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Abstract Methods for soil water conditions assessment are often highly localized or data demanding. In this
study we propose a new scalable approach to assess soil water conditions. The main goal is to test whether the
approach can be used to provide information about local conditions, without the need of extensive data sets. The
approach utilizes a combination of normalized topography derived from the HAND terrain model (Height
Above the Nearest Drainage) and hypsometric curves to identify wet and saturated areas for any given
geographical extent. The study was conducted through a case study in the Lagan River catchment in the
southwest of Sweden. To analyze the performance of the approach, a non‐linear regression analysis was
performed to assess the relationship between the fraction of wet area and the normalized terrain. This was
followed by a correlation analysis, in which the correspondence of the derived output was validated against the
national Soil Moisture Map provided by the Swedish University of Agricultural Sciences. The results show a
strong, and statistically significant, negative exponential relationship between the fraction of wet area, and the
maximum heights within the studied area. The approach also corresponds well with the spatial variations
highlighted in the Soil Moisture Map, although better in predicted wetter areas than under dry conditions. Going
forward, we believe the integration of hypsometric curves and the HAND model could not only improve water
balance calculations but assist in the assessments of flood and drought‐prone areas.

1. Introduction
Soil moisture is a term used to describe the water found within the rooting zone of vegetation (Legantes
et al., 2011). Soil moisture plays an important role in the overall assessment of water availability, with runoff,
infiltration, and discharge rates intricately linked to the soil water content of the rooting zone (Western
et al., 2002). Furthermore, soil moisture is also important in agriculture and for the biodiversity of the landscape,
as both plants and microbes rely on the availability of water within the soil (Dobriyal et al., 2012; Wall &
Virginia, 1999). As such, understanding the importance of, and assessing, soil moisture is pivotal in the man-
agement of water resources (Dorigo et al., 2017). Despite this, soil moisture is often overlooked when assessing
the whereabouts and total potential water storage within the landscape (Liu et al., 2017). However, as the effects
of human‐induced climate change are starting to become more and more obvious, with changed precipitation
patterns and increased periods of extreme weather we see that many places, both previously affected and unaf-
fected, are starting to experience the effects of water scarcity (Zhou et al., 2021). As a result, research concerning
the interaction between surface‐ and groundwater, including soil moisture mapping, has seen a resurgence in
recent years (Condon et al., 2020; Taylor et al., 2013; Wu et al., 2020).

There are several approaches to assessing soil water content, including contact‐based field measurements and
contact‐free approaches such as ground penetrating radar (Huisman et al., 2003; Kaufmann et al., 2020; Klotzsche
et al., 2018), remote sensing (Babaeian et al., 2021; Capehart & Carlson, 1997; Neale et al., 2012), data
assimilation (Heathman et al., 2003; Renzullo et al., 2014), wetness index (Barling et al., 1994; Brocca
et al., 2010), and neural networks (Chaney et al., 2015; Yuan et al., 2020). Despite this, most approaches have a
limited scaling ability (Brocca et al., 2012; Korres et al., 2015; Western & Blöschl, 1999). This can make it
difficult to find a good fit, especially when working on catchment‐wide assessments where the relative impor-
tance of adjusting for local variabilities can vary (Teuling & Troch, 2005; Western et al., 2004). In addition,
catchment‐wide assessments of soil saturation are generally not only costly, but complex endeavours that require
great knowledge of the studied area (Bittelli, 2011; Rosenbaum et al., 2012). While the inclusion of detailed
information regarding local conditions allows researchers and managers to get an in‐depth understanding of soil
saturation, the high data requirements heavily limit the application of many approaches (Bolten & Crow, 2012;
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Yuan et al., 2020). This is especially true in areas where access to historical data used for calibration and vali-
dation is poor and data collection is made difficult (Rödiger et al., 2014).

In this paper, we describe a new approach for assessing surface saturation and transpiration potential within
catchments. The approach, consisting of a combination of an existing HAND (Height About the Nearest Drainage)
normalized terrainmodel (Nobre et al., 2011) and information regarding the cumulative distribution of elevation, is
the first approach in which information about a catchment's topography is the basis of the entire assessment. By
removing the large sets of spatial data and local adaptations required when assessing soil moisture conditions, the
suggested approach provides researchers and managers with a quick, scalable and cost‐efficient way to assess the
general conditions of a catchment, regardless of the catchment's size. To test and verify the suggested approach, a
case study was carried out in the Lagan River catchment in Sweden. There, the fraction of drainage networks, fD,
wet areas, fW, saturation at the surface, fsat, and the area accessible for transpiration from groundwater, fEg, was
determined for 325 individual hydrological response units (HRUs) of 25 km2 within the catchment.

2. Materials and Methods
2.1. Study Area

The Lagan River catchment is located in the southwest of Sweden (56°47’ to 57°23’ N latitude and 13°53′ to
14°31′ E longitude, Figure 1) with a drainage area of 6,445 km2. The elevation ranges from 0 to 374 m above
mean sea level, with the highest points found in the northern parts of the catchment. The climate is classified
as a warm‐summer humid continental climate according to the Köppen‐Geiger classification (Beck
et al., 2018), with an annual average precipitation of 675–900 mm (Klante et al., 2021). The predominant land
cover in the catchment is mixed coniferous forest, except for the southwestern section where agricultural land‐
use dominates. The major economic activities include forestry, agriculture, hydroelectric power generation, as
well as light‐ and heavy industry. The soil is dominated by till, except for the southwestern fluvial plains
where post‐glacial sand and silt make up a large proportion. Glaciofluvial deposits can also be found at several
locations within the catchment, with notable concentrations around River Lagan.

From a water resources perspective, the catchment comprises 511 lakes and 97 aquifers, with a combined
maximum storage capacity of 9.36 km3 (Bjerkén & Persson, 2021). Of this, aquifers make up 7.10 km3, the
majority of which are situated in the large glaciofluvial deposits in close connection to the river Lagan. Looking at

Figure 1. Location of the Lagan River catchment in southwestern Sweden showing the overall elevation and the presence of lakes and water courses within the
catchment.
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the remaining 2.26 km3 attributed to lakes, more than 40% (0.97 km3) can be found in Lake Bolmen. Located in
the central part of the catchment, west of River Lagan, Lake Bolmen is Sweden's twelfth largest lake and the main
drinking water source for more than 500,000 people (Sydvatten, 2015). Given the importance of the catchment
from drinking water perspective, increased understanding of the available water and storage potentials is crucial
not only to improve the accuracy of water balance calculations within the catchment but in the long‐term sus-
tainable management of the water resources within the region.

2.2. HAND Model

Height above nearest drainage (HAND) is a terrain model built around the normalization of topography
(Figure 2). First developed by Nobre et al. (2011), the HAND model offers a novel and unique ability to study and
classify the topographic relation between soil and water (Nobre et al., 2011). The HAND model can be divided
into four steps: fixing topology (hydrological coherent topography) and defining flow paths, delineating drainage,
associating digital elevation model cells with the cells of the nearest drainage, and normalizing the terrain.

2.2.1. Procedure

The first step consists of fixing the topology and defining existing flow paths in a digital elevation model (DEM).
Sinks and saddle outlets are then identified, allowing the analyzed area to be divided into two or more incoherent
pixels, given there exists any saddle outlets. The local drain direction (LDD) is then derived for all pixels. Next,
depression breaching is applied to the identified sinks within the original DEM‐raster subsequently removing any
potential saddle outlets. This creates a topologically coherent DEM, which in turn allows for the topological

Figure 2. Conceptual structure of the HAND model (diagram adapted from Nobre et al., 2011).
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correction of the previously defined LDD. In the second step, delineating drainage, the total area that drains into
each cell is first calculated based on the direction of the downhill flow (flow paths), subsequently creating an
accumulated area grid. Next, an accumulated area threshold value is determined for the stream origins, thereby
defining the drainage network. In the third step, associating digital elevation model cells with the cells of the
nearest drainage, a nearest drainage map is calculated using the flow paths to connect all cells (pixels) with the
cells of the nearest drainage. In the fourth and final step, normalization of terrain, the elevation difference between
each grid cell and its nearest drainage point (connected throughout the flow paths) is calculated. This normalizes
the terrain, while at the same time ensuring that the model, rather than having to refer to the height above sea level,
refers to the height above the nearest drainage.

2.2.2. HAND Terrain Classes

In order to assess the hydrological relevance of the normalized terrain, and to facilitate the visualization of
changes to the soil environment throughout the terrain, Nobre et al. (2011) identified a number of HAND terrain
classes. Table 1 shows the HAND terrain classes included in the model. These include two lowland classes:
waterlogged and ecotone, as well as two upland classes: slope and plateau. Waterlogged terrain are saturated
lowland areas that are characterized by a high‐water table or frequent water inundation (Nobre et al., 2016).
Predominantly found within close proximity to water bodies and naturally occurring topographic sinks, water-
logged terrain is defined as any area within 5 m elevation from the nearest drainage breach. Ecotone terrain is used
to describe the unsaturated lowland with shallow water table located 5–15 m elevation from the nearest drainage
breach. Often found in areas within the transition zone between lowland and upland regions, ecotone terrain is
similar to waterlogged terrain defined based on the range of heights. Sloped terrain is defined as areas with a slope
angle of more than 7.6% and an elevation of more than 15 m above the nearest drainage point. Often found in areas
with a sharp incline or decline such as on the sides of hills or mountains, sloped terrain is generally well drained,
with a relatively deep‐water table. This is also true for the second upland class, plateau. However, unlike the
sloped terrain, plateaus occur in areas where the slope angle is less than 7.6%.

As explained in Nobre et al. (2011) the gravitational potential is a physical force that affects any liquid on and in
the terrain, causing it to move downward. As a result, water either percolates into the porous media (if not
saturated) or flows downhill as runoff, ultimately draining to the stream. The HAND model equates a relative
gravitational potential to a draining potential, which measures the net ability of water to drain from its position on
the hillslope to the nearest drainage. Higher HAND heights imply a larger draining potential, leading to the
appearance of a vadose zone where water will drain effectively. On the other hand, lower HAND heights mean
low draining potential and proximity to the water table, where draining water will pool, creating waterlogging.
The correlation of terrain types with distinctive HAND height classes demonstrates a significant correlation with
soil‐water saturation. The depth of the saturated zone determines the superficial soil‐water environment.

Nobre et al. (2011) also demonstrated that soil type or slope do not interfere in the HAND class transition, because
soil water movement along flow paths toward the stream is propelled solely by relative gravitational potential, or
drainage potential. And it turns out that 5 m unlevel for the first class (waterlogged) and 15 m for the second class
(ecotone) has strong and consistent correlation with water table depth regimen. 5 m HAND unlevel to the nearest
stream, or smaller, delineates terrain with superficial or near superficial water table. Between 5 and 15 m HAND
the unlevel water table starts to get away from the surface but is still reachable by plant roots. Above 15 m HAND
unlevel are terrains with a significant vadose zone. Because the HAND model describes a physical property of the

Table 1
HAND Terrain Classes as Identified by Nobre et al. (2011)

HAND terrain class Description Definition

Waterlogged Saturated lowland 0 ≤ HAND ≤ 5 m above the nearest drainage

Ecotone Unsaturated lowland 5 ≤ HAND ≤ 15 m above the nearest drainage

Sloped Upland with higher slope angles >15 m above the nearest drainage and ≥7.6% slope

Plateau Upland with lower slope angels >15 m above the nearest drainage and <7.6% slope

Note. Colors are derived from the plotting of the HAND‐model as shown in Figure 6.
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landscape, the topology of local drainage potentials, it is independent from soil type, geology, geomorphology, or
climate.

2.3. Hypsometric Curves

Introduced by the American hydrologist Walter B. Langbein, and later developed by Arthur N. Strahler, hyp-
sometric curves are used to describe the cumulative distribution of specific elevations within an area (Lang-
bein, 1947; Strahler, 1952). By assessing the area‐elevation distribution, Langbein and Strahler showed that it is
possible to not only express the slope of a catchment using topographical data but also identify relief rate and
drainage areas within the catchment (Vivoni et al., 2008).

Peeters et al. (2013), assuming a topography‐controlled and uniform distribution of groundwater storage, a flat‐
water table, and a fixed root depth, assessed the fraction of saturation and fraction accessible for transpiration,
using hypsometric curves. Figure 3 shows the conceptual relationship between groundwater storage, the fraction
of saturation, fsat, and the fraction accessible for transpiration, fEg, as described by Peeters et al. (2011). First, the
cumulative distribution of the elevation (black) and responding root depth (brown) is plotted using hypsometric
curves, see Figure 3. Next the water table is added (blue). Once plotted, the fraction of the area located below the
water table is then calculated for both hypsometric curves.

2.4. Setup

2.4.1. Structure

In Figure 4, the conceptual structure of the proposed approach is demonstrated. The approach consists of three
main steps, with an additional two optional steps. In the first step, elevation data and geospatial data pertaining to
the delineation of catchment boundaries are imported. In case spatial delineation is required, the catchment is
divided into a number of hydrological response units (HRUs) using a 5 × 5 km grid. Next, elevation data for each
of the HRUs is normalized using the 0.5.1 Alpha version of the HAND‐model, as described in Section 2.2. The
normalized output is then converted from raster files to .csv files using QGIS v.3.28.9. Next, the maximum root
depth (dEg) is set. For the general approach, dEg is set to 7 m, based on the maximum root depth of tree on a global
scale as defined by Canadell et al. (1996). In case the user prefers to use other values to get a more detailed
understanding of the fraction of groundwater accessible to a specific species, this value can be modified.

Once a threshold value for the maximum root depth has been set, the cumulative distribution of the normalized
elevation is then plotted for each HRU using hypsometric curves. Based on the accumulated area where the height
above the nearest drainage point is equal to 0 m, the fraction of each HRU made up by drainage networks, fD is
determined using:

Figure 3. Conceptual relationship between groundwater storage, the fraction of saturation, fsat, and the fraction accessible for
transpiration, fEg. dEg is used to describe the maximum root depth, given in meters. (a) Subsurface conceptualization
(b) Hypsometric curve showing the cumulative distribution of elevation for the area described in panel (a).
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fD =
AD

Atot
(1)

where AD is the accumulated area at drainage level, and Atot is the total area of the HRU.

Next, the fraction of wet area, fW, is determined for each HRU using:

fW =
AW

Atot
(2)

where AW is the accumulated area within 5 m elevation above the nearest drainage point.

Next, the fraction of saturation, fsat, is determined for each HRU using:

fsat = min(
Atot − AD

Atot
,
AW − AD

Atot
) (3)

The fraction of saturation, fsat, corresponds to the area of the HRU that is found within 5 m elevation of the nearest
drainage point minus the area found at drainage level.

Lastly, the fraction of the HRU that is within an elevation where transpiration from groundwater can take place,
fEg, is then determined using:

fEg = min(
Atot − AD

Atot
,
AdEg − AD

Atot
) (4)

where AdEG is the accumulated area at or below the limit for maximum root depth.

Figure 4. Conceptual structure of the proposed approach. The blue boxes represent required steps, and the green boxes
optional steps. The dotted boxes represent additional steps involving further data processing.
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The fraction of the area where transpiration from groundwater can take place,
fEg, corresponds to the area of the HRU that is found within the combined
elevation of the water table (5 m) and the maximum root depth (7 m) minus
the area found at drainage level. For the general approach, the elevation is set
to (12 m).

2.4.2. Data

Elevation data was acquired from the NASA Shuttle Radar Topography
Mission (SRTM) V3 Global 1 arc second data set, featuring a raster resolution
of 30 m, and a spatial extent of (60.0°, 180.0°; − 56.0°, − 180.0°). Geospatial
data pertaining to the delineation of catchment boundaries was obtained from
Svenskt Vattenarkiv (SVAR), an openly accessible database administered by
the Swedish Meteorological and Hydrological Institute (SMHI).

2.5. Validation

To assess the relationship between the fraction of wet areas, fW, and the cu-
mulative distribution of relative heights obtained from the HAND model, a
non‐linear regression analysis was conducted. The method was selected based
on the perceived non‐linear relationship between topography and the depth of
the water table (Condon & Maxwell, 2015). First, the mean fraction of
saturation, fsat, was plotted against the cumulative distribution of relative
heights for the included HRUs using a scatter plot. Next, an exponential
model was fitted to the data, and the rate of decay and direction of the rela-
tionship was then determined. Next, the t‐values and p‐values were computed
to assess the statistical significance of the studied relationship. Finally, the
residual standard error (RSE) was determined and added to the plotted data.

To test the performance of the suggested approach, a spatial comparison was
conducted against the SLU Soil moisture map (Ågren et al., 2021). First
developed at the Department of Forest Ecology and Management, at the

Swedish University of Agricultural Sciences (SLU), the SLU Soil moisture map is a high‐resolution nationwide
soil moisture map derived using a combination of LIDAR‐derived terrain indices and machine learning. The map
utilizes a scale from 0 to 100, where high values represent a high probability of the area being wet, and low values
suggest a low probability. By comparing the fraction of wet area, fw, derived using the suggested approach with
the corresponding mean probability of wetness for each of the 325 hydrological response units, the performance
of the suggested approach was assessed.

3. Results
3.1. Assessment

To allow for the assessment of the spatial variation of soil moisture within the catchment, a spatial discretization
of the obtained DEM‐file was performed. Figure 5 shows the spatial delineation of the studied catchment after
applying a 5 × 5 km grid. Each “box” represents a hydrological response unit (HRU), ranging from 0.006 km2

(HRU218) to 25 km2. Of the 325 included HRUs, 41 have an area of <5 km2, all of which can be found along the
perimeter of the catchment.

Next, the distribution of heights above the nearest drainage was calculated for each of the 325 HRUs. In Figure 6,
the distribution of heights above the nearest drainage is shown for one of the hydrological response units included
in this study, HRU1. As can be seen in the figure, a large part of the area has a height above the nearest drainage of
less than a few meters, with only limited peaks present. This, combined with the area's geographical location at the
bottom of the drainage basin, and the area's relatively low elevation, as shown in Figure 5, suggests that large parts
of the area are either fully, or partly, saturated.

Finally, the cumulative distribution, or accumulated area, was calculated for each of the 325 HRUs based on the
HAND model output. Figure 7 shows the cumulative distribution of heights above the nearest drainage depicted in

Figure 5. Map showing the Lagan River Catchment and the 325 HRUs used
as outliers in the assessment of the catchment.
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Figure 6. As suggested by the initial HAND analysis, a large proportion of the area can be found within only a few
meters of the nearest drainage, with a total of 85.4% of the area deemed to bewet terrain. Of this, 36.2% of the HRU
is made up by drainage networks, and 49.2% by areas saturated at the surface. Looking at the fraction of the HRU
available for transpiration to take place 97.9% of the HRU is deemed to bewithin the limit 12m elevation above the
nearest drainage, with a total of 61.7% deemed to be made up by areas accessible for transpiration from ground-
water. This supports the claims made in the previous paragraph, that a large fraction of the area within the HRU is
deemed accessible for transpiration.

3.2. Spatial Distribution

Figure 8 shows the spatial distribution of the maximum heights above the nearest drainage cell within each of the
325 HRUs studied within the Lagan River catchment. HRUs with maximum HAND heights were found in areas
located close to the edges of the catchment, and in areas where natural ridges occur. This was especially prevalent
in the highlands of the catchment, and in the sloped areas found in the southwest corner of the catchment. Lower
ranges were predominantly found in HRUs within the low‐lying areas near the outlet of the catchment, and those

dominated by open surface water bodies. In addition, lower distribution was
also found in several of the smaller HRUs located at the edges of the catch-
ment where the total pixel count was that of 20,000 or less.

Based on the assumption of a topography‐controlled and uniform distribution
of groundwater storage, a flat‐water table, and a fixed root depth, the fraction
of drainage networks, fD, wet area, fW, saturated area, fsat, and the area
accessible for transpiration from groundwater, fEg, was determined for all 325
HRUs. Figure 9 shows the spatial distribution of the different fractions in the
catchment. Looking at the fraction of drainage networks the highest values
were found HRUs dominated by, or in close proximity to, open surface water
bodies. Similarly, the fraction of wet areas were also high in these areas.
However, high fractions of wet area were also found in areas with a low range
of themaximumheights above the nearest drainage. In these areas, the fraction
of saturation and fraction of the HRU accessible for transpiration from
groundwater were also found to be on the higher end. In HRUs with a high
fraction of the total area made up by drainage networks, fsat and fEg were found
to be toward the lower end. This suggests that in areas dominated by open
water bodies, the fraction of saturated soils will be lower as more of the low‐
lying areas will be fully submerged.

3.3. Validation

3.3.1. Statistical Analysis

To evaluate the statistical significance of the suggested approach, a nonlinear
regression analysis was performed. First, the fraction of wet area was plotted

Figure 6. Map showing the difference in height above the nearest drainage cell for one of the HRUs (HRU1) included in the
study. The blue areas are considered wet.

Figure 7. Cumulative distribution over HRU1. The blue line shows the upper
boundary for the wet terrain at 5 m above the nearest drainage. The red line
shows the corresponding HAND value, 12 m, relative to a root depth of 7 m.
The black marker shows the fraction of the accumulated area at the level of
the drainage network. The blue marker shows the fraction of the HRU
classified as wet areas. The red marker shows the fraction of the HRU
located within the physical limits for root uptake to take place.
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against the cumulative distribution of relative heights for the 325 HRUs using
a scatter plot. An exponential relationship of y∼ a * exp (b * x) was then fitted
to the data. Figure 10 shows the non‐linear relationship between the fraction
of wet area and the cumulative distribution of relative heights obtained from
the HAND analysis. The analysis shows a negative exponential relationship,
with an exponential decay (b) of 0.0056681 and a p‐value of 2e− 16. This
indicates a strong, and statistically significant, negative exponential rela-
tionship between the fraction of wet area, and the cumulative distribution of
relative heights.

3.3.2. Spatial Analysis

Figure 11 shows the linear relationship between the fraction of wet area, fW,
and the mean probability of wet classification, P, derived from the soil
moisture map provided by the Swedish University of Agricultural Sciences.
In Figure 11a, the calculated values for all HRUs are included. The analysis
shows a moderate positive correlation (0.49) between the calculated fraction
of wet area and the predicted probability of wet classification, with a R2 value
of 0.24.

While the scatterplot shows that the HAND‐hypsometric approach is prone to
overestimating wetness, a strong linear tendency was detected for HRUs
deemed to have a mean probability of wet classification of P => 50%.

To test whether a stronger relationship could be found for HRUs with a mean
probability of wet classification of P => 50%, an additional correlation
analysis was conducted for all HRUs within the P interval of 50%–100%, as
seen in Figure 11b. The analysis shows a strong positive correlation (0.78)
between the calculated fraction of wet area and the predicted probability of
wet classification, with a R2 value of 0.61.This suggests that in areas where
the SLU Soil Moisture Map predicts a probability of wet classification at 50%
or above, the proposed approach performs better than in predicted dryer areas.

4. Discussion
In the wake of the emergence of highly sensitive sensors and the development of computer‐aided data processing
software, the level of data available to soil moisture modelers has skyrocketed over the last few years, and with it,
the complexity of the assessments (Johnston & Smakhtin, 2014). However, while the introduction of parameters
such as porosity, land‐use, and flow, on paper should increase the accuracy of the assessment, several studies have
shown that the accuracy of soil moisture assessments in fact seldom relate to the complexity of the applied model
(Brocca et al., 2010; Meng & Quiring, 2008; Vereecken et al., 2008). Instead, the accuracy of a model often boils
down to how well the model fits within the local conditions, and the available data.

In this study we propose a scalable and cost‐efficient approach to identify areas of interest from a soil water
content perspective. We show that by applying an integrated approach combining the HAND model and hyp-
sometric curves, it is possible to assess the soil moisture of any given area without the need of extensive amounts
of data. The results from the non‐linear regression analysis shows a strong negative exponential relationship
between the fraction of wet area and the maximum heights above the nearest drainage within the studied HRU.

By comparing the derived values with the SLU Soil Moisture Map, we found a moderate correlation between the
two models when comparing all the HRUs and a strong correlation in HRUs with a perceived probability of
wetness of >50%. While the occurrence of a weaker correlation suggests that the proposed approach performs
better in low‐lying wet areas, the difficulties associated with the development of accurate assessment for sloped
terrain solely based on information about the topography has long been discussed among the soil saturation
modeling community (Condon & Maxwell, 2015; Gleeson et al., 2011; Haitjema & Mitchell‐Bruker, 2005).
While the water table to a great extent tends to mimic the topography of a catchment, the presence of topography‐
controlled water tables are more likely to occur in areas with a low hydraulic conductivity and flatter terrain

Figure 8. Map showing the spatial distribution of the maximum heights
above the nearest drainage in each of the 325 individual HRUs defined
within the Lagan River catchment.
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(Gleeson et al., 2011). As such, most topography‐controlled approaches tend to perform better when assessed
against wetter conditions, at least under the assumption of a topography‐controlled water table (Grabs
et al., 2009). However, looking at the strong correlation found between the proposed approach and the SLU Soil
Moisture Map in the wetter areas of the study area, the results indicate that our approach performs at a similar
level as the much more complex SLU model. This is especially true given the vast difference in the amount of data

Figure 9. Map showing the spatial distribution of lakes throughout the catchment and the fraction of the HRU that is
(a) comprised of drainage networks or water bodies, (b) wet areas, (c) saturated at the surface and (d) accessible for
transpiration from groundwater in each of the 325 individual HRUs defined within the Lagan River catchment.
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Figure 10. Scatter plot of the fraction of wet area and the range distribution of heights above the nearest drainage HAND
derived from 325 HRUs along with the exponential fit of the model. The blue markers show values within the residual
standard error (6.02) of the curve. The red markers show values outside of the residual standard error.

Figure 11. Scatter plot of the fraction of wet area, fW, and the mean probability of wet classification, P, derived from the soil
moisture map provided by the Swedish University of Agricultural Sciences. (a) Shows the relationship when including all
325 HRUs. The red box highlights the area where P => 50%. (b) Shows the relationship when only including HRUs with a
mean probability of wet classification of P => 50%.
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required to operate the two different approaches, with the proposed approach relying on a single DEM‐file in
comparison to the combined information regarding 28 soil, climate, and environmental features, as well as the
19,643 field plots used to set up training data sets, required to construct the original SLU Soil Moisture Map.

Although the statistical analysis indicates that the suggested approach holds great promise, there are a number of
challenges associated with the suggested approach that need to be addressed. These include the approach's limited
temporal application, the underlying HAND model's high sensitivity to drainage channel network initiation
thresholds, and scale issues. Starting off with the approach's limited temporal application, it is important to
remember that as of today the approach does not include any temporal parameters. Instead, assessments are
conducted solely based on spatial data input. As a result, users are provided with a snapshot of the local spatial
conditions, which, while useful in the construction of a baseline for further assessments, makes it very difficult to
assess any long‐term changes to the soil water content. Moving forward, the underlying HAND model's high
sensitivity to drainage channel network initiation thresholds pose another potential concern. As previously dis-
cussed by Gharari et al. (2011), this poses a problem, as the threshold directly influences the classification of the
different terrain classes, as pictured in Table 1. However, as described by Nobre et al. (2011), the effect of slightly
varying channel heads on the HAND model will not be significant if the calculated drainage network density
remains within the range that captures the Strahler order of the real drainage network. As such, the sensitivity does
not constitute a major concern, as long as the Strahler order is kept consistent throughout the assessment.

Looking at the three major challenges associated with the implementation of the suggested approach, scale issues
constitute the most pressing concern. As with all land surface‐ and hydrological models, the implementation and
output from the suggested approach greatly depend on the quality of the spatial data. This is particularly evident in
mountainous areas, where the large topographic differences means that the resolution of the DEM file and the
placement and delineation of the hydrological response units used in the assessment will have a high impact on the
output of the overall assessment. In addition, modellers trying to apply the suggested approach within a moun-
tainous area are faced with yet another challenge, as the sloped terrain means that it is difficult to assume a
topography‐controlled water table. As a result, it is difficult to properly assess and draw any results regarding the
fraction of area saturated at the surface, fsat, and the fraction that is accessible for transpiration from ground-
water, fEg.

Despite these challenges, we believe that our findings can provide researchers and managers working within
water resources management with a powerful, and cost‐efficient tool to identify areas of interest from a soil water
content perspective. One area of particular interest is the improvement of water balance calculations. By facil-
itating the process of obtaining detailed information regarding local soil moisture conditions, the accuracy and
range of the water balance calculations can be improved (Alvarenga et al., 2017; Cuartas et al., 2012), as in-
formation about the water content of the soil is crucial to properly assess the rate of evapotranspiration that takes
place (Evett et al., 2012). This is especially true in dryer areas, where the output from water balance calculations
tend to be more sensitive to local soil conditions (Atkinson et al., 2002). Furthermore, the possibility to incor-
porate detailed information on the fraction of saturation could help to identify areas within a catchment suitable
for increased storage (Tian et al., 2017). Beside the potential benefits associated with the improvement of water
balance calculations, the integration of the HAND model in the proposed approach could also provide very useful
input of value to a number of other applications, including the management of floods (Fang et al., 2023; Komolafe
et al., 2020; Nobre et al., 2016; Scriven et al., 2021). The possibility to quickly assess the location of wet areas
within a specific area or in a catchment, could help identify areas at risk of flooding, as shown by Nobre
et al. (2016). While the ability to identify areas at risk has been included since the release of the HAND model, the
possibility to analyze the cumulative distribution of elevations within an area through the use of hypsometric
curves allows the user to quickly get an understanding of the size of the area at risk. Furthermore, the identifi-
cation of dryer patches with a low soil water content could help in the management of forest fires (Keetch &
Byram, 1968). While the causes of forest fires vary, studies have shown that the soil water content plays an
important role in not only controlling the spread and magnitude of forest fires, but the length of the fire season
(Bartsch et al., 2009; Rakhmatulina et al., 2021). Finally, the suggested approach offers promising applications in
the agricultural domain. By providing researchers and managers with an efficient tool to evaluate local topo-
graphical conditions, without the use of extensive data set or local knowledge, the suggested approach enables
swift and cost‐effective identification of suitable cultivation areas for specific crops (Hashemian et al., 2015).
This is further supported by the users' ability to freely adjust the threshold value for root depth when assessing the
fraction of the area where transpiration from groundwater can take place, fEg (Durrant et al., 1973). While a better
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understanding of local soil moisture conditions not only allows farmers to make a more informed decision about
which crop to cultivate, the information could also be used to improve the crop yield of specific crops (Yang
et al., 2021). Moreover, the approach could not only be used as a supplement in crop planning but to predict areas
prone to extreme events (Kaur et al., 2020), and serve as a proxy for designing a monitoring network for soil
moisture and water table depth when combined with more detailed models (Pereira et al., 2020).

Moving forward, one interesting aspect to explore in future works could be the incorporation of the suggested
approach in the setup of more detailed land surface models. The potential to quickly assess large areas and
highlight areas of interest, would not only speed up the process by eliminating areas but increase the transparency
of the assessment process.

5. Conclusions
This paper discusses a new approach to assessing soil moisture. We show that, under the assumption of a
topography‐controlled and uniform distribution of groundwater storage, and a flat‐water table, the combination of
hypsometric curves and normalized terrain data it is possible to assess not only the fraction of wet areas within an
area but areas of interest from a land‐use perspective. In addition, by allowing the user to adjust the parameters for
spatial delineation and root depth used within the assessment, the proposed approach allows for a wider appli-
cation. By providing managers and researchers with a viable, quick, and cost‐efficient tool to assess and identify
wet areas, we believe this approach could help in the future management of water resources, including the
improvement of water balance calculations and management of flood prone areas.
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