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underestimation of GRy, especially in classes with the highest GR,
values (10-300, 50-100, and 100-200 mm year~!).

These results can be compared quantitatively in more detail
by analyzing the effect of environmental controls on mean
annual GR, values (Yin et al, 2017). We used the PLSR

TABLE 1 | Climate annual mean variables (ETo, P, Al, ETy, Ep, Tp), soil physical
(Drz, Dwt, BD, clay, silt, sand), and hydraulic (0s, 6r, ave, N, Ks) parameters and
vegetation characteristics (LAl at Sukhbaatar, Arvaikher, and Saikhanovoo
experimental sites.

Unit Sukhbaatar Arvaikheer Saikhanovoo

ETo mm year~' 852.3 803.7 962.6
P mm year~" 276.8 219.4 113.2
Al - 0.325 0.273 0.118
LAl - 0.98 0.24 0.14
ETp mm year™" 694.9 227.6 1471
Ep mm year~" 329.1 186.8 134.0
To mm year™ 365.8 40.8 13.0
D, m 0.30 0.30 0.30
Dt m 10 15 15

BD kgm=2 1447 1476 1473
Clay % 23.00 23.31 21.04
Silt % 28.32 35.79 36.82
Sand % 48.68 40.90 42.15
O m3 m=3 0.43 0.41 0.40
6 m3 m-3 0.067 0.066 0.063
ave m~! 1.368 1.068 1.061
n - 1.45 1.49 1.50
Ks md-’ 0.231 0.129 0.115

approach to assess soil-climate-vegetation controlling factors
(bulk density, sand, silt, clay, LAI and AI) (Figure 5). The PLSR
automatically generates six new components, which reproduce
mean annual GR, patterns with R? = 0.53, RMSE = 2.3 mm
year™!, and an explained variability of 47.1%. However, the
match with the identity line (1:1 line) is consistent up to GR,
= 8mm year !, but it deteriorates for greater values. GR,

TABLE 2 | Statistics of soil physical and hydraulic properties for six functional
layers over the 41 weather stations.

BD Clay Silt Sand s r VG n Ks  Dwt

kgm 3 % % % mMm3mm3m! - md! m

X 1,457 23.60 35.40 41.00 0.417 0.068 1.096 1.49 0.16 14.0
sd 31 295 409 855 0016 0.005 0.176 0.087 0.05 10.1
Cv 209 1250 11.56 867 3.80 721 16.06 2.50 32.80 72.5
Min 1,383 18.68 24.75 34.26 0.392 0.0568 0.838 1.38 0.08 5.0
Max 1,624 33.03 42.38 48.68 0.460 0.081 1.560 1.55 0.32 52.0

TABLE 3 | Statistics of the water balance components simulated in HYDRUS-1D
over the 41 weather stations.

Pq Ik ETo ETp ETa GRy
mmyear ' mmyear ' mmyear ! mmyear ! mmyear ! mmyear !

X 178.8 7.8 858.0 309.0 167.3 3.2
SD 76.8 6.0 108.9 139.0 71.0 3.4
cv 43.0 77.8 12.7 45.0 425 103.5
Min 56.6 26.4 633.6 125.8 54.0 0.3
Max  322.5 1.3 1,128.6 694.9 297.6 12.0

steppe region and Gobi Desert, respectively.

FIGURE 3 | ET characteristics: (A) mean actual annual evapotranspiration (ET,) simulated in HYDRUS-1D (black dots) over the 41 weather stations on the FAO map;
and (B) comparison between ET, values reported in the FAO map (FAO ET,) and ET, values simulated in HYDRUS-1D (ET,). Green and yellow circles indicate the
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FIGURE 4 | GR statistics: (A) mean annual potential groundwater recharge (GR) simulated in HYDRUS-1D (black dots) on the Renewable Groundwater Resources
Map grouped in GR;, classes; (B) boxplots (box delimited by the two quartiles and vertical bars indicate the range between the 10th and 90th percentile) of mean
annual potential groundwater recharge (GRp) simulated in HYDRUS-1D by considering GR;, classes. Mean values are indicated by the cross symbol, while outliers are
depicted by the circle.

values higher than 8 mm year~! are underestimated by PLSR-
modeled estimates. The variable importance in the projection
(VIP) of each explanatory variable helps indicate the most
important predictors in explaining the spatial variability of
GRp. By considering a total of six components (the same
number of predictor variables), clay, LAI, and AI are the most
important predictors with VIP>0.8 while the least relevant
ones are bulk density and sand content with VIP of 0.22 and
0.49, respectively.

Few studies use PLSR for explaining the spatial variability of
GRy. Shawul et al. (2019) found that land cover classes are able
to explain more than 90% of GR at catchment scale in a PLSR
analysis carried out in Ethiopia. Most studies use PLSR analysis to
detect those environmental factors controlling near-surface soil

moisture or other water balance components (Huang et al., 2015;
Lietal., 2017).

Assessment of Lag Time in the Deep

Vadose Zone

Once the GR, values are simulated in HYDRUS-1D, the lag
time 7 can be calculated from soil moisture vertical velocity (c),
depth to the water table (D,,), and depth of control volume
(D) in Equation 10. While D,,; and D, are known, soil
moisture featuring in the degree of saturation S, in Equation
10 is unknown. Therefore, we assume that soil moisture at the
soil depth of 2m (6y,,) at the end of the numerical simulation
is equal to the soil moisture across the deep soil profile (D,,;—
D.,) by crudely ignoring its vertical variation. Therefore, a
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