a new power system with new energy as the main body, the
construction of large-scale wind and photovoltaic bases with a focus on deserts, gobi and wasteland areas has become a top priority for
the development of new energy in the 14th Five-Year Plan period. The research on its impact on the climate and environment needs to be
continuously carried out.

Key words: wind farms; photovoltaic power plants; local climate effects; integrated operation; evaluation methods

2095-8676 © 2025 Energy China GEDI. Publishing services by Energy Observer Magazine Co., Ltd. on behalf of Energy China GEDI.

This is an open access article under the CC BY-NC license (https: //creativecommons.org/licenses/by-nc/4.0/).

GR35 S 4 3 B 2 e sl vl g S BCb P L A e

0 3l S BOE e TS . B 2 0 TR 5 P

i3

SRR X AR AR AR, FE BRIk RN (Y
HynE SN, KOGEBAED LRSS TPk
1) & J, A KA B A MLt 2016 4F1Y 163 GW B K
£ 2023 4F19 500 GW, 7 #735 B U A9 L EE AL 60%
T2 80% VL L, BB E B IE R £ 7. RERDE
RHHE ST X R R, R 2023 AR, TR
K BitEetl 441 GW, 6K & Ritdedl 714 GW,
SR G R AL 7 Jos thE 5, KUFDOBAR
KA REILC @B BRIl XOBBER FHEN
A R TR0 ) A% 0 TR 25 R Ko S M A A Y T B A 8,
FAATRE L F 7 LB A RS A

PF: Bifi 4= 3K T F A BR IR T & A BRI K,
JAUHRL 37 RO AR v 3l 8 8 TR TR A R i 22 4 Ak 1Y [R] B
HEXT S A B 52 AN 25 /N, AU 3 FDIG AR L il 5 R
S FE A 2 8 52 20O, Re TR A A
A i L R G R A S IR S 2 AL Keith 25
HUAREH, K LA & A shf S e 4, &
32 it b, 2 T RN RS A2 =2 [ 1) R e 28 e A R ARE
TE X Ry i R AR A 52 ) 1 [R) s, T e — 20 52
43RS M5 . Barrie #l Kirk-Davidoff® 45 it Jb 26 1 [X.

R F 3l g DX 8 e BRI SR T e, (HE 2
B 7 s 2 Bl 8 Jmy b S R JFE 2010 4E LA,
N2 B T X R P L AR JE AR JE S5 X R X,
FL 37 FIOGAR LS T SR AH DG . B T X XU L
i WK SF D7 T B R R AL, RAEEETE IR 2 I, KAL)
FIEAR Fi v ) S i 2 fe Jo) 30 AR TG g S 0 i 34,
JEIAE — B85 5 A 3R S A5 085 I A AR G o A A
U3 GRS R B . DRk, DGR He 3 X A 254
PGB SO Y RDE BT I M IS AR 2SSO i3t
FEhR I B2

IR IR A -5 Jey 3t A AR AR AT 502 25 i vl
PR RE TR R BT O Y R . AR, AR AN
BRI B A B AN 2 1, S SO DB
B AT T AU AR 52 W AT A7 AR AR A A Ay
. AFHE IR, K BN 2 BRI T
P AR A N By VR N RPN S (iR e SY U
SR FIT I R M R RV o

ARSI 3o [T N Aty R 37 FOI OR i i
BB AT IR AT, MIFSE 73k | S AILEE |
i e e R A5 T LT T X SCRRIEA T B0 45, B R
BAFRKRARRERL ., ZHA0T% . T#RmFAET A


https: //creativecommons.org/licenses/by-nc/4.0/
https: //creativecommons.org/licenses/by-nc/4.0/

52 3 PTG R 7R B R NG ER D B R PRSP R O e bri s 17

FL 37 0 Jr M A0 1) 2 S A 52 W) L B 7 3 B TR A8
JEARALE 5 I MR R U AR ek 9 AR B A L [
AL OB R NGB R 7 GRS s 2 TR
L OEAR — R A7 3 o L AR AL, 5 A T ik X
HOEIR— IR B A7 3 AR A ER 5520, 45 T XU
DRI L i Bk B A R0 A1 JRy LB XU RE A BH fiE
AR R AR B SR

1 KEZZEEITY M SERERE

11 WRFE

H T, UL B8 1T i SR B 5% 32 2 L)
JAH, 37 VTS BROXUHR 37 N A B G ) i T ORI L XL
TR LI | 32 SR T o0 B S BB A BOR T B
o, G ) b T U000 et 3222 DL 1 B0 AR5 ol UL £
XU IR DA KR RS AT R
P Ry o KU 2 KU LA S 1T X i A2 5%
e A 5% v Hi S A Y T B L —, TE RS E PR U
BT KUHLATLZH 1 2 it A2 AR ik LA R i Y 2800 1 7 £
X XU FATLZH i i 2 s w45 5 TR TR 2 BT
SRR ARG AR TE AL, A AL
T iA(SAR) | i L F5 15 (ZephIR) J Galion(Galion
Aerosol Lidar Observation Network ) 1 't B 15 55 1% &%
okE, R TR 122 R

PR 3R B T B 1 ey BR A, SO A 8 W B
5 IKUHL 37 A 800 Y E 2 T B 7 Ry b S A 800
W58, 32 2Rk H IX 48 <045 45 2K (Regional Climate

Model, RCM)!"™* | [X sk KA £ 4t (Regional Atmo-
spheric Modeling System, RAMS )" i ] BE RS
2 #5 70 ( Weather Research and Forecasting Model,
WRF) ™, 537 112 (Computational Fluid Dynam-
ics, CFD) # 1™ K K i #541l (Large Eddy Simulation,
LES) #7409 45 o 3L 7 XU AL 4L O 2 B A 85 A
(WREF-Fitch) , 4 XUy ML i B R %05 | A WREF AR
A XU i 3t 2 RE AR, AR SR O T R N A Y
JRUHEL 37 S A 38 B A 7 Hp )
1.2 HMmyLIE

L AILZH B A7 7 vy, e 5 I WS XU 1) (]
By XN M A B, XA T Y sh
FH, RIS IR |, i i i R I, e i R
N E R, S, fe DL L e Y T IR
HEL gt T KR HLALRE B R R B s, RpJE
BRI RUBE RN L2, Y5855 K S, AT
Xt RS R L2 B N = A A, R
LSS0 1) B 8 B B 52 XU 37 118 /N B il 1Y) [
WK AFZ TR EEA X R, 7 RX
A R, R b R U HE B T AR AR S KU
ML EAR . =B 478, Z IR . S RE R 2R 550
FEMURE B 0 R o I 2 R AR IR R 35 b 1 T 2
JAUEEL 37 2 U 500y T 52 B v RUBE AR, 5% 1) J) b B
X B R A R, ST 77 A Sy b B DX A A RN
SEIALEL AN 1% iR

Hue Wiz

] L] L]
( aempe ) (womshimen ) [ sonsonbs
[] []

(44 2 o k J=-f R~ R  K
!

¥

(e GHRE bR, it G RN E RS
VeI
( WA RERS AL R
[ |Bas |
S A TR N B, ERR
L2 3
[ J

1
(IO R, SRR R )
1 REpsEiS gz

Fig. 1 Impact mechanism of wind farms on local climate
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Fig. 2 Impact mechanism of photovoltaic power plants on local climate”

A — B, YRR I R IR, AT RE IR ) AR f R
fIE, s H R F il A AR LR 2 m Al 10 m
o B O 3R s SR EE A P AR T 0.64 K F032 K
R R IR, P ] )X 2 m T 10 m i R 25 K
TRJE 7 0.24 K F10.08 K I HI80% ", TiAs R AR
e Tl X KT SEAR L v N AMIR A A S R XA
JIEASTA], BRACTR R 22 AN AL, 24 A7 W LA K
HFEBENARIEN 2 m RS T8, TG
HEZEZRHEK, 1A 0.67 C, M44E 10 m < iR
R TFulish

S b DGR H Y U b R B LA R
PR MR 23 M T2 V8 b DX R ARG AR H oy i 7
TAEFH 4 C, 4 1.8~ 82 C MRS, KK
AR IE T XA TR SR H ol el R TR R s A T A R R
)2 (5 em) R BT B, (HR R BR & F 41 7=
AT MR E R AT
233 SR e BRI

SEAR H i A, DR Tl R S SR A
T M I P R R T R AR R R (AR e 2K
S R AR X s S R SR (0 14 i n BE 4 S B0
K D, (528 & /b, dE— R X K
AP RIE AT Li AR & B VD X S A B IR
Ul R RN, TAEARBFIREE T A oG R el 1
FEWEBEIR, 23 7E B 2 5 500 BB SR B 3E 0, DT sk 2 X
Ik K & AR K A

AR FL 3l I X b FRORUARE 3 1 el AR 3 T g s
IR i o B KA 2 R A AR
Millstein 1 Menon" 38 H}, Y&k H ik X 38 19 R S50
FE AR T 2T 150 ~ 250 m, BRAR BT 450

TR B, AR Ll A A 1, T B0 A ) B 0 s T
BA— X A HE At B SRR A
24 SHEIERIHEHTRIEH IR

54 v OGRS A L, 23 A OB K r A 2
TSR X 270N, A A R B SR 7 b o o v o
fta . BT OGR4 A3 ek R, U S T A B 4
o Jo2 T A L R A P, T i S L 5 80300 R ol 2 T 8 5
W) 25 1 Xt K B 6 S A WM, AT 52 i 3 T AR R
BT o AR ALIF i e 35 0T LUAG R el s B S04
AT FE , X 3 T AR AR 7 A R Y, {EL i R D
B 56 A B 4 5 A R A %) Rkl = 7
Salamanca %" #5 1, 2T R AT IR T, i A 5L
WEp A1 30T i 1A S 2 TG AR 2 42 mT AR 3045 B 8% ~
11% B9 H Y. Taha™ 78X AZ L0 X 0 117 PREE 1R 5
PEATRLRLG 75, 200 A e Bk B — A, K
BHBE AR A 305 28 T L kg 30 17 PR 05 I, > G i
PR IAF] 30% B, B AZHLHLIX AT RES LB 0.2 C
B

3 REXR—ELSITHEERERNHAR

H i, KGR — R b1z 17 10 25 & SN i
FEMG . Li S R A, BT T S
WS R 15 8 20 e, DX 18 SRS XU R S AR — A Ak s 47 X6
SEMLEG M . WFFE R, KU 35 ) ik 1 %
X IR RGE T B2 36%, T Hb 3% 1 & 147 2.36 K, fie i
ZHL X AR R, SR s s, S 3K
TN T %, £ 0.25 mm/d, It EE R ) b X R K
OO T 112 mm/d. DGR B U A HER AR 12



52 3 PTG R 7R B R NG ER D B R PRSP R O e bri s 21

X ARG T 50%, 249 0.13 mm/d, BE5 S X R 4 S 3G 0, b 3R EREAGH 5 T R, T B TR T
KSR 0.57 mm/d. YERESAYIZEFT, 51K T RS G SR DX T 74 3 JER b DX N 3R ] 2 9 5 M
Xof IXUHL 377 S5 BRI/ N — WK 3 I — Rl s BE st KB, ARG A M X B Kk D o R B 1 ek
E R, b SECOR MK R, F e, Ky R EURZ I SRR R, i 3 b i X 3
Sk — BT S8 T S AR R R R, PEACH 7 AR AR KU, =2 B LS e

PhoT A0 IR PE I T R AL T R X K Yy PR, AT AR M R R A M X, 3 R AR 4 R 37
FIEAR ol 3% (R A RON B 58 b A5 4, b s b4, il —2046 th, K FHBERI S 0 <
KHUBE XA S AR B o A 8 S EUR b A . 0N KT IRAE R A A ARG

‘&%@%ME@&%* SO P L Vb
R VIR X1 TR
( X KB A )

(Rt imscimnn | [t mng K mgh m |

( JR BB T AR ST )

\

(Urbip it = FirbmErts P Rurg

AetER )

~— A

(Ut (22 50 e . 2R S e ) (Ut xR A )

®

-]

( R Rk )
B3 REFELERAMEREGNEREEEZS RE R RIESREE LT RN E

Fig. 3 Process mechanism of local and regional circulation change caused by construction of wind farms
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