
Supplementary Material 

This Supplementary Material provides additional analyses supporting the 

manuscript “Assessment of Snow Depth Retrievability from Passive Microwave 

Observations over Arctic Sea Ice: A Global Sensitivity Analysis.” It is intended to 

complement the main content by expanding on the sensitivity analysis results and the 

assessment of the retrievable space for snow depth. To further substantiate the key 

conclusions of the manuscript, we perform correlation analyses using multi-year in -

situ snow depth measurements in conjunction with AMSR2 observations. These 

supplementary results aim to verify whether the relationships inferred from the SMRT-

based simulations and EFAST sensitivity analysis are consistently reflected in 

observational evidence across a broader range of environmental conditions. 

In addition, because the 23.8 GHz, 36.5 GHz, and 89.0 GHz channels can be 

substantially influenced by atmospheric variability, we apply an atmospheric radiative 

transfer model to estimate and reduce atmospheric contributions as much as possible. 

This processing step is used to better isolate snow signals in the observed TBs, thereby 

enabling a more defensible comparison with the atmosphere-free forward simulations 

presented in the main manuscript. 

 

1. Atmosphere correction on AMSR2 TBs 

We corrected AMSR2 observed TBs using the Wentz model (Wentz and Meissner, 

2000; Lu et al. 2022). The atmosphere correction accounts for seven parameters: wind 

speed, atmospheric water vapor, cloud liquid water, sea surface temperature, ice surface 

temperature, sea ice concentration, and multi-year ice concentration. The first five 

parameters are taken from the ERA5 reanalysis (Hersbach et al), while sea ice 

concentration (Spreen et al. 2008) and multi-year ice concentration (Ye and Heygster, 

2015) are obtained from the University of Bremen. 

 

2. Comparison with in-situ snow depth measurements 

We used in situ observations from Snow and Ice Mass Balance Array (SIMBA) 

buoys deployed during 2012–2016 (Locations see Fig.S1) to evaluate the different GR 

algorithm (Preußer et al. 2025). Specifically, the buoy-measured snow depth records 

were matched to AMSR2 observations (within 6.25 km, 3 hours), and the corresponding 

TBs were extracted both from the original AMSR2 L1R product and from the 



atmospherically corrected result. We further filtered the in situ snow depth 

measurements by selecting “pure ice” surface using a sea ice concentration threshold 

of SIC > 95%. All collocated observations had a MYIC greater than 20%. 

Under this constraint, we evaluated four GRs: 

1) GR(18/6) 

2) GR(36/18) 

3) GR(23/6) 

4) GR(89/36) 

In addition, we introduced an ERA5 snowfall dataset (Hersbach et al) to identify 

fresh snow conditions. If snowfall occurred on all the three days preceding a given in-

suit measurement, we classified that measurement as a fresh snow measurement. 

 

Fig.S1 SIMBA snow depth in-suit measurement locations 

 



 

Fig.S2 Relationships between SIMBA snow depth and AMSR2 GR using original and 

atmospherically corrected TBs. Points are colored by year, solid lines denote linear 

fits, annotations report Pearson’s r, p-value, and R² for each GR. 

 



 

Fig.S3 Relationships between SIMBA snow depth and AMSR2 GR using original and 

atmospherically corrected TBs during fresh snow measurement. Points are colored 

by year, solid lines denote linear fits, annotations report Pearson’s r, p-value, and R² 

for each GR. 



As shown in Fig. S2, GR(89/36) exhibits the strongest correlation with the buoy-

measured snow depth, followed by GR(18/6) and GR(23/6). For most GRs, the 

correlation changes only marginally after atmospheric correction. In contrast, GR(89/36) 

shows a pronounced improvement after correction, with the correlation increasing by 

nearly 0.1, far exceeding the changes observed for the other GR combinations.  

Further, Fig. S3 indicates that GR(89/36) maintains consistently high performance 

under fresh snow conditions, with correlation values remaining stable at approximately 

0.63–0.64. By comparison, the other GR algorithms exhibit a marked decrease in 

correlation for fresh snow.  
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