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Abstract: Reinforcing the small water cycle is considered to be a holistic approach to both water
resource and landscape management. In an agricultural landscape, this can be accomplished by
incorporating agricultural conservation practices; their incorporation can reduce surface runoff,
increase infiltration, and increase the water holding capacity of a soil. Some typical agricultural
conservation practices include: conservation tillage, contour farming, residue incorporation, and
reducing field sizes; these efforts aim to keep both water and soil in the landscape. The incorporation
of such practices has been extensively studied over the last 40 years. The Soil and Water Assessment
Tool (SWAT) was used to model two basins in the Czech Republic (one at the farm-scale and a second
at the management-scale) to determine the effects of agriculture conservation practice adoption
at each scale. We found that at the farm-scale, contour farming was the most effective practice at
reinforcing the small water cycle, followed by residue incorporation. At the management-scale,
we found that the widespread incorporation of agricultural conservation practices significantly
reinforced the small water cycle, but the relative scale and spatial distribution of their incorporation
were not reflected in the SWAT scenario analysis. Individual farmers should be incentivized to adopt
agricultural conservation practices, as these practices can have great effects at the farm-scale. At the
management-scale, the spatial distribution of agricultural conservation practice adoption was not
significant in this study, implying that managers should incentivize any adoption of such practices
and that the small water cycle would be reinforced regardless.

Keywords: small water cycle; agricultural conservation practices; BMPs; SWAT

1. Introduction

The small water cycle is the local cycling of water, wherein water should fall as rain in
the same geographic area from which it evapo(transpi)rates. The small water cycle also
greatly emphasizes a reduction in surface runoff generation in a landscape, and the cycle’s
reinforcement is considered to be a holistic approach to managing water resources at the
catchment scale [1-3]. In an agricultural landscape, certain conservation techniques can
greatly improve the water holding capacity of a soil and can, in turn, strongly reinforce the
small water cycle, making an agricultural landscape more resilient in the face of climate
change.

Agricultural conservation practices have been extensively studied over the last 40 years
and have been shown to significantly improve a soil’s infiltration capacity and, conse-
quently, significantly decrease the surface runoff in a landscape [4-8]. The most common
agricultural conservation practices in modern literature include reduced /no-tillage, mulch
cover/crop residues and cover crops, and reduced application of herbicides. The goal
of conservation agriculture is to make soils “self-sustainable” by: maintaining sources of
organic matter above and below the soil’s surface, recycling water and nutrients within the
system, and ensuring that the infiltration rate of a soil is greater than the predicted rainfall
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rate [9]. To maximize the benefits of implementing agricultural conservation practices,
managers must maintain year-round organic matter cover, minimize soil disturbance, and
diversify crop rotations [9-11]. The transition from conventional or reduced tillage to
no-tillage has been shown to reduce surface runoff by upwards of 20% at the plot-scale [12].
A no-tillage management scheme can increase the infiltration capacity of a soil in two ways:
by minimizing soil disruption and by preserving the highest percentage of crop residue
cover. No-tillage has also been shown to reduce soil loss, splash erosion, and surface runoff,
while increasing direct infiltration [10,13,14]. Maintaining adequate plant cover year-round
provides numerous benefits, including improving soil quality, controlling soil erosion, and
increasing soil water availability [15]. Plant cover percentage has a significant, negative
relationship with final runoff rate, indicating that the greater the plant cover percentage,
the lower the expected hourly runoff [16]. While cover crops and crop residues provide
year-round soil coverage, they also provide an even-coverage mulching, which has been
found to be a more successful mulching strategy in real-life scenarios when compared to
artificial mulching with wheat straw, grass clippings, wood chips, etc., [13].

The Intergovernmental Panel on Climate Change (IPCC) predicts that in the face
of future climate change, Central Europe will encounter more frequent, intensive storm
events, which will magnify landscape management issues in the Czech Republic [17]. The
Czech Republic is a highly agricultural country, with nearly 40% of its land area being
arable. Agricultural intensification in the Czech Republic began in the 1970s when the
landscape was publicly managed. Large fields, subsurface tile drainage systems, and
artificially lined and straightened streams were incorporated across the landscape in an
effort to increase crop production [18]. Unfortunately, these practices resulted in increased
soil loss and reduced deep percolation and groundwater recharge. Since privatization in
1991, some small Czech farms have begun incorporating agricultural conservation practices
and IPA (integrated pest management for agriculture) guidelines; however, much of the
Czech agricultural landscape is managed by large agricultural conglomerates driven by
profit [1,18]. By working to reinforce the small water cycle through the incorporation
of agricultural conservation practices, the effects of extreme precipitation events (e.g.,
huge spikes in surface runoff ratios as well as extreme soil loss events) may be mitigated
at the basin-scale, which should incentivize their incorporation to land managers and
farmers [17].

The two basins of interest have been monitored for a number of years. The farm-scale
basin (Nucice) is equipped to monitor localized basin processes, and previous studies have
primarily focused on rainfall-runoff mechanisms and temporarily variable soil proper-
ties [19-23]. Sediment transport and erosion have been extensively studied in Vrchlice
(the basin utilized for management-scale analysis), especially regarding the sediment trap
efficiencies of the nearly 140 reservoirs across the basin [24-27]. The Soil and Water As-
sessment Tool (SWAT) has been previously utilized at both basins to assess the effects of
land use changes on in-basin water balance [26,27], but since the Czech Republic is likely
to remain quite agricultural for the foreseeable future, it is of great interest to assess the
impacts of agricultural conservation practice incorporation at each of these scales. While
sometimes data intensive, hydrologic models are a relatively easy and non-invasive way
to run scenario analyses in a landscape. SWAT is a semi-distributed, semi-physically
based, basin-scale hydrologic model. SWAT divides a basin into smaller elements called
hydrologic response units (HRUs) that are each comprised of the same soil type, slope
class, and land use classification [28-31]. SWAT was selected for this study because of
its flexibility and applicability to agricultural catchments. SWAT makes running scenario
analyses simple, and there is significant precedent for its incorporation of agricultural
conservation practices [32,33].

The purpose of this study is to investigate the following questions: (i) do the incorpo-
ration of agricultural conservation practices impact the small water cycle proportionally
at various scales? (ii) Which practice is most effective at reinforcing the small water cycle
at the farm-scale? (iii) Does the spatial distribution of agricultural conservation practices
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affect their impacts on the small water cycle at the management scale? (iv) What do these
results imply regarding catchment management and incentivizing farmers to adopt these
practices?

2. Materials and Methods
2.1. Study Watersheds

Both study watersheds are located in the Central Bohemia region of the Czech Re-
public (Figure 1). This region is characterized by a humid continental climate and receives
approximately 600 mm of precipitation per year. The rainy season in this region occurs
from May through August, and the driest month is usually February. These two basins
were selected for this study because they are typical of an intensively agricultural Czech
landscape. Nucice is a simply-shaped catchment and represents the farm-scale, containing
three large fields, each with very similar crop rotations and management. Vrchlice repre-
sents the management-scale. It is much larger (~100 km?), with a more diverse landscape,
and its water resources are managed to meet municipal needs. It is valuable to land owners
as well as basin managers to determine the effects of agricultural conservation practice
adoption at each scale.
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Figure 1. (a) A map of the Czech Republic. Prague is highlighted for reference as well as the outlet
locations of the two study watersheds, Nucice (b) and Vrchlice (c).

The Nucice experimental catchment (“Nucice”) has been monitored since 2011 by the
Landscape Water Conservation Department (in the faculty of Civil Engineering) of Czech
Technical University in Prague. It is a small watershed (~0.52 km?) consisting of three fields
that are managed by two farmers and is appropriate for modeling at the “farm-scale” in
the Czech Republic. Its outlet is located at 49°57'49.230"" N, 14°52/13.242” E (Figure 1b).
The soils in Nucice are classified mainly as Luvisols and Cambisols overlaying siltstone
and sandstone. The average slope in Nucice is 3.9% but ranges from 1 to 12%. Nucice is
primarily cropland, with a very narrow riparian/brush zone around the stream; the basin
is bisected horizontally by a 2-lane road (Table 1).
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Table 1. Land use percent cover over the experimental basins.

Land Use Nucdice Vrchlice

Impervious 2 3
Brush 2 4

Forest - 25
Grassland - 8
Cropland 95 54
Water 1 2
Gardens - 4

The Vrchlice Basin (“Vrchlice”) is much larger than Nutice, at ~97 km? (Figure 1c).
Vrchlice also has a more diverse land use, with large areas of forested land as well as
many townships (Table 1), but it is still primarily cropland. The Vrchlice Reservoir provides
drinking water to the nearby town of Kutna Hora, serving approximately 40,000 inhabitants.
Its outlet is located at 49°55'37.211” N, 15°13'37.07” E. The basin is covered in clayey
soils classified as Cambisols overlaying a metamorphic bedrock [24]. Vrchlice contains a
network of nearly 140 reservoirs, mostly small fish ponds, that serve cultural and hydrologic
significance. The discharge at the outlet of the Vrchlice Reservoir has been monitored by
the Elbe River Authority since 1979. The Vrchlice Basin is considered to be an appropriate
size for modeling at the “management-scale” in the Czech Republic.

2.2. Soil and Water Assessment Tool (SWAT)

SWAT requires the following as its bare minimum regarding data requirements: soils,
slopes, land uses, and daily weather data. The input data used for each of the models
present in this study are outlined in Table 2.

Table 2. Input variables and their sources used for Soil and Water Assessment Tool (SWAT) modeling.

Input Data Basin Description Source
On-site:
Extreme Daily Nucice 2011-2019 107 Temperature Probe (Campbell Sci.,
Temperatures Logan, UT, USA)
Metecl))rotlogical Vrchlice 1996-2019 Czech Hydrometeorological Institute
ata
Precipitation Nutice 2011-2019 o tOn—;lte: .M53§15 Tlpg mghBI‘{‘Cketbl. :
(Total Daily) eteo Servis, Vodnany, Czech Republic
Vrchlice 1996-2019 Czech Hydrometeorological Institute
Nugice 3 m resolution LiDAR Survey: Czech Institute of Geodesy
DEM and Cartography
Vrchlice 5 m resolution LiDAR Survey: Czech Institute of Geodesy
and Cartography
Soil Nucice 1:5000 soil map State Land Office of the Czech Republic
oils
Spatial Data Czech Research Institute of Soil
P Vrchlice 1:5000 soil map Conservation & the State Land Office of the
Czech Republic
o Digitized from detailed . . . .
Land Use Nucice orthophoto UAV Survey: Czech Technical University
ZABAGED (Fundamental Base of
Vrchlice 1:10,000 land use map  Geographic Data of the Czech Republic) &

LPIS (Land Parcel Identification System)

The daily meteorological data for the Nu¢ice SWAT model was obtained from on-site
gauges (Table 2). The climate data for this model was obtained from the Climate Forecast
System Reanalysis (CFSR) database; these data are used in case there are any gaps in the
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observed weather dataset. The digital elevation model (DEM) was obtained from the fifth
generation of the digital relief model of the Czech Republic (DMR5G) and was point-cloud
processed to obtain a 3 m spatial resolution. The SWAT model for Nucice was developed
using the field boundary method [34]. In the field boundary method scheme, each field is
defined as its own HRU by aggregating the primary soil type and elevation class for each
field. This method was selected in order to incorporate reduced field sizes at the farm-scale
and was accomplished through the use of soil dummy variables. The SWAT model for
Nucice was run during the growing seasons (~April through October) from 2014 through
2019, using 2013 as a warmup period. Calibration and validation procedures followed
those outlined in Noreika et al. 2020 [26].

The Vrchlice SWAT model was developed originally for Noreika et al. 2021 to study
the effects of land use and management changes over time in the basin [27]. The model
itself has not been edited further. This model was run at the monthly timestep from 2001
through 2019 with a 5-year warmup period (1996-2000). The monthly timestep was chosen
to minimize daily effects due to reservoir processes that are not publicly available and
therefore unable to be represented in SWAT. The model was calibrated (2001-2012) and
validated (2013-2016) at the monthly timestep with discharge data from the basin’s outlet.
The basin boundaries and stream network were largely DEM-based, but ground-truthed to
existing data. Vrchlice was divided into 63 sub-basins, containing 1058 HRUs that were
defined by their unique combinations of land use, slope class, and soil type. For further
detail, parameterization, and intricacies of the model setup, please refer to Noreika et al.
2021 [27].

2.3. Scenario Analysis
2.3.1. Literature Review

Contour farming results in a reduction of surface runoff by impounding water in small
depressions, as well as a reduction of sheet and rill erosion by reducing the erosive power
of surface runoff and preventing or minimizing the development of rills. This practice
is represented by adjusting the Soil Conservation Service (SCS) curve number in SWAT.
Residues are meant to slow down surface and peak runoff by increasing surface roughness.
They also increase infiltration and reduce surface runoff by decreasing surface sealing and
slowing down overland flow. Finally, residues reduce sheet and rill erosion by reducing
surface flow volume. In SWAT, there is significant literature precedent to incorporate
these practices; conservation tillage and residue management are typically represented
by adjusting the curve number and Manning’s roughness coefficient for overland flow,
respectively. In order to incorporate these practices appropriately, a literature review
was conducted using the following keywords: SWAT, best management practice, and
conservation agriculture [35-67]. A total of 33 articles were downloaded and narrowed
down to 25 based on relevance. The 25 remaining papers addressed the incorporation
of conservation tillage operations, contour farming, and residue management into SWAT
(Figure 2). Of the 25, 12 took place in the Midwest (of US and Canada), 1 in Texas, 6 in
Europe, 1 in Africa, and 6 in Asia. Overwhelmingly, 17 of the 25 papers referenced Arabi
et al. 2008 and Neitsch et al. 2011 publications [32,33], meaning that conservation practices
were incorporated via the curve number (CN) method. Three publications introduced
tillage operation changes and no CN edits (TO). Two introduced tillage operation changes
along with the CN edits (CN + TO). Two modified the CN by a percent change, and two
did not specify (NS) how the practices were incorporated into SWAT. We then conducted a
scenario analysis at the Nucice basin to determine whether it is necessary to incorporate
both CN shifts and tillage operation changes. We found no significant differences between
water balance variable outputs (discharge at the basin’s outlet, subsurface lateral flow,
surface runoff, evapotranspiration, and soil water content, p > 0.05) when only the CN
method was utilized versus shifting both the CN and the tillage practices. We concluded
that the CN method is appropriate to incorporate agricultural conservation practices and is
also more efficient in the modeling process.
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Figure 2. Literature review results of 25 articles outlining the incorporation of agricultural conserva-
tion practices into SWAT.

2.3.2. Scenarios Outlined

Five scenarios were run at the farm-scale for this study (Table 3). These scenarios
incorporate contour farming, small residues (0.5-1 t/ha), large residues (1-9 t/ha), con-
servative tillage, and field size reductions at Nucice. To incorporate field size reductions,
instead of three fields averaging 17 ha each, Nucice was divided into 52 fields averaging
1 ha each through the use of dummy soil variables. The other scenarios were incorporated
as presented in Table 4.

Table 3. Outline of scenarios implemented in the Nucice and Vrchlice Basins.

Scale Practice

Conventional Tillage (Conv)
Conservation Tillage * (Cons)
Farm-Scale: Contour Farming (Cont)
Nudice Small Residues (Res1)
Large Residues (Res2)
Field Reductions (SmFId)

Conventional Tillage *
Full Adoption
Lower Adoption
Management-Scale: Lower Extended
Vrchlice Middle Adoption
Upper Adoption
Upper Extended
Random Adoption

* denotes the original calibrated model for each

In Vrchlice, only the “General Measures” agricultural conservation scenario was
adopted (Table 4) at various scales across the basin (Table 3, Figure 3). The “General
Measures” outlined in Table 4 are considered to be “best case scenarios” to represent
conditions if the practices were incorporated properly and if the landscape responds as
expected, but it is likely that any real-world result would fall somewhere between the
calibrated model without any conservation practices and the “General Measures” scenarios.
Vrchlice was divided into three regions based on location in the basin and percent area
cropland (Figure 3). Each area (Upper, Middle, Lower, Random) comprises approximately
1/3 of the cropland cover in the Vrchlice Basin. Additionally, the Upper Extended and
Lower Extended scenarios encompass the Upper + Middle and Lower + Middle areas,
respectively, to encompass approximately 2/3 of the cropland cover in the Vrchlice Basin.
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A requirement for the Random scenario is that no selected sub-basins should be adjacent.
The Random scenario controls for the effects of connectivity of agricultural conservation
practices to determine if individual farm adoption is “enough” or if regional adoption is
necessary to more greatly reinforce the small water cycle. These scenarios were outlined
so that the individual impacts of agricultural conservation practice continuity and spatial
adoption within the basin could be evaluated.

Table 4. Agricultural conservation measures applied to the Nucice Basin and how they are parameter-
ized in SWAT. The Soil Conservation Service (SCS) Curve Number (CN) and Manning’s Roughness
values represent a relative change from the respective calibrated model [32,33].

Scenario CN USLE P Manning's
Roughness
Conventional Tillage * +2 - -
Contour Farming -1 0.5 -
Small Residues - - +0.07
Large Residues - - +0.15
General Measures -3 0.5 +0.15

* Conventional tillage is present because the Nucice model was calibrated based on conservation tillage, and this
is how the effects of conservation tillage will be compared to conventional tillage. * These general measures are
applied to the Vrchlice scenarios at various levels of incorporation across the basin.

:{ Random

[ Upper
P Middle
- Lower

0 1 2 4 6
L m— —

Figure 3. A map of the Vrchlice Basin, color coded to represent the various scenarios analyzed.

3. Results

According to the global sensitivity analysis that was conducted, three parameters
significantly influenced the modeled discharge flowing out of the Nucice experimental basin
(Table 5). RCHRG_DP is the deep aquifer percolation fraction; this value should fall between
0 and 1 as it is the fraction of percolation past the root zone which recharges the deep aquifer.
Since this value is very close to 0, this indicates that a very small fraction of water entering
the Nucice Basin recharges the deep aquifer. Saturated hydraulic conductivity (SOL_K)
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and the available water capacity of the soil (SOL_AWC) govern how water is infiltrated
and retained in a soil, respectively, were also significantly sensitive parameters.

Table 5. Sensitive parameters and their calibrated (adjusted) values.

Calibration Values

Parameter Method
Minimum Adjusted Maximum
RCHRG_DP \% 0.001 0.001 0.999
SOL_K R —0.5 —0.11 0.5
SOL_AWC R —0.90 0.88 0.90

V:replace, A: absolute, and R: relative.

Calibration (2016-2018) and validation (2019) for the Nucice basin were conducted
with SWAT-Cup 2019, which is a semiautomatic calibration methodology [28]. Table 6
presents the selected model performance indicators during the calibration and validation
periods for the Nuc¢ice SWAT model. Figure 4 presents a scatterplot, correlating the modeled
discharge values with the observed discharge values at Nucice during the calibration and
validation periods.

Table 6. Model performance indicators for the calibration and validation periods of the Nu¢ice SWAT

model.
Calibration Performance Indicator Validation
0.76 p-factor 0.80
0.46 r-factor 0.21
0.77 R2 0.52
0.77 NSE 0.48
6.9 PBIAS 12.1
0.80 KGE 0.64
6 Calibration period 6 Validation period
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There were significant shifts across water balance parameters with the incorporation
of agricultural conservation practices at the Nucice scale (Figure 5). The incorporation
of residues and contour farming reinforced all of the small water balance parameters
when compared to the calibrated scenario, which included generalized conservation
tillage. Resorting to conventional tillage from conservation tillage was consistently
contradictory to the goal of reinforcing the small water cycle. Field size reductions
resulted in the highest amount of streamflow contribution from subsurface lateral flow,
but the model indicated that otherwise the adoption of smaller fields does not reinforce
the small water cycle.

SMALL WATER CYCLE REINFORCEMENT

Least Most
s N s ™ s N e N s ~ )
SmFId Conv Flow Res2 Resl Cont
\ J \ J (. J \ J . J |4 J
' ™ s N s N s N s ™ ' a
SmFId* Conv ET Resl Res2 Cont
" S J " vy \ J
) ™\ A ™ )
SmFld Conv SW Res2 Reslt Cont
- J - J/ . - / " J/ - J
- ~ s s N 'S ™ s R )
SmFld* Conv SURQ Res2 Resl Cont
\ J - J L J " J - J - J
s ™ s N s N s N s N ' A
Conv LATQ Res2 Resl Cont SmFld
- / \. J - J - J - _/ N J

Figure 5. A ranking of each scenario (in the Nuéice basin) according to its reinforcement of specific
small water cycle parameters. All values are significantly different from the calibrated scenario
(parameters in red, bold) unless indicated by *. t indicates a significant difference between Res1 and
Res2.

All small water cycle parameters, except for discharge at Vrchlice’s outlet, were sig-
nificantly affected by the incorporation of agricultural conservation practices across the
basin. Interestingly enough, neither the scale of adoption nor the spatial distribution of
agricultural conservation practices significantly affected any small water cycle parame-
ters at this scale; further figures presented compare only Vrchlice’s conventional tillage
(calibrated model) and the full adoption scenario. Both the available water content and
evapotranspiration in the conventional tillage scenario are consistently lower than the full
conservation adoption across the entire year (Figures 6 and 7). Both the surface runoff
ratios and subsurface lateral flow were significantly higher throughout the year in the con-
ventional tillage scenario when compared to the General Measures full adoption scenario
(Figures 8 and 9). Generally surface runoff in the conventional tillage scenario is greater
than 2 that of the conservation scenario (Figure 9).
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Figure 9. Surface runoff ratios between full agricultural conservation practice adoption and the
default conventional tillage scenario. The histogram bars represent the cumulative probability that a
value falls at or below the respective ratio.

4. Discussion
4.1. Hydrological Modeling with SWAT

There are several possible sources of error in any hydrologic model; the first is input
parameter uncertainty, which is the largest possible source of error and also influences
uncertainties associated with output data. Model parameterization and model structural
uncertainties are additional possible sources of error [62,68]. Furthermore, since SWAT is
neither fully physically based nor fully distributed, some processes may not be properly
represented, such as temporal changes in topsoil hydraulic properties, preferential flow, or
the influences of the spatial distribution of fine-scale land management [28,69,70]. While
there are some drawbacks to the SWAT model (as stated above), it is a very useful tool
for hydrologic modeling, especially regarding scenario analysis. Currently, Nucice is
equipped to model generalized processes rather than more spatially distributed processes
(piezometer clusters and a cosmic-ray neutron sensor are currently being installed). The soil
data at this scale is fairly coarse and is nearing the lower spatial range of SWAT’s modeling
capabilities, but SWAT was still able to model Nucice effectively with “good” or “very
good” performance across the selected indicators [71-73]. The uncertainties associated with
the Vrchlice model primarily include generalized reservoir processes and crop rotations [27].
Vrchlice was able to be effectively modeled at the monthly timescale, also with “good” and
“very good” performance indicators [71-73]. While SWAT was able to model significant
shifts in water balance parameters with the incorporation of agricultural conservation
practices in Vrchlice, it was unable to represent significant differences at varying scales and
distributions of incorporation across Vrchlice. This could be due to the fact that Vrchlice,
while primarily cropland, contains significant areas of forested areas and riparian zones,
which may disguise the effects of agricultural conservation adoption. Additionally, since
Vrchlice is of significant size and SWAT is not fully distributed, the effects of the scale of
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agricultural conservation practice adoption may be aggregated across the basin, leading to
insignificant changes across the agricultural conservation practice adoption scenarios.

4.2. The Small Water Cycle at the Farm-Scale

At the farm-scale, SWAT was able to model significant differences in water balance
parameters across agricultural conservation practice scenarios. According to SWAT, residue
incorporation and contour farming were the most effective at reinforcing the small water
cycle and should be prioritized by farmers to aid the holistic management of their land
in the face of future climate change [17]. Although it was not in the scope of this study
to investigate the effects of crop changes in addition to the incorporation of agricultural
conservation practices, the previous SWAT study of the Nucice basin indicated that crop
changes also have significant impacts on the small water cycle [26]. For instance, winter
wheat reinforces the small water cycle to a greater degree than rapeseed in the Czech
landscape. The incorporation of contour farming and crop residues may be able to mitigate
water balance issues that arise from less-sustainable crop choices, and the interaction should
be studied further.

SWAT was not able to effectively model the impacts of incorporating smaller field
sizes at Nucice. This may be due to several factors: SWAT is not fully distributed and
cannot model the spatial effects influenced by smaller field incorporation, crop changes
were not incorporated across the smaller fields, and SWAT does not model true border
effects between fields. To replicate this in future studies, a trap efficiency would need to be
applied to each HRU to simulate flow disruption between fields. The field boundary HRU
method may be more useful to identify “hotspot” fields that may be susceptible to erosive
events due to their slopes, crops, and soil types [28,30,34,69,70].

4.3. The Small Water Cycle at the Management-Scale

The adoption of agricultural conservation practices in at least 33% of the cropland
across Vrchlice had significant effects on the small water cycle within the basin. Neither the
distribution nor the scale of adoption (anything above 33%) significantly affected the small
water cycle variables at Vrchlice any further. While Vrchlice is a very agricultural basin
(>50% cropland), there are also very large forested and riparian areas that may mask the
effects of various intensities of agricultural conservation practice adoption. It may also be
due to SWAT’s model structure, being semi-distributed and semi-physically based, that
some effects at this scale may be lost due to HRU aggregation or generalizations due to
using the curve number method [34,74,75]. While SWAT models significant impacts on the
small water cycle due to the adoption of agricultural conservation practices, SWAT cannot
represent realistic effects when additional spatial distribution and connectivity scenarios
are introduced; a fully distributed model would be necessary for this purpose. However,
SWAT was able to model general trends and could represent significant differences between
conventional agricultural practices and full conservation adoption.

When compared to the effects of land use changes at Vrchlice [27], average soil water
content and subsurface lateral flow shifts fell in similar ranges to that of agricultural con-
servation practice incorporation scenarios. However, the modeled adoption of agricultural
conservation practices reduced the proportion of surface runoff at the management scale by
up to 30x, which greatly outweighs the effects of the land use change scenarios previously
modeled [27]. These findings indicate that, at the management-scale, the incorporation of
agricultural conservation practices can have similar effects to land use changes on the small
water cycle and can greatly reduce the overall proportion of surface runoff contribution to
streamflow.

4.4. Implications for Agricultural Conservation Practice Incorporation in the Czech Republic

The incorporation of agricultural conservation practices tend to reinforce the small
water cycle regardless of scale of incorporation. These effects are more obvious at the
farm-scale than at the management-scale, which should motivate individual farmers to
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adopt such practices. At the management-scale, the effects of agricultural conservation
practices were still significant but the scale and the spatial distribution of adoption were not.
This implies that managers should incentivize any willing famers/conglomerates within
their management area to adopt such practices. In addition to agricultural conservation
practices, other land and crop management factors can also have significant effects on
the small water cycle and their interactions should be studied further [26,27]. While soil
erosion and sediment transport were not explored in this study, agricultural conservation
practices have also been shown to have positive effects concerning these issues and can
lead to increased soil conservation [14-16,76,77].

5. Conclusions

This study reinforces SWAT’s applicability to the Czech landscape at both the farm-
and management-scales. SWAT is very effective in its ability to model various management,
land use, and crop change scenarios. While likely exaggerated by the scale, agricultural
conservation practice adoption at the farm-scale has significant effects on the small water
cycle. The most effective practice modeled at this scale was the incorporation of contour
farming. The effects of small field incorporation at the farm-scale tended to have signif-
icantly negative impacts on the small water cycle, but this result is likely an artifact due
to the HRU processing in SWAT. At the management-scale in the Czech Republic, any
degree of incorporation of agricultural conservation practices makes significant impacts
on the small water cycle, according to the Vrchlice SWAT model. SWAT was able to model
that the incorporation of agricultural conservation practices in a primarily agricultural
landscape can have significant effects on the small water cycle, especially regarding surface
runoff ratios. While SWAT is not fully distributed and real-world effects would likely vary,
this study indicates that managers should encourage agricultural conservation practices,
regardless of scale or spatial distribution. As this study only focuses on the effects of
agricultural conservation practices on the small water cycle, further studies should be
conducted to model their effects on erosion as well as the interactions between agricultural
conservation practices and land use/management changes in the Czech landscape.
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