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Aims: Soil moisture (SM) dynamic is crucial in water resources management. This is
complicated by the variability of Land-use (LU) and land cover (LC) at the watershed scale,
which is the focus of this research.

Materials & Methods: SM was measured at five depths across seven stations within three
LU/LC types to calibrate the HYDRUS-1D model. The calibrated model was then used to
simulate SM dynamic and investigate the soil water balance components in the different
LU/LC types from early 2007 to late 2021. To verify the model, R2 is above 0.80, with a
significance level of 5%.

Findings: The amount of drainage from the lower root zone was 10, 4, and 7.3 cm for
rangeland, tree, and bare soils, respectively. The results show infiltration was 42, 62, and
41 cm, and evapotranspiration was 317, 574, and 345 mm. This indicates that the highest
infiltration and SM storage occurred in tree land, drainage from the root zone in rangeland,
and surface evaporation from the bare soils.

Conclusion: The result indicates that tree-dominated LU/LC increases infiltration and soil
moisture storage capacity compared to other LU/LC types. Evaporation and direct runoff
losses from bare soils are greater than those from rangeland and tree-dominated LU/LC.
Furthermore, deep percolation is higher in rangeland than in tree-covered areas and bare
land. In conclusion, LU/LC significantly influences water balance components and soil
water dynamic, highlighting the importance of considering LU/LC in water resource and
consumption management.

Keywords: Evapotranspiration; HYDRUS-1D; Infiltration; Land-use Management; Soil
Moisture Modeling; Unsaturated Zone.
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Introduction

Soil moisture (SM), as the main factor of
energy and water flux in the soil layers, is
an essential variable in hydrological and
land surface processes [123456l js a crucial
factor in land-atmosphere interactions !
and directly influencing hydrological water
balance components 9, SM has also been
mentioned as a fundamental parameter in
the stability and health of global ecosystems
in regions with limited water resources and
seasonal water shortages 11l In addition,
it is spatially and temporally heterogeneous,
which is controlled by different factors such
as soil surface cover "2, vegetation type [1314],
and so on. The SWC dynamic depend closely
on climate and Land-use (LU) types. Climatic
changes and LU variation can change the
conditions of SM content in the surface and
deeper soil layers [*°, affecting plant growth,
material transport, and biogeochemical
cycles in the earth's ecosystems [1617],
Therefore, recognizing long-term changes in
SWCundertheinfluence of LU changes will be
necessaryand proper for water management,
particularly in areas with limited water
resources 7. On the other hand, due to
population growth and increased demand
for food supply, agricultural development is
almost impossible despite the lack of water
resources. Therefore, preventing water
wastage in the irrigation process is one of
the most critical priorities of agricultural
management. Studying changes in the
SM profile allows for identifying the best
irrigation management method 8. The
variability of conductivity and physical
characteristics of soil layers is challenging in
studying water movement in the soil profile
(191, The water movement in the soil profile as
a porous medium has been studied for many
years in different countries. Despite this, SM
routing faces many unknowns for optimal
irrigation management because of SM's high
spatial and temporal distribution changes in

the unsaturated zone. In addition, knowing
the variation of SM in the subsurface and
lower depth of the soil profile is a time-
consuming and expensive field operation,
which has many limitations in terms of
financial, physical, and practical conditions,
which will be more complicated over the
watershed natural conditions. The direct
measurements of SM are expensive and only
represent a limited area; thus, they mainly
dependonthespatial variation of physical soil
properties 2. Therefore, integrated studies,
including field studies and experimental
data with numerical modeling, are reliable
for such investigations. Knowledge of the
water movement process in the soil profile
is not only an essential factor for choosing
the type and method of irrigation but also
an essential factor in determining the water
balance components and water resources
management. Soil profile is a critical and
fundamental boundary layer between
surface and groundwater resources. The
SM content data in the soil profile provides
the necessary information for optimal
management of water consumption,
especially in agriculture [,

There are several models for simulating the
water movementand solutes, such as MACRO
models 12122231 SWAP [24.25.26] [ EACHM [27-30]
and HYDRUS B1-38, The HYDRUS is one of the
advanced models with the ability to simulate
three-dimensional water, solute, and heat
movements in saturated and unsaturated
conditions by solving Richard’s equation
3%, It can also simulate water absorption
by the roots and root growth in the above
conditions. This model was developed by
Simfinek et al. (1999) B at the American
Soil Salinity Laboratory B!. In addition,
the HYDRUS model can also estimate the
physical properties of the soils by using
the optimization method with reverse
implementation 33, The HYDRUS model has
been used to simulate or inversely estimate
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soil hydraulic parameters in many laboratory
and field studies [***1. Skaggs et al. (2004)
2l demonstrated that simulations using the
HYDRUS model closely matched the details
of field measurements and observations for
drip irrigation. Wohling (2005) 3 simulated
the infiltration rate from the furrow by
selecting a section to estimate the contour
lines of the moisture contents and moisture
distribution in that section. Siyal and Skaggs
(2009) 4 Evaluation of the capability of the
HYDRUS in predicting the SM distribution
pattern in subsurface drip irrigation. The
model could simulate the moisture front
in a subsurface drip irrigation well (the
coefficient of determination was more than
0.97). Patel and Rajput (2008) 5! studied a
drip irrigation system in an onion farm; the
main goal was to apply the HYDRUS model
in simulating SM. The model's simulated
SM distribution results were correlated
more closely with the measured data, with
no statistically significant difference. Based
on this research, Patel and Rajput (2008)
451 recommended using this model to
design subsurface drip irrigation systems to
minimize the deep infiltration rate from the
bottom of the soil layers. Several researchers
have used the HYDRUS model to simulate
saturated conditions 6. For example, Essig
etal. (2009) “7 modeled the infiltration rate
and the amount of deep percolation in a
saturated sloping soil and compared it with
the laboratory results. The results of this
research show the capability of the HYDRUS
model in estimating deep percolation of
saturated environments. Guan et al. (2010)
48] used the HYDRUS model to evaluate the
effects of vegetation root distribution on
near-surface water partitioning. Wang et
al. (2018) ™9 used the HYDRUS-1D model
to quantify the soil water balance in land-
cover and potential climate change impacts.
They concluded that evapotranspiration
would increase and deep percolation to

recharge groundwater would decrease by
land-cover changes from Shrubs to trees,
respectively. Besharat et al. (2011) B%
showed that the maximum water absorption
rate is at a depth of 25 to 30 cm and the
minimum absorption is at a depth of 80
cm by comparing the SM obtained from the
simulation of the HYDRUS model and the SM
data obtained from the field measurements.
Altafi Dadgar et al. (2018) U used the
HYDRUS-1D software package to evaluate
soil water dynamic and return water from
different irrigation systems. The differences
in soil water balance components between
homogeneous and nonhomogeneous soils
in pastures were investigated by Cheng
et al. (2013) ™. The results indicate that
annual water balance components are
significantly affected by soil layering. They
found that actual transpiration in layered
soils was greater than in homogeneous
soils. A comparison of the SIRMOD and
HYDRUS has been done by Noorabadi et al.
(2014) 52 The results indicated that the
comprehensive hydrodynamic model in
SIRMOD demonstrated a strong capability to
predict all phases of irrigation, particularly
the advanced phase. In contrast, the
HYDRUS-3D model simulated the infiltrated
water volume and outflow hydrograph more
accurately than the SIRMOD model. Xiaoxu
et al. (2017) >3 used the HYDRUS model to
investigate the effects of forest planting in
areas of China on soil water dynamic. Their
research showed that planting the non-
native tree species had adverse effects on SM
content because decreasing moisture in the
soil will lead to dryness in the surface and
even deep layers. Also, comparing the water
moisture content in the soil in the areas
where forestry has become non-native, it was
much less than the areas covered by pasture
species. The HYDRUS model has been
utilized to assess the efficiency and uniform
distribution of irrigation systems in various
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studies, including Elnesr and Alazba (2019)
54, who employed this model to evaluate
the accuracy and stability of the surface
drip irrigation system. Several studies have
used this model to analyze salinity, nutrient
transport, SM, and plant growth issues 5>
>8], Porhemmat et al. (2018) ™8 investigated
the effects of different irrigation systems
on the amount of drainage from the root
zone of the plant by using the HYDRUS
model. This research showed that the model
could simulate water movement and soil
suction and estimate drainage rates from
different irrigation systems. The HYDRUS
model was used to investigate the effects
of soil, vegetation, and climate on potential
groundwater recharge (GR) at a regional
scale Hu et al. (2019) 9. Altafi Dadgar et
al. (2020) ™ simulated the groundwater
recharge potential in the unsaturated zone
with the HYDRUS model. In this study, the
model was calibrated along the 10-meter
soil profile with a determination coefficient
of 94%. This research showed that most
rainfall does not drain deeply, and only the
combined effect of rainfall and irrigation, or
successive rainfalls, has a significant deep
drain. Guo et al. (2020) *° simulated the
effects of LU changes on SM content in a
region of China. This research showed that
dry soil can retain moisture up to 4 meters
deep over time by changing vegetation. Also,
some pasture species can make the soil
profile drier than the other species. Zhang
et al. (2020) ®1 investigated the effects of
rainfall and land regeneration on the plant's
available water storage in the root zone. This
research showed that changing the type of
plant species to native species increases the
available water storage for plants. Another
result is that planting tree species instead of
pasturing reduces saturated moisture in the
rootzone. Research findings indicate that the
HYDRUS model provides sufficient accuracy
for simulating water movement in saturated

and unsaturated soil profiles and soil water
balance components at the basin scale.
Existing research demonstrates that most
SM studies have been limited to the farm
scale. Furthermore, the impact of varying
natural LC and LU on SM dynamic remains
unclear. Consequently, this research utilizes
the HYDRUS model to evaluate long-term soil
water balance concerning changes in LC/LU
across the watershed scale. Therefore, the
Telo region was selected for this research
because of its characteristics and conditions,
such as its basin scale, vegetation diversity,
and soil moisture.

Materials & Methods

Study Area

The study area is located northeast of
Tehran city in Iran, with an area of 3.28 km?.
Telo is located between 35, 47, 6" to 35, 48’
15" N and 57, 37/, 8.3" to 5%, 39, 17" E
(Figure 1). The altitude of this area ranges
from 1613 m to 1971 m above sea level.
The climate condition is semi-arid, with a
mean rainfall of 457 mm, of which 41%,
27%, 26%, and 6% are in winter, autumn,
spring, and summer, respectively. The study
area is widely covered by rangeland plants,
which have a high density, and pine and
cypress tree species and some other forest
species are also observed. The mean annual
temperature ranges between 12.1 °C to 13.2
°C from upper to lower parts, and the annual
mean of the potential evapotranspiration
is 1337 mm over the watershed. The mean
temperature variation is below zero in
January up to 25 °C in late July over the
watershed. There are three geological
formations, from cretaceous to recent,
named Lar, Fajan, and Karaj, with volcanic
rocks and young alluvial sediments. Lar
formation consists of thin-layered micrite
limestones with a gray color covering a
small part of the northern side. The Fajan
conglomerate formation is exposed in a
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small part of the north and northeast of the
study area with a discontinuity on the Lar
formation. Karaj formations that consist
of a sequence of green tuffs, sedimentary
rocks, volcanic lavas, and rarely evaporites
occupy a considerable part of the study area.
The fourth outcrop is volcanic rocks, mainly
located in several horizons of the Karaj
formation or directly exposed in the eastern
area. Finally, young alluvial sediments with
moderate sorting originated from Karaj
Formation erosion at the bottom of the
valleys. The soil surveying results indicate
that most soils have evolved soil horizons
with medium to heavy textures in this
basin. The soil characteristics do not have a
complete horizon, and there is some chalk in
the soil texture in the southern part, where
there are evaporite formations, sandstone,
and marl. The results of the vegetation cover
study in the Telo area (SCWMRI, 2018) show

that 81%, 12.2%, and 6.8% of the total area
are covered by vegetation, bare soil, rocks,
and gravel, respectively. Therefore, LC and
LU can be divided into three categories,
including rangeland, tree cover, and bare
soil.

Data Collection

The soil moisture dynamic modeling
requires various climate data, including
precipitation, evaporation, temperature,
humidity, and wind. Lavasan and Latyan
Dam meteorological stations, 3 and 4.2
Km away from the watershed center and
located in the north and the east of this area
(belong to the Meteorology Organization of
IR Iran), respectively, are used as historical
data. Modeling of the soil moisture dynamic
requires calibration using observation data.
For this purpose, 6 points of the area with
the same soil depth but different LU and
LC (Table 1) were selected to collect data

Figure 1) Location of study area (A: Iran, B: Tehran Province, and C: Study area).
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Table 1) LC/LU of different stations over the study area.

Station P1 P2 P3

P4 P6 P7

LC/LU Rangeland Rangeland

Rangeland

Pine Trees Rangeland Bare Soil

Table 2) Soil texture profiles in the root zone of the study area exhibit varying textures across the watershed.

No Sample Sand (%) Silt (%) Clay (%) Texture
1 P3-1 65.43 21.56 13.01 Sandy Loam
2 P3-2 38.52 31.38 30.10 Clay Loam
3 P4-1 15.02 39.09 45.89 Clay
4 P4-2 7.16 40.56 52.29 Silty Clay
5 P6-1 16.65 47.19 36.16 Silty Clay Loam
6 P6-2 15.05 44.37 40.58 Silty Clay
7 P7-1 24.75 45.55 29.70 Clay Loam
8 P7-2 30.17 38.99 30.84 Clay Loam

62l These points were selected based on
the amount of moisture in the rangeland
area and near the root zoon of tree species.
A profile probe device (PR2) was used to
Measure SM at a depth of 10, 20, 30, 40, 60,
and 100 cm from the surface simultaneously
atseven stations in different watershed parts
(P1 to P7). The SM content was collected at
seven monitoring sites for 1.5 years, from
October 2018 to April 2022. Physical soil
factors were determined using samples
collected from the soil profile excavated
near the PR2 location, taken from 1 meter
top of the soil. Then, soil bulk density [©3,
soil water retention curve [®4 soil texture
165 and soil particle size distribution curve
were determined in a laboratory using the
results of soil sample analysis. Table 2 shows
the results of soil texture in the root zone of
the selected sites based on the soil sample
analysis.

Numerical Model Simulations

The HYDRUS-1D model was employed to
simulate flow within the soil profile and
the water absorption by plant roots in soil
with varying SM contents by numerically

solving Richard's equation. Consequently,
the assumptions are: each soil layer is
homogeneous and isotropic, the air phase
does not influence the flow process, and the
effects of gradient and temperature variation
are negligible. In this context, the governing
equation for the water movement will take
the form of a one-dimensional Richards
equation (Eq. 1), which is solved using the
Galerkin finite element method:

00 o0 o¢ch

= K+ D]s(z.0) Eq. (1)
In Eq. (1), h is suction head (L), 0 is water
content in (L3.L3), tis time (T), K is hydraulic
conductivity (L.T?), zis vertical coordination
(L), and S(zt) is sink term (ST) known as
plant root absorb water (L3.L3.T").

The ST could be determined by the potential
rate of water absorption of the plant and a
stress factor [¢°;

s(hy=a(h).g Eq. (2)

In Eq. (2), S, Is the ST in Eq. (1), a(h) is
a dimensionless function of response to
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stress that describes the reduction of water
absorption by roots in dry conditions, and
its value is variable between zero and one (0
< a < 1) introduced by Feddes et al. (1978)
(6 as below:

2ohe ) <ns,
15}314<;1Sh3 Eq.(3)

h_hl

.h,<h<h
hz_ 1 ’ 1
0,h<horh*>h,

a(h) =

hy hz, h3 and h4 are limit parameters. When
the pressure load around the plants' root
is between h2 and h3, the absorbed water
by the roots will be at the high-level rate
(Sp), and when the head is more than h, or
less than h,, it will linearly decrease. If the
pressure load is less than h, and more than
h,, the absorbed water by the roots tends
to zero. The limit values for each plant can
be used and extracted from the reference
data available in HYDRUS-1D. In the current
study, the values of h, h,, h,, and h, are as
follows: h1 =-10 cm, h2 = -25 cm, h3 =-800
cm, h, = -8,000 cm, according to the type
of vegetation of the area, which consists of
rangeland plants and pine tree species.
Parameters of the soil hydraulic were
modeled by Eq. (4), which is a combined
function of Van Genuchten-Mualem 78] 35
follows:

{e +i‘]forh<0
r n ]+; Eq (4)
a(h)= (1+|oc.h| )
esfothO
1 2
k) =ks| 1=, o T Eq. (3)
«Se (l_sg—l)
ON:) Eq. (6)

5779.-0,

where 0s represents the volumetric water

content (VWC) of saturated soil (L3.L73),
Or denotes the residual soil VWC (L3.L73),
Ks indicates the unsaturated hydraulic
conductivity (L.T™'), Se is the effective
saturation, and «, n, and | are empirical
parameters that define the form of hydraulic
functions. To decrease the parameters of
these equations, the value of | is considered
as 0.5 based on the common assumption
of Mualem (1976) 8 and Turkeltaub et al.
(2015) ¢, HYDRUS-1D software uses the
Galerkin finite element method to solve Eq.
(3) to Eq. (5). The atmospheric boundary
conditions were considered at the surface.
In contrast, free drainage conditions were
considered between the drainage and soil
layers at the bottom of the model. These
conditions were applied, assuming the
drainage layer was not saturated with
water B2,

Evapotranspiration (ET)

Implementing  atmospheric  boundary
conditionsinthemodelrequires determining
the amount of irrigation and daily rainfall
and the potential evapotranspiration or ETp
(t) (L T) rate. To determine evaporation and
transpiration, the reference ET (ETO(t)) was
first calculated using the Penman-Mantis
equation "%, Then, the ETp was calculated
using Eq. 7 "1,

ET,0=k.®O-ET,® Eq. (7)

ETO(t) is discretized daily, and Kc(t) denotes
a crop coefficient that reflects the water
absorption and evaporation by the crop
about the crop reference. Allen et al. (1998)
(711 provided data on the duration of growth
stages and Kc values for various crops. The
crop coefficients of rangeland plants were
extracted from existing tables 'Y for the
growth stages (Table 3). After calculating
ETp from Eq. (7), the potential evaporation
can be calculated based on Eq. (8).

E,=ET,exp Eq. (8)
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Table 3) Growth stage duration and crop coefficientateach stage "*lused for estimatingactual evapotranspiration.

Growing Stage (days) Crop Coefficient (Kc)
Crop Type
Initial Development Mid Late Initial Mid Ending
Rangeland 10 30 25 10 0.4 0.95 0.8

where Bx0.4 is the radiation attenuation
coefficient, and LAI is the leaf area index.
Due to the lack of information regarding
(LAI) to separate potential evaporation from
potential evapotranspiration, the following
relationship was used 2l

E,=ET,f® Eq. (9)

where f(t) is determined from some
assumptions. These assumptions mean there
is no vegetation, potential evaporation at its
maximum value, and transpiration is zero
(f(t)=1) When the crop has been planted.
On the contrary, when the crop reaches the
middle stage of its growth, the vegetation
is complete, the evaporation is almost
zero, and f(t)=0. All other stages, from the
growth time to the crop harvest, will vary
between the values of f(t)=1 at the planting
stage and f(t)=0 at the beginning of the
middle stage of growth. Since plant growth
follows an S-shaped pattern, the transition
zone between the two limit values can be
extracted using a sigmoid curve (S-shaped).
In this way, the potential evaporation and
the potential transpiration are extracted by
subtracting the potential evaporation from
the potential evapotranspiration. Thet the
data from the Lavasan synoptic and Latyan
climatic stations were used to calculate
evapotranspiration.

Model Preparation and Calibration
Severallayersofinformationarerequired torun
the HYDRUS model. The most important layers
are the boundary conditions, such as rainfall,
irrigation, and potential evapotranspiration
rates. Also, the other required data are

physical and hydraulic parameters of the
soil in the Van Genuchten-Mualem model, as
well as the observational data of the SM. The
boundary conditions have been chosen as the
atmospheric conditions at the model surface
by using observed data, including rainfall, daily
transpiration, and irrigation at these surfaces.
Figure 2 shows the values of rainfall (P), daily
evaporation (Ep), and transpiration (Tp) for
15 years from 2007 to 2021. The separation
of transpiration from evapotranspiration
values has been done using the S model in the
materials and methods chapter. The selected
sites were irrigated four times in the dry season
from October 2020 to the end of 2021 in the
pan around the tree species. The model was
calibrated in 15 months, from October 2020
to the end of 2021, and the SM was measured
during this period. Then, the SM dynamic were
simulated for 15 years, from 2007 to 2021,
based on the observed meteorological data.
As mentioned in the previous chapters, SM
dynamic modeling requires the parameters
of Van Genuchten-Mualem equations, which
are extracted using Rosetta software as
initial values for modeling ["33%. Table 4
shows the parameters related to the soil
water retention curve. Figures 3 to 6 show
the correlation of simulated and observed
SM in the calibration stage for a few samples
in the selected stations. In addition, Table 5
shows the correlation coefficient between
simulated and observed SM at different sites
due to the calibration of the model.
Findings

The present research investigated the
SM dynamic on the watershed scale. The
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Table 4) Input values of soil-water retention curve parameters in the Hydrus model.

P3-1 0.047 0.385 0.030 1.392 33.760

P4-1 0.097 0.485 0.014 1.340 15.510

P6-1 0.091 0.471 0.010 1.450 12.600

P7-1 0.081 0.445 0.008 1.496 12.320

Figure 2) Daily rainfall (P), evaporation (E ), and transpiration (T ) values from 2007 to 2021 as boundary
conditions for modeling.

Figure 3) Soil water content variation, observed and simulated relation at the station 1

ECOPERSIA Spring 2025, Volume 13, Issue 2
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HYDRUS-1D modelwasselected to determine
long-term water balance components in soil
layers. The data collected from 7 stations
calibrated the selected model based on
two criteria: coefficient of determination
and Root Mean Square Error (RMSE). The
calibration results showed that the HYDRUS-
1D can simulate SM dynamic. Therefore, the
calibrated model was used to simulate the
dynamic of SM with the data of boundary
conditions for 15 years from the beginning
of 2007 to the end of 2021. Table 6 shows
the values of the parameters of the soil
water retention curve along the soil profile
at different stations based on the calibrated
model. Table 6 shows that the saturated
hydraulic conductivity of the soil varies

from 2 to 122 cm per day in the surface layer
and from 6 to 18.5 cm per day in the lower
layer of this area. In general, the hydraulic
conductivity upstream is greater than that
of the hydraulic conductivity downstream.
The amount of drainage from the lower root
zone was 10, 4, and 7.3 cm for rangeland,
tree, and bare soils, respectively. The other
results showed that infiltration was 42, 62,
and 41 cm, and evapotranspiration was
317, 574, and 345 mm, respectively. This
research showed that the highest amount
of infiltration and SM storage occurred in
tree land, the highest drainage from the root
zone in the rangeland area, and the highest
evaporation from the soil surface occurred
in the bare soils.

Figure 4) Soil water content variation, observed and simulated relation at the station 2.
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Table 5) Correlation coefficient between simulated and observed SM at different sites.

Depth (m) 10 20 30 40 60 100
P1 0.80 - - - 0.90 -
P2 0.95 -- 0.93 0.94 0.89 0.64
P3 0.59 0.57 0.84 0.94 0.81 0.61
P4 0.93 88 0.92 0.94 0.97 0.75
P6 0.97 0.91 0.87 0.94 - 0.8
P7 0.93 0.92 0.79 0.64 0.75 --
Table 6) The values of soil-water parameters of the model after the calibration stage.
Station 6_(cm’.cm) 0_(cm3.cm?) o (cm?) n (-) Ks (cm.d?)
P2-1 0.04 0.43 0.020 1.54 17.24
P2-2 0.04 0.52 0.017 2.45 2.82
P3-1 0.04 0.34 0.036 1.80 31.55
P3-2 0.04 0.52 0.024 2.24 3.5
P4-1 0.08 0.34 0.032 1.39 2.13
P4-2 0.091 0.44 0.010 1.19 0.87
P6-1 0.04 0.49 0.010 1.95 122.7
P6-2 0.04 0.52 0.023 1.56 18.50
P7-1 0.068 0.34 0.006 1.73 2.68
P7-2 0.04 0.52 0.005 2.48 0.59
of SM storage is due to P4 and P7, the area
Discussion of the pine tree species and the bare soils,

SM Content in the Soil Profile

Figure 7 shows the seasonal variation of
SM storage during the simulation period at
different stations over the watershed. The
results of Figure 7 show that the P1 has a
lesser soil moisture content than the other
stations, which may be due to the lesser
depth of the soil profile at this point (60
cm) relative to the other locations (100 cm).
The amount of water storage and SM was
generally similar at P2, P3, and P6, which
have the same LC (rangeland). The mean
of SM storage during the simulation period
for the above sites was obtained as 19, 20,
and 21 cm, respectively. The highest amount

respectively. The mean of SM at P4 with tree
LC was calculated as 30 cm, which is affected
by an annual mean of four additional
irrigations and rainwater catchments
established around the trees. In general,
the amount of SM in this station was higher
than all other stations during the period
of measurement and monitoring (Figures
3 to 6). Among the reasons for the higher
moisture storage at this station, despite the
more water use by tree species, is the effect
of the rainwater catchment around the trees
and SM capacity improved by tree roots. In
the P7 Station, where the land-cover is bare
soil, the mean SM store was 26 c¢cm, which
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Figure 5) Soil water content variation, observed and simulated relation at the station 6

Figure 6) Soil water content variation, observed and simulated relation at the station 7
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Figure 7) Variation of SM related to precipitation throughout the simulation period at various stations.

could relate to the absence of plants causing
greater water retention.

Infiltration

The monthly infiltration from daily rainfall
and supplementary irrigation was simulated
for monitoring stations (Figure 8). The
simulation results show that the amount of
infiltration at stations P1, P2, P3, and P6,
which had the same boundary conditions
(rainfall, evaporation, and potential
evapotranspiration), is almost equal. In
addition, the cumulative infiltration is
625 cm, or the annual mean infiltration is
42 cm during this period. The cumulative
infiltration amount in P7 with bare soil was
estimated at 623 cm, slightly different from
P1, P2, and P3. Conversely, the annual mean
infiltration was estimated at 41.5 cm at this
site. The cumulative infiltration in P4 is 935
cm, with an annual mean of 62 cm. P4 has
the highest cumulative infiltration in this
study area. The maximum annual infiltration
occurredin 2011, and the minimum occurred
in 2008. According to Figure 7, 2011 had

more rainfall than the other years, which is
the reason for the increasing infiltration in
this year.

The maximum infiltration occurred in
November 2011, 16 cm at P4 and 14 cm at
the other locations. The monthly infiltration
at the station with the same LC and boundary
conditions, including P1, P2, P3, and P6, are
similar, and there are very few changes in
station P7 with the same boundary conditions
but different LCs (bare land). Figure 8 shows
the monthly infiltration for P4 and P6 stations
during the simulation period. Figure 7 shows
cumulative infiltration values for points P1,
P2, P3, P6, and P7, which are almost similar.
According to the mentioned Figure, it is clear
that the effect of supplementary irrigation in
dry seasons increased the infiltration at the
P4 station.

Runoff

The model estimates runoff based on the
boundary conditions and soil moisture.
If the rainfall rate is less than or equal to
the infiltration capacity of the soil and the
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Figure 8) Cumulative infiltration during the simulation period at different stations.

evapotranspiration potential, runoff will not
occur. Based on this, the estimated runoff by
the model was zero in all places where the
LC was rangeland or trees, but at P7 with
bare soil, LC cumulative runoff was 13.2 cm
from three events (Figure 9).
Evaporation and Transpiration

The model estimates actual evapotranspiration
based on the potential evapotranspiration,
rainfall (for all points), irrigation (only at
point P4), and root water uptake. Table

7 shows cumulative and mean annual
evapotranspirationforP1toP6andevaporation
for P7 in the simulation period. The difference
between actual evapotranspiration at any
station with the same LC results from water
uptake by the roots, which depends on the
initial SM and soil water retention parameters.
Therefore, in conditions with the same climate
factors, the evapotranspiration process
depends on the dynamic components of water
in the soil. This result is compatible with Zhao
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Figure 9) Simulated runoff compared to precipitation and potential evaporation at P7.

Table 7) Cumulative and mean annual evapotranspiration (mm) exhibits variation associated with different LCs.

Location P1 P2 P3 P4 P6 P7
Cumulative Evapotranspiration 4760 4757 4352 8611 5208 5162
Mean annual evapotranspiration 317 317 290 574 347 345

et al. (2021) "4, whose research shows the
double evapotranspiration in vegetated land
related to the bare soils.

Drainage from Soil Bottom

Rainfall and irrigated water are the input for
the model, and evaporation from the soil,
transpiration by the plant, and SM storage
changes are the outputs of the model
Therefore, if the remaining water is more than
the field capacity of the soil, it gradually drains
from the bottom of the soil profile. The model
for different locations estimated the amount of
drainage from the bottom of the soil column.
The minimum soil drainage corresponds to
P4, with LC as the tree species that could have
more evapotranspiration. The highest amount
of soil drainage corresponds to P3, with LC

as a rangeland. Also, the monthly variation
of drainage for the monitoring stations is
estimated by the model, presented in Table 8.
The high amounts of soil drainage occurred
in the wet months of the year. The fluctuation
range of the drainage value at P1 is higher than
that of the other stations, which may be due to
the lesser depth of the soil profile, which will
be more affected by atmospheric fluctuations.
In general, in places where the land’s surface is
covered by rangeland, the amount of drainage
is higher than that of the other LC area, such as
the tree LC (P4) or bare soil LC (P7). Therefore,
land-cover; soil profile depth, and soil porosity
control drainage from the lower part of the soil
depth and the state of the subsurface flow in
such areas.
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Table 8) Drainage from soil bottom at different stations (cm) for different LCs.

Station Cumulative Drainage Value Mean Annual Range of Drainage Change Monthly Mean

P1 151 10 0-10.5 0.85

P2 155 10.3 0.12-6.1 0.86

P3 193 13 0.18-6.4 1

P4 61 4 0-8 0.34

P6 107 7 0.06-5.2 0.6

P7 109 7.3 0.12-3 0.6
Conclusion to 122 cm per day in the surface layer and

This research aimed to investigate the
SM dynamic on the watershed scale. For
this purpose, six soil moisture monitoring
stations were established in the Telo
Watershed, located east of Tehran City,
based on the different LCs, including natural
rangeland, tree species, and areas without
vegetation or bare soils. Then, soil moisture
monitoring toolsand equipmentare installed
in these stations at depths of 10, 20, 30, 40,
60, and 100 cm from the ground surface.
These monitoring stations collected data for
18 months, from October 2018 to April 2022.
One monitoring station (P4) was considered
in the tree LC, four stations (P1, P2, P3,
and P6) for natural rangelands in different
elevations and valleys, and one station (P7)
in the bare soil area. The observed data
were used to calibrate the HYDRUS-1D, and
the coefficient of determination (R?*) and
the Root Mean Square Error (RMSE) were
selected as criteria for assessing correlation
relationships. SM dynamic was simulated
by the calibrated model over a long-term
period from early 2007 to late 2021 to
estimate the soil water balance components
at different LU areas. Then, water retention
curve parameters were optimized using the
calibrated model. As a key parameter of the
soil water retention curve, the saturated
hydraulic conductivity values range from 2

from about 0.6 to 18.5 cm per day in the
lower layer over the watershed.

The first result shows that the mean soil
moisture storage is 30, 20, and 26 cm for
different LCs, including trees, rangeland, and
bare soil. The annual mean drainage values
from the bottom of the soil column for tree
(P4), rangeland (P1, P2, P3, and P6), and
bare soil (P7) LC obtained as 4, 10, and 7.3
cm per year, respectively. Also, the annual
mean of actual evapotranspiration for these
three types of LC is 574, 317, and 345 mm,
respectively. In addition, surface runoffis low
andinsignificantfortreeandrangeland areas.
The annual mean infiltration from rainfall is
62, 42, and 41.5 cm per year, respectively.
Therefore, the type of LC is the main factor
in controlling the distribution of the water
balance components and the SM storage at
the boundary conditions of the surface and
subsurface flow dynamic. The trees and
the rangeland-type LC in this boundary
layer have increased soil permeability
and moisture storage capacity. Also, the
maximum evaporation from the soil surface
is in the bare soil, but evapotranspiration is
in the tree LC. Our results align with those
of Zhao et al. (2021) ¥, which indicate
that double evapotranspiration occurs in
vegetated land compared to bare soils.
Furthermore, our findings are consistent
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with 1 which shows that in tree cover,
evapotranspiration increases while deep
percolation decreases about shrub cover.
The behavior of different LCs on the amount
of drain water from the base of the soil
column, which supplies deep percolation
and subsurface flows, is ambiguous as the
orders are rangeland lands, bare soils, and
tree LC, respectively, which may be due
to the water absorption by tree roots and
increasing evapotranspiration in the area
with tree LC relative to the other LC. This
means that the tree's root system improved
soil infiltration and storage capacity, but
it did not mean that deep percolation
increased from soil covered by trees. In
general, the results of this research show
that the type of LC and LU had a crucial role
in controlling the water balance components
and SM dynamic. Therefore, the knowledge
of the type of LC and LU is necessary for
managing water resources and uses, as well
as LU change programs. Finally, the influence
of LU and LC must be considered regarding
water balance components, particularly the
spatial and temporal distribution of soil
moisture dynamic, in managing and utilizing
water resources. This research concentrated
exclusively on the effects of three LU/LC types
on soil moisture dynamic. Consequently, it
is advised that future studies also examine
the impacts of additional LU/LC types and
enhance the density of monitoring stations.
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