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Abstract: Urbanization and climate change exacerbate groundwater overexploitation and urban
flooding. The infiltration basin plays a significant role in protecting groundwater resources because
it is a prevalent technology of managed aquifer recharge. It could also be utilized as a retention
pond to mitigate city waterlogging. The goal of this study was to explore the offsets of artificial
recharge on the extra runoff induced by urbanization and extreme storms via infiltration basins.
To achieve this objective, a lumped infiltration basin module was developed and integrated into
a semi-distributed hydrologic model. Then, the enhanced model was applied to an agriculture
watershed with urban areas. Finally, the functionalities of the infiltration basins were evaluated
under the scenarios of the predicted urbanization and extreme storms. The results demonstrated
the capability of the infiltration basins to influence both artificial recharge and flood mitigation. To
mitigate floods, especially peak flows, larger areas are needed for infiltration basins than for artificial
recharge purposes only. Based on different demands, the intermittent regulation of infiltration basins
according to different hydrologic periods is recommended. The offsets of artificial recharge on the
extra surface runoff provide insight into the comprehensive preservation and management of surface
water resources and groundwater resources.

Keywords: managed aquifer recharge; SWAT; climate change; land use and land cover; water
resources management; impervious surface

1. Introduction

Climate change has induced increasingly extreme weather phenomena (such as
droughts) [1-3], and population growth has escalated groundwater overexploitation [4].
Both issues have led to a rapid groundwater decline globally and threaten groundwater
resources [5,6]. In response, managed aquifer recharge has emerged as a promising water
resource management technique to address existing challenges and meet the heightened
water demand in the latter half of the twenty-first century under more severe drought
conditions [5-9]. Moreover, it has been widely adopted worldwide [10]. Among the vari-
ous methods of managed aquifer recharge, the recharge well, riverbank filtration, and the
infiltration basin are the most common [11]. Although modeling studies have predomi-
nantly focused on recharge well technology [11], the infiltration basin, because of its lower
costs [12,13], is the most prevalent artificial recharge technique globally [11,14,15].

On the other side, climate change, in connection with declining impervious areas due to
urbanization, will affect surface hydrological processes, particularly surface runoff [16-19].
Previous studies have investigated the influence of climate change and urbanization on
surface runoff, projecting an increase in streamflow resulting from the combined impact
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of these factors [16-18]. For instance, Franczyk and Chang [16] utilized the AVSWAT
hydrological model in the Portland metropolitan area, Oregon, USA, and projected a 1.2 °C
temperature increase and a 2% increase in precipitation by 2040. They observed a 2.7%
increase in mean annual runoff, indicating that climate change and urban development
led to a substantial increase in mean annual runoff depth [17]. Similarly, a study in the
Beijiang River Basin, southern China, projected how changes in the runoff response will be
affected by future climate and land use/land cover (LULC) changes during the 2011-2050
period [17]. They noted that runoff changes were primarily driven by climate change, with
warmer temperatures and increased precipitation leading to higher runoff [17].

Additionally, research has explored the impacts of climate change and land use changes
on groundwater recharge [20]. For instance, Bucton and Grace [20] assessed the combined
impacts of climate and land use changes on groundwater recharge in Siem Reap, Cambodia,
using three climate models (CanESM5, EC_Earth3, and MIROC6). The study revealed that
urban settlements in the study area are likely to expand by 369% in 2090 under SSP2, with
future projections indicating further expansion and a rise in average annual maximum
temperatures (AAMTs). Specifically, AAMTs are expected to increase by 0.024 °C/year to
0.049 °C/year [20]. They projected groundwater recharge to rise during the wet season and
decrease during the dry season. The study noted very high recharge in areas where most
wetlands are situated; these areas are characterized by eutric gleysol soils that promote
waterlogged conditions.

Both Global Circulation Models (GCMs) and the Soil and Water Assessment Tool
(SWAT) have been employed to study the impacts of climate and land use changes [21,22].
Utilizing four Global Circulation Models (GCMs) to project climate change impacts, Wang
and Kalin [21] examined changes in streamflow, surface runoff, total suspended solids, and
nutrient loadings within the Wolf Bay watershed in Alabama, USA. The research observed
that, under the climate change scenario only, there was a significant and notable increase in
surface runoff and monthly average streamflow during the fall and winter months, with no
clear change anticipated in summer [21]. Mahdian et al. [22] developed a methodological
approach using the Soil and Water Assessment Tool (SWAT) to simulate discharge and
sediment inputs in a wetland watershed in Iran under the combined effects of climate and
LULC changes. They employed downscaled and bias-corrected General Circulation Models
(GCMs) data for different Shared Socio-economic Pathway (SSP) scenarios (SSP1-2.6, SSP2-
4.5, and SSP5-8.5) and observed decreasing precipitation and increasing air temperature by
2100 [22].

To address future challenges, infiltration basins can mitigate excess surface runoff
during heavy rainfall events, reducing downstream flood risks. However, to the best of
our knowledge, there is a lack of literature on the impacts of managed aquifer recharge
technology under climate and land use change conditions on excess surface runoff. To
bridge this research gap, this study aims to evaluate the offsets of artificial recharge via
infiltration basins on the extra runoff induced by urbanization and extreme storms. To
achieve this objective, a lumped infiltration basin module was developed and integrated
into SWAT. As a semi-distributed hydrologic model, SWAT has been employed to model
various watershed hydrologic processes [23-25]. In SWAT, there are several impound-
ment modules to assess different types of surface depressions, including reservoir, pond,
wetland, and pothole [24,26]. However, they are not capable of modeling the hydrologic
processes in artificial infiltration basins. First, the area—storage relationship (i.e., shape)
is depicted using exponential equations or assuming a cone [26], while infiltration basins
are shallow and wide [7,27]. Second, there are two thresholds for the outflow of impound-
ment [26]. Third, the effects of the vadose zone on the infiltration through impoundments
are ignored [26], while clogging during artificial recharge always decreases the hydraulic
conductivities [28,29]. In this case, our new infiltration basin module considered unique
features of infiltration basins compared to other impoundments. Subsequently, the en-
hanced SWAT model was applied to an agricultural watershed with urban areas, and the
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functionality of infiltration basins was evaluated under scenarios of predicted urbanization
and extreme storms.

2. Materials and Methods
2.1. Modeling Framework

To assess the offsets of artificial recharge via infiltration basins on the extra runoff
induced by urbanization and extreme storms, a two-step modeling framework was per-
formed: (1) development of the infiltration basin module and (2) testing on artificial
recharge scenarios. The impoundment modules at the sub-basin level in SWAT were
employed and modified as the infiltration basin module and then integrated into SWAT.
Specifically, the source codes of SWAT2022 Rev. 692 were modified and compiled as an
executable file of the new Infiltration Basin-SWAT (IB-SWAT). Various artificial recharge
scenarios were set up under the predicted urbanization and climate conditions. The cali-
brated enhanced SWAT model was employed to assess the functionalities of the infiltration
basins for both artificial recharge and flood mitigation.

2.2. Artificial Recharge Infiltration Basin Module

A lumped infiltration basin module was developed on the basis of water budget
analysis. The water balance terms included water storage of the infiltration basin, runoff
from upstream into the infiltration basin, precipitation falling in the infiltration basin,
infiltrated water under the infiltration basin bottom, evaporation from the infiltration basin,
and extra water flowing out of the infiltration basin. The stored water in the infiltration
basin is given by:

S(t) = S(t — 1) + In(t) + P(t) — Inf(t) — E(t) — Out(t) )

where S(t) is water storage of the infiltration basin at time step t [L3]; S(t — 1) is water
storage of the infiltration basin at time step (t — 1) [L3]; In(t) is collected runoff from
upstream into the infiltration basin at time step t [L3]; P(t) is precipitation falling in the
infiltration basin at time step t [L3]; Inf(t) is infiltrated water under the infiltration basin
bottom [L3]; E(t) is evaporation from the infiltration basin at time step t [L?]; and Out(t) is
extra water flowing out of the infiltration basin [L3].
The infiltration basin was assumed as shallow and wide. The area—storage relationship
is dipicted by:
S(t) = A xD(t) ()

where A is the infiltration basin area [L2] and D(t) is water depth in the infiltration basin at
time step t [L].
The collected runoff from upstream into the infiltration basin is estimated by:

In(t) = Fr x R(t) x (Agup — A) 3)

where Fr is the proportion of the upstream surface runoff flowing into the infiltration basin
[-]; R(t) is the generated surface runoff at time step t [L]; and Ay, is the sub-basin area [L2].
The precipitation falling in the infiltration basin is estimated by

P (t) = A X pep(t) 4)

where pcp(t) is precipitation at time step t [L].
The infiltrated water under the infiltration basin bottom is estimated by:

Inf (t) = r X (Dgy(t) — Dmx + D(t)) / (Dgw (t) — Dmx) x A xKsolyin x T ()

where r is a coefficient accounting for the impacts of logging [-]; Dgw(t) is the depth of the
water table [L]; Dmx is the maximum water depth in the infiltration basin [L]; Ksolyn is
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the minimum saturated hydraulic conductivity of soil layers under the infiltration basin
[L/T]; and T is the time step size [T].
The evaporation from the infiltration basin is estimated by:

E(t) = Eo(t) x A (6)

where Ej (t) is potential evaporation from the infiltration basin at time step t [L].
The extra water flowing out of the infiltration basin is estimated by:

Out(t) = max {S(t — 1) + In(t) + P(t) — Inf(t) — E(t) — Smx, 0} (7)
where Smx is the maximum storage of the infiltration basin [L3].

2.3. Climate Change and Urbanization

Two different scenarios, ‘Present” and ‘Future’, were compared to assess the impacts
of climate change and urbanization on hydrology, especially surface runoff. The ‘Present’
scenario corresponds to the period 2005-2014, while the ‘Future’ scenario reflects the period
2054-2063.

For our future projections of climate in the mid-21st century, Coupled Model In-
tercomparison Project Phase 5 (CMIP-5) projected climate data were downloaded from
the Downscaled CMIP3 and CMIP5 Climate and Hydrology Projections (https://gdo-
dcp.ucllnl.org/downscaled_cmip_projections/dcplnterface.html (accessed on 10 January
2024)). The BCCAv2-CMIP5-Climate-daily precipitation data from the RCP8.5 projections
were employed. Data generated by csiro-mk3-6-0 were selected from the available 21
General Circulation Models (GCM) employing the 1/8-degree daily bias-correction and
constructed analogs (BCCA) projections. Urbanization was predicted using the EVA tool
(https:/ /www.mrlc.gov/eva/ (accessed on 10 January 2024)) from the Multi-Resolution
Land Characteristics (MRLC) Consortium data.

2.4. Study Area and Model Setup

The Rush River Watershed is in the southeastern region of North Dakota, USA
(Figure 1). The watershed area is 297.92 km?, and it is 330 m above sea level, on aver-
age. The highest elevation (i.e., 387 m) in the watershed is in the western portion, while
the lowest elevation (i.e., 288 m) is in the southeastern portion. This agricultural water-
shed comprises 11 various soil types according to the Soil Survey Geographic (SSURGO)
Database. The USGS 05060500 Rush River at the Amenia, ND gaging station (latitude
47°01'00”, longitude 97°12'50") was considered as the watershed outlet.

A 10 m Digital Elevation Model (DEM) downloaded from the NRCS Geospatial data
gateway was utilized for watershed delineation. In ArcSWAT, the default method for
delineation was selected. After delineation, the whole watershed was divided into 11 sub-
basins eventually. To perform HRU analysis, the Land Use and Land Cover (LULC) data
were downloaded from the NRCS Geospatial data gateway. The soil types were obtained
from the Soil Survey Geographic (SSURGO) Database. The terrain slopes were generated on
the basis of the DEM in ArcSWAT. The selected thresholds for LULC, soil types, and slopes
were 2%, 15%, and 15%, respectively. Eventually, 53 HRUs were defined. The temperature
data (i.e., maximum and minimum temperatures) and precipitation data at daily time
steps were downloaded from the Parameter-elevation Regressions on Independent Slopes
Model (PRISM). In addition, other climate data including wind speed, solar radiation, and
relative humidity, were downloaded from the Prediction Of Worldwide Energy Resources
(POWER) Data Access Viewer.
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Figure 1. Location, boundary, and outlet of the Rush River watershed.

The SWAT-CUP (Calibration Uncertainty Program) [30] was utilized for the calibration
and validation of the enhanced SWAT model using the observed discharges at the selected
USGS gaging station from the USGS National Water Information System. The SUFI-2
(Sequential Uncertainty Fitting, version 2) algorithm [31] in SWAT-CUP was employed
for sensitivity and uncertainty analysis. During the simulation period, three years (i.e.,
2002-2004) were selected for the warm-up. Five years (i.e., 2005-2009) were selected for
the calibration. After the calibration period, the following 5-year period (i.e., 2010-2014)
was selected for validation. To evaluate the performance of the enhanced SWAT model,
three popular statistical metrics were selected: (1) Nash—Sutcliffe efficiency (NSE), (2) root
mean square error (RMSE)—observations standard deviation ratio (RSR), and (3) coefficient
of determination (R?) [32]. The NSE, RSR, and R?, respectively, are given by:

2
NSE = 1 - =10 =S5)
E?:l (Oi - Omeam)2

®)

n . a2
RSR = Lis1 (O ) ©)

\/Z?:l (Oi - C)mean)2
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where n is the total number of time steps; O; is the observed value at time step i; S; is
simulated value at time step i; Omean is the mean of the observed value; and Spean is the
mean of the simulated value.

R? (10)

2.5. Modeling Scenarios

The calibrated model (2005-2014) was selected as the present scenario. To set up the
future baseline scenario, the predicted precipitation and urbanization during the period
2054-2063 were utilized. The precipitation data from CMIP-5 were incorporated into the
input of the calibrated model and replaced the precipitation data from 2005 to 2014. Based
on the predicted urbanization using the EVA tool, the curve numbers (CNs) during the
period 2054-2063 were estimated and further utilized to replace the present ones in the
calibrated model. Eventually, the future baseline scenario without any infiltration was
built up.

To explore the functionality of the infiltration basin, more scenarios with infiltration
basins were built based on the future baseline scenario. Qi et al. (2021) assessed the impacts
of water head in infiltration basins on artificial recharge and assumed the water head range
was from 0.1 to 1 m [7]. In this study, the depth of infiltration basins was assumed to be 1 m
for a maximal water head of 1 m. The availability of the upstream surface runoff was not
considered in this primary study. In this case, the proportion of the upstream surface runoff
flowing into the infiltration basin was assumed to be a maximal value of 1. To consider
the impacts of logging in the vadose zone during artificial recharge [28,29], the coefficient
accounting for impacts of logging was assumed to be 0.1. The areas of infiltration basins
were assumed to vary from 0.3% to 10% of the urban areas of the Rush River watershed. To
assess the capability of infiltrations for artificial recharge, average annual discharge was
selected as an indicator. To explore the capability for flood mitigation, peak portions of
annual discharge were determined using a flow rate threshold of 5 m3/s.

3. Results and Discussion
3.1. Modeling Performance

Based on sensitivity analysis in SWAT-CUP, 12 parameters were selected for the
calibration. Table 1 lists the 12 parameters and their description and calibrated values.

Observed and simulated hydrographs and precipitation during the entire simulation
period are shown in Figure 2. The model performance was evaluated using three statistical
metrics [32]. For the calibration period (i.e., 2005-2009), the NSE, RSR, and R? were
calculated as 0.63, 0.61, and 0.63, respectively. For the validation period (i.e., 2010-2014),
the NSE, RSR, and R? were 0.51, 0.7, and 0.53, respectively. The calculated statistical metrics
demonstrated that the model performance was “satisfactory” [32]. Although the overall
performance was satisfactory, some slight underestimations, especially for the early spring
peaks (e.g., 2006, 2009, 2010, and 2011), were observed, as shown in Figure 2. This type
of underestimation of the spring peaks due to snowmelt can be attributed to the limited
capability of SWAT to simulate snowpack- and snowmelt-related hydrologic processes in
cold regions. Similar findings were also demonstrated by Shabani et al. [33], Tahmasebi
Nasab et al. [34], and Zeng et al. [35] in their SWAT modifications and applications to
watersheds in cold regions.
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Table 1. Parameters for calibration of the enhanced SWAT model.

Parameter Description Calibrated Values

* CN2.mgt SCS curve number for moisture condition II vary

Threshold depth of water in the shallow aquifer

GWQMN.gw required for return flow to occur (mm H,O) 3336.553
GW_REVAP.gw Groundwater “revap” coefficient 0.134851
REVAPMN.gw Threshold dfpth of/water in the shallow aquifer 216.2931

for “revap” to occur (mm H;O)

ESCO.hru Soil evaporation compensation factor 0.797276
SMTMP.bsn Snow melts base temperature (°C) —1.03802
SFTMPbsn Snowfall temperature 4.557257
SMEMX.bsn Minimum melt rate fo%r Snow du.rmg the year 7933271

(occurs on winter solstice)
SMEMN bsn Maximum melt rate for snow durm.g the year 4719988
(occurs on the summer solstice)

TIMPbsn Snowpack temperature lag factor 0.171148

CH N2.rte Manning’s roughness. coefficient “n” value for 0.031751
the main channel
CH_N1.sub Manning’s “n” value for the tributary channels 0.065375

Note(s): * The relative method was applied for those parameters, and the replace method was applied for the rest
of the parameters.
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Figure 2. Observed and simulated hydrographs and precipitation during the simulation period.

3.2. Changes in Precipitation, Urbanization, and Discharge

The Rush River watershed is a part of the Souris-Red-Rainy water resource region.
The daily median cumulative runoff of the region varies from 1.47 to 9.26 mm in the winter
and 31.66-55.75 mm in the spring and summer (data collected from the USGS WaterWatch
at https:/ /waterwatch.usgs.gov (accessed on 10 January 2024)). Analysis of long-term data
from the USGS WaterWatch reveals significant seasonal variation in the Souris-Red-Rainy
water resource region. The region observed its highest cumulative runoff of 180.90 mm in
2011 and its lowest cumulative runoff in 1931 (Figure 3). In 2014, the water resource region
observed above-normal cumulative runoff in the summer, indicating potential shifts in
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hydrological patterns over time. Understanding these patterns of variability in cumulative
runoff is essential for effective water resource management and planning in the Souris-Red-
Rainy region, particularly within sub-watersheds like the Rush River watershed.

200
r I cumulative runoff between daily 25t and 75t percentiles
180 | === Cumulative runoff of daily median
[ = Lowest observed cumulative runoff (1931)
160 [ == Highest observed cumulative runoff (2011)
[ === Observed cumulative runoff (2014)
£ 140
£
4= 120
(o)
c
> 100
—
g
e 80
)
=]
£ 60
S
O 40
20
0

oCT NOV DEC  JAN FEB MAR APR MAY JUN JUL  AUG  SEP

Figure 3. Cumulative runoff hydrograph for the Souris-Red-Rainy water resource region (figure
adopted from the USGS WaterWatch).

Compared with the present period, in the spring and summer seasons (March to
July), average precipitation is projected to increase from 18.63% to 166.16% in future years
(Figure 4). In contrast, precipitation is expected to decrease from 10.36% to 48.86% compared
to the present time in the winter months. The present average annual precipitation of the
study area is 565.90 mm, which will be increased to 703.99 mm in the Future scenario.

140 -
Il Present 7
120 - vzzzzZ) Future
7 Z
100 - 7

Precipitation (mm)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Figure 4. Comparison of precipitation in the Rush River watershed for Present and Future scenarios.
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According to the National Land Cover Database 2011 (NLCD 2011), most of the
land in the Rush River watershed is used for agriculture (89.9%), followed by urban use
(4.3%) and range grass and hay fields (2.5%) (Figure 5). Using data from the EVA tool
(https:/ /www.mrlc.gov/eva/ (accessed on 10 January 2024)) of the Multi-Resolution Land
Characteristics (MRLC) Consortium, the gain in medium-, high-, and low-intensity urban
lands in this area was 84.2%, 72.1%, and 12.8%, respectively, during the period 2001 to 2021
(Figure 6a). The area had an urbanization growth rate of 40.5% in 2021 compared to 2001.
Based on this rate, the total urban land area in the Rush River watershed is predicted to
reach 21.5 km?, compared to the current area of 13.4 km? (Figure 6b).

Land use

- Open water
- Urban (low density)
I Urban (medium density)
Il Urban (high density)
Urban (open space)
I Barren land
Forest (deciduous)
I Forest (evergreen)
Forest (mixed)
I shrub
Grassland
I Hay/Pasture
Cultivated crops

I Wetlands (woody)
Wetlands (herbaceous)

0 5 10 km

Figure 5. Current land use and land cover of the Rush River watershed.
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Area (km2) Year

Figure 6. (a) Changes in land cover classes from 2001 to 2021; (b) projection of urban land area in the
Rush River watershed for the year 2059.

Because of the greater precipitation and larger urban area, the average annual dis-
charge was predicted to reach 126.89 mm, compared to the present discharge of 98.81 mm
(Figure 7). The peak portions were predicted to be 29.81 mm, compared to 21.44 mm in the
present scenario, indicating that the peak portions were predicted to increase from 21.7% to
23.5%. Similar findings were noted by Khanaum and Borhan [36] in which peak discharge
increased with an increase in impervious areas and rainfall depths.

4
Present Future
40 +
——— Hydrograph
— —- Discharge threshold of 5 m’/s
30 A
20 4
10 4 <L
mu LI I LI
T T
N
N\
N\
N

T T T T T T T T
S & & 8§ S & & &S
§ § § § § & §& §& ¢
N N N N ~ N N N N
N N N N N N N N N

T T T T T T T T T
& & & & 8 & s & &
(S ) O ) O S O O O
N\ W\ & N\ \ \ \ \ \
N = N ~ N N ~ N =
N N N N N N N N N

Figure 7. Simulated hydrographs in the Rush River watershed for Present and Future scenarios.

3.3. Impacts of Artificial Recharge via Infiltration Basin

With the increment in the area of infiltration basins, the annual infiltration was
predicted to increase (Figure 8a), and the annual discharge was predicted to decrease
(Figure 8b). A similar relationship between the radius of infiltration basins and infiltration
was also observed by Qi et al. [7] in their simulation. With an infiltration basin area of
0.36%, the annual infiltration was predicted to be 27.91 mm (Figure 8a), and the annual
discharge was predicted to be 98.98 mm (Figure 8b), similar to the annual discharge in the
present scenario (i.e., 98.81 mm). In this case, the infiltration basin area of 0.36% in the
urban area was enough to perform artificial recharge and offset the extra quantity of surface
runoff in the future scenario. However, the peak portions were predicted to be 25.99 mm,
which are greater than the peak portions in the present scenario (i.e., 21.44 mm), indicating
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that the infiltration basin area of 0.36% in the urban area was not enough to offset the extra

flood events in the future scenario.

120

100 -

80

60 1
48.46 mm

Infiltration (mm)

40

20 A

0.36%: :0.9%

(a) 1

*

4

Average annual discharge (mm)

0 T
0

2

T T

4 6 8

00 4......... %
80
60 4

40

20 +

44
<<
<9

21.45 mi

98.98 mm

10.9%

v Annual discharge
v Peak portion of discharge

(b)

0

0.36%:;
T

2

4 6 8

Infiltration basin (%)

Infiltration basin area (%)

Figure 8. (a) Annual infiltrations under different portions of the infiltration basin areas in the urban
area; (b) annual discharges under different portions of the infiltration basin areas in the urban area.

With an infiltration basin area of 0.9%, the annual infiltration was predicted to be
48.46 mm (Figure 8a), and the peak portions of the annual discharge were predicted to
be 21.45 mm (Figure 8b), which are similar to the peak portions in the present scenario
(i-e., 21.44 mm). In this case, the infiltration basin area of 0.9% in the urban area was
enough to offset the extra flooding in the future scenario. However, the annual discharge
was predicted to be 78.44 mm, which is smaller than the annual discharge in the present
scenario (i.e., 98.81 mm), indicating that the infiltration basin area of 0.9% in the urban
area would lead to insufficient surface runoff in the future scenario, especially for baseflow
(Figure 9a,b. A single storm event was selected as an example of the impacts of the two
different infiltration basin areas (Figure 9b). With an infiltration basin area of 0.9%, 21%
of the peak flow would be mitigated, which is greater than an 8% mitigation of peak flow
associated with an infiltration basin area of 0.36%. However, with an infiltration basin area

of 0.9%, the minimum baseflow was predicted to reach only 0.05 m?3 /s, while the minimum
baseflow was predicted to be 0.19 m3/s with an infiltration basin area of 0.36% (Figure 9b).
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Figure 9. Daily discharges under different portions of the infiltration basin areas in the urban area;

(a) future period and (b) a single storm event.
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The smaller infiltration basin area (i.e., 0.36%) was enough to offset the extra quantity
of surface runoff, while the lager infiltration basin area (i.e., 0.9%) was required for flood
mitigation, especially for peak flows. However, the lager infiltration basin area would lead
to insufficient baseflow. To mitigate peak flows and maintain baseflow, larger infiltration
basins are recommended, while intermittent regulation of the infiltration basins according
to different hydrologic periods is required. During flood periods, the infiltration basins
should be fully operational, while during dry periods, the infiltration basins should be
regulated to limit the collection of the surface runoff from the upstream flow based on the
specific baseflow conditions.

4. Summary and Conclusions

A two-step modeling framework was performed to assess the offsets of artificial
recharge via infiltration basins on the extra runoff induced by urbanization and extreme
storms. Firstly, in the framework, a lumped infiltration basin module was developed and
integrated into SWAT. Secondly, the precipitation and urbanization in the future scenario
were projected and incorporated into the enhanced SWAT. In the lumped infiltration basin
module, an area-storage relationship with one threshold for the shallow and wide shapes
of infiltration basins was proposed. In addition, a coefficient was introduced to consider
the impacts of logging in the vadose zone during artificial recharge.

The proposed modeling framework was applied to the Rush River Watershed in ND,
USA. Various scenarios of infiltration basin areas were designed to explore their impacts
on artificial recharge and flood mitigation. The results demonstrated the capability of the
infiltration basins to influence both artificial recharge and flood mitigation. To mitigate
floods, especially for peak flows, larger areas of infiltration basins are required compared to
artificial recharge purposes only. Based on different demands, intermittent regulation of the
infiltration basins according to different hydrologic periods is recommended. The offsets
of artificial recharge on the extra surface runoff provide insight into the comprehensive
preservation and management of surface water resources and groundwater resources.
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