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Figure S1. Comparison of specific discharges simulated by 2D (upper row) and TOP (lower row) conceptualizations against observations.
Some observations are missing between April and June in 2018. KGE refers to the Kling-Gupta Efficiency (Gupta et al., 2009).
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Figure S2. Site averaged vegetation GIS rasters.
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Figure S3. Daily distributions of simulated rootzone soil moisture (1D, TOP and 2D) and SAR-based surface soil moisture.
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Figure S4. Comparison of simulated and observed snow water equivalent (SWE) from 2018 autumn to 2021 summer at Kenttdrova and
Lompolojéinkka sites.
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Figure S5. Comparison of simulated and observed evapotranspiration (ET) at Kenttdrova and Lompolojankkd sites. Only dry-canopy con-
ditions (i.e. no precipitation during the current or previous day), and days with more than 90 % available hourly ET observations were
considered.



Table 1. Site type -specific organic moss-humus layer hydraulic parameters. The 05 org, 0 fc,org and .wyp,org are porosity, field capacity and
wilting point, respectively. Kqqt,0rg is saturated hydraulic conductivity and Sorg is a parameter describing power-law decay of hydraulic
conductivity with decreasing saturation ratio.

es,org efc,o'rg gwp,o'rg Ksat,org ﬁorg
Site mM*m3) mm3 mm3® mshH O Source
Mineral 0.90 0.30 0.20 1-107° 6.0 Williams and Flanagan (1996); Elumeeva et al. (2011)
Spruce mire 0.90 0.65 0.30 1-1073 6.0 Williams and Flanagan (1996); Elumeeva et al. (2011)
Pine mire 0.90 0.65 0.30 1-1073 6.0 Williams and Flanagan (1996); Elumeeva et al. (2011)
Treeless mire | 0.90 0.65 0.30 1-1073 6.0 Williams and Flanagan (1996); Elumeeva et al. (2011)

Table 2. Soil type -specific rootzone layer hydraulic parameters. The 05 ro0t, 0 fc,root and Guwp,root are porosity, field capacity and wilting
point, respectively. Ksq¢,root is saturated hydraulic conductivity and S.0¢ is a parameter describing power-law decay of hydraulic conduc-
tivity with decreasing saturation ratio.

es,roat efc,'root ewp,'root Ksat,root ﬂroot
Soiltexture | M*m™3) M*m™>) @*m™3) @ms™) -) Source
Coarse 0.41 0.21 0.10 1-1077 3.1 Launiainen et al. (2019)
Medium 0.43 0.33 0.13 1-107° 4.7 Launiainen et al. (2019)
Peat 0.89 0.53 0.36 3-1074 6.0 Autio et al. (2023)

Table 3. Soil type -specific deep layer parameters. The 65 geep and 0, geep are porosity and residual water content parameter, respectively.
The o and n are van Genuchten-Mualem fitting parameters (van Genuchten, 1980). The Kq¢,r00t 1s saturated hydraulic conductivity.

es,deep er,deep (e n Ksat,deep
Soil texture | m*m™2) M*m™3) (- ) (ms™h Source
Coarse 0.41 0.05 0.024 120 1-107° Launiainen et al. (2019)
Medium 0.43 0.05 0.024 120 1-107° Launiainen et al. (2019)
Peat 0.89 0.20 0072 126 1-107° Autio et al. (2023)




-0.4-0.2 00 02 04 -0.4-0.2 0.0 0.2 04

-0.4-0.2 0.0 02 04

)
—
)
oN
¥ MD:0.088
D) g=0.1 E) g=0.5 F) q=0.9
Q
[e)
2
£
2
(m)
—
)
—
MD:0.001 MD:-0.001 MD:0.0
-04-0.2 0.0 0.2 04 -0.4-0.2 0.0 0.2 04 -0.4-0.2 0.0 0.2 04
-0.2 -0.1 0.0 0.1 0.2 0.3 0.4 0.5 0.6

A Volumetric water content [m>m™3]

Figure S6. The impact of lateral groundwater flow (upper row) on organic moss-humus layer soil moisture expressed as A = 2D - 1D, and
the impact of vegetation heterogeneity (bottom row) expressed as A = 1D - 1Dpomog.canopy in different catchment soil moisture states.
The panels correspond to 0.1, 0.5, and 0.9 quantiles of grid-cell soil moisture, and the bars show distribution of binned differences. Mean

difference (MD) is shown in each panel.
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Figure S7. Temporal dynamics of 2D simulated and in-situ measured groundwater levels at 10 different locations around the catchment.
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