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Abstract In recent years, reanalysis data are more and more used in wind energy resource assessment. In this
paper, the observation data from 40 ground stations in China are used to evaluate the ground wind speed error of
ERAS5 and ERA5-Land reanalysis data with different resolutions. The results show that the mean Bias Error (BE)
of multi-year mean wind speed of ERA5 and ERA5-Land data is 0.08 m s and -0.06 m s respectively, the
maximum BE is 0.46 m st and -0.19 m s! respectively, the Relative Bias Error (RBE) is 4.4% and -2.0%, and
the maximum RBE is 33.0% and -10.1% respectively; The slope of the linear fitting equation of monthly mean
wind speed is 0.93 and 0.97 respectively, the intercept is 0.29 m s and 0.02 m s respectively, and the

Wi EEA 2022-9-6; EFSHER 2023-4-1

TEREN %, 5, 1976 FkE, Wik, &g U, FEMNFXEE. KRB IR AR, E-mail: DHYJ6699@163.com
BIEEE RN, 5, 1984 A, WL, [EEHLREIN, FENFLRESAR. [UFERAH L. E-mail: zhangshuangyi@mail.iap.ac.cn
FEIRE EEREE A AR H HNKJ18-H33

Funded by The Headquater Scientific Project of China Huaneng Group Co., Ltd. (Grant HNKJ18-H33)



correlation coefficient is 0.98 and 0.99 respectively; The mean Root Mean Square Error (RMSE) of monthly
mean wind speed is 0.17 m st and 0.14 m s* respectively, the maximum RMSE is 0.49 m s and 0.22 m s!
respectively, the Relative Root Mean Square Error (RRMSE) is 7.4% and 5.7%, and the maximum RRMSE is
35.2% and 13.3% respectively. The error of ground wind speed of ERA5-Land high-resolution data is relatively

low, which is conducive to improving the accuracy of wind energy resource assessment.

Keywords ERA5, ERA5-Land, reanalysis data, wind speed, China
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Fig.1 Key information of observation stations
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Fig.7 RMSE and RRMSE of monthly mean wind speeds from ERA5 and ERA5-Land versus observation stations

6 LT

m FIR 4558, Mk - ERAS 5 & uf %5k} K
WARZEEK, T ERAS-Land %R} 1) 15 2 AH AR .
B0 R R TR, Bhash 9 vagh
], ERAS 5578 3k 1355 KU 1 350 77 i iR 221 3]
0.46 m s, MHXIHTRIRZEILS] 35.2%, H4HE
40 A3k A b T R R 2 B K IR Rz — . ] 8
S5 H T Tl 1 ] 22 kb T e B A B S A )
PIRBE . WK 8 (a) Fian, T A
ek, DY R LK R kAR, ik 2 2260 m,
FELASS, N7, &R, . . o
4 Z ), P O A TR K R b )1 3
TRIIE A AL o 78 3l )2 P L T X7t 00 F T 3 7
T F=AEBCR I REA XU TR B 23 0 A A B s

125 km w Q '

P8 78 gl o S M TR A v PR A B XU R BB

IS . RIEF WX S R uhid %, HthES
AR TEAE R, RERA R R H T2 R
We, G 53l P A6 7 ) PG L k™ E SRS T PG )
A, T AR R BRI DA SR s I N, S A
8 (b)) 7 7l X\ [ U B T R B 3 R ] 5 9] 45 7
—3, FEESE SE (K. ESE (KEE)
Jr. T ERAS BEEMIZS (8] 7 #5504 0.25° (4
25 km) FXFE 1 ERAS-Land %R 70 HER Ny
0.1° (£ 9 km) MIAEX s, BN T3 B v 7
Sl JE] 32 B2 M T % AE T XU B IR IR B A 43 AT v
ANEYEVREPE, TR H R T RT3 2 A X A A o
by THT PR 15 22 5K 1A FE A 65 3 A 100 5 78 3 i 2R AL,
JAIA 2 40T 2R MY 25 At i o B BB R T A
(PG RLPE, A )T 52 i RURE BT IR VT AN R ff 1

(b) A A B

N
1
NW 18% NE
" 15% y
12% ‘
5%
oWy
W |-€. ‘,-.-. E
“'\‘0"'
\ %4
SW SE
S

Fig.8 Topography altitude distributions and wind direction frequency rose around Xining station

7 #& ®

I A 40 AN HuTH £ 35 09I TR 6 ERAS

J ERAS-Land P AN 6] 43 3% 2 14 1540 it B BLT Je
T OHBTH RH R ZE VAR R AT, S5 R I

(1) ERAS Al ERA5-Land %5k} 22 42 15 X i

W2 18 20 58 0.08 mst, -0.06 ms?, #ik

8504 0.46 mst, -0.19 m s, X2 1 F

fHN 4.4%. -2.0%, & KAE7 514 33.0%- -10.1%;

(2) ERAS Al ERA5-Land % K} F ~F 2 Rk 2k

PEILA 7 FE R4 5104 0.93.0.97, #4371 v 0.29
msi. 0.02ms?, AHKXFRES NN 098, 0.99;
(3) ERAS Al ERA5-Land %5k} H 13 X 1)

TR ZE BFIE 7390 9 0.17 m s, 0.14 m s,
BRAE 3N 0.49 m st 0.22 m s, MIXHE TR
W2 (1P 3548 9 7.4%..5.7%, 5 RAB 43 314 35.2%.
13.3%.

Al UL, ERABG-Land ) #5 0k) i T XU 1%
ZERARTIAR, A T2 i RURE 8 U VP AN R Aff 12

o T B R A, H TR E A o



BT H BOREE R 1 XUBE B IR RS HR gk AT R
EH T ] X33 7 5 2% Ll Hb 2= R 7 [R) 22 e
B3, FHT R TR R G A R G e 2= 56
PR, 5 5 50 T XU 190 A4 AT AR 78 34t R
BKIIMWZE. AREVOTREGH . RS, TE. &
ISR A3 BT ORI 2 R A Se gt BRI 5T,
B B A3 B 1 1 20 1 e h 3R KU B 4R, it — 2P
P2 A BE BT IRV 2 SR I R 1, AR 55 TR 1K
BEFT R A FH AR 0 H 347 b () JBE B vt 2 L, m ke
SZFL 30-60 “XUEE” HFF.

22 ik (References)

Al-Yahyai S, Charabi Y, Gastli A. 2010. Review of the use of
Numerical Weather Prediction (NWP) Models for wind
energy assessment[J]. Renewable and Sustainable Energy
Reviews, 14(9): 3192-3198.

WRIR, AREEAT, PESHE, 5. 2011, o [E gAY Hh XX E 2R
REMEWEFC[I]. KPHAEZ=4R, 32(3): 331-337. Chen Xin,
Song Lili, Huang Haohui, et al. 2011. Study on
characteristics of wind energy resources in two typical
areas in China[J]. Acta Energiae Solaris Sinica (in Chinese),
32(3): 331-337.

T, W, TG, 2020, SARAREETS ST Hh E Hb T R
HARALHT TR R[], NI AR 4R, 31(1): 1-12. Ding
Yihui, Li Xiao, Li Qiaoping. 2020. Advances of surface
wind speed changes over China under global warming [J].
Journal of Applied Meteorological Science (in Chinese),
31(1): 1-12.

Emeis S. 2014. Review: Current issues in wind energy
meteorology[J]. Meteorological Applications, 21: 803-819.

A, AR, 4l %5 2009. NCEP/NCAR Fi-4# 44
75 XRE B DAl o 8 SR AT 0], BEURAHAE, 31(07):
1233-1237. Feng Shuanglei, Wang Weisheng, Liu Chun, et
al. 2009. The Application of NCEP/NCAR Reanalysis Data
to the Assessment of the Wind Resource[J]. Resources
Science (in Chinese), 31(07): 1233-1237.

Hoffmann L, Gunther G, Li D, et al. 2019. From ERA-Interim
to ERASL: impact of ECMWEF's
next-generation Lagrangian

The considerable

reanalysis on transport
simulations[J]. Atmospheric Chemistry and Physics, 19(5):
3097-3214.

HE, AR, RITE, 452017, REER IR VAR ]
B, /773 i, 38(4): 1-8. Jin Jingxin, Ye Lin, Wu Danman, et

al. 2017. Review of wind energy assessment methods[J].
Electric Power Construction (in Chinese), 38(4): 1-8.

AP, B, MR, 25 2007, JREEVEEVPS AR 7L
R[] RE2R, 65(5): 708-717. Li Cunzei, Zhu Rong,
He Xiaofeng, et al. 2007. Study on the assessment
technology of wind energy resource[J]. Acta Meteorologica
Sinica (in Chinese), 65(5): 708-717.

XU, EEL, TR, %%, 2021, ERAS FRar T BERR Hh E
IR Wi DX 330 b J2 DR A R i 2 AR A e 35 7 B R 0
PEAG[D]. A% SERENFA, 26(3): 299-311. Liu Hongbo,
Dong Li, Yan Ruojing, et al. 2021. Evaluation of
near-surface wind speed climatology and long-term trend
over China’s mainland region based on ERAS5 reanalysis
[J]. Climatic and Environmental Research (in Chinese), 26
(3): 299-311.

XIPE, FOAR, VT, %5 2016, F MU 75 XU 2T T
fiti PRI AL AR FRIE[I]. JXAE, 12: 58-63. Liu Hanwu,
Wang Wenben, Jiang Yin, et al. 2016. Advantages and
limitations of reanalysis data in wind energy resource
assessment[J]. Wind Energy(in Chinese), 12: 58-63.

Miao H Z Y, Dong D H, Huang G, et al. 2020. Evaluation of
Northern Hemisphere surface wind speed and wind power
density in multiple reanalysis datasets[J]. Energy, 200:
117382.

HISET. 2020. Z B4 K CMIP6 B Bk R dE 5k
b T PRI RN X T 22 2 1k [D]. R 8 TR R A
+2247 18 3, 55pp. Evaluation of Northern Hemisphere
surface wind speed and wind power density in multiple
reanalysis datasets and CMIP6 model data[D]. M. S. thesis
(in  Chinese), Chengdu
Technology, 55pp.

Olauson J. 2018. ERA5: The new champion of wind power
modelling? [J]. Renewable Energy, 126: 322-331.

Ramon J L, Lledd V, Torralba, et al. 2019. What global
reanalysis  best

University of Information

represents near-surface winds? [J].
Quarterly Journal of the Royal Meteorological Society,
145(724): 3236-3251.

Rivas M B, Stoffelen A. 2019. Characterizing ERA-Interim and
ERAS5 surface wind biases using ASCAT[J]. Ocean
Science, 15(3): 831-852.

Rose S, Apt J. 2015. What can reanalysis data tell us about
wind power[J]. Renewable Energy, 83: 963-969.

Tammelin B, Vihma T, Atlaskin E, et al. 2013. Production of

the finnish wind atlas[J]. Wind Energy, 16: 19-35.



Torralba V, Doblas-Reyes F J, Gonzalez-Reviriego N. 2017.
Uncertainty in recent near-surface wind speed trends: A
global reanalysis intercomparison[J]. Environ. Res. Lett.,
12(11): 114019.

Ulazia A J, S&nz G, Ibarra B, et al. 2019. Global estimations
of wind energy potential considering seasonal air density
changes[J]. Energy, 187: 115938.

sz, §AE. 2017a. A5 E TGRS KA HLAH DRI
WAAFFE[J]. AT AR REIR, 35(3): 427-436. Zhang Shuangyi,
Hu Fei. 2017a. A study on effects of boundary layer
meteorology to wind turbines’ power performance [J].
Renewable Energy Resources(in Chinese), 35(3): 427-436.

fKA 2, #HE. 2017b. GlobeLand30 Hh# 7 7 7= i N FH T b
44k AR IRV [I]. BEIRAEE, 39(1): 125-135. Zhang
Shuangyi, Hu Fei. 2017b. Application of GlobeLand30
land cover product in refined wind energy resource
assessment[J]. Resources Science(in Chinese), 39(1):
125-135.

sk e, BAE, TaiRE, 4% 2017. FIF CFSR #if i b
L KA XU BE BEIR PPk [J]. KILIR I B IR 5 3 5T,

26(11): 77-86. Zhang Shuangyi, Hu Fei, Wang Yiqun, et al.

2017. Application of CFSR data to offshore wind farms’
long term wind energy resource assessment[J]. Resources

and Environment in the Yangtze Basin (in Chinese), 26(11):
77-86.

SO aE, Eailf, Bz, . 2014. FIF MERRA HE Xt
REER AT REFET IEMT T[], W EAEREIE, 32(1):
58-62. Zhang Shuangyi, WANG Yiqun, LV Zhouan, et al.
2014. Correcting error of representative year for wind
measurement data using MERRA data[J]. Renewable
Energy Resources (in Chinese), 32(1): 58-62.

Zhang Z T, Wang K C. 2020. Stilling and recovery of the
surface wind speed based on observation, reanalysis, and
geostrophic wind theory over China from 1960 to 2017 [J].
Journal of Climate, 33(10): 3989-4008.

R, MIRR, AT, %5 2010. DX R BT KA A
A T[] XAE, 6: 50-54. Zhu Rong, He Xiao Feng,
Zhou Rong Wei, et al. 2010. The numerical simulation
assessment methodology for regional wind energy
resources[J]. Wind Energy(in Chinese), 6: 50-54.

B, TRH, v, 5. 2021 HE KRS R IR AR RFE R K
IR KFHAEZER, 42(6): 409-418. Zhu Rong,
Wang Yang, Xiang Yang, et al. 2021. Study on climate
characteristics and development potential of wind energy
resources in China[J]. Acta Energiae Solaris Sinica (in
Chinese), 42(6): 409-418.



