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Figure S1. Time series of diurnal variation of (a1-e1) downward shortwave radiation (), (a2-e2) downward longwave radiation (), (a3-e3) upward longwave radiation (), (a4-e4) ground heat flux (G), (a5-e5) latent heat flux (LH), and (a6-e6) sensible heat flux (HFX) by four PBL schemes in five regions in April (Spring). 
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Figure S2. Similar as Figure S1, but in July (Summer).
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Figure S3. Similar as Figure S1, but in October (Autumn).
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Figure S4. Time series of diurnal variation of (a1-e1) surface temperature (Ts), (a2-e2) heat transfer coefficient (Ch) and (a3-e3) the difference between the surface temperature and the 2-m temperature (Ts-T2) by four PBL schemes in five regions in April (Spring).
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Figure S5. Similar as Figure S4, but in July (Summer).
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Figure S6. Similar as Figure S4, but in October (Autumn).
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Figure S7. Regional distribution of 2-m temperature simulated by the (a-d) four PBL schemes for the (a1-a5) five regions during the daytime in April (Spring), (e1-e5) distribution of observation in five regions, and (a1-d5) distribution of relative bias between simulations and observations.
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Figure S8. Similar as Figure S7, but in July (Summer).
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Figure S9. Similar as Figure S7, but in October (Autumn).
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Figure S10. Regional distribution of 2-m temperature simulated by the (a-d) four PBL schemes for the (a1-a5) five regions at night in April (Spring), (e1-e5) distribution of observation in five regions, and (a1-d5) distribution of relative bias between simulations and observations.
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Figure S11. Similar as Figure S10, but in July (Summer).
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Figure S12. Similar as Figure S10, but in October (Autumn).
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Figure S13. Regional distribution of 10-m wind speed simulated by the (a-d) four PBL schemes for the (a1-a5) five regions during the daytime in April (Spring), (e1-e5) distribution of observation in five regions, and (a1-d5) distribution of relative bias between simulations and observations.
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Figure S14. Similar as Figure S13, but in July (Summer).
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Figure S15. Similar as Figure S13, but in October (Autumn).
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Figure S16. Regional distribution of 10-m wind speed simulated by the (a-d) four PBL schemes for the (a1-a5) five regions at night in April (Spring), (e1-e5) distribution of observation in five regions, and (a1-d5) distribution of relative bias between simulations and observations.
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Figure S17. Similar as Figure S16, but in July (Summer).
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Figure S18. Similar as Figure S16, but in October (Autumn).
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Figure S19. Average vertical profiles of simulated turbulent diffusion coefficient of heat at 08:00 and 20:00 BJT at four sounding stations for each region in January (Winter). The lines with shading indicate the average values and shaded areas show the uncertainty range (the mean ±1 standard deviation).
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Figure S20. Average vertical profiles of observed and simulated wind speed and direction at 08:00 and 20:00 BJT at four sounding stations for each region in April (Spring). The unobtrusive gray lines indicate the simulated lines for all time periods, and the lines with shading indicate the average values and shaded areas show the uncertainty range (the mean ±1 standard deviation).
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Figure S21. Similar as Figure S20, but in July (Summer).
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Figure S22. Similar as Figure S20, but in October (Autumn).
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Figure S23. Similar as Figure S19, but for turbulent diffusion coefficient of momentum.
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Figure S24. Box plot of observed and simulated PBLH in five regions in January (Winter).
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Figure S25. Regional distribution of PBLH simulated by the (a-d) four PBL schemes for the (a1-a5) five regions at 08:00BJT in January, (e1-e5) difference between the PBLH simulated by the YSU scheme and ACM2 scheme.
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Figure S26. Statistics of temperature and wind speed in different layers at vertical height in April (Spring), with circle size indicating the mean bias between simulations and observations, and circles filled with color denoting the relative bias.
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[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Figure S27. Similar as Figure S26, but in July (Summer).
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Figure S28. Similar as Figure S26, but in October (Autumn).
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