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Introduction

Note S1 describes themethodwe used to invert hyperspectral soil albedo fromknown

broadband PAR and NIR albedo values.

Figures S1 and S2 plot the comparison of soil water time series from ERA5 reanalysis

data and flux tower observations at AU-Tum (site h of Figure 2 in the main text).
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Note S1. Hyperspectral soil albedo

Firstly, to derive hyperspectral soil albedo, we calculate soil albedo values at photosyntheti-

cally active radiation (PAR) region and near infrared (NIR) regions, denoted as PAR and NIR

respectively, by linearly interpolating the reference values at completely wet and dry soils:

PAR = PAR,wet · RSWC + PAR,dry · (1 − RSWC), (1)

NIR = NIR,wet · RSWC + NIR,dry · (1 − RSWC), (2)

where RSWC is the relative volumetric soil water content (0 when completely dry, 1 when soil

water content is saturated), the subscript “wet” denotes saturated soil, and the subscript “dry”

denotes completely dry soil. The four reference albedo values at a RSWC = 0 and RSWC = 1

can be found in Community LandModel (Table 3.3 in CLM tech notes version 5). Our adapted

method differs from the original CLM approach, which uses

PAR = max(PAR,dry, PAR,wet + 0.11 − 0.4 · SWC),

NIR = max(NIR,dry, NIR,wet + 0.11 − 0.4 · SWC),

where SWC is the absolute volumetric soil water content (0 when completely dry, < 1 when

saturated). Our adapted soil albedo method linearly interpolates the soil albedo from wet

to dry soil, and better matches experimental observations than the original CLM approach

(Figure S1.1).

Secondly, we expand the broadband albedo values to hyperspectral by weighing the char-

acteristic soil albedo bands:

(�) =
∑
8

5 (8) · �(8 ,�), (3)

where (�) is the albedo at wavelength �, 5 (8) is the weight of the 8th characteristic albedo

band, and �(8 ,�) is the 8th characteristic albedo band. See Figure S1.2 for the four bands.
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Figure S1.1. Comparison of the broadband albedo computed using the CliMA Land and

CLM approach. Data from (Jiang & Fang, 2019).
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Figure S1.2. Characteristic soil albedo bands of the GSV model (Jiang & Fang, 2019).

We use six methods to fit the weights: three methods using only first two characteristic

bands (two fitted weights) and three methods using all four characteristic bands (four fitted

weighted). Each of the categories contains (1) pointmethod that fits averages, (2) curvemethod

that fit curves, and (3) hybridmethod that fits a point and a curve. The sixmethods are labeled

as 2P, 2C, 2H, 4P, 4C, and 4H, respectively. The point method weighs the PAR and NIR region
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equally, and minimizes the sum of the square error between the averages:

min
[
(PAR,mod − PAR,ref)2 + (NIR,mod − NIR,ref)2

]
. (4)

The curve method assumes the target is a two-piece flat curve that the PAR region is constant

at PAR,ref and the NIR region is constant at NIR,ref, and minimizes the square error between

modeled and target curves:

min (mod − ref)2. (5)

The hybrid method weighs the PAR and NIR regions equally, and minimizes the sum of (1)

the square error between the averages in the PAR region and (2) square of mean absolute

difference between modeled and target curve in the NIR region:

min

[
(PAR,mod − PAR,ref)2 +

(
|NIR,mod − NIR,ref |

)2]
. (6)

See Figure S1.3 for the examples of the fitting methods. Overall, 4H performs the best (Figure

S1.4), and we use it in our CliMA Land simulations. Note here that method 4P fits 4 values

from 2 albedo so that it does not converge. As a result, method 4P has extremely high error

compared to others.
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Figure S1.3. Examples of the performances of the six fitting methods. Data from (Jiang &

Fang, 2019).
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Figure S1.4. Performances of the six fitting methods. Data from (Jiang & Fang, 2019).
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Table S1. Coupled Model Intercomparison Project (CMIP) models used for benchmarking.
CMIP5 Model Reference CMIP6 Model Reference
ACCESS1-3 (Lewis & Karoly, 2014) ACCESS-ESM1-5 (Ziehn et al., 2019)

BCC-CSM2-MR (Wu et al., 2018)
CanESM2 (Chylek et al., 2011) CanESM5 (Swart et al., 2019)

CESM2 (Danabasoglu, 2019)
CNRM-ESM2-1 (Seferian, 2018)

GFDL-ESM2M (GFDL, 2014) GFDL-ESM4 (Horowitz et al., 2018)
GISS-E2-1-G (NASA GISS, 2018)

HadGEM2-CC (Jones et al., 2011)
IPSL-CM5A-LR (Dufresne et al., 2013) IPSL-CM6A-LR (Boucher et al., 2018)
MIROC-ESM (Watanabe et al., 2011) MIROC-ES2L (Tachiiri et al., 2019)
MPI-ESM-LR (Giorgetta et al., 2013) MPI-ESM1-2-LR (Wieners et al., 2019)
NorESM1-M (NCC, 2011) NorESM2-LM (Seland et al., 2019)

UKESM1-0-LL (Tang et al., 2019)
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Figure S1. Comparison of soil water time series from ERA5 reanalysis data and flux tower

observations at AU-Tum (site h of Figure 2 in the main text). Soil water content (SWC) from

ERA5 is averaged from that of four soil layers (black curve), and SWC from flux tower is

averaged from that of the same day from year 2001 to 2014 (shaded red region indicates the

standard deviation, SD). Soil water potential (Ψsoil) is computed from corresponding SWC

using the van Genuchten equation (van Genuchten, 1980) using the gridded soil hydraulic

parameters from Dai et al. (2019) for the site. Red region plots theΨsoil with SWC in the range

of mean ± SD.
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