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S.1. CLM4 Model Description

In CLM4 [1,2], soil water up to 3.8 m from the surface is estimated using a 10-layer model

governed by the one-dimensional Richards equation as:

d0 dq

=t (1)

ot 0z
where 6 (mm?3/mm?) is the volumetric soil moisture content; z is the height above some datum in the
soil column; ¢ is time; and s is a soil moisture sink term (e.g., root extraction or subsurface drainage
distributed across the soil moisture profile). Hydraulic parameters, Clapp and Hornberger exponent (b),
saturated soil matrix potential (¥s) in units of mm, hydraulic conductivity (K;) in units of mm - s72,
and porosity (6;) are used to estimate the soil water flux q (kg:-m2s) in Equation (S1). The upper
boundary condition of this equation—infiltration—is estimated as the difference between liquid
precipitation reaching the ground plus any meltwater from snow, subtracted by evaporation from
the top soil layer and the surface runoff:

Qinfi = Qiiq,grnd — Qover — Qevp (82)

where (e, (kg'm2s™)is the evaporation of liquid water from the top soil layer and q;ig grna (kgm?s™)
is the liquid precipitation reaching the ground plus any melt water from snow. g, (kg:m2s7), the
surface runoff, is parameterized following [3,4] as:

Qover = fsatqliq,grnd + (1 - fsat)max[o' (qliq,o - qinfl,max)] (S3)

where ginfimax (kg m™ s71) is the maximum soil infiltration capacity; fsa¢ = finax€XP(—Csfoverzy) is the
saturated fraction of the grid cell, zy is the water table depth; the maximum factional saturated area
(finax), shape parameter of topographic index distribution (C;), decay factor that represents the
distribution of surface runoff with depth (f,,,) in units of m™*

The lower boundary condition of Equation (S1) is represented as a flux from the bottom of the

are the selected input parameters.

soil column to the underlying unconfined aquifer is as:

— Aeliq'NlevsoHlAZNlevsoi+1 (S4)
Qrecharge - At

where A8y vy, @ Azy,, . are the change in liquid water content solved numerically based
on Equation (S1) and the thickness of the bottom soil layer, respectively; Subsurface runoff
(Qarai (kgms™)) is assumed to be generated from soil layers and distributed as sink terms in
Equation (51)) as:

Qarai = Qam €XP(—faraiZv) (S5)
where the decay factor that represents the distribution of subsurface runoff with depth (fz,4;) in
units of m™* “2.s71
parameters. Beneath the soil column, an aquifer with a 5 m depth was added as the low boundary

, and maximum subsurface drainage (Qgn) in units of kg-m are model

condition, which could exchange water with the soil column. Specific yield, Sy, has been assigned to

the aquifer as an important parameter that controls the water exchanges between the aquifer and the
soil column. Total runoff is defined as the sum of surface and subsurface runoff.

Water 2015, 7, 6810-6826; d0i:10.3390/w7126662 www.mdpi.com/journal/water



S.2. The Uncertainty Ranges and Prior Information about Each Input Parameter

Table S1. The uncertainty ranges and prior information about each input parameter [6].

Index Symbol Definition Relevant Prior Information
Process
Mean value taken from the default
LM4 i t data set; STD = 0.160;
Max fractional saturated ¢ input data set; 5 0.160;
1 fmax area. from DEM Surface runoff upper and lower bounds

’ (0.01-0.907) determined from the

default global data set for CLM4

Shape parameter of Mean = 0.5 for flux towers, no STD

2 C; topographic index Surface runoff ~information, upper and lower

distribution bound 0.01 and 0.9

-1
Il?e;i‘ae};efi:;i;im ) that Hard coded to be 0.5 in CLM4
f ff =0. 1
3 fover distribution of surface Surface runo Mean = 0.5 Upper and lower
. bounds: 0.1-5

runoff with depth

Decay factor (m™?) that

re.pre:'senfcs the Subsurface Mean = 2.5; upper and lower

4 farai distribution of
. runoff bounds: 0.1-5

subsurface runoff with

depth
Hard coded tobe 5.5 X 107 3kg -

2 -1 .
Max subsurface m™* -s~! but ty_}f;lcally should_;ra}‘y
. - Subsurface between 1X107° and 1x 107 in
5 Qaraimax (Qam) drainage (kg -m™2 - i hvdrolosi licati )

1) runo ydrologic applications. Tuning
rangeis 1 X 107® to 1x 107! as
suggested by NCAR
Hard coded to be 0.2 Based on the
dominant soil type of the site,
converted to coarser soil texture

6 S Averace specific vield Groundwater  classes using the USGS soil texture

v 8¢ Sp y dynamics triangle. Mean = 0.02 for clay, 0.07

for sandy clay, 0.18 for silt, 0.27 for
coarse sand; bounds are +50% of the
mean for the given soil texture.

. b Clapp and Hornberger Soil water Basec.:l on the dominant soil type of

exponent the site.

8 W Saturafed soil matrix Soil water Used equation from [5].

potential (mm)

9 K, Hydrau_lilc conductivity Soil water Mean values and STDs are from [5]

(mm-s™1) Table 5,

for STD of ¥,, which is f
10 0 Porosity Soil water except for STD of ¥s, which is from

[5] Table 4
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S.3. Boxplots for Response Variables and Metrics as a Function of Input Parameters
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Figure S1. Residuals of response variables as a function of input parameters. First and second rows:

residual of total runoff; third and fourth rows: residual of subsurface runoff; the fifth and sixth rows:

residual of surface runoff; and the seventh and eighth rows: residual of latent heat flux.
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Figure S2. Nash-Sutcliffe coefficient of response variables as a function of input parameters. First and
second rows: Nash-Sutcliffe coefficient (NSC) of total runoff; third and fourth rows: NSC of
subsurface runoff; fifth and sixth rows: NSC of surface runoff; and seventh and eighth rows: NSC of

latent heat flux.
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Figure S3. Log mean square error of response variables as a function of input parameters. First and

log(y

y

S

second rows: log mean square error (LMSE) of total runoff; third and fourth: LMSE of subsurface
runoff; fifth and sixth rows: LMSE of surface runoff; and seventh and eighth rows: LMSE of latent

heat flux.
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S.4. Proportion of Sensitivity for Residuals of Runoff, q4,q4i, qover, and LH in 108 Months
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Figure S4. Proportion of sensitivity for residual. The first and second columns contain the sensitivity
scores based on first-order regression models, and the third and fourth columns contain the scores
based on second-order regression models. The first and third columns contain the scores based on
ANOVA, and the second and fourth columns contain the scores based on GCV. The first row shows
the residual of total runoff (runoff), the second row shows the residual of subsurface runoff (qg4.4;),
the third row shows the residual of surface runoff (q,yer), and the fourth row shows the residual of

latent heat flux.

S.5. Sensitivity Score Convergence for Different Response Variables and SA Approaches
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Figure S5. Comparison of sensitivity score convergence. The first and second columns contain the
sensitivity scores based on first-order regression models, and the third and fourth columns contain
the score based on second-order regression models. The first and third columns contain the scores for
NSC, and the second and fourth columns contain the scores for LMSE. The first row shows for total
runoff (runoff), the second row shows subsurface runoff (q4,4;), the third row shows surface runoff
(qover), and the fourth row is for of latent heat flux. The solid lines are the scores of ANOVA, and the
dashed lines sow the GCV scores.
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