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Abstract: This study investigates virtual water management strategies within micro and small industries
(MSMEs) operating in water-stressed regions of Andhra Pradesh, India. While the concept of virtual water
has received attention in agriculture and large-scale manufacturing, micro enterprises remain largely
neglected in research and policy. Through an extensive literature review and qualitative analysis, this study
identifies key themes such as lack of awareness, technological and policy gaps, community-level water
competition, and institutional support deficits. It integrates theoretical lenses like Integrated Water Resources
Management (IWRM) and the water-energy nexus to analyze systemic constraints. The research underscores
the urgency for localized awareness programs, participatory governance frameworks, and climate-resilient
practices tailored to informal and small-scale industries. The study contributes to both academic
understanding and policy development by proposing actionable strategies for integrating virtual water
considerations into the MSME sector, particularly within Southern India's fragile ecological and industrial
environments.
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1. Introduction While agricultural virtual water consumption has
been  studied extensively, the industrial
sectorespecially micro industrieshas remained
underexplored in terms of virtual water analysis,
monitoring, and management (Hoekstra
&Mekonnen, 2012). This disconnect has hindered
sustainable water policy integration at the micro-

enterprise level.

Water is a vital component in industrial processes,
not only as a direct input but also in the form of
virtual waterthe water embedded in goods and
services during their production cycle (Allan,
1998). The concept of virtual water has been
pivotal in understanding hidden water flows in the
global economy and is particularly relevant in
resource-scarce regions where water-intensive
industrial ~ activities coexist  with  limited
hydrological ~ sustainability.  In  developing
economies like India, micro and small enterprises
(MSEs) form over 95% of all registered businesses

Problem Statement

Micro industries in Andhra Pradesh operate under
serious water stress conditions, yet they often rely
on outdated water-use practices with limited

and play a key role in generating employment and
promoting decentralized economic development
(Ministry of MSME, 2023).

However, many of these MSEs are located in
water-stressed or drought-prone regions, including
significant parts of Andhra Pradesh, such as
Anantapur, Chittoor, Prakasam, and Kurnool.
These regions face groundwater depletion, erratic
rainfall, and low per capita water availability
(Central Ground Water Board [CGWB], 2022).
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efficiency and negligible awareness of virtual water
concepts. These enterprises are highly dependent
on groundwater sources, many of which are rapidly
declining due to unregulated extraction and climate
variability (Shah, 2009). The invisible nature of
virtual water use, which includes water embedded
in energy, raw materials, and intermediate goods,
makes it even more difficult for these industries to
manage their total water footprint.
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Despite the increasing environmental pressure and
the looming threat of water unavailability, there is
no structured mechanism or policy enforcement
requiring micro industries to monitor or reduce
their virtual water consumption. Moreover, cost
constraints, lack of knowledge, and inadequate
technical support prevent these units from adopting
water-saving technologies such as effluent
recycling, greywater reuse, or rainwater harvesting.
This leads to unsustainable water practices, which
not only threaten the longevity of these businesses
but also contribute to the degradation of regional
ecosystems. Hence, there is an urgent need to
study, assess, and suggest viable virtual water
management strategies suited to this sector.

While extensive global and national research has
been conducted on virtual water in agriculture and
large-scale industrial production, localized studies
on micro-industrial units in water-stressed regions
are scarce. Particularly in India, most water
research is macroeconomic in focus, leaving a gap
in micro-level water accounting and management
(Verma, Kampman, van der Zaag, & Hoekstra,
2009). Studies that address virtual water in
manufacturing often concentrate on large firms or
export-oriented clusters, overlooking the invisible
virtual water flows within domestic supply chains
and small units (Chapagain& Orr, 2009).

Furthermore, Andhra Pradesh, despite being one of
India’s most water-scarce states, has not been
sufficiently explored in the context of virtual water
practices at the industrial micro level. There is a
significant lack of empirical case studies that
integrate technological, managerial, and policy
aspects of virtual water management in MSEs. This
knowledge gap hinders targeted policy formulation
and prevents small entrepreneurs from accessing
funding, training, or subsidies for water-efficient
practices.

2. Research Obijectives

In light of the background and identified research
gap, this study proposes to explore virtual water
management among micro industries in water-
scarce regions of Andhra Pradesh. The objectives
of the research are:

1. To evaluate the virtual water footprint of
selected micro industries in water-stressed
districts of Andhra Pradesh.
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2. To identify the current water use practices
and the level of awareness regarding
virtual water among micro-enterprise
owners.

3. To assess the technological and
managerial strategies being adopted, if
any, to minimize water consumption and
waste.

4. To develop a practical framework for
integrating virtual water management in
the operations of small industries.

5. To recommend policy interventions for
enabling water sustainability in the micro-
industrial ecosystem through institutional
and financial mechanisms.

3. Literature Review

The complexity of resource management within
micro and small enterprises (MSES), particularly in
water-stressed  regions, calls for a deeper
understanding of embedded operational, cultural,
and strategic behaviors that influence sustainability.
Venugopal and Sharma (2025) offered critical
insights into the nuanced role of women in rural
family enterprises, emphasizing how their often-
unrecognized involvement influences sustainability
decisions. This dimension becomes highly relevant
in virtual water management, as women's
traditional roles in water use and conservation
could be mobilized to drive decentralized and
gender-inclusive water governance at the micro-
enterprise level. Complementing this socio-cultural
perspective, Venugopal, Getenet, and Yalew (2017)
demonstrated how the marketing mix strategies in
manufacturing MSEs  significantly  shape
performance, indicating that resource
allocationincluding water as a hidden input which
must be strategically aligned with the enterprise’s
value proposition and product lifecycle. Their
findings underscore the relevance of considering
water as a “virtual” component in production,
inherently tied to pricing, packaging, and
promotional logistics.

Further reinforcing the operational lens, Venugopal
and Das (2022) examined functional inefficiencies
in MSEs, noting that procurement, production, and
logistics often suffer from unsystematic approaches
that compromise sustainability. These functional
gaps echo strongly in water-scarce contexts, where
poorly optimized operational systems can lead to
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unnecessary water losses and over-reliance on
freshwater resources. This is particularly critical in
Andhra Pradesh, where climatic irregularities and
water-table depletion demand water-conscious
production schedules. The interplay of informal
management practices, family ownership patterns,
and intergenerational transfer of  business
knowledge, as discussed by Venugopal, Habtie,
and Hassen (2014), adds another layer to this
challenge. Their study, grounded in the Ethiopian
context but thematically transferrable to Indian
micro enterprises, illustrates how decisions about
resource use are often inherited, personalized, and
influenced by traditional norms: factors that
complicate the integration of scientific water
auditing or lifecycle assessments in daily
operations.

A related extension of this family business research
by Venugopal et al. (2015) further illuminated how
micro-enterprise strategies are embedded within
local cultures, often resistant to externally imposed
policy changes. This resistance can hinder the
adoption of virtual water management frameworks
unless localized, culturally resonant interventions
are introduced. The embeddedness of micro firms
within their communities is also evident in
Venugopal’s (2024) study on waste management in
semi-urban areas, which revealed that community
perception and participatory  practices are
instrumental in determining the success of any
sustainability intervention. The behavioral barriers
to solid waste segregation, for instance, mirror the
same psychological and informational obstacles
observed in virtual water conservation, including
lack of awareness, infrastructural limitations, and
fragmented governance.

Adding another practical dimension, Venugopal’s
(2024) analysis of reverse logistics for small
businesses presented an opportunity to extend
circular economy principles to water reuse. By
drawing parallels between material flows and water
loops, the study supports integrating greywater
recycling, low-water technologies, and closed-loop
water systems within micro-industry infrastructure.
This aligns with virtual water principles by
reducing the net water footprint of the enterprise
through systemic redesign. Finally, the study by
Venugopal, Das, Gopalakrishna, and Bansal (2024)
on customer consciousness towards food wastage
in hospitality settings contributes valuable insights
into how awareness campaigns, behavioral nudges,
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and eco-labeling can shift consumption patterns.
Similar methods could be adopted to sensitize
micro-entrepreneurs to the concept of virtual water
embedded in their inputs, helping them reconfigure
procurement strategies, manage inventories more
sustainably, and position their businesses as
environmentally responsible.

Taken together, this body of work not only
underscores the critical importance of contextual,
behavioral, and functional variables in sustainable
micro-enterprise management but also presents a
compelling case for applying a virtual water lens to
micro-industry development. The integration of
gender inclusivity, family business dynamics,
operational optimization, waste consciousness, and
reverse logistics offers a comprehensive framework
for virtual water management in water-stressed
regions like Andhra Pradesh. These studies
together emphasize the need for a -culturally
grounded, operationally feasible, and behaviorally
sensitive approach to addressing the virtual water
challenges of MSEs.

3.1 Virtual Water: Concept and Relevance

The term "virtual water" refers to the hidden flow
of water if food or other commaodities are traded
from one place to another (Allan, 1998). This
concept provides a powerful tool to understand and
evaluate water use efficiency in production and
trade systems (Hoekstra &Chapagain, 2007). As
freshwater scarcity intensifies globally, virtual
water accounting has become central to discussions
on sustainable water management, particularly in
water-stressed regions (Mekonnen& Hoekstra,
2011).

3.2 Virtual Water in Industry

Industries, especially manufacturing sectors such as
textiles, food processing, and leather, consume
significant virtual water (Gerbens-Leenes et al.,
2008). While large-scale industries have been the
focus of virtual water assessments (Zhang
&Anadon, 2013), micro and small enterprises
(MSEs) remain underrepresented in the literature.
The invisibility of embedded water in industrial
operations often leads to a  systemic
underestimation of total water demand (Fader et al.,
2011).

3.3 Regional Focus: Water Stress in Andhra
Pradesh

Pranaya Deekonda, Daya Ramakrishna and Kalpana Koralla 3
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Andhra Pradesh is recognized as one of India’s
most water-vulnerable states due to low rainfall,
high groundwater exploitation, and uneven water
distribution (CGWB, 2022). Districts like
Anantapur, Prakasam, and Chittoor face critical
groundwater stress (Gulati et al., 2019). Micro
industries in these regions exacerbate local water
crises when unregulated (Rao et al., 2020). Yet, no
robust system exists to monitor virtual water usage
at the micro-industry level.

3.4 Virtual Water Management Strategies

Various strategies have been proposed to reduce
virtual water use, including water-efficient
technologies (reverse osmosis, ETPs), greywater
recycling, and rainwater harvesting (Bastani et al.,
2016). Knowledge dissemination and awareness are
also critical in small enterprises (Rajendran&
Prakash, 2022). However, adoption is hindered by
financial and  technical  barriers  (Ghosh
&Bandyopadhyay, 2019).

3.5 Policy and Governance Gaps

National water policies emphasize demand-side
management, but virtual water is not explicitly
accounted for (Planning Commission, 2012). Lack
of policy-level virtual water integration and
insufficient regulatory mechanisms for MSMEs
hinder water sustainability (Kumar & Reddy,
2020). Moreover, water governance often
overlooks decentralized and informal sectors where
micro industries thrive (Joshi &Saxena, 2021).

3.6 Empirical Gaps in the Indian Context

Empirical studies on water footprints in MSMEs
are sparse. Most virtual water literature in India
focuses on agriculture (Verma et al., 2009), leaving
a significant research gap in industry-level
assessments (Singh & Singh, 2015). Particularly in
Andhra Pradesh, very few studies investigate
micro-industrial water practices in relation to
virtual water accounting (Madhuri et al., 2021).

4. Theoretical Framework

This study is guided by two interlinked theoretical
frameworks:

4.1 Integrated Water Resources Management
(IWRM)
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IWRM refers to the coordinated development and
management of water, land, and related resources
to maximize economic and social welfare without
compromising ecosystem sustainability (GWP,
2000). It emphasizes:Stakeholder participation,
Demand-side management, Decentralized
governance and Water auditing

In this study, IWRM provides the systemic lens to
evaluate how micro industries, local governments,
and communities can collaboratively manage water
resources. It also supports the creation of virtual
water-informed policies that are inclusive of small
and informal industrial actors.

4.2 Water-Energy Nexus

The Water-Energy  Nexus  highlights  the
interdependence between water and energy, where
water is required for energy generation, and energy
is required for water extraction, treatment, and
distribution (IRENA, 2015). Micro industries,
particularly in semi-urban or rural India, are often
energy-inefficient, thereby compounding their
water inefficiencies.

This framework allows the study to analyze:

e The cumulative impact of virtual water
and energy use,

e Trade-offs between technology adoption
and energy costs,

e The feasibility of renewable energy-
powered water systems (e.g., solar pumps,
biofiltration units).

Together, IWRM and the Water-Energy Nexus
provide a holistic approach to understanding and
improving virtual water management strategies in
resource-constrained micro enterprises.

5. Analysis
5.1. Thematic Overview
a) Emergence of Virtual Water as a Policy Tool

The literature reveals a clear evolution of the
virtual water concept from a theoretical framework
(Allan, 1998) into a strategic policy lens for
understanding global water trade, supply chains,
and hidden water consumption (Hoekstra
&Chapagain, 2007; Mekonnen& Hoekstra, 2011).
However, most studies focus on macro-level flows,
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primarily in agriculture and export-oriented sectors,
while domestic and small-scale industrial sectors
remain neglected (Verma et al., 2009; Singh &
Singh, 2015).

b) Micro Industries: The Blind Spot in Virtual
Water Discourse

Micro and small industries in India form the
backbone of employment and rural industrialization
but are largely absent from empirical virtual water
studies. Their informal nature, lack of regulation,
and minimal reporting requirements contribute to
this invisibility (Ghosh &Bandyopadhyay, 2019;
Rajendran& Prakash, 2022). This indicates a major
research and policy gap in capturing their actual
water and virtual water usage, especially in water-
scarce zones like Andhra Pradesh.

¢) Regional Crisis in Andhra Pradesh

Multiple sources (CGWB, 2022; Gulati et al., 2019;
Rao et al., 2020) highlight Andhra Pradesh's
growing water insecurity, especially in the
Rayalaseema and southern coastal districts. These
regions exhibit over-extraction of groundwater,
inefficient irrigation, and inadequate recharge
systems. The situational severity is worsened when
unaccounted industrial virtual water demand from
micro-enterprises overlaps with domestic and
agricultural needs.

d) Adoption Gaps in Water Management Strategies

While water-saving practices like ETPs (Effluent
Treatment Plants), greywater reuse, and smart
metering are known and promoted (Bastani et al.,
2016), their uptake is low among micro industries
due to cost barriers, lack of awareness, and absence
of institutional support (Kumar & Reddy, 2020;
Madhuri et al., 2021). Moreover, the integration of
virtual water metrics into industrial water audits or
regulatory frameworks is almost non-existent.

e) Governance and Institutional Deficiencies

The analysis points to a disconnect between
national ~ water policies and their local
implementation, especially in terms of monitoring
decentralized  industrial  activity  (Planning
Commission, 2012). The absence of mandatory
virtual ~ water  disclosures,  industry-specific
benchmarks, or capacity-building programs hinders
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informed decision-making at the grassroots level
(Joshi &Saxena, 2021).

5.2. Interpretive Insights
a) Knowledge-Asymmetry in Micro Enterprises

The literature suggests that many micro industries
function in knowledge-poor ecosystems, where
entrepreneurs are unaware of the indirect or
embedded water involved in raw materials,
production inputs, or even electricity consumption.
This lack of literacy about virtual water renders
these industries incapable of making sustainable
water choices or responding proactively to local
water crises.

b) Mismatch Between Technological Availability
and Institutional Capacity

Although technological solutions exist and have
been successfully implemented in large or medium
industries, micro enterprises are excluded from
most financial and infrastructural schemes due to
their informal nature and poor documentation. This
leads to a technological-institutional mismatch,
creating a systemic barrier to virtual water
management.

c¢) Need for a Multi-Scalar Framework

Existing research advocates for multi-scalar
approaches such as IWRM and the Water-Energy
Nexus, which consider cross-sectoral dependencies
(GWP, 2000; IRENA, 2015). For micro industries,
such frameworks can contextualize their water-
energy-material  flows in relation to local
ecosystems, energy availability, and community
resource sharing. This highlights the need to
decentralize and democratize water governance at
the micro-enterprise level.

3. Implications for Your Study

From the above analysis, the following key
qualitative inferences emerge, directly informing
the research design:

e Micro-industrial virtual water usage is
both critical and unaccounted, especially
in regions like Andhra Pradesh where
water stress is severe and growing.

e The absence of empirical data, regulatory
inclusion, and awareness among micro

Pranaya Deekonda, Daya Ramakrishna and Kalpana Koralla 5
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industry operators calls for field-level
qualitative inquiry (e.g., interviews, focus
groups) to capture lived realities and
perceptions.

Technology  adoption for water
management is possible but requires
policy push, financial mechanisms, and
local training.
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The integration of IWRM and Water-
Energy Nexus frameworks can guide the
development of holistic, scalable, and
sustainable virtual water strategies.

There is a pressing need for virtual water
auditing templates, policy toolkits, and
incentive models specifically tailored for
micro-enterprises.

Table 1: Qualitative Analysis

Theme Findings from Literature Implications for Key Citations (APA
Research Style)
Concept of Virtual water refers to Need to assess indirect Allan (1998); Hoekstra

Virtual Water

embedded water in goods and
services; useful in understanding
total water consumption beyond
direct use.

water use in micro
industries.

&Chapagain (2007);
Mekonnen& Hoekstra
(2011)

Neglect of
Micro
Industries

Studies focus on agriculture and
large-scale manufacturing;
micro and small enterprises are
underrepresented.

Justifies the study’s focus
on micro industries to fill
a key research gap.

Singh & Singh (2015);
Rajendran& Prakash
(2022); Ghosh
&Bandyopadhyay (2019)

Water Stress in

Districts like Anantapur and

Selection of AP as case

CGWB (2022); Rao et al.

Andhra Chittoor face critical water context is highly relevant; | (2020); Gulati et al. (2019)
Pradesh shortages, compounded by local analysis is needed.
unregulated industrial water use.
Technology Micro industries lack access to Explore technology Bastani et al. (2016);
Adoption water-saving technologies due to | perceptions and barriers in | Kumar & Reddy (2020);
Barriers financial and knowledge qualitative fieldwork. Madhuri et al. (2021)
constraints.
Policy and Water policies rarely mention Highlights need for policy | Planning Commission
Governance virtual water or small-scale interventions tailored to (2012); Joshi &Saxena
Gaps industrial sectors; lack of MSEs; justifies policy (2021); Ministry of

auditing and reporting
frameworks.

analysis in your study.

MSME (2023)

Informality and
Data Scarcity

Micro industries often operate
informally and escape official
datasets, making virtual water
quantification difficult.

Employ qualitative tools
like interviews and
observations to collect
firsthand data.

Ghosh &Bandyopadhyay
(2019); Madhuiri et al.
(2021)

Low Awareness

Entrepreneurs and workers

Educational gaps justify

Rajendran& Prakash

of Virtual rarely understand or recognize inclusion of awareness- (2022); Verma et al.
Water virtual water or indirect water oriented questions in (2009)

footprints. interviews.
IWRM IWRM supports participatory Use IWRM to frame GWP (2000); Kumar &
Framework and integrated water participatory strategies for | Reddy (2020)
Relevance management, particularly virtual water governance.

relevant in decentralized and
informal settings.

Water-Energy
Nexus

Energy inefficiency in water
systems exacerbates water
scarcity; micro industries often
lack energy-efficient

Analyze energy use in
relation to water
efficiency; explore
solar/alternative energy

IRENA (2015); Fader et
al. (2011)
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infrastructure.

solutions.

Lack of Virtual
Water Policies

India lacks formal mechanisms
for virtual water regulation or
industry-specific water
benchmarks.

Potential to propose policy
tools or reporting models
for micro industries.

Hoekstra &Chapagain
(2007); Planning
Commission (2012)

Institutional Micro industries receive little Suggest need for Ministry of MSME
Support institutional or financial support | subsidies, credit lines, or (2023); Joshi &Saxena
Deficiency for water-saving investments. MSME support programs. | (2021)

Community Micro industries compete with Study community— Rao et al. (2020); CGWB
Resource agriculture and domestic use for | industry interactions and (2022)

Competition scarce water, creating tension explore participatory

and unsustainability.

resource sharing
frameworks.

Need for Multi-
Scalar Analysis

Current literature lacks
integrated approaches to study
water at different institutional,
economic, and ecological levels.

Justifies use of systemic
frameworks like IWRM
and water-energy nexus in
your case study.

IRENA (2015); GWP
(2000)

Limited
Technology
Transfer
Mechanisms

Government schemes and green
technologies are not tailored or
accessible to micro enterprises.

Investigate how
technology design and
delivery can be
customized for micro
industries.

Bastani et al. (2016);
Kumar & Reddy (2020)

Water Auditing

Most micro units have never

Examine the feasibility of

Rajendran& Prakash

Deficiency in conducted water or energy voluntary or subsidized (2022); Gerbens-Leenes et
MSMEs audits; no legal obligation or water auditing al. (2008)

incentives to do so. mechanisms.
Lack of India lacks applied models of Position your case study Madhuri et al. (2021);
Empirical virtual water tracking for micro | as a pilot or model to fill Singh & Singh (2015)

Models in India

or informal industries, especially
in tier-2 and tier-3 towns.

this vacuum.

Gender and
Labor
Dynamics

Water-intensive tasks in micro
industries may have gendered
labor implications (e.g., in
textile dyeing or food
processing).

Consider exploring gender
roles in water management
practices in qualitative
interviews.

Ghosh &Bandyopadhyay
(2019); Rajendran&
Prakash (2022)

Climate Change
Sensitivity

Water availability and virtual
water flows are sensitive to
climate variability, which affects
groundwater and surface
sources.

Incorporate environmental
resilience into strategy
evaluation.

Gulati et al. (2019); Rao et
al. (2020)

Research Gap
in Southern
India Context

Very few virtual water studies
are available from Andhra
Pradesh or the wider South
Indian MSME context.

Reinforces the uniqueness
and academic contribution
of the present research.

Madhuri et al. (2021); Rao
et al. (2020)

Need for
Awareness
Campaigns

Stakeholders (owners,
managers, workers) need basic
training on virtual water,
sustainable water use, and eco-
certification benefits.

Suggests practical
interventions such as
awareness programs,
toolkits, and community
workshops.

Rajendran& Prakash
(2022); Joshi &Saxena
(2021)
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6. Conclusions

To address the underrepresentation of micro and
small enterprises (MSES) in virtual water discourse,
it is crucial to initiate structured awareness
campaigns and training programs that introduce the
concept of virtual water in simple, relatable terms.
Many small industry owners and workers remain
unaware of the water embedded in their production
processes, which results in unsustainable
consumption patterns. Awareness programs must
be accompanied by basic educational toolkits and
community workshops that demystify indirect
water usage and highlight low-cost sustainability
practices. Incorporating these modules into
entrepreneurship development and skill-building
schemes can build water consciousness from the
ground up.

Given that micro industries are largely excluded
from mainstream water governance and policy
frameworks, it is essential to formally integrate
them into regional and state-level water
management  strategies. Policymakers should
acknowledge the cumulative impact of these
enterprises on water stress, especially in regions
like Anantapur and Chittoor, where industrial
growth intersects with extreme water scarcity.
Tailored policy mechanisms, including reporting
protocols and voluntary compliance systems,
should be designed specifically for MSEs. These
may include guidelines for water and energy audits,
eco-certifications, and sustainability ratings that not
only promote best practices but also open up access
to green finance and government support programs.

The lack of access to water-efficient technologies
remains a persistent challenge for micro enterprises
due to cost, lack of technical knowledge, and
limited exposure. There is an urgent need to
develop technology dissemination models that are
local, simplified, and financially viable. Local
institutions, NGOs, or academic partnerships can
play a catalytic role in designing region-specific
toolkits or demonstration units for water-saving
equipment such as low-flow fixtures, recirculation
systems, and solar pumps. These interventions
should be supported through targeted subsidies,
credit facilities, and integration into MSME
development schemes.

Furthermore,  community-based  participatory
frameworks are needed to manage the competition
between micro industries, agriculture, and domestic
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water users. Employing concepts from Integrated
Water Resources Management (IWRM), multi-
stakeholder platforms can be developed to mediate
resource sharing, resolve conflicts, and co-create
sustainable water-use models. Special attention
must be given to gender and labor dynamics,
particularly in sectors like textile processing and
food manufacturing, where women perform water-
intensive tasks. Gender-sensitive water strategies
should be embedded into institutional responses
and training programs.

The analysis also underscores the importance of
linking water and energy efficiency in micro
industries. Water-use patterns are often tied to
outdated, energy-intensive technologies. Promoting
decentralized energy solutions like solar power not
only enhances water efficiency but also reduces
production costs and environmental burdens. Given
the growing influence of climate variability on
water availability, resilience-building measures
such as rainwater harvesting, stormwater reuse, and
drought-adaptive production cycles should be
encouraged. Finally, to build empirical capacity in
Southern India’s industrial ecosystem, region-
specific pilot models of virtual water tracking must
be developed. These can serve as reference cases
for other water-stressed geographies and help build
a practical database that bridges the existing
research and policy gap.
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