
Frontiers in Water 01 frontiersin.org

Managed aquifer recharge as a 
strategy to redistribute excess 
surface flow to baseflow in 
snowmelt hydrologic regimes
Stephen B. Ferencz *, Adam Mangel † and Frederick Day-Lewis 

 Earth Systems Science Division, Pacific Northwest National Laboratory, Richland, WA, United States

Water management in snowmelt hydrologic regimes, characterized by 
large annual fluctuations in stream flow driven by seasonal snow melt, faces 
the challenge of highly variable supply that often does not align with timing 
of demand. Climate change may exacerbate management challenges by 
significantly reducing snowpack or shifting snow melt earlier. Here, managed 
aquifer recharge (MAR) is evaluated as a potential strategy to reallocate excess 
early-season stream flow to time periods when less surface water is available. 
This strategy differs from traditional MAR, where the goal is to minimize loss to 
surface water. We assess how to site MAR operations such that groundwater 
recharge flows back to the surface water system in a lagged manor to benefit water 
management objectives, which we term “enhanced baseflow.” We use a regional 
groundwater model for the Treasure Valley aquifer located in southwestern 
Idaho, United States to demonstrate a generalizable approach using regional 
groundwater models as tools to identify favorable baseflow enhancement 
locations. Hypothetical MAR is simulated at 197 candidate locations, which are 
then evaluated for how effectively they meet potential management objectives. 
In addition to demonstrating the modeling and evaluation approach, we discuss 
lessons learned from applying a pre-existing regional groundwater model to 
MAR for enhanced baseflow and also describe important considerations, 
such as the physical and institutional availability of surface flows and specific 
management objectives, when assessing regional and site-specific suitability of 
MAR for enhanced baseflow as a potential management strategy.
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1 Introduction

Snowmelt hydrologic regimes, where annual streamflow is prominently influenced by the 
timing and quantity of runoff generated during spring snow melt, are likely to experience 
earlier and more rapid snowmelt due to climate change (Kapnick and Hall, 2010; Cohen et al., 
2020). These trends have been observed across the western United States (US) (Stewart et al., 
2005; Ficklin et al., 2013; Huang et al., 2018) and climate models indicate they are likely to 
continue (Siirila-Woodburn et al., 2021). Water management in these hydroclimates has long-
utilized reservoirs to store and redistribute water during periods of low flow, as well as to 
generate hydropower from the potential energy of stored snowmelt; however, most optimal 
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reservoir locations have been developed and environmental 
considerations make permitting and development costly and 
challenging (Brown et al., 2019). Consequently, there is a need for 
management strategies that improve water resource resilience under 
possible future climate conditions characterized by earlier snowmelt 
and climate extremes such as more frequent and intense droughts 
(Barnett et al., 2005; Cohen et al., 2020; Wasti et al., 2022).

Managed aquifer recharge (MAR), the practice of increasing 
groundwater recharge using surface or reclaimed water, has been 
around for over 60 years (Dillon, 2005). Two common approaches 
for MAR are infiltration basins or injection wells (Dillon, 2005). 
Historically, the focus of research on MAR has been how to 
infiltrate and store (and sometimes recover) groundwater in 
depleted and stressed aquifers; however, MAR has recently been 
recognized as a promising tool to redistribute streamflow in 
seasonally variable hydrologic regimes, such as in snowmelt 
dominated systems (Surinaidu et al., 2016; Niswonger et al., 2017; 
Kourakos et al., 2019; Van Kirk et al., 2020). Under such a scheme, 
excess surface water (SW) during high-flow periods is used to 
recharge aquifers which then slowly release the recharged water 
back to the SW system, ideally increasing streamflow during 
low-flow periods.

A number of studies have explored approaches to characterize site 
suitability for MAR ranging from regional (Smith and Pollock, 2012; 
O'Geen et al., 2015; Gibson et al., 2018) to local scales (Lee et al., 
2019). The sophistication of approaches ranges from evaluating 
analytical solutions to characterize infiltration and groundwater 
mounding (Smith and Pollock, 2012), to simplified conceptual 
numerical models (Szabó et al., 2023), to three-dimensional (3D), 
transient regional groundwater simulations (Russo et  al., 2015; 
Kourakos et al., 2019). The primary focus of MAR characterization is 
identifying surface and aquifer characteristics that favor high 
infiltration rates and large storage capacities (Smith and Pollock, 2012; 
Gibson et  al., 2018). In some cases, site suitability has also been 
considered in the context of specific environmental management 
objectives. For example, Russo et al. (2015) evaluated the effectiveness 
of MAR locations for reducing sea-water intrusion of a stressed coastal 
aquifer, and Kourakos et al. (2019) evaluated the effect of seasonal 
MAR on long-term baseflow, but their assessment did not focus on 
characterizing sub-annual baseflow dynamics. To our knowledge, no 
study has evaluated MAR site characterization for the purpose of 
enhancing baseflow to benefit SW management (i.e., identifying MAR 
locations with the expressed purpose of increasing baseflow flow 
during specific times to benefit maintenance of environmental flows 
or water supply).

In this work, we demonstrate the use of a 3D regional groundwater 
flow model (Hundt, 2023; Hundt and Bartolino, 2023) for the Treasure 
Valley Aquifer in Idaho, US to evaluate hundreds of potential MAR 
locations for suitability with respect to enhancing seasonal baseflow. 
This study is meant to show how groundwater modeling and, in this 
case, a pre-existing model, can aid the identification of promising 
MAR locations; however, our study is not designed to address region-
specific issues or management goals within the study region. Rather, 
results are presented and interpreted in the context of hypothetical, 
general SW management objectives such as the timing and magnitude 
of enhanced baseflow relative to the MAR recharge signal. We also 
provide key lessons learned from applying a pre-existing regional 
groundwater model to this type of research question and describe 

important considerations for assessment of MAR for management 
of baseflow.

2 Methods

Designing, parameterizing, and calibrating a large, regional 
groundwater model is time-consuming and labor-intensive. When 
available, it is advantageous to use a pre-existing regional model, and 
researchers often adapt existing models for research questions of their 
own. There is a large and growing number of publicly available 
regional groundwater models that can serve as starting-points for 
model-based site-characterization efforts (ScienceBase, 2023; Zipper 
et  al., 2023). This study leverages a recently published regional 
groundwater model of the Treasure Valley regional aquifer (Hundt, 
2023; Hundt and Bartolino, 2023) located in southwestern Idaho, US 
(Figure  1A) to explore the baseflow response to a hypothetical 
transient MAR signal.

2.1 Treasure Valley hydrological model

The Treasure Valley Hydrological Model (TVHM) (Hundt, 2023) 
is a 3D groundwater flow model designed for MODFLOW 6 
(Langevin et al., 2017, 2021). The model covers 10,600 km2 and is 
comprised of 64 rows, 65 columns, and six layers that resolve variation 
of hydrogeologic properties with laterally and with depth in the model 
domain. The domain is horizontally discretized into a 1.6 km x 1.6 km 
orthogonal grid, while the vertical spacing varies based on the 
hydrogeological layer data (Example cross sections in SI Figure 1). 
Subsurface properties reflect the dominant four lithologies in the 
region: unconsolidated alluvial sediments, fine lacustrine sediments, 
basalt, and metamorphic basement (Bartolino, 2019, lithological 
descriptions in SI).

The model includes the major rivers in the basin (Figure  1A), 
defined by the RIV package in MODFLOW 6. The RIV package enables 
bi-directional flux between groundwater and SW dictated by the head 
difference between the groundwater and the SW elevation in the 
corresponding river cell. In addition to representing the major rivers in 
the model domain, the model uses the DRN package to represent 
baseflow-fed drains in the irrigated regions of the model domain that 
drain shallow groundwater to the major rivers (SI Figure 2). The DRN 
package allows groundwater to leave the model domain without exiting 
via a river cell. Hydrogeologic parameters and river and drain 
conductance were calibrated by the model designers using PEST 
(Doherty, 2005) to match to historical head measurements in 
groundwater wells and match baseflow observations in the drain canals.

The model runs at monthly time steps, spanning the 25-year 
historical period from 1986 to 2010. The model includes anthropogenic 
influences on hydrological fluxes in the form of gridded transient 
recharge that captures historical SW irrigation and canal leakage as 
well as groundwater pumping for both municipal supply and irrigation.

2.2 Modeling approach

The baseflow response to MAR was iteratively evaluated at 197 
locations spatially distributed over 7 candidate MAR zones 
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(Figure  1A). The zones were chosen arbitrarily but spaced across 
portions of the domain with differing hydrogeologic units in the 
unconfined top layer and chosen to avoid regions with heavily 
pumped groundwater (SI Figures 3, 4). Zones 2 and 3 are in a mixture 
of coarse-grained fluvial and alluvial sediments and fine-grained 
lacustrine sediments; Zones 1, 4, and 5 are mostly fine-grained alluvial 
sediments; and Zones 6 and 7 are basalt. All MAR cells were screened 
to be within 5 km of a river cell.

Iterative execution of simulating MAR recharge at each candidate 
grid cell was streamlined using FloPy (Bakker et al., 2016, 2021), a 
Python interface for MODFLOW. Managed aquifer recharge was 
represented by modifying the TVHM to incorporate an additional 
WEL input file that defined a transient recharge signal at the MAR cell 
under consideration. We use a hypothetical MAR signal (dashed line 
Figure 1B) representative of diverting a portion of early season surface 
flows from April to July at a rate of 61,650 m3/day (50 acre-ft/day), a 
reasonable rate for an individual MAR site (Smith and Pollock, 2012). 
Our analysis was not concerned with representing a specific type of 
MAR approach and the grid-cell level recharge simply represents the 
net MAR occurring in the unconfined layer at each candidate cell. For 
each MAR candidate cell, the full 25-year simulation was run to track 
the baseflow response during and following the MAR period. The 
change to baseflow (“enhancement”) resulting from a MAR scenario 
was quantified by differencing the simulations with MAR against a 
baseline baseflow time series neglecting MAR.

2.3 Quantifying MAR performance

In contrast with traditional MAR where it is desirable to minimize 
the losses to SW and achieve long-term accumulation of storage 
(Scanlon et al., 2016), the goal for enhanced baseflow is for the aquifer 
to delay but not permanently retain recharged water. To this end, 
we created metrics to quantify salient information to SW management, 

such as when additional baseflow occurs and the amount of baseflow 
enhancement during different times of the year. Our approach was to 
quantify the MAR return ratio (RR or RRs for plural), the ratio of 
recharged volume to enhanced baseflow, over three different time 
periods (April – July, August – November, and December – March) 
and also over the 12-month period from when MAR starts in April to 
the following March. The April–July RR describes what fraction of 
recharge returns during the MAR period, also when demand for SW 
from irrigation can be  high. The August–November RR captures 
much recharge returns in the late summer and early fall when flows 
are typically low, instream flows are commonly an issue, SW 
ecosystems can be stressed, and demands from irrigation can still 
be present. Last, the Dec-Mar RR accounts for returns during the 
winter months. Depending on the specific management objectives, 
there could be benefits of returns being more concentrated in a given 
period or spread uniformly across the water year.

3 Results

3.1 Enhanced Baseflow response signals

The modeling revealed a wide range of enhanced baseflow responses 
(Supplemental Information, Figure S5). A subset of representative 
responses were selected to illustrate the types of responses (Curves 1–7, 
Figure 1B). At some locations, the baseflow response closely resembles 
the recharge signal in timing and magnitude (Curve 7), whereas in other 
locations added baseflow was highly attenuated (Curves 2 and 6). 
Locations with less attenuated baseflow responses tend to have more 
rapid recessions after MAR is terminated (Curves 1 and 7). At locations 
with more attenuation (Curves 2, 4, and 6), the tail of the recession can 
be very long, in some cases having enhanced baseflows 50% of the peak 
value more than 5 years after recharge ended. The variety of response 
types suggests that a combination of locations could be used to benefit 

FIGURE 1

(A) Location of Treasure Valley aquifer study area with model domain (dashed black line), rivers represented in the model (blue lines), and the seven 
MAR zones where recharge was simulated at each grid cell, with inset showing the model location in the western United States. (B) Examples of 
monthly baseflow enhancement from simulated MAR at seven grid cells within the seven MAR zones, with an inset showing the 5 years when MAR was 
simulated. The MAR pattern is shown in the dotted black line that resembles a square wave.
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both short-term (seasonal or same-year) flows and also enhance 
baseflow over longer periods.

3.2 Mapping MAR response metrics

Mapped RR metrics for all 197 locations show distinct spatial 
patterns in enhanced baseflow response characteristics across the 

seven candidate MAR zones (Figure  2). The Apr-Jul, 
Aug-Nov, and total 12-month return ratios (April through March) 
were quantified for the first (Year 1) and fifth (Year 5) years of 
MAR operation (Figures  2A–F). Additionally, hydraulic 
conductivity (K) and fraction of enhanced baseflow that returned 
to a river cell versus via a drain cell (baseflow in a tributary to the 
main rivers) are shown to aid interpretation of the RR results 
(Figures 2G–I).

FIGURE 2

Return ratios (RRs) for the April – July recharge period in year 1 and 5 (A,D), August – November RRs during the 4 months following recharge (B,E), and 
12-month RRs in Year 1 and Year 5 (C,F). Hydraulic conductivity for the MAR grid cells (G), and the fraction of baseflow from each candidate MAR grid 
cell that went to river cells (RIV) (H) or drain cells (DRN) (I).
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Year-1 results (Figures 2A–C) show how “flashy” each candidate 
MAR location is (i.e., how quickly MAR becomes baseflow). The 
baseflow response at the flashy cells resemble Curves 1 and 7  in 
Figure 1B. From a management perspective, quick return times could 
be desirable if MAR is intended to enhance surface flows within the same 
year. A small number of locations, mostly in Zones 1, 3, and 5, show very 
high Year 1 RRs, some above 90%. Zones 3 and 5 had the highest Apr-Jul 
RRs and had similar ratios for Aug-Nov as Zone 1. Zones 2, 4, 6, and 7 
had Apr-Jul RRs less than 10%, Aug-Oct less than 20%, and Year-1 ratios 
less than 40%. Interestingly, other than Zone 1, there is not a clear 
relationship between the various Year 1 RRs and hydraulic conductivity; 
some of the highest K values are in Zone 7 which has RRs similar to the 
other group with low RRs (Zones 2, 4). The flashy locations in Zones 1, 
3, and 5 show more of a resemblance to the river and drain fraction 
distributions than the K distribution, with high Year-1 April–July and 
August–November RRs being associated with high drain fractions. The 
physical interpretation of this relationship is that drains act as shortcuts 
for the recharge to exit the subsurface as baseflow rather than having to 
travel a longer distance to a river cell (RIV).

Year-5 results provide information on how continuous operation 
of MAR influence RR characteristics (Figures 2D–E). The RRs for the 
flashy locations show insignificant differences in Year 5; this is the case 
because the Year-1 behavior is repeats in every subsequent year. In 
contrast, locations in Zones 1, 2, 4, and 7 show increases in Apr-Jul, 

Aug-Nov, and total Year-5 RRs. Zones whose RRs are notably different 
in Year 5 compared to Year 1 have more lag in their baseflow response, 
similar to Curves 2, 3, and 4  in Figure  1B. Due to this lag, these 
locations generate increasing baseflow with each year of operation, 
until reaching a quasi-steady state (Figure 1B). Another aspect of more 
lagged responses is that they tend to have less seasonal variability and 
produce more constant enhanced baseflow, which is reflected by high 
annual RRs (60–80%), but low return ratios during Apr-Jul and 
Aug-Nov compared to the flashy locations (Figures 2D–F). Notably, 
even for Year 5 the RRs for Zone 6 remain very low, and this is the only 
zone in which all grid cells have low RRs, unique in having low K and 
low DRN connectivity (Figures 2G,I).

3.3 Identifying suitable MAR locations 
based on hypothetical management 
objectives

The monthly baseflow enhancement results can also be used to 
screen suitable locations for MAR based on specific enhancement 
criteria. Two examples are used to demonstrate this, one using the 
Year-1 results reflecting a single year of operation and the other using 
Year 5 to assess a scenario where MAR is operated over a longer 
time period.

FIGURE 3

Return fractions during Apr-Jul, Aug-Nov, and Dec-Mar periods for all 197 locations in year 1 (A) and year 5 (B). Locations satisfying the 12-month 
return fraction criteria in blue and locations satisfying the additional period-specific criteria in gold. Locations satisfying one or both criteria are 
mapped. Numbers denote MAR Zones.
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For Year 1, locations are screened according to two management 
objectives: at least 50% of the recharged water returns as baseflow 
within the first year and at least 40% of the returns occur during the 
Aug-Nov period. Locations that satisfy the former objective are mainly 
located in Zones 1, 3, and 5, whereas the subset of locations that satisfy 
the second objective are distributed similarly between Zones 1, 3, and 
5, each having between 6 and 8 cells (Figure 3A). In total, 57 cells 
(28.9%) met the first objective and only 22 (11.1%) cells satisfied both 
of the Year-1 objectives. No locations in Zones 2, 4, 6, and 7 satisfied 
both criteria (Figure 3A). Suitable locations for Year 1 favor Zones 
characterized by high K and high drain fractions, which increase the 
propagation rate of recharge via subsurface flow (high K) and also 
reduce the subsurface travel distance (drains).

The management objective for the Year-5 case calls for 75% of the 
Year-5 recharged water to return within Year 5 and further screened 
for locations that provide high levels of constant, year-round baseflow 
by having at least 25% return ratios in each of the three, four-month 
periods. Almost two thirds (60.9%) of cells met the 75% 12-month 
return ratio target, but only 62 (31.5%) locations met both criteria. 
Although Zone 4 had no locations that met the criteria, it had the 
majority of suitable locations for the Year-5 criteria (Figure 3B). No 
locations in Zones 3, 6, or 7 met the Year-5 criteria (Figure 3B). Unlike 
Year 1, suitable locations for Year 5 are not associated with specific K 
and drain attributes. Instead, different combinations of zonal 
characteristics such (1) as higher K and higher river fractions (Zone 
2) or (2) lower K and high drain fractions (Zone 4) both attenuate the 
MAR signal in a way that produces high seasonal RRs (>25%). The 
fact that Zone 7 (high K and high river fraction, similar to Zone 2) 

does not satisfy the Year 5 criteria highlights the value in modeling 
recharge processes to characterize the enhanced baseflow response 
when screening for MAR site-suitability.

4 Discussion

4.1 Benefits and considerations of using an 
existing GW model

Our results demonstrate how an existing GW model can be an 
effective screening tool for initial MAR for enhanced baseflow 
suitability. Some key benefits of using a regional GW model to 
evaluate the baseflow response over more conceptual approaches, 
such as analytical solutions (Knight et al., 2005) or simplified 2D 
models (Szabó et al., 2023) is that the numerical model is able to 
account for (1) anthropogenic effects (pumping, additional recharge 
from SW irrigation) that can alter the baseflow response, (2) 
geological heterogeneity that may control local hydraulic connection 
to rivers or boundaries, and (3) the effects of transient hydrologic 
conditions such as river stage, periodic well pumping, irrigation, and 
changing water table elevations that can alter the baseflow response 
(Kendy and Bredehoeft, 2006; Ferencz and Tidwell, 2022). This study 
benefitted from the regional model being designed in MODFLOW 6, 
which is compatible with FloPy. Other model types and legacy 
versions of MODFLOW would present additional challenges for 
representing key processes and iterative model execution for 
MAR evaluation.

FIGURE 4

Water management considerations in a hypothetical snow-melt-reliant region where MAR for enhanced baseflow is being considered as an adaptive 
management strategy. The region has multiple considerations such as SW demand for farming, municipal supply, and reservoir operations. Upper right 
inset shows SW available for MAR (filled black portion) at a potential diversion location. Lower left inset shows a hypothetical example of subsurface 
lithology determined via airborne EM.
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Care should be  given when using an existing model that the 
spatial and temporal resolution and physical and process 
representation are appropriate for MAR evaluation and siting. An 
example of physical representation would be if the THVM did not 
include the effects of irrigation drains. The high percentage of baseflow 
leaving the model from drain cells (Figure 2) show that drains create 
a shortcut for the return of MAR recharge to the SW system. Without 
the drains, the suitability of sites with respect to recharge returns 
would be  substantially different. Regarding spatial resolution, the 
coarse resolution of the TVHM cannot capture the local water-table 
recharge response of an infiltration basin, so it would not 
be appropriate for determining the field-scale water-table response at 
recharge basins. Further characterization could involve embedded 
refined sub-models to evaluate recharge and baseflow dynamic at 
locations identified at coarser resolution (Leaf and Fienen, 2022). 
We ensured that the recharge rates in this study did not raise of the 
water table above the ground surface by checking water table 
elevations in each MAR grid cell. Higher resolution sub-models could 
evaluate water-table dynamics near hypothetical recharge basins to 
ensure there are no negative impacts on agriculture such as root-zone 
flooding (Kourakos et al., 2019).

4.2 Using geophysics to AID regional and 
site characterization

In regions without a groundwater model and with sparse field data 
to inform model development, reconnaissance geophysical surveys 
could be a cost-effective method to gather data on subsurface structure 
and lithology. For example, airborne electromagnetic (EM) surveys 
(Figure 4) have been used to identify transitions between surficial 
alluvial aquifers and underlying bedrock or fine-grained materials 
(Knight et al., 2018; Minsley et al., 2021) Regional geophysical surveys, 
combined with borehole data, can aid the development of a 
hydrogeologic model used for exploratory groundwater modeling and 
site characterization. In regions with an existing groundwater model, 
such as the Treasure Valley Aquifer, geophysical surveys can support 
development or refinement of the hydrogeologic framework model, 
which is critical to representing the hydraulic connection of 
groundwater and SW, the accuracy of modeling results, and, 
ultimately, model-based identification of MAR sites, as demonstrated 
in this work.

4.3 Other factors to consider when 
evaluating MAR for enhanced baseflow

Although the focus of this work was on identifying locations that 
have favorable baseflow enhancement characteristics (e.g., have high 
RRs and are compatible with SW management objectives), there is a 
flow-regime and institutional characterization component that is 
equally important when evaluating the suitability of MAR for 
baseflow. Before significant effort is expended characterizing MAR 
suitability, characterization is required of the flow regime and the 
status of institutional and legal obligations of SW (downstream uses, 
water rights, environmental flows) that affect when and how much 
unallocated streamflow is available for MAR (Figure 4). For example, 
in the Eastern Snake River Aquifer, Idaho, availability of SW for MAR 

depends on spring streamflow (Hipke et al., 2022). In dry years, no 
SW is available for MAR because of the needs of downstream users 
(e.g., farms, municipalities, hydro-electric power, and environmental 
flows), while in wet years there is excess available water beyond 
infrastructure capacity to fully divert and recharge (Hipke et al., 2022). 
The efficacy of MAR for baseflow enhancement thus depends critically 
on the frequency and volume of available unallocated water. In 
addition to SW availability, SW water quality issues should also 
be carefully evaluated to ensure that MAR does not harm GW quality, 
either by introducing SW contaminants into the subsurface (Alam 
et  al., 2021) or by altering groundwater chemistry in a way that 
mobilizes harmful contaminants (Fakhreddine et  al., 2021). Such 
considerations are beyond the scope of this study but should 
be carefully considered when evaluating implementation of MAR.

In reality, site suitability will likely be  a tradeoff between the 
aforementioned SW flow regime suitability and existing SW 
obligations, financial constraints, and management objectives. A few 
examples of potential management objectives are shown in Figure 4, 
such as: (1) enhancing SW availability for conjunctive use such as 
increasing SW availability for summer irrigation, (2) helping meet 
environmental flow targets for ecologically sensitive stream segments 
in basins that lack an upstream reservoir that can perform managed 
releases, or (3) enhancing reservoir inflows during dry months in 
basins where excess snowmelt flows would otherwise 
be released downstream.

An important consideration is the tradeoff between MAR 
performance (infiltration capacity, timing and magnitude of enhanced 
baseflow) and cost. A cost/benefit analysis of the unit cost of enhanced 
baseflow versus the value of end-uses (e.g., hydropower, environmental 
flows, irrigation, municipal supply) may indicate that a less optimal 
location may be a better choice for MAR on a unit-cost basis compared 
to the cost of obtaining and routing water to a more optimal recharge 
location. One way to reduce costs is to leverage existing infrastructure, 
such as existing diversion locations and canals (Figure 4). Another 
cost–benefit consideration is the proportional enhancement of 
baseflow. For example, the location of MAR sites (near smaller 
tributaries vs. the main river) could influence how beneficial they are 
to low flow enhancement. For example, several 50 acft/day MAR sites 
along the Boise or Payette rivers (Figure 1A) could potentially double 
summer low flows, but several sites along the Snake River (Figure 1A) 
would only increase summer low flows by a few percent.

5 Closing remarks

The goals of this study were threefold. First, introduce the concept 
of MAR for enhanced baseflow as an approach for water management 
to reallocate streamflow during high flow periods to later periods 
when there are lower flows and possibly more demand. Second, 
demonstrate how regional groundwater models can be utilized as an 
initial screening tool to identify favorable locations (i.e., where 
enhanced baseflow suits regional management objectives) for further 
characterization. Third, describe considerations for implementing 
MAR for enhanced baseflow in a real-world setting such as SW 
availability, management objective, cost/benefit tradeoffs, and 
water quality.

MAR for enhancing baseflow has the potential to be an adaptive 
strategy for reducing the vulnerability of snowmelt hydrologic regimes 
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to earlier and more rapid snowmelt recharge by redistributing some 
of the early season flows as baseflow. In addition to facing the 
challenge of identifying suitable recharge locations, the use of MAR 
for enhancing baseflow faces the added challenge of locating recharge 
such that the return flow benefits the management objectives of the 
SW system. MAR for enhanced baseflow is a largely unexplored water-
management strategy with ample opportunities for further research 
into site characterization methods (e.g., geophysical characterization, 
regional models with refined sub-models that represent individual 
infiltration basins), modeling approaches to represent MAR 
operations in a dynamic real-world setting (e.g., modeling the 
operation of MAR sites that consider transient SW availability, 
quantifying local and regional scale changes in SW availability due to 
enhanced baseflow), and cost–benefit analysis compared to other 
management approaches.
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