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Figures 

  

Figure S1. The flow chart of the Ensemble Kalman smoother system with a fixed-lag value N = 5 for dust 

emission optimization. The number represents the time of emission optimization. The blue and green box 

represent the time window of emission optimization and the time window of assimilated time-lagged 

observations. 

 

Figure S2. The simulated dust burden (units: g m-2) in the 5 dust size bins for FR experiment (a,e,i,m,q) during 

14-17 March 2021. Difference of the dust burden between AOT DA-SZD (b,f,j,n,r), AOT+AE DA-SZD 

(c,g,k,o,s) and AOT+AE DA (d,h,j,p,t) experiments minus FR experiment. 



 

Figure S3. The simulated aerosol optical thicknesses (AOTs) in the 5 dust size bins for FR experiment 

(a,e,i,m,q) during 14-17 March 2021. Difference of the AOTs between AOT DA-SZD (b,f,j,n,r), AOT+AE DA-

SZD (c,g,k,o,s) and AOT+AE DA (d,h,j,p,t) experiments minus FR experiment. 

 

Figure S4. The fraction of the accumulated dust emission in each bin in Gobi desert for the four experiments 

during different periods. 



 

Figure S5. Same as Fig. S4 but in Taklimakan desert.  

 

Figure S6. Normalized atmospheric volume distribution in Gobi desert, Taklimakan desert, and downwind 

area including AERONET sites for the four experiments during 14-17 March 2021 and 18-23 March 2021. 



 

Figure S7. Same as Fig. S2 but during 18-23 March 2021. 

 

Figure S8. Same as Fig. S3 but during 18-23 March 2021. 



 

Figure S9. The spatial distributions of the simulated AOTs at 550 nm at 19:00:00 (UTC) on 15 March 2021 

in the FR (a) and AOT+AE DA-SZD (b) experiments. Vectors in (a-b) represent the simulated surface wind 

field (m s-1). (c-d) Same as (a-b) but at 06:00:00 (UTC) on 16 March 2021. Vectors in (c-d) also represent the 

simulated surface wind field (m s-1). (e-f) Same as (a-b) but at 18:00:00 (UTC) on 16 March 2021. Vectors in 

(e-f) also represent the simulated surface wind field (m s-1). The curve indicates the CALIPSO orbit paths in 

Fig. 11. 

  



Tables 

Table S1. Accumulated dust emission (units: Tg) in each dust bin for FR, AOT DA-SZD, AOT+AE DA-SZD, 

and AOT+AE DA experiments during 14-17 March 2021 and 18-23 March 2021 in Taklimakan desert and 

Gobi desert. 

 

Table S2. The bias (BIAS) and root mean square error (RMSE) between simulated aerosol optical thicknesses 

(AOTs) for the four experiments and the observed ones from AERONET and SONET.   

 

Table S3. Same as Table S2 but for Ångström Exponents (AEs). 

 


