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Evaluations of different boundary layer schemes on
low-level wind prediction in western Inner Mongolia
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Abstract: In order to evaluate the performance of boundary layer (BL) schemes on wind prediction in
western Inner Mongolia, seven hindcasting simulation experiments are conducted with different boundary
layer parameterization configurations in Weather Research Forecast ( WRF). Observations from 70 na-
tional stations and 18 wind towers are used as the reference of the evaluations. The results are shown as
follows ; The variability of wind field can be captured in the numerical simulations. There exists a slightly
clockwise deviation in the directions of 10 m and 70 m wind fields in all simulation experiments. The per-
formance of BL schemes on 3 ~ 15 m/s wind field is superior to those on 15 ~25 m/s, while poor simula-

tion results are presented on 0 ~5 m/s wind field. The diurnal variation of wind speed and direction can
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be described in all BL. schemes, as corroborated by an increasing wind speed and a clockwise rotating

wind direction during the daytime and a decreasing wind speed and a counterclockwise rotating wind di-

rection during the nocturnal time. The differences of BL scheme experiments on 10 m wind field are more

obvious than those on 70 m wind field, with a larger overestimation in the amplitude of wind. The YSU
works best at 10 m wind speed, and ACM2 performs better at 70 m wind speed. The TEMF, YSU and

ACM2 are more effective for prediction of wind shear. The atmospheric stability is of vital importance for

the simulation of low-level wind field.
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Table 1 The common boundary layer parameterization schemes used in WRF model
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Table 2 Physical parameterization configuration of the simulation
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Simulation domain and spatial distributions of wind observation stations in western Inner Mongolia
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Fig. 4 Wind rose plots for the observed and various BL scheme-simulated results for 10 m wind in May 2015
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Fig.5 Wind rose plots for the observed and various BL scheme-simulated results for 70 m wind in May 2015
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Table 3 Different metrics for comparing simulations of different BL schemes with

observations at 10 m and 70 m for wind speed in May 2015

10 m KU TEMF YSU MY] QNSE MYNN2 ACM2 uw
RE/% 42.96 19. 34 57.76 49. 36 34.72 41.97 41.58
RMSE/ (m-s™") 2.41 1.95 2.90 2.74 2.32 2.40 2.41
Station CORR 0.44 0.46 0.50 0.47 0.49 0.49 0.49
Time CORR 0.59 0. 67 0.70 0.67 0.71 0. 68 0.70

70 m X TEMF YSU MY]J QNSE MYNN2 ACM2 uw
RE/% 14.23 16. 87 13. 15 13.72 13.32 12. 67 12.76
RMSE/ (m +s™") 3.18 3.19 3.00 3.12 2.90 2.88 2.92
Station CORR 0.50 0.52 0. 54 0.51 0.56 0. 56 0.55
Time CORR 0.62 0. 66 0. 68 0. 66 0. 69 0. 69 0. 68
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Table 4  Different metrics used for comparing simulations of different
BL schemes with observations at 10 m and 70 m for wind direction in May 2015
10 m JX{[q] TEMF YSU MY]J QNSE MYNN2 ACM2 uw
ME/(°) 10. 04 13.23 10. 15 4. 66 15.10 12. 82 15. 20
RMSE/ (°) 57. 11 55.18 53.71 54.97 54.22 53.94 54.20
Station CORR 0.37 0. 39 0.39 0. 38 0. 40 0.39 0.39
Time CORR 0. 44 0. 47 0. 47 0. 46 0. 48 0. 47 0. 46
70 m JX\[A] TEMF YSU MYJ QNSE MYNN2 ACM2 uw
ME/(°) 10. 53 12.91 11. 46 6.12 15. 44 13.32 15.37
RMSE/ (°) 43. 68 39.73 40. 39 41. 30 39.35 39.34 39.50
Station CORR 0.45 0. 50 0.49 0.48 0.48 0. 49 0.50
Time CORR 0. 49 0. 54 0.54 0.53 0. 54 0.55 0. 54
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Fig. 6 Wind speed distribution and Weibull fitting of simulations of different BL schemes

and observations at 10 m and 70 m in May 2015
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