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Abstract

Globally dryland ecosystems are affected by the environmental challenges like groundwater depletion,
land degradation, biodiversity loss, and increasing hydro-climatic variability. The approaches like
groundwater management, watershed restoration, and Nature-based Solutions (NbS) have largely
evolved as independent disciplines resulting in fragmented strategies for restoring landscape
hydrological function. Conventional groundwater recharge programmes continue to rely predominantly
on engineering interventions, while ecological restoration initiatives frequently prioritize vegetation
recovery without explicitly optimizing hydro-ecological processes that govern infiltration, soil moisture
dynamics, and aquifer replenishment. The perspective of NatureScaping is presented as a conceptual
hydro-ecological framework. It integrates hydrogeomorphology, ecohydrology, restoration ecology,
agroforestry, and adaptive landscape stewardship into a unified approach for climate-resilient landscape
restoration. The foundation of the framework is based on the premise that groundwater recharge is
governed by interacting ecological and hydrological processes operating across landscapes. Within
this framework, Hydro-Ecological Vegetation Profiling (HVP) and Agroforestry-Based Soil Moisture
Engineering (ABSME) are introduced as complementary planning concepts that align vegetation design
and agroforestry systems with hydrological processes to enhance infiltration, soil moisture conservation,
groundwater recharge, and ecosystem resilience.

By integrating ecological processes with landscape-scale hydrological planning, NatureScaping extends
existing Nature-based Solutions beyond ecosystem restoration toward functional hydro-ecological
design. Although conceptual in nature, the framework provides a scientific foundation for future
empirical validation and offers a multidisciplinary pathway for sustainable groundwater management,
climate adaptation, and landscape restoration in dryland environments. Its application has the potential
to support the achievement of the United Nations Sustainable Development Goals, particularly SDG 6
(Clean Water and Sanitation), SDG 13 (Climate Action), and SDG 15 (Life on Land).

Keywords: NatureScaping; Hydro-ecological framework; Groundwater recharge; Ecohydrology; Nature-
based solutions; Agroforestry; Climate resilience; Landscape restoration

Introduction

Water security has become one of the defining environmental challenges of the twenty-
first century [1]. Accelerating climate change, rapid land-use transformation, groundwater
depletion, biodiversity loss, and increasing pressure on natural resources are altering
hydrological processes across landscapes worldwide. These interconnected changes are
particularly pronounced in arid and semi-arid regions, where highly variable rainfall,
increasing temperatures, and land degradation have reduced the capacity of ecosystems to
capture, store, and regulate water [2]. As a consequence, many landscapes are becoming
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progressively less resilient to climatic extremes, threatening
ecosystem integrity, agricultural productivity, and human well-
being [3].

Recent assessments indicate that humanity is approaching
critical environmental thresholds associated with freshwater
availability, climate regulation, biodiversity loss, and land-system
change, highlighting the urgent need for integrated approaches
that simultaneously restore ecosystem function and hydrological
resilience [2]. In this context, the concept of green water - the
fraction of precipitation stored in soils and subsequently utilized
by vegetation - has gained increasing recognition as a fundamental
regulator of terrestrial ecosystem productivity and groundwater
recharge [2,10]. Maintaining the integrity of these interconnected
water pathways requires landscape-scale planning that integrates
ecological and hydrological processes rather than treating water
resources, vegetation, and land management as independent
components of environmental planning.

Groundwater represents the largest accessible source of
freshwater on Earth, providing drinking water for nearly half
of the global population and supporting approximately 40% of
irrigated agriculture while sustaining rivers, wetlands, forests,
and numerous ecosystem services [4,5]. In dryland environments,
groundwater functions as a strategic ecological reserve, buffering
ecosystems and communities against prolonged droughts and
seasonal variability [6,7]. However, increasing groundwater
abstraction combined with declining natural recharge has resulted
in widespread aquifer depletion across many regions of the world,
including the Indo-Gangetic Basin, North China Plain, Central Valley
of California, and parts of Australia, Africa, and the Middle East [8].

Responses to groundwater decline have traditionally
focused on engineering-based recharge interventions, including
recharge wells, percolation tanks, check dams,
basins, and other artificial recharge structures [9]. While these

measures have demonstrated localized success under favourable

infiltration

hydrogeological conditions, they frequently address groundwater
recharge as an isolated hydrological process rather than as the
outcome of healthy landscape functioning. The effectiveness of
such interventions ultimately depends on vegetation cover, soil
structure, hydrogeomorphology, infiltration capacity, biological
activity, and long-term landscape management, factors that often
receive limited attention during planning and implementation [10].

During the past decade, Nature-based Solutions (NbS) have
emerged as an important paradigm for addressing environmental
challenges by restoring and sustainably managing ecosystems while
simultaneously generating ecological and societal benefits [11,12].
Similarly, advances in ecohydrology [13], restoration ecology [14],
landscape ecology [15], and agroforestry have demonstrated that
vegetation, soils, microorganisms, and landscape connectivity play
fundamental roles in regulating infiltration, runoff, groundwater
recharge, and ecosystem resilience [16-18]. Despite these
advances, current approaches remain largely disciplinary in nature.
Hydrological studies often concentrate on aquifer processes,
restoration programmes prioritize vegetation establishment and

biodiversity recovery, and agroforestry research emphasizes
agricultural productivity and carbon sequestration. Relatively
little attention has been given to integrating these disciplines
within a unified hydro-ecological framework explicitly designed to
restore landscape hydrological function and enhance groundwater
recharge.

This conceptual disconnect represents an important scientific
opportunity. Groundwater recharge is influenced not only by rainfall
and geology but also by the interaction of hydrogeomorphology,
vegetation architecture, soil biological processes, land management,
and ecological connectivity. Consequently, restoring groundwater
sustainability requires moving beyond isolated interventions
toward landscape-scale approaches that intentionally design
ecological processes to regulate water movement, infiltration,
storage, and ecosystem resilience.

Against this background, this paper introduces NatureScaping,
a hydro-ecological framework that integrates principles from
hydrogeomorphology, = ecohydrology,  restoration ecology,
agroforestry, and adaptive landscape stewardship into a coherent
approach for climate-resilient landscape restoration. Rather than
treating groundwater recharge as an engineering objective alone
[19], NatureScaping conceptualizes it as an emergent ecosystem
function arising from healthy interactions among landscape form,
vegetation, soils, hydrological connectivity,and human stewardship.
The framework seeks to provide a scientific foundation for
integrating ecological restoration with groundwater management
and sustainable land-use planning while supporting long-term
resilience under changing climatic conditions. The paper first
examines the scientific foundations underpinning NatureScaping,
then presents the principal components of the framework, and
finally discusses its potential contribution to future research,
integrated watershed management, and sustainable landscape
restoration.

Unlike existing Nature-based Solutions, watershed restoration,
or groundwater recharge approaches, NatureScaping provides a
structured synthesis of existinghydrogeomorphology, ecohydrology,
agroforestry, and restoration ecological principles
integrated planning framework. The originality of NatureScaping
lies not in proposing a new groundwater recharge technology,
but in integrating established principles of hydrogeomorphology,

into an

ecohydrology, restoration ecology, agroforestry, and adaptive
stewardship into a unified hydro-ecological planning framework
capable of guiding climate-resilient landscape restoration.

Why NatureScaping? Towards
Hydro-Ecological Framework

an Integrated

The restoration of groundwater systems has become an
increasingly interdisciplinary challenge that extends beyond
conventional hydrogeology. Growing evidence indicates that
groundwater recharge is governed not only by rainfall, geology, and
aquifer characteristics but also by the structure and functioning of
terrestrial ecosystems. Vegetation regulates rainfall interception,
infiltration, evapotranspiration, soil aggregation, and preferential

Environ Anal Eco stud

Copyright © Satya Prakash Mehra



EAES.000827.14(1).2026

1676

flow pathways, while soil microorganisms, organic matter, and root
systems collectively influence the movement and storage of water
within landscapes [16,17]. Consequently, groundwater recharge
should be viewed as a landscape-scale ecological process rather
than solely a hydrogeological phenomenon [15].

Recent decades have witnessed considerable progress
in disciplines sustainable water management.
Ecohydrology has demonstrated the reciprocal interactions

between ecological processes and the hydrological cycle [13,20],

relevant to

whereas hydrogeomorphology has highlighted the importance
of landforms, drainage networks, and geological settings in
determining recharge potential [21]. Likewise, Nature-based
Solutions (NbS) have emerged as an internationally recognized
approach for addressing societal challenges through ecosystem
protection, restoration, and sustainable management [11]. Parallel
advances in agroforestry have shown that integrating trees with
agricultural systems improves soil organic carbon, infiltration
capacity, nutrient cycling, and resilience to climatic variability [22].

These scientific advances have progressively transformed
the understanding of water from a purely physical resource to an
ecological process embedded within complex socio-ecological
systems. Ecohydrology recognizes that hydrological processes
regulate ecosystem structure while ecological processes
simultaneously influence water movement, storage, and quality
across landscapes [13,20]. Similarly, landscape ecology emphasizes
that ecological connectivity, spatial heterogeneity, and landscape
configuration strongly influence hydrological responses and
ecosystem resilience [15]. Collectively, these perspectives suggest
that sustainable groundwater management should emerge from
integrated landscape functioning rather than isolated sectoral

interventions.

Despite these advances, these disciplines have largely evolved
independently. Hydrogeological studies primarily focus on aquifer
dynamics and recharge structures, restoration ecology emphasizes
biodiversity recovery and vegetation establishment, while
agroforestry research has traditionally prioritized agricultural
productivity, carbon sequestration, and livelihood enhancement.
Although each discipline contributes valuable knowledge, relatively
few studies have integrated these complementary perspectives
into a unified framework capable of simultaneously restoring
groundwater recharge, ecosystem function, landscape
resilience.

and

Existing groundwater recharge programmes continue to rely
predominantly on structural interventions, including recharge
wells, check dams, infiltration basins, and percolation tanks. These
measures often provide localized improvements but are frequently
implemented without systematic consideration of vegetation
architecture, soil biological processes, hydrogeomorphic variability,
or ecological connectivity [15]. Similarly, many ecological

restoration programmes emphasize increasing vegetation cover
without explicitly evaluating the hydrological performance
of restored landscapes. As a result, opportunities to enhance
groundwater recharge through functional landscape design remain

underutilized [10,23].

The global evolution of Nature-based Solutions (NbS) further
reinforces this perspective by recognizing that ecosystem
restoration can simultaneously address climate adaptation, water
security, biodiversity conservation, and human well-being [11,12].
Nevertheless, most NbS frameworks remain intentionally broad
and do not explicitly describe how hydrogeomorphology, vegetation
architecture, soil ecological processes, and agroforestry should
be integrated to maximize groundwater recharge and long-term
hydrological resilience. NatureScaping is intended to complement
rather than replace existing NbS approaches by providing a
specifically

functional hydro-ecological

focused on restoring landscape hydrological performance.

planning framework

A further limitation lies in the way vegetation is commonly
incorporated into restoration planning [14]. Species selection is
generally based on survival, growth rate, biodiversity value, or
economic benefits, whereas relatively little attention is given to
canopy architecture, rooting characteristics, seasonal water use,
or ecohydrological functions that regulate infiltration and soil
moisture dynamics. Likewise, agroforestry systems are rarely
designed as components of watershed hydrology despite their
well-documented capacity to improve soil structure, increase
macroporosity, reduce runoff, and enhance groundwater recharge
[18].

These observations suggest that groundwater sustainability
requires a shift from intervention-based planning toward process-
based landscape design. Rather than considering groundwater
recharge as the outcome of isolated engineering structures [19],
it should be recognized as an emergent property of healthy socio-
ecological systems in which hydrogeomorphology, vegetation, soils,
biodiversity, and human stewardship function as interconnected
components of a resilient landscape.

Against this scientific background, NatureScaping is introduced
as an integrated hydro-ecological framework that synthesizes
established principles from ecohydrology, hydrogeomorphology,
restoration ecology, agroforestry, and Nature-based Solutions
into a coherent landscape planning approach. The framework
addresses the existing disconnect between ecological restoration
and groundwater management by promoting hydro-ecological
landscape design in which vegetation, soils, and hydrological
processes are intentionally planned to enhance groundwater
recharge, ecosystem resilience, and climate adaptation (Figure 1).
The distinctions between NatureScaping and existing approaches
to groundwater management and ecological restoration are
summarized in Table 1.
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Figure 1: Conceptual rationale for NatureScaping showing the transition from fragmented disciplinary approaches
toward an integrated hydro-ecological framework for groundwater recharge and climate-resilient landscape
restoration.

Table 1: Comparison of NatureScaping with existing approaches to groundwater recharge and landscape restoration.

Existing Approach

Primary Objective

Major Limitation

NatureScaping Contribution

Artificial groundwater
recharge

Increase recharge through
engineered structures

Localized hydrological focus

Integrates ecological and hydrological
processes at landscape scale

Watershed management

Control runoff and conserve water

Often prioritizes surface hydrology

Links watershed processes with groundwater
recharge and ecosystem functioning

Nature-based Solutions

Ecosystem restoration and societal

Hydrological functions are not

Functional hydro-ecological design for

landscape design

benefits always explicitly optimized groundwater resilience
Acroforestr Agricultural productivity and Rarely planned for recharge Agroforestry as living hydrological
g y ecosystem services optimization infrastructure
. Integrated hydro-ecological Multldlsaplmar.‘y. concep.tu.al Integrfites hydrogeomorphology, vegetation,
NatureScaping framework requiring empirical soils, agroforestry, ecohydrology and

validation

adaptive stewards

The NatureScaping Framework

The increasing complexity of water-related environmental
challenges requires a transition from fragmented resource
management towards integrated landscape planning. Climate
change, groundwater depletion, declining soil health, biodiversity
loss, and unsustainable land use are interconnected processes that

cannot be effectively addressed through isolated interventions.
NatureScaping is introduced as a hydro-ecological framework that
integrates these dimensions into a coherent approach for restoring
landscape function and strengthening groundwater resilience.

The central premise of NatureScaping is that groundwater

recharge emerges from the dynamic interaction of
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hydrogeomorphological, ecological, biological, and socio-
environmental processes operating across landscapes. From
this perspective, restoration shifts from constructing recharge
structures towards designing hydro-ecological landscapes that
naturally enhance infiltration, conserve soil moisture, regulate

runoff, and sustain aquifer replenishment over the long term.

The framework synthesizes established scientific knowledge

from hydrogeomorphology, ecohydrology, restoration ecology,
agroforestry, and Nature-based Solutions into four interdependent
pillars that collectively guide hydro-ecological landscape design
(Figure 2). These pillars are notintended to function independently;
rather, they operate through continuous ecological feedbacks
that strengthen landscape resilience and improve hydrological
performance.

NATURESCAPING

A HYDRO-ECOLOGICAL FRAMEWORK

PILLAR | PILLAR Il ) PILLAR Il PILLAR IV
Hydro-Ecological +“—> Hydro-Ecological +—> Agroforestry-Based +“—> Adaptive Landscape
Landscape Assessment Vegetation Profiling (HVP) Soil Moisture Engineering (ABSME) Stewardship

« Hydrogeomorphology

« Geology & aquifer
characteristics

= Soils & land capability

+ Drainage & watershed
analysis

+ Land use/land cover

« Functional landscape
units

« Vegetation matched to
landform & hydrological
function

« Canopy architecture &
interception

« Rooting depth &
distribution

+ Functional plant guilds

+ Seasonal water use
patterns

- Vegetation as green
hydrological
infrastructure

Understanding the landscape Designi
to identify hydrological functions that enhance infiltration, retain soil
and recharge potential moisture and regulate hydrology

4

« Trees + crops +
shrubs integration
« Improved soil structure |
& aggregation
+ Enhanced organic
matter & microbes
+ Increased macropores
& infiltration
* Soil moisture
conservation
+ Reduced runoff &
erosion
« Living soils as
hydrological
infrastructure
Restoring and engineering soils

to store, regulate and transmit water

| for groundwater recharge

« Participatory planning
& community
engagement

 Integration of local &
scientific knowledge

- Monitoring of ecological
& hydrological
indicators

= Adaptive management
based on feedbacks

« Equitable governance &
policy support

Ensuring long-term resilience through
people's participation, monitoring
and adaptive management

1 p
ADAPTIVE LANDSCAPE STEWARDSHIP (CROSS-CUTTING ELEMENT)
iy} b

People & itoring &

Adaptive Livelihoods

2

Enhanced Soil ‘

P
Infiltration Health & Fertility Recharge
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Sustainable
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Figure 2: Conceptual representation of the four interdependent pillars of NatureScaping showing feedbacks among
hydrogeomorphology, vegetation, soils and adaptive stewardship.

Unlike conventional restoration frameworks that emphasize

individual interventions, NatureScaping adopts a systems
perspective in which landscape processes operate through
continuous feedbacks among climate, vegetation, soils, hydrology,
biodiversity, Consequently, the

framework is intended to guide the functional design of hydro-

and human management.

ecological landscapes rather than prescribe individual restoration
technologies. Engineering structures, ecological restoration
measures, agroforestry systems, and community stewardship are
therefore viewed as complementary components of an integrated
hydro-ecological system rather than independent management

interventions.
Pillar I: Hydro-ecological landscape assessment

Effective groundwater restoration begins with understanding
the physical characteristics of the landscape. Geological formations,
hydrogeomorphology, slope, drainage density, soil depth, watershed
configuration, and land-use patterns strongly influence infiltration,
runoff generation, subsurface flow, and recharge potential [4,21].

NatureScaping therefore advocates that hydrogeomorphic
assessment should precede restoration planning. Instead of

applying uniform interventions across a watershed, restoration
measures should be matched to landscape position and ecological
function. Ridge tops, upper slopes, valley bottoms, floodplains,
riparian corridors, and natural depressions each perform distinct
hydrological roles and therefore require different restoration
strategies. By identifying these hydro-ecological landscape units,
hydro-ecological assessment provides the scientific foundation
upon which subsequent restoration interventions are designed.

Pillar II: Hydro-ecological vegetation profiling

Vegetation represents one of the most influential regulators
of terrestrial hydrological processes. Canopy interception, litter
accumulation, rooting depth, soil aggregation, evapotranspiration,
and rhizosphere activity collectively determine the partitioning
of rainfall into runoff, soil moisture, and groundwater recharge
[16,17].

NatureScapingintroduces Hydro-Ecological Vegetation Profiling
(HVP) as a functional planning approach in which vegetation
communities are selected and spatially organized according to
hydrogeomorphic conditions and hydrological objectives rather
than plantation density alone. Within this framework, vegetation
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is viewed as green hydrological infrastructure, performing
multiple ecosystem functions that enhance infiltration, stabilize
soils, improve water retention, support biodiversity, and regulate
microclimatic conditions.

HVP encourages the integration of canopy architecture, rooting
characteristics, phenological behaviour, functional plant guilds,
and landscape position into restoration planning. Consequently,
the objective shifts from maximizing tree numbers to maximizing
landscape hydrological performance.

Pillar III: Agroforestry-based soil moisture engineering

Healthy soils form the critical interface between precipitation
and groundwater recharge. Soil organic matter,
communities, root networks, aggregate stability, and macropore
development regulate infiltration, water storage, nutrient cycling,
and plant water availability. Degraded soils often lose these

microbial

functions, resulting in increased runoff, erosion, and reduced
recharge.

NatureScaping extends the ecological role of agroforestry
through Agroforestry-Based Soil Moisture Engineering (ABSME).
Rather than considering agroforestry solely as a production system,
ABSME recognizes trees, shrubs, crops, and associated soil biota
as components of living hydrological infrastructure. Strategically
designed agroforestry systems improve soil structure, enhance
infiltration, increase soil organic carbon, promote rhizosphere
activity, and strengthen landscape resilience while simultaneously
supporting sustainable agricultural production [18,22].

This pillar also recognizes that effective groundwater recharge
depends not only on the quantity of water entering the soil but also
on the capacity of soils to retain, regulate, and gradually release
water through ecological processes. Accordingly, soil restoration
becomes an essential component of groundwater management
rather than a separate agricultural objective.

Pillar IV: Adaptive landscape stewardship

Hydrological processes are continuously influenced by human
activities, including land-use decisions, vegetation management,
agricultural practices, intensity, and groundwater
abstraction. Consequently, long-term groundwater sustainability
depends not only on ecological restoration but also on adaptive
governance and community participation.

grazing

NatureScaping therefore incorporates Adaptive Landscape
Stewardship, which emphasizes participatory planning, integration
of scientific and indigenous knowledge, continuous ecological
monitoring, adaptive management [24]. Community
stewardship strengthens the long-term effectiveness of restoration
interventions by ensuring that ecological processes are maintained
beyond the implementation phase. This pillar also encourages cross-
sectoral collaboration among hydrologists, ecologists, foresters,
agricultural scientists, policymakers, and local communities,
thereby promoting integrated landscape governance.

and

Collectively, these four pillars provide a systems-based
framework in which landscape assessment, vegetation design,

soil ecological restoration, and adaptive stewardship operate as
interconnected components of a single hydro-ecological system.
Rather than replacing existing groundwater recharge technologies
or ecosystem restoration practices, NatureScaping integrates
them within a broader landscape perspective that seeks to restore
natural hydrological function while enhancing biodiversity, climate
resilience, and sustainable livelihoods.

Scientific Significance and Future Perspectives

NatureScaping represents a conceptual shift in the way
groundwater recharge and landscape restoration are understood
and implemented. Conventional groundwater management has
predominantly focused on structural interventions designed
to increase recharge through engineering solutions, whereas
ecological restoration has largely
establishment, biodiversity conservation, and ecosystem recovery.
Although these approaches have generated important advances
independently, their integration into a coherent hydro-ecological
planning framework has remained limited. NatureScaping seeks to
bridge this gap by positioning groundwater recharge as an emergent
ecosystem function resulting from interactions among landscape
morphology, vegetation dynamics, ecological processes,

hydrological connectivity, and adaptive human stewardship.

emphasized vegetation

soil

One of the principal contributions of the framework is its
emphasis on hydro-ecological landscape design rather than
isolated restoration interventions. Instead of asking where recharge
structures should be constructed, NatureScaping encourages
planners to ask how landscapes themselves can be designed to
regulate infiltration, conserve soil moisture, reduce runoff, and
sustain groundwater recharge through ecological processes. This
transition from structure-based management to process-based
landscape design broadens the scope of groundwater restoration
and aligns hydrological planning with ecosystem functioning and
climate adaptation.

The framework also introduces a stronger ecological
dimension to groundwater management by recognizing vegetation
and soils as active components of hydrological infrastructure.
Through Hydro-Ecological Vegetation Profiling (HVP), vegetation
is no longer viewed simply as biological cover or a means of
carbon sequestration but as a functional regulator of interception,
infiltration, evapotranspiration, soil stabilization, and groundwater
recharge. Similarly, Agroforestry-Based Soil Moisture Engineering
(ABSME) expands the role of agroforestry beyond agricultural
production by integrating ecological
architecture, and rhizosphere dynamics into landscape hydrology.
These concepts complement existing Nature-based Solutions by
providing a structured approach for designing vegetation and
agroforestry systems according to hydro-ecological function rather

than solely ecological or economic objectives.

soil processes, root

Relationship of naturescaping with existing frameworks

NatureScaping builds upon, rather than replaces, several well-
established scientificand management paradigms that have shaped
contemporary environmental restoration and water-resource
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planning. Its principal contribution lies in integrating these
complementary disciplines into a unified hydro-ecological planning
framework specifically oriented towards restoring landscape
hydrological function.

Nature-based Solutions (NbS) promote ecosystem conservation
and restoration to address societal challenges, including climate
adaptation, biodiversity conservation, and water security. However,
NbS frameworks intentionally remain broad and generally do
not prescribe explicit hydro-ecological design principles for
optimizing groundwater recharge. NatureScaping complements
NbS by providing a process-oriented framework that explicitly
integrates vegetation architecture, hydrogeomorphology, soil
ecological processes, and agroforestry into landscape planning for
groundwater resilience.

Similarly, Integrated Water Resources Management (IWRM)
emphasizes coordinated management of water, land, and
related resources across sectors [25,26]. While IWRM provides
an institutional and governance framework, NatureScaping
contributes an ecological design perspective by focusing on how
landscape structure and ecosystem processes regulate hydrological
function at multiple spatial scales. Ecohydrology has demonstrated
the reciprocal interactions between ecological processes and the
hydrological cycle, whereas landscape ecology has emphasized
spatial heterogeneity, ecological connectivity, and landscape
configuration. NatureScaping synthesizes these scientific principles
into a practical planning framework that guides restoration

interventions according to hydrogeomorphic context, vegetation
function, soil ecological processes, and adaptive stewardship.

Likewise, ecological engineering and watershed management
have traditionally focused on engineered recharge structures,
runoff control, and ecosystem restoration. NatureScaping
does not replace these approaches; rather, it positions them as
complementary components within an integrated hydro-ecological
landscape system in which ecological processes enhance the long-
term effectiveness of engineering interventions.

Accordingly, NatureScaping should be viewed as an integrative
conceptual framework that connects existing scientific disciplines
through functional hydro-ecological landscape design rather
than as an alternative to established groundwater management
or ecological restoration approaches (Table 2). NatureScaping
is not intended to replace established groundwater recharge
technologies or watershed management practices. Instead,
it provides an integrative planning framework within which
conventional engineering measures, ecological restoration,
agroforestry, and community-based management can operate
synergistically. Recharge structures, wetlands, riparian buffers,
contour bunds, infiltration systems, and restoration plantations
become complementary components of a larger hydro-ecological
landscape rather than independent interventions. Such integration
has the potential to improve the efficiency, resilience, and long-
term sustainability of groundwater recharge programmes across
diverse environmental settings [27].

Table 2: Conceptual comparison of NatureScaping with existing hydro-ecological planning frameworks.

Limitation Addressed by

landscape design

Framework Primary Focus Scale Main Strength NatureScaping
Nature-based Solutions Ecosystem restoration Landscape Multiple societal benefits Does not explicitly optimize
groundwater recharge
IWRM Water governance Basin Integrated resource Limited ecological design guidance
management
Ecology-hydrology . .
Ecohydrology . . Ecosystem Process understanding Not a landscape planning framework
interactions
Watershed Management Runoff control Watershed Water conservation Surface-water oriented
Agroforestry Production systems Farm/Landscape Soil improvement Recharge optimization not explicit
NatureScaping Hydro-ecological Multi-scale Integrates all components Requires empirical validation

Although presented here as a conceptual framework,
NatureScaping provides several opportunities for future scientific
investigation. Field experiments across contrasting climatic and
hydrogeomorphic regions are required to evaluate the effectiveness
of Hydro-Ecological Vegetation Profiling and Agroforestry-Based
Soil Moisture Engineering under different landscape conditions.
Advances in remote sensing, Geographic Information Systems (GIS),
hydrological modelling, and environmental monitoring can further
support the development of spatial decision-support tools for
identifying priority recharge landscapes and evaluating ecosystem
responses over time. Future research should also investigate
measurable hydro-ecological performance indicators, including
infiltration capacity, soil organic carbon, vegetation functional

diversity, groundwater recharge rates, and ecosystem resilience,
thereby strengthening the empirical basis of the framework.

Future empirical validation of NatureScaping should adopt
interdisciplinary research designs capable of evaluating both
hydrological performance and ecological functioning across
multiple spatial and temporal scales. Comparative field experiments
conducted in contrasting hydro-climatic regions would provide an
effective approach for assessing the robustness and transferability
of the framework. Validation may employ paired watershed studies
in which conventionally managed landscapes are compared with
landscapes restored using NatureScaping principles. Such studies
could quantify changes in groundwater recharge, infiltration
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dynamics, runoff generation, soil moisture retention, vegetation
recovery, biodiversity, and ecosystem resilience over extended
monitoring periods.

Hydrological evaluation should combine groundwater-level
monitoring, infiltration measurements, saturated hydraulic
conductivity, soil moisture observations,and waterbalance analyses.
Simultaneously, ecological assessments may include vegetation
functional diversity, canopy structure, rooting characteristics,
soil organic carbon, microbial activity, aggregate stability, and
biodiversity indicators to determine whether improvements in
ecosystem functioning correspond with enhanced hydrological
performance.

Advances in remote sensing, Geographic Information Systems
(GIS), Unmanned Aerial Vehicles (UAVs), distributed hydrological
modelling, environmental DNA (eDNA), and digital terrain analysis
provide additional opportunities for evaluating landscape-scale
responses. These technologies can facilitate spatial prioritization
of restoration sites, monitor vegetation dynamics, quantify
hydrological connectivity, and assess long-term ecosystem recovery.

Ultimately, validation should extend beyond demonstrating
increased groundwater recharge alone. The broader objective
should be to determine whether NatureScaping simultaneously
improves ecological integrity, landscape resilience, climate
adaptation, and sustainable ecosystem services, thereby providing
evidence for its application as an integrated hydro-ecological
planning framework.

Future research should evaluate the applicability and
performance of NatureScaping across diverse hydro-climatic and
hydrogeomorphic settings using quantitative hydro-ecological
Validation should extend beyond
groundwater level monitoring to include integrated assessments
of ecological structure, hydrological function, and ecosystem
resilience. Appropriate indicators include infiltration rate, saturated
hydraulic conductivity, soil organic carbon, aggregate stability,
vegetation functional diversity, groundwater level fluctuations,
groundwater recharge rates, biodiversity indices, and landscape

indicators. conventional

connectivity. Recent advances in remote sensing, Geographic
Information Systems (GIS), Unmanned Aerial Vehicle (UAV) surveys,
distributed hydrological modelling, and environmental DNA
(eDNA) monitoring provide powerful opportunities to quantify
landscape responses and evaluate the long-term effectiveness of
restoration interventions.

Long-term  comparative  studies contrasting
climatic regions will be essential for assessing the robustness,
transferability, scalability of the Such
investigations may also facilitate the development of standardized
hydro-ecological performance indices capable of supporting

adaptive landscape planning and evidence-based groundwater

across
and framework.

governance. Consequently, NatureScaping should presently be
regarded as a scientifically grounded conceptual framework whose

broader applicability will progressively be strengthened through
interdisciplinary empirical research.

The interdisciplinary nature of NatureScaping also creates
opportunities for integrating with
land-use planning, climate adaptation, ecological engineering,
and sustainable agriculture. By linking hydrogeomorphology,
ecohydrology, restoration ecology, agroforestry, and adaptive
governance, the framework provides a common platform for
collaboration among hydrologists, ecologists, foresters,
scientists, agricultural experts, planners, and local communities.
Such integration is increasingly necessary as environmental
challenges become more interconnected under changing climatic

environmental science

soil

conditions.

Beyond its scientific implications, NatureScaping contributes to
international efforts aimed at restoring ecosystem function while
improving water security and climate resilience. The framework
is consistent with the principles of the United Nations Decade
on Ecosystem Restoration, the IUCN Global Standard for Nature-
based Solutions, and the objectives of Integrated Water Resources
Management (IWRM) [25,26]. Its implementation can support
progress towards the Sustainable Development Goals, particularly
SDG 6 (Clean Water and Sanitation) through improved groundwater
management, SDG 13 (Climate Action) by enhancing landscape
resilience to climate variability, and SDG 15 (Life on Land) through
ecological restoration and biodiversity conservation.

NatureScaping is not intended to establish a new discipline,
but rather to provide an integrative framework that synthesizes
advances in ecohydrology, hydrogeomorphology,
ecology, agroforestry, ecological
management, and Nature-based Solutions into a common hydro-
ecological perspective. In contrast to conventional groundwater
recharge programmes that primarily emphasize engineering
interventions, and broader restoration frameworks that often
prioritize biodiversity or ecosystem recovery, NatureScaping
explicitly links landscape structure with hydrological function
through functional vegetation design, soil ecological processes,
and adaptive stewardship. The framework therefore complements

restoration

engineering, watershed

existing paradigms by providing a systems-based approach for
integrating ecological restoration and groundwater management
within climate-resilient landscape planning.

Ultimately, NatureScaping offers a new perspective in which
groundwater recharge is viewed not as the endpoint of engineered
interventions but as the natural outcome of resilient hydro-
ecological landscapes. By integrating physical, ecological, and social
dimensions of landscape restoration within a single conceptual
framework, NatureScaping provides a scientific foundation for
future research and practical application in dryland restoration,
watershed management, and sustainable groundwater governance.
NatureScaping is intended to evolve as an adaptive scientific
framework whose components may be refined through future
empirical evidence and interdisciplinary collaboration (Figure 3).
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NATURESCAPING AS A PROCESS-BASED
HYDRO-ECOLOGICAL FRAMEWORK
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Figure 3: NatureScaping as a process-based hydro-ecological framework showing the flow from climate drivers to
ecosystem services and human well-being through integrated ecological and hydrological processes.

From Concept to

NatureScaping

Although NatureScaping

framework, its underlying principles are intended to guide practical

Practice:

is presented as

Operationalizing

environmental settings [27].

landscape planning and ecosystem restoration across diverse

Rather than prescribing a single

restoration model, the framework provides a flexible decision-

a conceptual

making process that can be adapted to different climatic, ecological,
and socio-economic conditions.

Environ Anal Eco stud

Copyright © Satya Prakash Mehra



EAES.000827.14(1).2026

1683

Implementation begins with a comprehensive hydro-ecological
assessment of the landscape, integrating information on geology,
hydrogeomorphology, soils, drainage patterns, vegetation cover,
groundwater conditions, and land use. The implementation pathway
is inherently iterative, whereby monitoring results continuously
inform refinement of vegetation design, soil management practices,
and adaptive governance strategies. Advances in remote sensing,
Geographic Information Systems (GIS), Unmanned Aerial Vehicles
(UAVs), and digital terrain analysis now provide efficient tools for
identifying recharge zones, degraded landscapes, erosion-prone
areas, and ecological connectivity. These technologies enable
restoration planning to move beyond administrative boundaries
towards hydro-ecological landscape units [27].

Following landscape assessment, vegetation and agroforestry
systems should be designed according to hydro-ecological function
rather than solely species composition or plantation density. Native
vegetation with complementary rooting characteristics, canopy
architecture, phenological behaviour, and ecological functions can
be strategically positioned to regulate infiltration, reduce runoff,
stabilize soils, and improve groundwater recharge. Agroforestry
systems should likewise be configured to enhance soil organic
matter, biological activity, hydraulic conductivity, and long-term soil
moisture conservation while maintaining agricultural productivity.
Implementation should also incorporate Nature-based recharge
infrastructure,includingrestored wetlands, riparianbuffers, contour
infiltration systems, ecological ponds, recharge forests, bioswales,
and managed floodplains wherever appropriate. Importantly, these
ecological interventions are intended to complement rather than
replace conventional groundwater recharge structures, creating
hybrid systems that combine engineered and ecological solutions
for greater resilience and long-term sustainability.

The success of NatureScaping ultimately depends upon adaptive
management supported by continuous monitoring and stakeholder
participation. vegetation establishment,
infiltration capacity, soil organic carbon, groundwater levels,
biodiversity, and ecosystem resilience should be periodically
evaluated to inform management Community
engagement, integration of indigenous ecological knowledge, and
institutional collaboration are equally important for ensuring long-
term stewardship of restored landscapes. Although the framework
requires validation through field experimentation across different
hydro-climatic regions, it provides a practical foundation for
integrating groundwater management, ecological restoration,

Indicators such as

decisions.

sustainable agriculture, and climate adaptation into a single
landscape planning strategy.

Limitations

NatureScaping is presented as a conceptual framework that
synthesizes existing scientific knowledge into an integrated hydro-
ecological perspective. Although its principles are supported by
established evidence from ecohydrology, restoration ecology,
hydrogeomorphology, agroforestry, and landscape ecology, the
framework itself has not yet been comprehensively validated

through coordinated field experimentation across contrasting
environmental conditions. Future investigations should therefore
focus on empirical testing, hydrological modelling, long-term
ecological monitoring, and comparative watershed studies to
evaluate its effectiveness and scalability. Accordingly, NatureScaping
should presently be regarded as a scientifically informed conceptual
hypothesis that provides a foundation for future interdisciplinary
research and practical landscape applications.

Conclusion

Groundwater security is increasingly dependent upon the
capacity of landscapes to regulate hydrological processes under
changing climatic conditions. Existing approaches to groundwater
recharge, ecosystem restoration, and sustainable land management
have generated substantial scientific advances but often remain
fragmented in both research and practice. NatureScaping
addresses this limitation by integrating hydrogeomorphology,
ecohydrology, vegetation science, agroforestry, soil ecology, and
adaptive stewardship into a unified hydro-ecological framework
for landscape restoration.

The framework advances a process-based perspective in which
groundwater recharge is recognized as the outcome of integrated
hydro-ecological landscape processes rather than solely engineered
interventions. By introducing Hydro-Ecological Vegetation
Profiling and Agroforestry-Based Soil Moisture Engineering,
NatureScaping extends existing Nature-based Solutions through
a functional approach to landscape design that simultaneously
supports groundwater recharge, biodiversity conservation, climate
resilience, and sustainable livelihoods.

While conceptual in its present form, NatureScaping establishes
a scientific foundation for future empirical research, spatial
modelling, and field validation across diverse environmental
settings. Its application has the potential to strengthen integrated
watershed management, improve ecosystem restoration outcomes,
and support global efforts towards water security and climate
adaptation. As environmental challenges become increasingly
interconnected, hydro-ecological landscape design offers an
important pathway for developing resilient landscapes capable of
sustaining both ecological integrity and human well-being [28].

By viewing landscapes as interconnected hydro-ecological
systems rather than collections of isolated
NatureScaping provides a scientifically grounded pathway for

interventions,

integrating groundwater sustainability with ecosystem restoration
in an era of accelerating environmental change.
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