Supplementary Material: Towards constraining soil and vegetation
dynamics in land surface models: Modeling ASCAT backscatter
incidence-angle dependence with a Deep Neural Network
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Figure S1: Boxplot illustrating the composition of the representative ROIs shown in Figure 1 (¢) in terms
of the ECOCLIMAP II land cover types. The box is drawn from Q1 to Q3 with a horizontal red line drawn
in the middle to denote the median. The lower whisker is at the lowest datum above Q1-1.5%(Q3-Q1) and
the upper whisker at the highest datum below Q3+1.5%(Q3-Q1), where Q1 and Q3 are the first and third
quartiles. Outliers are indicated as black dots.



Table S1: Land Surface Variables from ISBA that are used as inputs to the DNN.

LSVs unit Full names

WG1 m? m~3 surface soil moisture (0-0.01m)
WG2 m? m~3 soil moisture (0.01-0.04m)
WG3 m?® m~3 soil moisture (0.04-0.1m)
WG4 m?® m~3 soil moisture (0.1-0.2m)
WG5H m3m~3 soil moisture (0.2-0.4m)
WG6 m3m~3 soil moisture (0.4-0.6m)
WG7 m?® m~3 soil moisture (0.6-0.8m)
WGS m? m~3 soil moisture (0.8-1.0m)
WG9 m3m~3 soil moisture (1.0-1.5m)
WG10 m3m~3 soil moisture (1.5-2.0m)
LAI m?m~? leaf area index

RN Wm~2 net radiation
LETR kgm~2s7! transpiration

WR kgm~—2 vegetation interception reservoir water storage
GPP | kgCOym—2s71 gross primary productivity

g mms ! leaf stomatal conductance

Table S2: Description of land cover types in study domain. The reader is referred to |Boone et al.| (2017) for
a more complete description of the classes.

Number Class Abbreviation
1 no vegetation (smooth) NO
2 no vegetation (rocks) ROCK
3 permanent snow and ice SNOW
4 temperate broadleaf cold-deciduous summergreen | TEBD (TREE)
5 boreal needleleaf evergreen BONE (CONI)
6 tropical broadleaf evergreen EVER
7 C3 cultures types C3
8 C4 cultures types C4
9 irrigated crops IRR
10 grassland (C3) GRAS
11 tropical grassland (C4) TROG
12 peat bogs, parks and gardens (irrigated grass) PARK
13 tropical broadleaf deciduous TRBD (TREE)
14 temperate broadleaf evergreen TEBE (TREE)
15 temperate needleleaf evergreen TENE (CONI)
16 boreal broadleaf cold-deciduous summergreen BOBD (TREE)
17 boreal needleleaf cold-deciduous summergreen BOND (CONTI)
18 boreal grass BOGR (GRASS)
19 shrub SHRB (TREE)
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Figure S2: Maps illustrating range compression due to DNN in the validation period (2017-2019). The
top row shows the observed range of the normalized backscatter (a), slope (b) and curvature (c).
corresponding ranges of the values estimated by the DNN are mapped in (d - ). The range compression for

each variable is shown in (g - i).
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Figure S3: Observed range (a - ¢), range estimated (d - f), range compression (g - 1) of normalized backscatter,

slope and curvature averaged from 2017 to 2019.



Table S3: The Pearson Correlation Coefficient between input LSVs and output ASCAT observables.

LSVs  backscatter slope curvature
WG1 0.64 -0.46 0.20
WG2 0.66 -0.47 0.21
WG3 0.63 -0.51 0.23
WG4 0.57 -0.55 0.26
WGH 0.47 -0.57 0.31
WG6 0.40 -0.54 0.34
WGT7 0.35 -0.50 0.36
WGS 0.31 -0.46 0.37
WG9 0.23 -0.37 0.38
WG10 0.17 -0.28 0.36
RN -0.23 043 -0.04
GPP -0.19 041 -0.07
LETR -0.21  0.44 -0.07
WR 0.29  0.07 -0.07
LAI -0.21  0.62 -0.34
XRS -0.09 0.38 -0.16

Table S4: The p-values corresponding to Table [S3]

LSVs  backscatter slope curvature
WG1 0.00  0.00 0.02
WG2 0.00  0.00 0.03
WG3 0.00 0.01 0.02
WG4 0.00  0.00 0.02
WG5H 0.01  0.00 0.01
WG6 0.00  0.00 0.02
WGT 0.01  0.00 0.01
WG8 0.01  0.00 0.01
WG9 0.01  0.00 0.01
WG10 0.03 0.01 0.01
RN 0.02  0.00 0.04
GPP 0.02  0.00 0.03
LETR 0.02  0.00 0.03
WR 0.00  0.06 0.07
LAI 0.02  0.00 0.01
XRS 0.04  0.00 0.03
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