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California does not need every acre to become a conventional recharge basin. It needs a

governance and investment framework that makes more agricultural acres recharge-ready, connects
those acres to Managed Aquifer Recharge (MAR) operations, and recognizes their cumulative
contribution to basin sustainability and watershed resilience.

Executive Summary

California’s Sustainable Groundwater Management Act (SGMA) established a statewide framework for
achieving long-term groundwater sustainability through locally implemented groundwater sustainability
plans (GSPs). As implementation matures, groundwater sustainability increasingly depends on the ability to
identify recharge opportunities that are regionally scalable, economically practical, and capable of being
activated when hydrologic conditions create an opportunity. The California Department of Water Resources
(DWR) identifies Flood-Managed Aquifer Recharge (Flood-MAR) as an integrated, voluntary strategy that
uses floodwater resulting from, or in anticipation of, rainfall or snowmelt for managed aquifer recharge
(MAR) on agricultural lands, agricultural landscapes, and managed natural lands. Flood-MAR can range from
individual landowners using existing infrastructure to extensive recharge areas and modernized flood-
management operations. [1,2]

California’s Healthy Soils Initiative (HSI) is a state-led framework that promotes agricultural management
practices that build soil organic matter, sequester carbon, reduce greenhouse gas emissions, and improve
the resilience of farms and surrounding ecosystems. Regenerative agriculture (RA) is a broader, principles-
based approach to farming that seeks to restore soil function through practices such as maintaining living
roots and ground cover, retaining residues, reducing soil disturbance, diversifying crop rotations, integrating
livestock where appropriate, and adding organic matter. Together, HSI and RA practices can improve the
readiness and functionality of agricultural landscapes for managed aquifer recharge (MAR) by influencing
soil structure, infiltration, and water storage. A 2019 meta-analysis of 89 field studies found that introducing
perennials and cover crops produced the largest average increases in infiltration among the practices
evaluated, while the response to no-till alone varied by context. [3] The evidence supports a practice-
specific, site-specific approach rather than an assumption that every RA practice will increase infiltration
under every soil and climate condition. The strongest benefits are likely to occur when complementary
HSI/RA practices are layered as a system rather than implemented as isolated practices; long-term and
synthesis studies indicate that combinations such as reduced disturbance, cover crops, residue retention,
diversified rotations, and organic amendments can improve soil carbon and nitrogen stabilization, pore-size
distribution, infiltration, and water storage, which can support greater crop water-use efficiency and reduce
the water required to produce comparable yields where site conditions are suitable. [11,12,13]
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The opportunity is therefore larger than field-scale recharge alone. A single field may provide a modest
incremental recharge benefit, but thousands of acres of recharge-ready agricultural land can collectively
function as a distributed network of infiltration opportunities. Agricultural Managed Aquifer Recharge (Ag-
MAR) is the intentional, temporary application of available surface water to suitable agricultural fields so

the water infiltrates through the soil and unsaturated zone to replenish an underlying groundwater aquifer
while the land remains in agricultural production. Water sources may include stormwater, flood flows, excess
surface-water deliveries, or other legally and operationally available supplies. Depending on field conditions
and infrastructure, water may be applied through existing irrigation systems, field flooding, or dedicated
conveyance and distribution improvements during periods that minimize conflicts with crops and farm
operations. Successful Ag-MAR requires site-specific screening of soils, subsurface conditions, groundwater
depth, crop tolerance, water quality, conveyance access, and potential impacts, together with landowner
agreements, monitoring, and operating controls. When properly designed and managed, Ag-MAR can
expand the recharge footprint beyond centralized basins, increase groundwater storage, and support
drought resilience while maintaining productive agricultural lands.

Recent literature adds an important land-management distinction: bare fallowing is not inherently superior
for water savings or recharge. PPIC research on SGMA-ready crops found that bare fallow fields are no
more effective at capturing rainfall than appropriately managed low-water winter crops. Vegetated recharge
settings may also provide added infiltration, treatment, dust-control, habitat, and soil-function benefits
compared with bare-soil recharge footprints when properly designed, monitored, and matched to site
conditions. [4,5,14,15,16,17]

Scaling this concept creates a governance and accounting problem because the land, water, infrastructure,
authority, funding, and benefits are controlled or experienced by different parties. No single entity typically
has authority to identify and enroll fields, secure and convey available water, determine when recharge may
occur, manage landowner agreements and liability, coordinate flood and irrigation operations, protect water
quality and crops, monitor performance, or credit recharge within a GSP. Agency boundaries and program
requirements may not align with watershed or aquifer boundaries, while conventional project-centric
accounting is poorly suited to benefits that are diffuse, incremental, cumulative, and difficult to attribute to
individual fields. Without agreed decision rights, operating protocols, cost-sharing arrangements, incentives,
data standards, and methods for allocating recharge benefits, potentially suitable fields may remain inactive
and participating growers may bear costs or risks without receiving clear value. The response proposed
here is not to wait for perfect accounting. Instead, California can develop adaptive portfolio approaches that
combine eligibility screening, soil and hydrogeologic characterization, landowner incentives, standardized
agreements, monitoring, operational triggers, transparent benefit accounting, and a designated coordinating
structure. Scaling Ag-MAR will require coordinated funding, recharge accounting, technical support, and
operational infrastructure that reduces barriers and creates tangible value through basin-wide groundwater
sustainability and drought resilience, as well as direct grower benefits such as recharge incentives or
credits, improved groundwater availability, greater pumping reliability, and potentially lower pumping costs
where groundwater levels respond. Watershed resilience planning offers a useful platform for defining roles
and aligning these activities across state programs, groundwater sustainability agencies (GSAs), irrigation
districts, flood managers, growers, conservation organizations, Tribal governments, and local communities.

The Groundwater Sustainability Challenge

SGMA requires local agencies to manage groundwater basins sustainably and avoid undesirable results.

[6] Recharge is one component of a sustainable groundwater portfolio, alongside demand management,
conservation, water transfers, surface-water management, recycled water, conjunctive use, and other
actions. The challenge is that recharge is not a single technology. California’s groundwater basins contain a
wide range of soils, aquifer materials, land uses, water-right relationships, flood-control infrastructure, crops,
and institutional arrangements. A recharge strategy that works on one parcel may be unsuitable for another.
Even within a single field, infiltration can vary spatially and change over time. Research on MAR infiltration
ponds demonstrates that infiltration is inherently spatially and temporally variable, reinforcing the need for
monitoring and adaptive management. [7]
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This variability creates a scale problem. Conventional project development tends to define success at the
individual facility or project level. But groundwater sustainability is fundamentally a basin-scale and, in many
situations, watershed-scale problems. The question is therefore not simply, ‘How much recharge can this
project produce?’ It is also, ‘How can a region assemble and manage a portfolio of many suitable recharge
opportunities?’

Why Agricultural Lands Matter to Flood-MAR

DWR explicitly identifies agricultural lands and agricultural landscapes as locations where Flood-MAR can
occur. Its current Flood-MAR program describes the strategy as scalable from individual landowners using
existing infrastructure to extensive detention and recharge areas and modernized flood-management
operations. Potential benefits include water-supply reliability, flood-risk reduction, drought preparedness,
aquifer replenishment, ecosystem enhancement, subsidence mitigation, water-quality improvement, and
agricultural-landscape preservation and stewardship. [1,2]

Agricultural land offers an important characteristic that purpose-built recharge facilities cannot provide
alone: distributed geographic availability. Fields are already embedded in watersheds, connected to
irrigation systems, and managed by landowners who possess detailed knowledge of soil behavior, crop
timing, access, and field operations. When recharge is compatible with crop cycles and soil conditions,
agricultural lands can serve as temporary infiltration areas while remaining agricultural assets.

Agricultural lands also matter because they can materially reduce implementation cost and increase
feasibility relative to relying only on purpose-built recharge facilities. Dedicated recharge basins and large
centralized MAR projects can require substantial land footprints, site acquisition or land retirement, diversion
and water-rights approvals, conveyance capacity, engineered inlets and outlets, sediment management,
monitoring, and long-term operations and maintenance. In contrast, suitable agricultural lands identified
through screening tools such as UC Davis’s Soil Agricultural Groundwater Banking Index (SAGBI), DWR’s
Aquifer Recharge Potential maps, and the California Flood-MAR Hub’s consolidated mapping and assessment
resources [24,25,26] often already include the core operating platform for episodic recharge: available
acreage distributed across the basin, irrigation conveyance or turnout connections, on-farm distribution
systems, access roads, field-level grading, and landowners or irrigation districts with the practical capacity to
route, observe, and manage water. This does not eliminate the need for screening, agreements, monitoring,
or water-right compliance, but it supports a lower-barrier portfolio model in which existing agricultural
infrastructure and grower participation can expand recharge opportunities more quickly and, in many
settings, at lower marginal cost than constructing new centralized facilities alone. [18,19,20,21]

In addition to groundwater sustainability benefits, Ag-MAR can provide direct benefits to agricultural
operations by increasing groundwater availability for future irrigation, reducing drought-induced pumping
pressures, helping mitigate land subsidence that can damage canals and farm infrastructure, and in some
settings improving soil moisture storage and long-term water supply reliability for growers. Ag-MAR
programs may also create opportunities for growers to participate in incentives, recharge net metering, or
groundwater accounting programs where available.

The concept is consistent with the emerging Ag-MAR literature. Grinshpan et al. describe off-season
flooding of agricultural lands as an approach that uses farmland as temporary infiltration basins rather
than dedicating land exclusively to MAR. Levintal et al. identify water source, soil and unsaturated-zone
processes, groundwater impacts, crop suitability, climate change, and social and economic feasibility as
interconnected considerations for Ag-MAR. [4,5]

HSI and RA as Recharge Infrastructure

The premise of this paper is not that HSI or RA replace engineered MAR. Rather, soil-health practices can
complement MAR by improving the condition of the receiving landscape. A field with better soil structure,
continuous cover, living roots, and reduced surface degradation may be better positioned to receive episodic
high-flow applications than a field whose surface has become compacted, sealed, crusted, or otherwise
infiltration-limited.
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The California Department of Food and Agriculture’s Healthy Soils Program supports agricultural practices
that build soil carbon and improve the resilience of farms and surrounding ecosystems. Eligible practices
include organic amendments, cover crops, crop rotations, hedgerows, windbreaks, and range plantings.
[8] RA is broader than HSI, but its core principles closely align with HSI and NRCS soil-health frameworks:
maintaining soil cover, minimizing disturbance, preserving living roots, increasing biological and crop
diversity, integrating livestock where appropriate, and building soil organic matter through practices such
as cover crops, compost, reduced tillage, crop rotations, hedgerows, windbreaks, and range plantings.
[8,9,22,23]

HSI/RA should be treated as a portfolio of management practices with measurable hypotheses and
not as a universal prescription. Soil texture, compaction, antecedent moisture, crop system, climate,
groundwater depth, water quality, and management history can all affect recharge performance.

The infiltration evidence is especially useful for framing this discussion. Basche and DelLonge synthesized
89 field studies and reported average infiltration increases of approximately 59% for introducing perennials
and 35% for cover crops in the studies included in their meta-analysis. Their findings do not indicate that
reduced disturbance lacks value; rather, they show that infiltration benefits are strongest and most
consistent when reduced disturbance is paired with residue retention, soil cover, living roots, and other
complementary soil-health practices. Their results suggest that practices maintaining ground cover and
continuous roots were among the most effective for improving infiltration. [3]

The HSI/RA + MAR Mechanism

The HSI/RA and MAR connection should be understood as a field-readiness mechanism, not as a
replacement for engineered recharge infrastructure. Soil-health practices can improve the condition of
agricultural lands by maintaining cover, preserving living roots, reducing erosion and crusting, improving
aggregate stability, increasing organic matter, and supporting biological activity. These functions can
influence how water enters, moves through, and is temporarily stored within the soil profile. For MAR, the
practical question is whether a field has been managed, screened, and monitored well enough to be a
reliable candidate for episodic recharge when water is available.

This framing keeps the emphasis on implementation. HSI/RA practices can help convert suitable agricultural
lands into recharge-ready assets by improving infiltration potential, reducing surface degradation,
supporting more stable field conditions, and expanding the number of acres that can be considered for
temporary recharge. The benefits remain site-specific and should be verified through field screening and
monitoring, but the mechanism is important because it explains why distributed recharge is not only a water-
delivery question. It is also a land-readiness, soil-function, and governance question.

From Individual Fields to a Distributed Recharge Network

The central scaling concept is to redefine the unit of recharge planning from individual fields to a
coordinated portfolio of recharge-ready lands. Rather than treating each field as a stand-alone MAR project,
a GSA or watershed partnership can identify and manage fields with different infiltration rates, crop systems,
ownerships, conveyance connections, and operational windows as one distributed network. Individual sites
do not need to perform identically. The value of the network comes from aggregate opportunity: suitable
acres can be activated selectively when water is available, field conditions are appropriate, and recharge
can be managed without unacceptable agronomic, water-quality, or operational impacts.
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Implementation should follow a practical cycle:

® Map candidate lands using soil, hydrogeologic, land-use, crop, groundwater, flood, conveyance, and
environmental data;

e Screen fields for infiltration capacity, groundwater depth, water-quality vulnerability, crop compatibility,
access, and operational feasibility;

® Prepare suitable sites through HSI/RA technical assistance, agreements, monitoring points, and operating
procedures;

® Activate fields during forecast- and flow-triggered windows;

® Measure applied water, ponding duration, infiltration, soil response, groundwater response, water quality,
crop effects, and operational performance; and

® Use the results to refine eligibility criteria, incentives, operating rules, and the regional portfolio over time.

Governance: The Real Scaling Challenge

The physical components of distributed recharge are only one part of the problem. The harder challenge
is governance. A distributed recharge network crosses property lines, agency boundaries, water-right
relationships, irrigation-district operations, flood-management decisions, GSP accounting frameworks,
funding-program requirements, and community priorities. No single entity controls all these pieces.

If governance is organized only around existing institutional boundaries, implementation will remain
fragmented, slow, and difficult to scale.

Watershed Resilience Plans (WRPs) as an Implementation Platform

Watershed resilience planning can provide the connective tissue needed to align groundwater, flood, sail,
agricultural, ecosystem, and community objectives. DWR’s Watershed Resilience Program has piloted
implementation in partnership with the Pajaro Valley Water Management Agency and the Ventura County
Resource Conservation District and others, illustrating the state’s use of watershed-scale partnerships as a
resilience planning framework. [10]

For distributed HSI/RA and MAR implementation, a WRP can provide a shared framework where

existing planning documents build from one another and help resolve gaps between them. GSPs define
groundwater sustainability objectives and basin accounting needs; Urban Water Management Plans identify
water-supply reliability strategies; capital improvement plans identify infrastructure timing and funding
needs; flood-management plans define flow, risk, and operational constraints; and agricultural, conservation,
and climate-resilience plans identify land stewardship priorities. A WRP can bridge these documents

by translating overlapping objectives into coordinated projects, eligibility criteria, funding packages,
implementation schedules, monitoring commitments, and governance roles.

This makes the WRP process one of the strongest overall implementation strategies for combining HSI/RA
and MAR. It can move the concept beyond a narrow recharge-project frame and organize it as a watershed-
scale implementation portfolio that coordinates groundwater management, flood-risk reduction, agricultural
resilience, soil health, habitat, infrastructure investment, and community priorities. The Pajaro and Ventura
River examples are particularly relevant because they illustrate the type of cross-sector alignment
envisioned by this framework. The objective is to connect soil health, flood management, groundwater
recharge, agricultural resilience, and community priorities even when precise attribution of every recharge
benefit is not immediately feasible.
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Funding and Incentive Design

Distributed recharge will not scale if growers are asked to absorb the costs, operational disruption, and
uncertainty of recharge for benefits that accrue primarily at basin scale. Incentive design should therefore
recognize both direct and shared benefits.

® Pay for readiness as well as water: field preparation, monitoring, agreements, and maintenance are
prerequisites for rapid activation. Provide cost reimbursement for installation of cover crops and other HSI/
RA practices if the grower is operating a conventional farm.

¢ Bundle programs: coordinate soil-health, groundwater, flood-management, habitat, and climate-resilience
funding rather than requiring landowners to navigate unrelated programs independently.

® Develop recharge accounting frameworks: establish clear methods for tracking recharge volumes,
documenting performance, and recognizing grower contributions to basin-wide groundwater
sustainability.

® Use performance tiers: provide higher incentives for demonstrated infiltration, reliable operational
performance, or measurable co-benefits while retaining entry-level support for readiness.

® Reduce transaction costs: develop standard agreements, eligibility criteria, monitoring templates, and
decision trees that can be reused across a basin.

® Protect agricultural productivity: recharge participation should be designed around crop compatibility,
operational windows, and reasonable protections against unacceptable agronomic or water-quality
impacts.

® Improve operational readiness: ensure diversion infrastructure, conveyance capacity, forecasting tools,
and decision-making protocols are in place to capture water during short high-flow windows.

Conclusion

California’s groundwater future will not be secured by a single recharge technology, a single funding
program, or a collection of isolated projects. It will require a distributed portfolio of actions that fit the
physical, agricultural, institutional, and ecological characteristics of individual watersheds and basins. The
practical path forward begins with inventorying recharge-ready lands, soils, crops, conveyance systems,
ownership patterns, flood pathways, and existing soil-health investments, then translating that inventory
into clear readiness standards, monitoring protocols, operating triggers, incentive structures, and standard
agreements that can be used repeatedly across many fields and landowners.

HSI/RA provides an opportunity to strengthen one of the most extensive pieces of existing water
infrastructure in California: the agricultural landscape itself. When healthy soils, appropriate field
management, floodwater availability, conveyance, monitoring, incentives, and groundwater governance
are connected, agricultural fields can function collectively as a distributed recharge network. That network
should be planned and managed as a portfolio, not as a set of disconnected demonstration sites. Portfolio-
based implementation allows agencies and partners to test multiple field types, compare operational
performance, refine eligibility criteria, and direct future investment toward the acres that provide the
greatest combined recharge, resilience, agricultural, and community benefits.
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Many drops only become one aquifer when they are intentionally connected through shared
planning, purposeful water management, landowner participation, and adaptive accounting. While

new methods for tracking and accounting for distributed recharge may or may not be feasible in the
near term, pursuing these approaches represents an essential next step in supporting California’s
agricultural economy, protecting shared water resources, and honoring the principle that every
drop—across urban, agricultural, and remote groundwater basins—deserves a stage in our collective
groundwater stewardship.

The central policy opportunity is therefore to move from asking whether an individual field can produce a
large measurable recharge volume to asking how a region can make thousands of acres more recharge-
ready, safely activate the most suitable acres during high-flow events, and learn from cumulative
performance. This requires recognizing soil health and recharge readiness as legitimate groundwater-
management investments where basin conditions support them; integrating HSI/RA screening into MAR site
selection; aligning GSAs, irrigation districts, flood managers, state programs, growers, conservation
organizations, Tribal governments, and local communities through watershed resilience planning; and
adopting tiered accounting that distinguishes readiness, observed field performance, and demonstrated
recharge contribution. Uncertainty should be treated as a management condition to be reduced through
monitoring and learning, not as a reason to defer all distributed investments. This approach does not replace
conventional MAR, groundwater conservation, or demand management. It complements them by making
the agricultural landscape a more active, better-governed part of California’s groundwater sustainability
strategy.
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