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Abstract

As climate change significantly impacts wind resources, this paper proposes a new method for wind
resource assessment and explores its application in wind farm design, providing scientific guidance
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for wind energy development. Through a comprehensive analysis of the overview of climate change
and the characteristics of wind resource variations, the study reveals the underlying mechanisms
by which climate change affects wind energy. This research collects and processes a substantial
amount of wind speed data, constructs an efficient wind resource assessment model, and achieves
methodological improvements through empirical validation. For wind farm design, this paper es-
tablishes corresponding principles for adjusting design parameters and optimizing selection strat-
egies, further modifying wind farm layouts to accommodate the challenges posed by climate change.
The importance of wind resource assessment in wind project planning, risk management, and the
formulation of industrial policy recommendations is discussed. The findings of this study provide
significant references for decision-makers and engineers in the wind energy sector, contributing to
the sustainable development of the wind power industry.
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SR AR AR SRR A R AR I T T v R i b R D 7L S AL ) R R
WHARRM, JEA TR T RE S 8P 26 B 1 X ORI R AR, o X RGHSE N, o — e X AT B R
B AR R G Qo R SO AN R IR R FE R T, 0K S8 IR IRV R0 S5 YR 40 AT

TEVPAl TR IR, 75 2% B8 A5 AR A X 7 SE A AR 2 o 5 ) 000 v 23 2R S AR AL (i CMITP) g R
KR TSR AL T A S fr. B Gt ik, WiE A e AN R, AT DASR A RO KR R
TOURk RS 2 o A T, SRt [X P A XU AT BEAE AR L AE N R 51 10%~20%, T Hofty 3 DX U AT BE R % 15%.
B, i e X R o il B v K TR B T, Rk R (077 HA s T PR ol = 52t X T e T s PR 5
AR,

LI BT RLEE A B B AAEAA KA, RSB AP AR R AL, FE4s 630
BEAT KA. R RS B R SR (GIS) A s AR B K ] DL et e 158 KU B 7 i) e ARk ik, T H et
(BRI o SRR A 51 R I IR B IR AR AL AN R JXUBE 7 77, 0] KU I 28 B PR AT R AT M 52 H B Bk K
SO SV ORI 4 G OB SRR, RO R B R A R R

2.2. RFFEEWFES

B IS R AR ARFAE 2 FEAR AL RO L U] S AR AR o IR 6 AR 5 AR W « W R TH I T s
LR RV YT ROIEEE, 3 KGR AR 2 A BoR B I A S T AR . 7
—UE I, AndESE AR AR, FEIIRGEFR T 5%~10%; MR mAh X, Wb B, RGE
WG T 29 5%~15%. ZILG A T2 5 R KR AR .

A5 FHY U TR R AR, B YRR DA 7T SR R L R Ta) B AT 25 44 P52 0 . K e
JRGEE ) ] AR A 52 38 5 £E 2~8 mi/s 2 1], 171 £ JAEI=0E 585 W o A A1 5 BB s A 3] 50 m/s DA E.
T AR i X A AR AR AR T 25 1 AR A P N, G RAE R HLIX, SEIRZTA 20%~30%.

T AR AR AE WA BIAE Z= T PR ] b = MR R0 1 5 U — ek B A6 TT, TR ZER AR £
I B 5 B R T B SRR o R AR TR R A B AR Y, e XA A KU A B e BE AR A T
K 10%~15%. B, KPGEEAT R RE 2 =] B RAG, A NS0 08, JCHRAEAL KPR
TGN RGO .

T IRAR A REAE 1 70 B 75 SR F SR B, W1 CMIPS (Coupled Model Intercomparison Project Phase
SRR N 1) o pR e A, IR AR S BTV AR A SR 1 RO o 38 A Y B AT IR
THE 1.5°CL 2.0 CEANFE SR, KOs AR AN A SR S5 Rom th— 2k, FiE] 2050 48,
5 HUIX A R XUBETE J1 A T REFR 2 10%~20%. HF A2 TE B = SRR R B S E ME LR,
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X B JEAAARFAE RN 20 AT, AN B T B U AR A 0 B AR IR B 520, 3 D9 X L 37 i ade ik A
BeTH SR At B A o Jm I 0]y s s ) AR AT, AR &S R T A ) RURRE 7 B KU X
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2.3. SRFHEEIIE
AURAR A I 2 AL RN KB, T BB KA AR A P R T B T e R i 5 7

DOI: 10.12677/ams.2025.122011 101 TR AR


https://doi.org/10.12677/ams.2025.122011

of
I2s

FERIRAAZ AL o RIS SAEB LT, ST = rT e B0 IR 2 w0, a3 S50 R R X . B
CMIP6 BALTM, F] 2100 FEEERFHSIRATHE LT 1.5°CE 2°C, K51 R KRR ER A, FmAR
A X o 22 5

ERAHFAER A, PR S SRR e A e, S hX R R . FRR
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KGE BT, SEUAEE K.
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3. BRI 7 5ETR
3.1. RUBEHREHRSESLE

FEBEAT R BT BT, 6 AT AR SR B R BS R EAT HERR AL B 2. Jy 1 T I 7 KU R AR 4L
A S HIBFE R R AR, 5 Jeilad — FR A ™ 1 1 B Ak B D SRR A — AN AT (3 ) XU 0 Al
AT R HR R HCHE A BRI ) (1 5 (ST R B e 28 AR R VAL PR 2 B B, XGRS Ak 3R
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Figure 1. Wind speed data processing flow chart
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Xt F AR EE AT 1B B, BRI VAR BT L O, T BRI B A R A R 1 B A A
HAR, S TR R e A A 7 VA O e R, AT SRR A BRI AR IE BB A TOUAL R S5 B8, T R B e B
VEREATORE, FRBRMEAE, ORME S RVAEEE, MR OREOE I G SRR S S T IR AR e MR BT . 45
AR F 7 AR AL B, AR . I TSI, .V RIEAR DL K PR RS,
TREFE AR A TS 2R

TR 5 A B AN R A Y DA R A B (R KGR S5 R Gt 2 D7 AL 3 2 S BB i SR AT TR N
Mo AT RO TE VI ZRod R R 2 R T M . ZE AR A S (8] R R R 2, DA £ T
FROE RS PG F P o BT 3K 2 B A0 R et AR R IR 25 5 VAN P AN O R R TR R
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IR (1 2 4B AC T, LIRS s R BB R (B R4S (8] 0 A A I ZE U . SR B3R, ASBFFESEE T
JRGEHE DR AEARES BT I B IR SS 1015 Bk, SRR R K I H B 22 i S AT i .

3.2. MFIEFEEREE

FERGEIE VPR AR b, B e QU R T A M B S G I . PR A SCRR sl e, 45
U R AT SRIUE, SR A 2 UEE RIS BOR, B DR o MR R AR BRI IE A 1 R . FEA
WEFOP B, 10 X BHRPPA R R AR R, BN T B TR R, DLBRTH B
PAl B AHER 5 S F A XSRS TR by i AR G 1) 2 P

i RE PP A XIS B SR K, AT T SR B e, AR L AR DX G XU 55 22 4 P 2 AR Kbl -
BRI A . Hy WARNERE, HZNESEREIRIPAERRMIRR M AL E. 2T
WERNESE, EFEER NGB, AR E U RER TR C — D A Td, IR IKE)
BRI BRGS0, M T 2 &P HESE.

FERCHE TALBERY BE, S BRI B EAT o ZERIE Ve ARG UM AR BE, HERR SRR AEAN % B, DAPRIEE
e SAREE T LA GEt A TE N s, RRER A b, B U AR A R AL R
IPATREIE . [5TR R KA A R PR YT LT X7 (10 25 TR G A AT 8] Py 91 (RO 80 3R AL, Gl R A I ()
BT EETT i, WAL A BHEAIAE 1 2 (8] (R BOC R o AR IR AR R B BE R B, A5 P IS 18] 3 570 PR A S ik
AR AW 2 TOR IR AETTE, B B EEAT A% R AR 56 o
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thop B E L, v AR, KA THA R RGE T R ELIS REEIE . 1X— A3 UiSL 1 RGE 5 X AE BT 2
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Figure 2. Flowchart of wind resource assessment model construction
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Propagation) #f 25 IX 45 (P05, B HE B 42 AUTH 7 21 508 v /e A0

BEXE AN AMa2 7 B R I Y B 5 7, R TER IR T A AMEEOR, PR T AN M
HETINCR, JRlE SR BB AT T IAE. FHFORIL, ERInAMEA RS, KR R
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Figure 3. Effect of different compensation capacities on wind farm outlet voltage

B 3. FRIMER R KA it O AR

Table 1. Model verification results

1. ERINEEER R

Ml MEY BRE RES s KER RN mEE 2T

BT K Hpu  Hpa o wmm PV g BRE T,
1 E%;S;éf 0.50 14.30 RMSE 0.60 14 1.10 13 12.5
1 E&iiiBP 0.50 14.30 MAE 0.52 14 0.95 13 15.0
1 %fﬁ; 0.50 14.30 MAPE 38.65 14 7.85 13 18.0
2 Eﬁ;;fi—if 0.60 17.63 RMSE 0.80 18 0.75 17 21.2
2 E&i?iBP 0.60 17.63 MAE 0.65 18 0.68 17 23.6
2 E;;?ﬁ 0.60 17.63 MAPE 25.73 18 10.59 17 25.9
3 E%gi# 0.34 11.15 RMSE 1.58 11 2.20 11 27.1
3 B&i‘;{;BP 0.34 11.15 MAE 1.30 11 1.55 11 28.3
3 zﬁj’; 0.34 11.15 MAPE 199.58 11 32.45 11 35.2
4 E%gi—if 0.45 13.37 RMSE 0.99 13 1.45 13 17.4
4 E&i?;BP 0.45 13.37 MAE 0.83 13 0.92 13 20.5
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R, B
gk
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4 Sl 0.45 13.37 MAPE 49.01 13 13.99 13 22.8
ik
S
5 Eifi%* 0.62 16.59 RMSE 0.88 17 0.99 16 19.7
sk
5 EﬁiBP 0.62 16.59 MAE 0.75 17 0.80 16 21.9
oA
5 Sl 0.62 16.59 MAPE 26.35 17 12.21 16 23.5
X7k
6 Eﬁﬁﬁ 0.26 7.62 RMSE 2.00 8 1.85 7 29.4
a2k
6 aﬁ%in 0.26 7.62 MAE 1.70 8 1.66 7 31.6
BIGEI PN
6 Sl 0.26 7.62 MAPE 205.47 8 49.77 7 33.8
Ik

4. RVERIFis T EY Al B SR A
4.1. BitSEIREEREN

TERE I BT, Brh S H0R 5 RS TS AR A0 R B IR ) 5 e AT RS VRl . IR TS
B, FTHERNGE. oA ARG R SO A R R . MIER Frh HR 75 P51 S S0 I i
ASAFERERITIN, R 10 K R X . XS XGE, NS % D) A, LT 5~8 m/s
Y8 FEE BT 10].

RTA] AR Ak RATLA B AR 37 B AR R B SR . RS B, w] R R B 43 bt
DX 3 N AN AR A, ERUSGR B R D 3 AR IAT SRS A, DRGSR . AR R
KAWL e 28 75 AT A E IR IE, DU B XRE B Ak % .

TSR R I T E B R R, EE HEHEE 12% 0L N ImREER,  DUE R XL 45 8 58
Je 24 580 R RAE A TEC 61400-1 At P AR R TF EAH RS2, Wi B e UIAR %, X
A] DL I JR B AR R EE SR AT 5 9 HER ) T I 2 A

TEXEES LRI T, KIS 1A 5 R A& IR Bt S AT A SO B . AR BT, 456 X
HLRTEIEE . BRI AN R ICAT SRR AL T v, B ARAS R LA R A 3 T4 dv)s s J8% RH 3~5 5% 7 E AR
PR IR K o AR BRI UL RS, DR REE A 2 R YR 2 A I8 XL S AN e Th,  smfbxt
R it AT 25 A 4D . R

BeTH 22 K I 1 Tk 28 B T AR IS SR AR AL AT B . BT R S B TR A 34T, DA A SRS A
AR R IZIE AT B A (ISR, SR FH 5 B SR TR T R e 8 71484k, S it BET et S 8. BRI,
232 0 U APk S AR A6 RN XURE T PR sz, ] DU RUEIT &R B A J me ek H SR B, i Ak
IR B (AEPYRS T3 5 20% 22 A 11].

RIS BRIZ T, O PR AU AR A 5 | S A o R AN D) e RN R S T PRI AR ) R FLRICR
WM, AN FB, FIHN LR REAREE S R is 17 M Se i AT S04k . &0t
R R S B BN RS AT KRR VEVEAL SR RUR R A BRI AR
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4.2. MEEHAER K

TEMFTAERE SR, RETIRPPAL 7 20 T s RO I B I B H 28 . A 43 2 SR
T el A AR BT IR RS, E A A R FTLZEL I 2R R i XU I (R R s H AR . ARG KU
W AR BT SRR RIS A (T RS2, A 85 0% B AL TE KBS 8 R R AR
BEAR[12]

U SRR B , Rl A ERSARBRL(GCMs) I X IS AT (RCMs) %o X L 37 AU 6L 43
AHEAT T, AR T R o A BT o X SR e I B AR B O E R T RS AR AR TS =
TR A AT eSS, T VA T AN A AL AR E 1

TEXENLALE BRI R, R SR 30 1 2% (CPDY B R 5 5 7 He e s T B0 a0, RS Al 17
PR AR A AR, o 5N 22 Ju2k M (e VAR BRI 38 2 ) 50925, S T KR ATLAE M B S5 R 55 5 B DR IR Y
SEPL T RS HE IR LR A 13].

RACEE A% 2 Fros, ALK EERER, XHES 1K SWT-2.3-93 BRHLFH 2N SWT-2.5-120 BYJ5,
AR BB M 98.6 GWh # % 105.4 GWh, &7t 6.9%.

Table 2. Comparison table of wind turbine selection optimization

2. KMEBHARBMAITEER

REBHEARETT BRI E

AT SR S T N | T I T SN
(GWh) (GWh)
1 SWT-2.3-93 2.3 SWT-2.5-120 2.5 98.6 105.4 6.9
2 SWT-2.3-93 2.3 SWT-2.3-108 2.3 50.4 53.2 5.6
3 SWT-2.3-93 2.3 SWT-3.0-101 3.0 89.3 96.5 8.0
4 SWT-2.3-93 2.3 SWT-3.6-107 3.6 95.7 104.6 9.3
5 SWT-2.3-93 2.3 SWT-2.3-113 2.3 99.8 106.9 7.1
6 SWT-2.3-93 2.3 SWT-2.3-101 2.3 43.5 46.2 6.2

4.3. R RSN 1ERE

JAHL 37 A ) FRD e S A 1 2 8 B A AR A 0 KBS VR I BN AS 52, B ZEDRAL XU 1) R L AR 3R S 255 3
aio JE A GRS XA RE . JRA] i i A SR AT KA S, @ WK WRF (Weather Research
and Forecasting) 15 8 34T =y 70 3 B AR 1, TEERR VPAl R K 20 22 30 SR I KUBT IR AR HA . IR,
BT RGBSR, NARKEEPAL 40 WindPro 5 WASP, SEHUGH R M 40 04, e SRAR [
&AL E S RAAT R

FESEBR A B R, B2 LB RAILIRI IR L A oy T 200 & FE 55 S 300 I PERE B2 A o A i AR HLIR] R
— N 5 B T AR EAR(D), it CFD (LR AA ) 71 5 AU gt — PR AT o A2 KR AR B B (1 15
HUT, PR A E SOK P, R ERI AR, RS KRR 14]

FEIE NP B A, F5 51 N RS T 5387 o B 70 S, SR T GBI T FE 250 (o) 5 Hh AR FE (20) 45 & VA
P 7 ARE TR I TNE R 1 . ORI e RO BB AE 0.1 2 0.4, T FKRS B BUEEE Ny 0.03 £
0.1 K, RIARSGIEFACHRE B X I DA A R . TR BEAR YR BRI 5 S0 56, AR5 T 48 SRR RS
JEAE, DA ORRSAEDLAC .
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J3— L ET 2 KA I Bl A W 5 B . ST IR XGE L XU R AR R R, s LA
5 2SR AT AR AT 3T, DR XN LIS AT 28, JEHRAE RO R F AU I DL, iln
BRGNS AELEEAL b, 2 RIGIERAE SRS, EL AR e o R Y TR] I e 4 AL B i
K LSS, IR Vo8 2 A SOHE[15]

EEXSEAR A BN 5 SAUE AT, B W] SIS S0P, HOBUASERE M,  Rl AE AR A5 M 55 X A A
i, NEEAE CEME R RN, BOREMZREE S AP AT GIS GBS B RS0 T HRIZH XA
B, G KA REAT SR AV, A B AR BRI R v R A Bl i SR, B AR BT S
LV EIES RS

5. R E S F
5.1, RESTIE SR SRE

RIS E RIS P 5 (0 OGS AE T A PP Al XU R, DA AR IO (G SR Rl 47 R B R 3
HNWP) TSI A B 7 2% (CFD)Y BB A DX 81 X 7 A FRCRE 25 B AT A0 B0 AT - B KR R
IR BN B HGHEEE, WA RSO RS XU (Vave) FIUXEEE BE(E). 7ETEHBIX, 35 KH
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