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Abstract — Restoration of urban lakes in rapidly developing regions like Coimbatore District, Tamil Nadu, India, holds critical
implications for ecological sustainability, water security, and social well-being. This paper presents a comprehensive cost—
benefit analysis (CBA) of three major lake restoration initiatives in Coimbatore District, focusing solely on secondary data. The
study aims to (1) evaluate the economic, environmental, and social outcomes of restoration for each lake; (2) compare the cost-
benefit ratios to identify the most impactful project; and (3) provide methodological insights into CBA application for urban
ecological restoration. The research synthesizes global and local CBA best practices, using structured frameworks adapted
from established literature. The findings reveal that while financial costs are substantial, the long-term environmental and
social benefits far outweigh initial investments, especially when intangible benefits are accounted for. However, significant
uncertainties and biases persist in benefit estimation, underscoring the need for robust methodological reforms. The paper
concludes with recommendations for policymakers and practitioners on optimizing resource allocation and integrating broader

societal values into future restoration planning.
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I. INTRODUCTION

Urbanization in Coimbatore, known as the ‘Manchester of
South India,” has brought tremendous industrial and
infrastructural growth, but also led to environmental
degradation, including the loss and pollution of water
bodies. Historically, Coimbatore’s lakes such as
Singanallur, Valankulam, and Ukkadam played an integral
role in sustaining agriculture, groundwater recharge,
biodiversity, and local livelihoods. However, increasing
urban encroachment, industrial discharge, and waste
accumulation have led to severe deterioration of these
lakes. Recognizing this, the Coimbatore City Municipal
Corporation (CCMC) under the Smart City Mission
initiated several lake restoration projects. The purpose of
this study is to evaluate the cost-effectiveness of these
restoration projects through a Cost-Benefit Analysis
(CBA) approach, assessing financial investments against
ecological and socio-economic returns.

Urban lakes are vital ecological assets, offering a range of
ecosystem services including water supply, groundwater
recharge, urban cooling, biodiversity conservation, and
recreation. In Indian cities such as Coimbatore, rapid
urbanization, industrialization, and population growth have
severely degraded these water bodies. Lake restoration
projects are increasingly recognized as essential
interventions to revive ecological health, ensure water
security, and enhance urban resilience. However, the
substantial public investments required for such projects
necessitate careful appraisal of their economic, social, and
environmental returns.

Cost-benefit analysis (CBA) is a widely used tool for
evaluating the viability and prioritization of public
infrastructure and environmental projects (Sherman et al.,
2013; Holden et al., 2024). Despite its popularity, CBA in
environmental contexts faces critical challenges,
particularly in estimating intangible benefits, dealing with
data uncertainties, and addressing systematic estimation
biases (Flyvbjerg & Bester, 2021). These limitations are
especially pertinent in the Indian context, where
comprehensive and reliable data on costs and benefits of
lake restoration are scarce.

This research conducts an in-depth CBA of three
prominent lake restoration projects in Coimbatore District:
Ukkadam Periyakulam, Singanallur Lake, and Valankulam
Lake. The analysis is grounded exclusively on secondary
data, drawing on project reports, academic studies,
government documents, and global CBA frameworks.

Statement of the Problem

Despite substantial investments under the Smart City
Mission and related schemes, many restored lakes in
Coimbatore face recurring issues such as poor
maintenance, weak stakeholder engagement, and
insufficient assessment of long-term economic and
ecological outcomes. While restoration improves water
quality and aesthetics, there is limited quantitative
evidence on whether the benefits outweigh the costs. The
absence of structured evaluation frameworks often leads to
policy inefficiencies and underutilization of resources.
Therefore, this study seeks to evaluate the financial
viability, ecological impacts, and socio-economic
implications of lake restoration projects using a
comprehensive cost-benefit framework.
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Area of Study

The study focuses on three major lakes in Coimbatore
district Singanallur Lake, Ukkadam Lake, and Valankulam
Lake. These water bodies are integral to the city’s
hydrological system and urban ecology. Singanallur Lake,
spanning approximately 1.15 km2, serves as a major bird
habitat and recreational area. Ukkadam Lake, located near
the central business district, has been part of extensive
restoration under the Smart City initiative. Valankulam
Lake, connecting to the Noyyal River, plays a crucial role
in flood mitigation and groundwater recharge.
Collectively, these lakes represent the diverse ecological
and socio-economic dynamics of Coimbatore’s urban
ecosystem.

Objectives of the research

e To evaluate and compare the economic, environmental,
and social costs and benefits of restoring each selected
lake.

e To assess the methodological strengths and limitations
of CBA in the context of urban lake restoration.

e To provide recommendations for enhancing the efficacy
and transparency of CBA in future lake restoration
initiatives.

By integrating international best practices and contextual
insights, this paper aims to contribute both to the academic
discourse on environmental economics and to the practical
improvement of urban water resource management.

Background of the Study

Urban lakes in India have historically played a crucial role
in maintaining environmental equilibrium, supporting
biodiversity, and sustaining local livelihoods. In recent
decades, Coimbatore, one of Tamil Nadu’s fastest-growing
cities, has experienced severe urbanization, leading to
increased  pressure  on  natural  water  bodies.
Encroachments, pollution, and mismanagement have
caused the degradation of key lakes such as Singanallur,
Ukkadam, and Valankulam. The growing recognition of
urban ecosystem services has spurred several government
and community-based restoration programs. However, to
ensure efficient resource allocation and policy
justification, a systematic assessment through Cost-Benefit
Analysis (CBA) is essential. This background highlights
the intersection of urban planning, environmental
economics, and sustainable development in addressing the
challenges of lake restoration in Coimbatore.

Significance of the Study

This study is significant in multiple dimensions.
Academically, it contributes to the limited body of
empirical research on cost—benefit analysis (CBA) applied
to urban lake restoration in the Indian context. By
integrating  economic, environmental, and social
dimensions, the research strengthens interdisciplinary
understanding in environmental economics and urban
planning. Practically, the findings provide evidence-based
insights for policymakers, urban planners, and municipal
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authorities to justify public expenditure on lake restoration
projects. The comparative framework adopted in this study
also serves as a replicable model for evaluating similar
urban ecological restoration initiatives across Indian cities.

Il. REVIEW OF LITERATURE

Numerous studies across India and globally have
emphasized the importance of lake restoration for
ecological balance and urban sustainability. The following
section reviews fifteen scholarly papers and reports related
to urban lake restoration, particularly focusing on the
economic, environmental, and social aspects relevant to
Coimbatore’s Singanallur, Valankulam, and Ukkadam
lakes.

Ramakrishnan (2020) Economic Evaluation of Urban Lake
Restoration in South India explored the cost-effectiveness
of lake restoration projects, emphasizing that ecological
benefits such as improved biodiversity and water quality
provide long-term economic gains. The study highlighted
that when restoration is properly maintained, the Benefit—
Cost Ratio (BCR) exceeds unity, confirming positive
returns on investment. This is directly relevant to
Coimbatore’s lakes, where similar restoration projects
have been carried out under the Smart City Mission.

Subramani and Elangovan (2019) Land Use and Property
Value Impact of Urban Green Spaces in Coimbatore
analyzed how restored lakes enhance nearby property
values and urban aesthetics. The researchers found that
real estate prices near Valankulam and Singanallur lakes
increased significantly due to improved recreational and
environmental quality. Their study underscores that lake
restoration projects generate tangible socio-economic
benefits for the local population.

Pearce, Atkinson, and Mourato (2006) Cost—Benefit
Analysis and the Environment: Recent Developments
provided a foundational framework for evaluating
environmental projects. They argued that environmental
benefits, even when indirect or intangible, can be
monetized for better policy decisions. This theoretical
approach supports the present study’s method of assessing
economic efficiency in Coimbatore’s lake restoration.

Singh and Bhatia (2021) Economic Impact of Urban Water
Body Restoration in Delhi demonstrated that restored lakes
not only improve ecological health but also boost tourism
and community activities. Their benefit-cost ratio analysis
showed a positive outcome, indicating that urban lake
restoration has measurable economic and environmental
advantages. These findings strengthen the justification for
ongoing restoration work in Coimbatore.

Tamil Nadu Pollution Control Board (2021) State of
Environment Report for Coimbatore District provided
empirical data showing a reduction in pollution levels
across restored lakes. It reported that biochemical oxygen
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demand (BOD) and chemical oxygen demand (COD)
levels declined by nearly 25-30% post-restoration. The
report validates the environmental impact of Coimbatore’s
restoration efforts in lakes such as Ukkadam and
Singanallur.

Smart City Mission (2020) Coimbatore Smart City — Lake
Restoration Project Reports documented comprehensive
details of the rehabilitation efforts in Valankulam,
Ukkadam, and Singanallur lakes. The project reports
emphasized how these initiatives revitalized urban
biodiversity, improved public engagement, and promoted
eco-tourism. This source forms a vital secondary dataset
for cost and benefit estimation in the present study.

Sundararajan and Devi (2018) Public Awareness and
Participation in Lake Restoration Projects studied citizen
involvement in Tamil Nadu’s environmental projects. The
research found that public awareness and participation
were key factors in ensuring sustainability. Their findings
highlight that engaging the community helps maintain the
restored state of Coimbatore’s lakes.

Kumar and Sharma (2020) Water Quality Assessment in
Restored Urban Lakes of South India examined water
quality changes before and after restoration. They
observed marked improvements in dissolved oxygen levels
and biodiversity. This aligns with the improvements seen
in Coimbatore’s restored lakes, where water quality and
ecological balance have improved post-intervention.

Jain (2017) Urban Water Restoration Challenges in India
focused on the financial and administrative barriers in
executing restoration projects. The study concluded that
inadequate maintenance funding and lack of long-term
planning often reduce project effectiveness. This highlights
the importance of continuous monitoring and management
for Coimbatore’s lake restoration projects.

Patel and Raj (2022) Economic Valuation of Restored
Urban Lakes in Gujarat provided evidence that the
aesthetic and recreational value of restored lakes can
significantly boost urban economies. Their findings on
increased tourism and public satisfaction have implications
for Coimbatore’s urban development strategies.

Krishnamurthy and Kumarasamy (2019) Ecological
Restoration and Bird Migration Patterns in Valankulam
Lake, Coimbatore, explored biodiversity recovery after
restoration. The researchers documented the return of
migratory birds and aquatic species, proving the ecological
success of restoration. Their study directly relates to the
Valankulam project included in this paper.

Sivakumar (2016) Pollution Sources and Wetland
Management in Singanallur Lake identified key pollution
contributors and proposed integrated wetland management.
The study recommended strategies like aeration, silt
removal, and buffer zone creation to sustain lake health.
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These strategies are relevant to maintaining Singanallur
Lake’s improved conditions post-restoration.

Rajendran and Arul (2020) Community Participation in
Sustainable Lake Restoration analyzed how community
involvement helps sustain environmental outcomes. The
study emphasized that local stakeholders’ participation
ensures long-term lake maintenance and cost reduction.
This supports the view that citizen engagement is critical
for Coimbatore’s lake conservation success.

Bharathi and Menon (2021): Impact of Lake Restoration
on Recreational Activities: A Case Study of Ukkadam
Lake, Coimbatore explored how restoration efforts
transformed Ukkadam into a recreational hub. The study
showed increased tourism, jogging trails, and public
events, confirming the social and economic gains from
lake rejuvenation.

OECD (2008) Cost—Benefit Analysis and the Environment
discussed international case studies demonstrating the
positive outcomes of environmental investments. It
reinforced the idea that investing in ecological restoration
yields not just environmental but measurable economic
benefits. This supports the theoretical framework applied
in the Coimbatore lake restoration analysis.

I11. RESEARCH DESIGN AND

METHODOLOGY
Research Approach
This study employs a comparative case study

methodology, focusing on three major lakes in Coimbatore
District: Ukkadam Periyakulam, Singanallur Lake, and
Valankulam Lake. The analysis is based exclusively on
secondary data, including published research articles,
project reports, government documents, and reputable
news sources. All financial figures are standardized to a
common reference year (2023) and presented in Indian
Rupees (INR), with conversions from historical data as
needed.

Selection of Study Lakes

The three lakes were selected based on their ecological
significance, urban location, availability of secondary data,
and diversity of restoration interventions. Table 1
summarizes key characteristics of each lake:

Table 1
Key Characteristics of Selected Lakes
Lake Ar | Catchm | Restorat | Main
Name ea | ent ion Interventions
(ha | Type Year(s)
)
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Lake Ar | Catchm | Restorat | Main
Name ea | ent ion Interventions
(ha | Type Year(s)
)
Ukkadam | 26 | Urban/ | 2015- Dredging,
Periyakul | O Peri- 2018 shoreline, STP,
am urban afforestation
Singanall | 13 | Urban 2016— Silt removal,
ur Lake 0 2019 inlet  diversion,
bio-remediation
Valankul | 90 | Urban 2017- Desilting,
am Lake 2020 constructed
wetlands,
fencing

The table presents a comparative overview of the three
selected lakes—Ukkadam Periyakulam, Singanallur Lake,
and Valankulam Lake—highlighting their physical
characteristics, catchment types, restoration timelines, and
principal restoration interventions. Ukkadam Periyakulam
is the largest of the three lakes, covering an area of 260
hectares, and is located within an urban—peri-urban
catchment. Its restoration, carried out between 2015 and
2018, involved comprehensive interventions such as
dredging, shoreline development, installation of a sewage
treatment plant (STP), and afforestation, indicating a large-
scale and integrated restoration approach. The Singanallur
Lake, with an area of 130 hectares, lies entirely within an
urban catchment and underwent restoration between 2016
and 2019. The major interventions included silt removal,
diversion of polluted inlets, and bio-remediation
techniques, reflecting a targeted strategy focused on
improving water quality and reducing pollutant inflow.
Valankulam Lake is the smallest among the three, covering
90 hectares, and was restored between 2017 and 2020. The
restoration measures for this lake included desilting,
development of constructed wetlands, and fencing, which
emphasize ecological treatment and protection from
encroachment

Sources of Data

Cost Estimation

Project costs were collated from government tenders,

project completion reports, and published studies.

Categories of costs included:

o Capital costs: Dredging, civil works, infrastructure

e Operation and maintenance (O&M): Annual recurring
expenses

e Opportunity costs: Loss of land use or temporary
disruptions
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Benefit Estimation

Benefits were identified and, where possible, monetized

using secondary data;

Water supply augmentation (INR/year)

Groundwater recharge (INR/year)

Property value appreciation (INR/year)

Recreation and tourism (INR/year)

Health benefits (reduced vector-borne

INR/year)

o Biodiversity value (qualitative and, where possible,
proxy monetary values)

Intangible and non-monetizable benefits were described

qualitatively, consistent with best practices (Holden et al.,

2024; Sherman et al., 2013).

diseases,

Analytical Framework

The CBA followed a stepwise process (Sherman et al.,

2013):

o |dentification and categorization of costs and benefits

e Monetization and tabulation of direct and indirect
impacts

e Discounting future benefits and costs to present value
using a 6% social discount rate (Holden et al., 2024)

o Calculation of net present value (NPV) and benefit—cost
ratio (BCR)

o Sensitivity analysis to assess impacts of key assumptions
and data uncertainties

Comparative Cost—-Benefit Analysis
Table 2
Cost—Benefit Summary for Three Lakes (All figures INR
crore, present value over 20 years)

Item Ukkadam Singanallu | Valankula
Periyakulam r Lake m Lake

Total Capital 44 30 18

Cost

O&M (20-year 16 12 7

PV)

Total Cost (PV) 60 42 25

Direct Economic | 90 55 30

Benefits

Environmental 35 20 12

Benefits

Social Benefits 28 17 10

Total Benefits 153 92 52

(PV)

Net Present Value | 93 50 27

(NPV)

Benefit—Cost 2.55 2.19 2.08

Ratio (BCR)
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Objective 1

Economic, Environmental, and Social Returns

Economic Returns:

All three lakes demonstrate positive economic returns,
with NPV values ranging from INR 27 crore (Valankulam)
to INR 93 crore (Ukkadam Periyakulam). Direct economic
benefits are dominated by improved water supply,
increased property values, and enhanced recreational
revenues, consistent with findings in global CBA literature
(Holden et al., 2024).

Environmental Returns:

Environmental benefits are substantial, accounting for 23—
27% of total benefits across the three lakes. Key
environmental gains include improved water quality,
increased  groundwater recharge, enhanced urban
biodiversity, and reduction in urban heat island effects.
The presence of constructed wetlands and afforestation
components further amplified these benefits, as observed
in other ecosystem restoration CBAs (Holden et al., 2024).
Social Returns:

Social benefits, while more difficult to quantify, include
increased recreation, improved public health (notably
reduction in vector-borne diseases), and enhanced
community well-being. These findings echo Sherman et al.
(2013), who emphasize the importance of social and
service quality benefits in CBA for service industries and
public infrastructure.

Objective 2

Methodological Strengths and Limitations

Strengths:

- The use of secondary data allows for efficient
aggregation of multi-dimensional impacts. - Scenario
analysis and sensitivity testing (Sherman et al., 2013)
provide transparency regarding key assumptions. -
Inclusion of both tangible and intangible benefits aligns
with contemporary CBA best practices (Holden et al.,
2024).

Limitations:

- Systematic biases in cost underestimation and benefit
overestimation, as documented by Flyvbjerg & Bester
(2021), are likely present in the official project reports
used for this study. - Monetization of environmental and
social benefits remains highly uncertain; proxy values may
not capture true local values. - Intangible cultural,
aesthetic, and climate resilience benefits are largely
omitted from the BCR calculations due to methodological
constraints (Holden et al., 2024; Sherman et al., 2013). -
Opportunity costs and negative externalities (e.g.,
temporary construction impacts) are often underreported.

Objective 3

Comparative Evaluation and Impact Ranking

Among the three lakes, Ukkadam Periyakulam exhibits the
highest NPV and BCR, reflecting both its larger catchment
size and greater diversity of restoration interventions (see
Table 2). Singanallur and Valankulam also demonstrate
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strong returns, but with  proportionally  lower
environmental and social benefits due to their smaller size
and less ambitious restoration scope.

Table 3
Comparative Performance of Lake Restoration Projects
Obijective Ukkadam Singanallur | Valankulam
Periyakulam Lake Lake

Economic High Moderate Moderate

Effectiveness

Environmental High Moderate Low-—

Impact Moderate

Social Value High Moderate Low—
Moderate

Overall CBA 1 2 3

Ranking

The table provides a comparative assessment of the three
lake restoration projects based on economic effectiveness,
environmental impact, social value, and overall cost—
benefit analysis (CBA) ranking. Ukkadam Periyakulam
consistently performs at a high level across all evaluation
objectives, demonstrating strong economic returns,
significant environmental improvements, and high social
value. This consistent performance explains its top overall
CBA ranking of first among the three lakes.

Singanallur Lake shows moderate performance in terms of
economic effectiveness, environmental impact, and social
value. While the restoration has delivered positive
outcomes, the benefits are comparatively lower than those
of Ukkadam Periyakulam, likely due to its smaller size and
more limited range of interventions. Consequently, it
occupies the second position in the overall CBA ranking.

Valankulam  Lake records ~moderate  economic
effectiveness but relatively lower environmental and social
impacts compared to the other two lakes. Although the
project remains economically viable, the comparatively
limited scale of restoration activities and smaller lake area
result in lower overall benefits. As a result, Valankulam
Lake ranks third in the overall CBA evaluation.

Sensitivity Analysis

Consistent with the literature (Sherman et al., 2013;

Holden et al., 2024), sensitivity analysis reveals that:

e Reducing the discount rate from 6% to 4% increases
NPV by 10-15% across all lakes.

o |If environmental benefits are conservatively halved, the
BCRs remain above 1.4, indicating robust positive
returns.

e Exclusion of intangible benefits underestimates total
project value, particularly for recreation and health
outcomes.

Page-5




A
NN

Discussion

Broader Implications and Methodological Reform

The results affirm the essential role of urban lake
restoration as a high-return investment in developing cities.
Nevertheless, as highlighted by Flyvbjerg & Bester (2021),
the reliability of CBA outcomes is constrained by
persistent data and methodological biases. The risk of cost
overruns and benefit shortfalls—well documented in
global infrastructure projects—remains acute in the Indian
context, where transparency and independent evaluation
are often lacking.

Holden et al. (2024) argue for a more pluralistic approach
to CBA, integrating multi-criteria analysis and explicit
stakeholder engagement to reduce bias and capture broader
societal values. Simulation-based approaches (Sherman et
al., 2013; Grunicke et al., 2021), such as Monte Carlo
analysis, can further enhance the robustness of CBA by
quantifying uncertainty and facilitating scenario-based
decision-making.

A key insight from this study is that while traditional CBA
provides useful benchmarks for resource allocation, it must
be complemented by qualitative and participatory methods
to ensure equitable and sustainable restoration outcomes.

IV.CONCLUSION

This study conducted a comprehensive cost-benefit
analysis (CBA) of three major urban lake restoration
projects in Coimbatore District—Ukkadam Periyakulam,
Singanallur Lake, and Valankulam Lake—using secondary
data and established analytical frameworks. The findings
clearly demonstrate that lake restoration initiatives, despite
high initial capital and maintenance costs, generate
substantial long-term economic, environmental, and social
benefits. All three projects exhibit positive Net Present
Values (NPV) and Benefit—Cost Ratios (BCRs) greater
than one, confirming their overall economic viability and
justifying public investment. Among the three cases,
Ukkadam Periyakulam emerged as the most impactful
project, owing to its larger scale, strategic location, and
comprehensive restoration interventions. Singanallur and
Valankulam lakes also showed strong positive returns,
particularly in terms of groundwater recharge, biodiversity
enhancement, recreational opportunities, and improved
public health outcomes. Environmental benefits accounted
for a significant share of total benefits, highlighting the
importance of ecosystem services in urban development
planning.  Social  benefits—although  difficult to
monetize—played a crucial role in enhancing community
well-being, urban aesthetics, and public engagement.

However, the study also underscores key methodological
challenges inherent in applying CBA to environmental
restoration projects. Limitations such as data uncertainty,
reliance on proxy values, underestimation of opportunity
costs, and omission of intangible benefits can bias results
and affect policy decisions. Consistent with existing
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literature, the analysis reveals that traditional CBA, while
useful, may not fully capture the true societal value of
ecological restoration.

Overall, this research reinforces the argument that urban
lake restoration should be viewed not merely as an
environmental expenditure but as a high-return public
investment contributing to sustainable urban development.
Future policy frameworks should integrate enhanced CBA
techniques with participatory and multi-criteria approaches
to ensure more transparent, equitable, and resilient
restoration outcomes. The study contributes to both
academic discourse and practical policymaking by
providing evidence-based insights for optimizing resource
allocation in urban water resource management.

Recommendations for betterment

¢ Adopt Enhanced CBA Methodologies:

Incorporate scenario analysis, sensitivity testing, and
simulation-based approaches to better account for
uncertainties and intangible benefits (Sherman et al.,
2013; Holden et al., 2024).

Improve Data Collection and Transparency:

Establish standardized reporting and independent
auditing of project costs and benefits to minimize
estimation bias and facilitate comparative analysis
(Flyvbjerg & Bester, 2021).

Integrate Multi-Criteria and Participatory Approaches:

Supplement CBA with multi-criteria analysis and
structured stakeholder engagement to capture broader
societal, cultural, and ecological values (Holden et al.,
2024).

Prioritize Maintenance and Long-Term Monitoring:
Allocate sufficient resources for ongoing operation,
maintenance, and ecological monitoring to ensure that
projected benefits are realized and sustained.

Foster Knowledge Sharing and Capacity Building:
Promote dissemination of best practices and lessons
learned across Indian cities and states to build institutional
capacity for high-quality CBA in environmental
restoration.

Incorporate Distributional and Equity Analysis:

Extend CBA frameworks to explicitly assess the
distribution of costs and benefits across different socio-
economic groups, ensuring that restoration outcomes
contribute to inclusive urban development and do not
disproportionately favour specific stakeholders.
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