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Abstract- Goa, one of India’s smallest states by area yet
globally renowned for its natural and cultural
landscapes, is undergoing an accelerated process of
urbanization. Its four principal urban centres Panaji,
Porvorim, Margao, and Mapusa have been shaped by
historic ties to waterways, estuaries, and paddy fields but
now face mounting ecological and infrastructural
pressures. Monsoon flooding, traffic congestion, loss of
tree cover, degradation of mangroves, and fragmented
urban growth are converging into systemic urban
vulnerabilities. Climate change, manifesting in more
intense rainfall events and sea-level rise, has further
amplified these risks.

This paper proposes an integrated framework for
resilient urbanization in Goa built around Urban Green
Corridors and Low-Impact Development (LID)
practices. By linking fragmented green spaces such as
mangroves, wetlands, hills, and urban parks into
continuous ecological corridors, the urban fabric can be
made more permeable, biodiverse, and climatically
balanced. Drawing on global case studies from
Singapore, Portland, and Sao Paulo, the paper
contextualizes strategies for Goa’s coastal and monsoon
environment. Detailed assessments are made for each of
the four towns, with proposals for site-specific LID
practices such as bioswales, permeable pavements, rain
gardens, and mangrove buffers. Policy frameworks, land
tenure challenges, and citizen participation mechanisms
are also discussed.

The findings suggest that an integrated blue—green
infrastructure approach, supported by legislation, fiscal
incentives, and community stewardship, can reduce flood
risk, enhance livability, and foster ecological resilience in
Goa’s rapidly urbanizing landscape.

Keywords: Urban planning, ecological corridors, Low-
Impact Development, Goa, flooding, climate resilience,
sustainable cities

1. INTRODUCTION

1.1 Goa’s urbanization dilemma

Although Goa accounts for less than 0.1% of India’s
total landmass, its urbanization trajectory mirrors the
challenges of much larger states. The 2021 Census

estimated Goa’s population at approximately 1.59
million, with an urbanization rate of nearly 62%.
Unlike industrial cities of mainland India, Goa’s urban
growth has been shaped largely by tourism, real estate
development, and administrative expansion. Towns
such as Panaji and Margao are long-established
centers, while Porvorim and Mapusa have expanded
rapidly in the past three decades.

Urbanization has brought prosperity and services, yet
it has also disrupted the delicate balance between
human settlements and natural systems. The filling of
wetlands, encroachment on mangroves, paving of
traditional paddy fields, and development on hill
slopes have weakened natural drainage mechanisms
that historically absorbed the state’s heavy monsoon
rains.

1.2 The environmental stakes

The environmental stakes are exceptionally high
because of Goa’s geographical setting. Its coastal
towns sit on estuaries that experience tidal
fluctuations, while the hinterlands are drained by
short, steep rivers flowing from the Western Ghats.
With an average annual rainfall exceeding 2,800 mm,
even minor disruptions in drainage networks trigger
extensive flooding. Climate change has increased
rainfall intensity and created new compound hazards,
where heavy precipitation coincides with high tides,
overwhelming urban drainage.

In Panaji, the capital, entire neighborhoods such as
Patto and Mala routinely flood during monsoons. In
Margao, the Sal River floods surrounding low-lying
neighborhoods. In Porvorim and Mapusa, stormwater
runoff from hills accelerates into congested valleys,
eroding soil and inundating built-up areas.

1.3 The global perspective

Urban green corridors and LID practices are gaining
recognition worldwide as pathways to resilience.
Singapore’s ABC Waters Programme (Active,
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Beautiful, Clean) integrates rain gardens, bio-swales,
and constructed wetlands to manage stormwater while
beautifying urban areas. Portland (USA) has pioneered
green streets, where vegetated curb extensions and
permeable pavements reduce runoff and improve
walkability. Sdo Paulo (Brazil) has experimented with
linear parks and ecological corridors to connect
fragmented green patches and mitigate urban heat.
These examples demonstrate that integrated ecological
and infrastructural planning can transform cities into
more resilient systems. For Goa, adapting such
strategies means recognizing its unique monsoon-
driven hydrology, fragile coastal ecosystems, and
socio-economic reliance on tourism.

1.4 Objectives of the study

This paper aims to:

1. Diagnose key environmental and infrastructural
issues in Goa’s four main urban centres.

2. Assess climatic vulnerabilities, including rainfall
extremes, tidal flooding, and heat islands.

3. Propose a framework for Urban Green Corridors
linking fragmented ecological assets.

4. Identify and contextualize LID practices suitable
for Goa’s tropical and coastal conditions.

5. Address institutional, policy, and citizen
participation =~ mechanisms  necessary  for
implementation.

2. CLIMATIC AND ENVIRONMENTAL
CONTEXT

2.1 Monsoon regime

Goa’s climate is dominated by the southwest
monsoon, which brings torrential rains between June
and September. Average annual rainfall is 2,500—
3,500 mm, but some highland locations exceed 5,000
mm. The monsoon is both a lifeline (recharging
aquifers, sustaining agriculture) and a threat (causing
landslides, floods, and infrastructure stress).

In 2024, for example, Goa recorded more than 4,400
mm of rainfall in some stations 40% above average.
Heavy downpours overwhelmed urban drains, leading
to prolonged waterlogging in Panaji and Margao.

Table 1: Rainfall and Flood Statistics for Goa (2015-2024)

Year | Annual Rainfall (mm)

2015 2,750 6
2017 3,100 8
2019 3,250 10
2021 2,900 7
2024 4,400 14

Extreme Event Days (>150 mm/day)

Reported Urban Flooding (major towns)
Margao, Panaji
Panaji, Mapusa
Panaji, Margao, Porvorim
Margao, Panaji
Panaji, Margao, Porvorim, Mapusa

Source: Goa Meteorological Department (compiled reports).

2.2 Sea-level rise and coastal flooding

Global sea-level rise (3.3 mm/year) translates into
heightened risks for Goa’s estuarine cities. Panaji,
built partly on reclaimed land, experiences tidal
backflow in drains. Compound flooding when river
discharge coincides with high tide is increasingly
common. Studies warn that by 2050, significant parts
of Panaji and Margao’s lowlands could be chronically
waterlogged if adaptation measures are not adopted.

2.3 Heat islands and microclimatic stress

Urban heat islands are emerging in Goa due to loss of
vegetation and proliferation of concrete surfaces.
Porvorim, with its dense residential complexes, has
recorded temperature differences of 2-3°C compared
to adjacent green areas. Similar patterns are noted in

Mapusa’s market precincts, where sealed pavements
trap heat.

2.4 Ecosystem fragility

Goa’s urban landscapes are closely intertwined with

ecosystems:

e Mangroves along Mandovi and Sal estuaries
buffer tidal surges.

e Wetlands and paddy fields act as sponges during
monsoons.

e Hill slopes regulate runoff into valleys.

However, tree cover in Goa declined by nearly 22%

over the past decade due to urbanization. Mangrove

patches are shrinking under land reclamation

pressures. This ecological fragility underlines the

urgency for integrated blue—green infrastructure.
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3. URBAN ISSUES IN GOA’S FOUR KEY
TOWNS

The state of Goa is characterized by a unique urban
morphology in which medium-sized towns function as
service hubs for surrounding villages. Unlike India’s
megacities, Goa’s urban centers are compact, but their
ecological sensitivity makes them particularly
vulnerable to the pressures of unregulated growth.

Four towns Panaji, Porvorim, Margao, and Mapusa

illustrate the convergence of population growth, traffic

congestion, ecological loss, and drainage failure.

3.1 Panaji: The capital at risk

Panaji, with an estimated population of 160,000 in its

urban agglomeration, is the administrative and cultural

capital of Goa. Its location on the Mandovi estuary is
both strategic and precarious.

Key issues:

e Flooding: The low-lying Patto Plaza area, built on
reclaimed land, is highly prone to waterlogging.
In July 2022, rainfall of 175 mm in 24 hours
submerged streets for over 36 hours.

e Creek degradation: St. Inez Creek, once a natural
drainage spine, is now silted and polluted with
solid waste and sewage.

e  Traffic congestion: With approximately 120,000
registered vehicles in North Goa district, Panaji’s
arterial roads remain gridlocked during peak
hours.

e Tourism pressure: Seasonal influx of tourists
exacerbates waste management and increases
impervious surfaces through hotels and parking
lots.

Despite being Goa’s showcase city, Panaji exemplifies

how ecological neglect magnifies climate risks.

3.2 Porvorim: Suburban growth without planning

Porvorim, located across the Mandovi River from
Panaji, has evolved from a semi-rural suburb into an
administrative and residential hub. The town hosts the

Goa Legislative Assembly and numerous government

offices. Its population has nearly tripled since 2001.

Key issues:

e Wetland loss: Expansion of gated colonies and
commercial complexes has converted paddy
fields and wetlands.

e Highway bottlenecks: National Highway 66,
which cuts through Porvorim, witnesses daily

congestion. Commuters report average travel
speeds of less than 15 km/h during peak hours.

e Drainage gaps: Stormwater drains are narrow,
often blocked, and fail to handle heavy runoff
from the surrounding hill slopes.

e  Urban heat: Loss of tree cover has intensified heat
stress, with day-time summer temperatures
averaging 35°C.

Porvorim represents the suburbanization of Goa,

where growth is fast but infrastructure and ecological

planning lag behind.

3.3 Margao: Commercial hub under hydrological

stress

Margao, South Goa’s largest town (population

~95,000), is the commercial and cultural hub of the

southern districts. It is also the gateway to hinterland
mining zones and coastal beaches.

Key issues:

e Flooding along Sal River: Encroachments on
floodplains and paddy fields have reduced the
river’s carrying capacity. In 2021, heavy rainfall
submerged large parts of Borda and Comba
neighborhoods.

e Solid waste: Poorly managed waste clogs drains,
worsening floods.

e Traffic and air pollution: As a transport hub,
Margao faces vehicular density far above its road
capacity.

e Waterlogging in market areas: The municipal
market complex is frequently inundated,
disrupting commerce.

Margao demonstrates the cumulative effects of

unregulated commercial expansion and inadequate

hydrological management.

3.4 Mapusa: Market town under ecological pressure

Mapusa, historically known for its vibrant weekly

market, is now a growing urban center serving Bardez

taluka. Its population ranges between 45,000-55,000,

but the functional population is much higher due to

trade inflows.

Key issues:

e Hill slope development: Construction on steep
gradients has led to soil erosion and increased
runoff velocity.
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e  Wetland reclamation: Seasonal wetlands that once
absorbed monsoon flows are now built upon,
leading to flash floods.

e Market congestion: Impervious pavements and
dense stalls make stormwater infiltration
impossible.

e  Traffic bottlenecks: The traditional street network
is inadequate for current vehicle volumes.

Mapusa exemplifies the ecological risks of urban

expansion into fragile landscapes without regulatory

oversight.

3.5 Common challenges across towns

Although each town has distinctive dynamics, certain

problems recur across the board:

1. Seasonal flooding linked to  drainage
encroachment and loss of wetlands.

2. Traffic congestion with high vehicular density
and inadequate public transport.

3. Loss of vegetative cover due to land conversion.
Weak enforcement of planning regulations and
zoning laws.

5. Tourism-driven pressures on infrastructure and
ecological systems.

Table 2: Summary of Key Urban Issues in Goa’s Four Towns

Town Population

(approx.)
Panaji 160,000-165,000

Porvorim 70,000-80,000
Margao 90,000-95,000

Mapusa 45,000-55,000

4. URBAN DRAINAGE CHALLENGES AND
HYDROLOGICAL VULNERABILITY

4.1 Traditional drainage and its decline

Goa’s towns historically relied on natural hydrological

systems creeks, wetlands, mangrove belts, and paddy

fields for flood absorption. These acted as “urban

kidneys”, storing monsoon water, slowing runoff, and

gradually recharging groundwater. In Panaji, the St.

Inez Creek once drained into the Mandovi estuary,

while Margao’s paddy fields served as natural flood

basins. In Mapusa and Porvorim, seasonal wetlands

acted as sponges for hill-slope runoff.

Rapid urban expansion, however, has systematically

disrupted this balance:

e Encroachments and reclamation reduced
floodplains.

e Solid waste and silt choked creeks.

e Paved surfaces prevented infiltration.

e Storm drains were undersized and poorly
maintained.

The cumulative effect is urban flooding even with

moderate rainfall.

4.2 Case-specific vulnerabilities

Major Urban Issues

Traffic congestion, creek pollution,

tourism pressure
Wetland conversion, NH-66
congestion, heat islands

Sal River flooding, waste clogging

drains, commercial encroachment Market

Hill slope construction, wetland loss,
traffic congestion

Flood-prone Areas Key Ecological
Concerns
Patto Plaza, Mala, Mangrove loss,
St. Inez estuary backflow
Porvorim lowlands = Loss of wetlands, tree
cover

Borda, Comba, Floodplain loss,
paddy conversion
Soil erosion, wetland

reclamation

Market precincts,
valley zones

e Panaji: During high tide, water backflows into
drains, especially in Patto Plaza. When combined
with intense monsoon rainfall, the city
experiences “compound flooding.”

e Porvorim: Steep hill runoff overwhelms drains;
many neighborhoods lack dedicated stormwater
channels.

e Margao: The Sal River and its tributaries are
encroached wupon, reducing flow capacity;
municipal markets and bus stands flood
frequently.

e Mapusa: Steep slopes accelerate runoff, eroding
topsoil and inundating the market valley.

4.3 Climate change intensification

Projected climate models suggest that extreme rainfall
events (>150 mm/day) may increase by 20-25% by
2050. Combined with sea-level rise, the frequency of
urban flooding in Goa’s coastal towns is expected to
double unless resilient infrastructure is adopted.

5. ROLE OF VEGETATION IN URBAN
RESILIENCE

Vegetation is not just aesthetic it is functional
infrastructure in urban ecosystems. In Goa, where
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monsoon water volumes are high, vegetation serves as

a living buffer system.

5.1 Hydrological functions

e Rainfall interception: Tree canopies intercept 10—
30% of rainfall, delaying surface runoff.

e Infiltration enhancement: Roots create pathways
for groundwater recharge.

e Erosion control: Hill slopes planted with native
trees resist soil erosion.

5.2 Climatic functions

e Urban cooling: Shaded corridors reduce heat
islands, lowering surface temperatures by 2—5°C.

e Air purification: Vegetation filters particulates
from vehicle emissions, especially along
congested roads.

e Carbon storage: A single mature tree can absorb
22 kg of CO: annually, providing small but
cumulative climate benefits.

5.3 Ecological and social functions

e Biodiversity corridors: Linking mangroves, parks,
and hill slopes creates habitats for birds and small
mammals.

e Aecsthetic and recreational value: Parks and tree-
lined avenues improve livability and support
urban well-being.

e Cultural connection: In Goa, many trees (e.g.,
banyan, peepal) have traditional and community
significance.

Table 3: Functions of Vegetation in Urban Systems

Function Type Specific Benefits

Goa Relevance

Hydrological Rainfall interception, infiltration, erosion control Hill slopes in Mapusa, wetlands in Panaji
Climatic Cooling, air purification, carbon sequestration = Porvorim heat islands, traffic corridors in Margao
Ecological Habitat connectivity, biodiversity support Mangroves along Mandovi & Sal rivers

Social & Cultural

6. LOW-IMPACT DEVELOPMENT (LID)
PRACTICES FOR GOA

Low-Impact Development (LID) is a planning and
engineering approach that emphasizes mimicking
natural hydrological processes to manage stormwater
at its source. Instead of treating stormwater as waste to
be rapidly discharged, LID treats it as a resource to be
infiltrated, filtered, and reused.

6.1 Global precedents

e Singapore (ABC Waters Programme)

e Introduced rain gardens, bio-retention basins, and
canal naturalization. Today, over 100 projects
demonstrate how stormwater management can be
combined with recreation and biodiversity.

e Portland, Oregon (Green Streets)

e Streets redesigned with vegetated curb
extensions, permeable pavements, and swales.
Achieved a 30% reduction in stormwater entering
sewers, saving millions in infrastructure costs.

e  S3o Paulo, Brazil (Linear Parks & Corridors)

e Urban ecological corridors along rivers restored
connectivity, reduced heat islands, and enhanced

Recreation, aesthetics, heritage trees

Parks in Panaji, sacred groves in Porvorim

public space in one of the world’s densest
metropolises.
These cases illustrate how cities with diverse
geographies can transform drainage challenges into
urban opportunities.

6.2 Applicability in Goa
Given Goa’s heavy monsoon rainfall and fragile
estuarine ecosystems, LID practices must be adapted
to tropical, coastal, and high-rainfall conditions. Key
strategies include:
1. Rain gardens and bioretention cells
o Suitable for residential neighborhoods in
Porvorim and Panaji.
o Capture roof and street runoff, filter
pollutants, and promote infiltration.
2. Permeable pavements
o For congested market areas (Margao,
Mapusa).
o Reduce surface runoff, recharge groundwater,
and improve walkability.
3. Green roofs and vertical gardens
o Applicable to government complexes in
Porvorim and commercial zones in Panaji.
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o Reduce heat load, manage runoff, and enhance
aesthetics.
4. Bioswales and vegetated medians
o  Suitable along highways (NH-66 in Porvorim)
and arterial roads in Mapusa.
o Slow down runoff, trap sediments, and
recharge groundwater.
5.  Wetland and mangrove restoration
o Essential for Panaji (Mandovi estuary) and
Margao (Sal River).
o Act as large-scale natural sponges and
biodiversity hubs.
6. Tree-lined avenues
shade, air
stormwater interception.
o Can be integrated with pedestrian and cycling
infrastructure.

o Provide purification, and

6.3 Cost—benefit dimensions

Traditional “grey infrastructure” approaches (concrete

storm drains, culverts, pumping stations) are

expensive to build and maintain. They also shift the
problem downstream without addressing infiltration.

LID measures, though requiring upfront investment,

are cost-effective in the long run:

e Rain gardens are 30-40% cheaper than
conventional stormwater pipes (per hectare
serviced).

e Bioswales reduce peak runoff by up to 80% and
cut pumping/maintenance costs.

e  Green roofs reduce building cooling loads by 20—
25%, saving energy bills.

e  Wetland restoration avoids costly flood damages
(estimated at 3200300 million annually in Panaji
alone).

Table 4: LID Practices and Applicability in Goa

LID Practice Goa Application (Towns)

Rain gardens Porvorim housing colonies, Panaji
suburbs

Permeable Margao & Mapusa markets

Runoff capture, infiltration,

Relative Cost vs. Conventional
Drainage
30-40% cheaper

Benefits

aesthetics

Reduced flooding, Comparable upfront; cheaper

pavements
Green roofs

Govt. complexes (Porvorim),

groundwater recharge
Cooling, runoff delay
commercial (Panaji)

over life cycle
Higher upfront; long-term
energy savings

Bioswales NH-66 Porvorim, Mapusa arterial Sediment capture, infiltration Moderate cost; easy
roads maintenance
Wetland Panaji (St. Inez Creek), Margao Large-scale flood buffer, High initial; major flood damage
restoration (Sal River) biodiversity savings
Tree-lined All towns Shade, cooling, pollution Low; integrated with road
avenues reduction budgets

7. DESIGNING URBAN GREEN CORRIDORS IN
GOA

Urban Green Corridors are continuous stretches of

vegetated land that link fragmented ecological patches

such as mangroves, hill slopes, wetlands, and parks

into a connected system. In high-rainfall coastal

environments like Goa, they serve three purposes

simultaneously:

1. Hydrological: Absorbing runoff, reducing floods,
and recharging aquifers.

2. Ecological: Providing habitat continuity and
biodiversity movement pathways.

3. Social: Creating shaded, walkable, and
recreational spaces for citizens.

Goa’s towns, each with unique ecological settings,

require tailored corridor strategies.

7.1 Panaji: Estuarine and Creek Corridors

Panaji lies on the Mandovi estuary, with mangrove

patches and the St. Inez Creek as key natural assets.

However, these systems are fragmented and heavily

degraded.

e Proposed corridor network:

o Mandovi Riverside Mangrove Corridor:
Restoration of mangrove belts along
Ribandar—Patto stretch.

o St. Inez Green Spine: Rehabilitation of creek
channel with linear parks and pedestrian
promenades.

o Hilltop-to-waterfront linkages: Connecting
Altinho hill vegetation to lowland parks via
green steps and tree-lined streets.
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Expected benefits: Flood buffering in Patto and Mala,
heat reduction in dense neighborhoods, and new public
recreation zones.

7.2 Porvorim: Hill-to-wetland Corridors
Porvorim’s landscape features hill ridges draining into
wetlands and paddy fields. Unregulated development
has severed these natural linkages.
e  Proposed corridor network:
o Porvorim Hill Forest Corridor: Native tree
replantation on degraded slopes.
o Wetland Link Corridor: Linking remnant
wetlands with stormwater-fed rain gardens.
o NH-66 Green Median Corridor: Bioswale and
avenue planting along the highway.
Expected benefits: Reduced flash floods in lowlands,
biodiversity restoration, and improved pedestrian
mobility.

7.3 Margao: Riparian and Floodplain Corridors
Margao is dominated by the Sal River and its
tributaries. Encroachments and garbage dumping have
severely impaired hydrological flows.
e  Proposed corridor network:
o Sal River Riparian Corridor: 20-30 m
vegetated buffer zone on both sides.
o Floodplain Restoration Park: Conversion of
encroached paddy fields into flood-retention

o Market-Station Green Link: Pedestrianized
tree-lined avenue connecting municipal
market to railway station.

Expected benefits: Flood peak reduction, new
recreation spaces, and improved commercial
connectivity.

7.4 Mapusa: Hill-slope-to-valley Corridors
Mapusa’s ecological identity lies in its hilly terrain and
seasonal wetlands in valley bottoms.
e Proposed corridor network:
o Hill Afforestation Corridors: Reforestation of
slopes with deep-rooted native trees.
o Wetland-Valley Corridor: Linking valley
wetlands with tree-lined stormwater channels.
o Market Green Retrofit: Permeable pavements
and tree planting in the congested market core.
Expected Dbenefits: Soil erosion control, water
infiltration, and enhanced market accessibility.

7.5 Integrated Corridor Vision

If implemented collectively, these networks would
form a statewide ecological matrix: mangroves in
Panaji and Margao anchoring the estuarine edge,
hillside corridors in Porvorim and Mapusa buffering
uplands, and cross-town green avenues stitching
neighborhoods together.

Table 5: Candidate Urban Green Corridors in Goa’s Towns

wetlands.
Town Corridor Type Approx.
Length / Area
Panaji Estuarine mangrove corridor 5-6 km
Panaji Creek green spine 3 km
Porvorim Hill-to-wetland corridor 4-5 km
Porvorim Highway green median 2 km
Margao Riparian corridor 6—7 km
Margao Floodplain restoration park 20 ha
Mapusa Hill afforestation 3 km
Mapusa Market retrofit corridor 1 km

8. LAND OWNERSHIP, INSTITUTIONAL AND
POLICY ISSUES

8.1 Land tenure complexity in Goa
One of the greatest barriers to implementing
ecological corridors in Goa is the complex mosaic of

Key Ecological Assets
Mandovi mangroves, Patto

St. Inez Creek, city parks
Hill ridges, remnant

Sal River, paddy fields

Major Benefits
Linked
Flood buffering, recreation
lowlands
Drainage restoration, cooling
Runoff absorption, biodiversity
wetlands
NH-66 corridor Air quality, stormwater
infiltration
Flood risk reduction

Water retention, recreation
Erosion control, canopy cover
Infiltration, pedestrian comfort

Encroached fields
Slopes east of town
Market precinct

land ownership. Much of the land in Panaji and
Margao’s floodplains is privately owned, while
Porvorim and Mapusa are dotted with fragmented
holdings of ancestral properties. In many cases,
ecologically sensitive lands such as mangroves and
wetlands fall under private or semi-private ownership,
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complicating efforts to establish continuous public
green corridors.

Additionally, Goa has a legacy of Communidade lands
village commons managed by community bodies that
today face contestations between development
pressures and conservation needs.

8.2 Possible instruments to address ownership issues
1. Transferable Development Rights (TDR)

o Already implemented in Mumbai and Pune,
TDR allows landowners in ecologically
sensitive zones to transfer their unused
development potential to other locations.

o In Goa, TDR could incentivize landowners to
conserve low-lying wetlands or mangrove
zones by granting rights to build in designated
urban growth corridors instead.

2. Green Property Tax (GPT)

o Inspired by Pune’s “Eco-Housing” and
Bengaluru’s “Green Rating” incentives, GPT
provides rebates for properties that maintain
tree cover, rainwater harvesting, or permeable
surfaces.

o Goa’s municipalities could adopt GPT to
encourage citizens to integrate LID practices
on private plots.

3. Public acquisition and conversion

o Strategic purchase of land in flood-prone
basins could allow municipalities to create
flood-retention parks (as seen in Chennai’s
Pallikaranai Marsh restoration).

o Margao’s encroached paddy fields are ideal
candidates for such conversion.

4. Community-managed lands

o Communidade lands could be revived as
community-led green corridors, supported by
municipal funding.

8.3 Institutional coordination

Urban planning in Goa is fragmented across multiple
bodies: the Town and Country Planning Department
(TCPD), Municipal Councils, Village Panchayats, and
the Goa State Pollution Control Board (GSPCB).

Effective implementation of corridors requires a
coordination framework that integrates environmental
goals across these agencies.

A dedicated “Urban Green Infrastructure Cell” within
the TCPD could oversee planning, GIS mapping, and
implementation of corridor projects.

9. LEGISLATIVE AND POLICY ADAPTATIONS

9.1 Regional Plan and zoning
Goa’s Regional Plan 2021 attempted to integrate
environmental zoning but faced controversies due to
unclear demarcations of settlement and eco-sensitive
zones. A revised plan should:
e Mandate blue—green corridors as protected zones.
e Prevent conversion of paddy fields and wetlands.
e Enforce no-build zones along rivers, creeks, and
mangroves.

9.2 Building regulations

Reforms should require:

e On-site stormwater management (e.g., 50% roof
runoff to be infiltrated on-site).

e Mandatory rainwater harvesting systems for all
new buildings.

e Minimum green cover ratio (at least 20% of plot
area as vegetated surface).

9.3 Infrastructure standards

e Road design standards must integrate bioswales,
tree pits, and permeable shoulders.

e Drainage standards should prioritize vegetated
channels over concrete-lined nullahs.

9.4 Environmental legislation enforcement

Existing laws such as the Environment Protection Act
(1986) and the CRZ (Coastal Regulation Zone)
Notification already protect mangroves and estuarine
ecosystems. However, enforcement in Goa remains
weak. Municipalities need a compliance monitoring
cell with penalties for illegal encroachments.

Table 6: Policy Tools for Implementing Urban Green Corridors in Goa

Policy Tool

Transferable Development
Rights (TDR)

Indian Example

Mumbai, Pune

Potential Application in Goa

Incentivize wetland/mangrove conservation in
Panaji, Margao
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Green Property Tax (GPT)

Flood-Retention Parks
Community Commons

10. AVENUE STANDARDS AND SUSTAINABLE
MOBILITY

Avenues and roads in Goa’s urban areas are not only

traffic corridors but also potential linear ecological

corridors. Redesigning them can provide multiple co-

benefits: flood reduction, air quality improvement,

carbon sequestration, and sustainable mobility.

10.1 Tree-lined boulevards

Native trees such as Ficus benghalensis (banyan),

Terminalia catappa (Indian almond), and Cassia

fistula (golden shower) are suitable for roadside

planting. These species provide canopy shade,

intercept rainfall, and support biodiversity.

e Panaji: Avenue restoration along Dayanand
Bandodkar Marg (riverfront).

e Porvorim: Highway medians along NH-66
redesigned with bioswales and tree pits.

e Margao: Tree avenues along the Colva road
linking to beaches.

e  Mapusa: Replanting along hill-slope access roads
to reduce erosion.

10.2 Rain gardens and bioswales in road medians

Instead of impermeable medians, vegetated swales can

slow runoff, filter pollutants, and recharge

groundwater.

e Pilot corridors can be built in Porvorim’s highway
stretches and Mapusa’s arterial roads.

10.3 Underground cabling and utility alignment

Tree planting is often avoided due to conflicts with

overhead wires. A shift to underground cabling allows

uninterrupted tree canopy growth.

10.4 Sustainable mobility integration

e  Cycle tracks and pedestrian paths: Shaded green
avenues can double as safe cycling and walking
routes.

e Bus rapid transit (BRT) with green buffers: In
Panaji—Porvorim, dedicated bus lanes integrated
with roadside tree planting can reduce private
vehicle use.

Pune, Bengaluru

Chennai (Pallikaranai Marsh)
Maharashtra’s Gram Panchayat
managed forests

Rebates for houses with rain gardens, tree cover in
Porvorim, Mapusa
Margao’s low-lying paddy fields
Revive Communidade lands as ecological corridors

11. CITIZEN PARTICIPATION AND
COMMUNITY ENGAGEMENT

11.1 The role of citizens

Green corridors and LID practices succeed only if
citizens adopt and maintain them. Goa, with its active
civil society and heritage-conscious residents, offers
fertile ground for participatory urban greening.

11.2 Engagement strategies
1. Neighborhood stewardship

o Residents’ Welfare Associations (RWAs) can
adopt rain gardens or street tree clusters.

o Example: RWAs in Porvorim could maintain
bioswales in gated colonies.

o

2. School and youth involvement

o School-based tree-planting drives link
education with hands-on sustainability.

o Citizen science initiatives (e.g., rainfall
gauges, water quality monitoring) can involve
youth.

o)

3. NGO and institutional partnerships

o NGOs like Goa Foundation and local heritage
groups can mobilize community participation.

o Religious and cultural institutions can
promote green awareness.

o)

4. Tourism-linked participation

o Hotels can contribute to corridor creation as
part of eco-certification programs.

o Walking tours and eco-trails can integrate
corridor landscapes with tourism experiences.

11.3 Tools for participation
e Digital platforms for
encroachments and illegal felling.

reporting

e Green awards for schools, RWAs, and
businesses maintaining corridors.

e  Volunteer weekends for mangrove clean-ups,
afforestation, and creek restoration.
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12. MONITORING AND EVALUATION
FRAMEWORK

A resilient urban strategy requires not only planning
and implementation but also long-term monitoring and
adaptive management. In Goa, where urban pressures
are dynamic, establishing measurable indicators will
ensure accountability.
12.1 Key monitoring indicators
e Hydrological
o Number of flood events (per year, per town).
o Rainfall vs. runoff ratio in pilot corridors.
o Increase in groundwater table levels.
e Ecological

o Tree canopy cover (%) in urban wards.
Mangrove and wetland area restored (ha).
o Species richness of birds and pollinators in
corridors.
e Social
o Citizen participation rates (e.g., households
with rain gardens).
o Usage of pedestrian/cycling corridors.
o Public satisfaction surveys.
e Economic
o Flood damage costs avoided (X/year).
o Maintenance savings vs. conventional drains.
o Tourism revenue linked to green corridors.

Table 7: Suggested Monitoring Indicators for Urban Green Corridors in Goa

Dimension Indicator Data Source Frequency
Hydrological Number of flood incidents reported Municipal records Annual
Hydrological Groundwater recharge levels PHED surveys S-year
Ecological % Tree canopy cover Remote sensing Biennial
Ecological Mangrove area conserved Forest Dept. Annual
Social Citizens engaged in green programs Municipality, NGOs Annual
Economic Flood damage avoided (%) Survey data Annual
13. Implementation Roadmap (Phased)
To operationalize urban green corridors and LID, a phased strategy is essential.
Table 8: Phased Action Plan for Goa’s Urban Resilience
Phase Time Horizon Key Actions Priority Towns Lead Agencies
Short-term 1-3 years Pilot rain gardens, bioswales, tree Panaji, Margao Municipalities, TCPD
planting, wetland mapping
Medium- 4-7 years Corridor construction, flood-retention Porvorim, Mapusa = Municipalities, Forest
term parks, GPT introduction Dept., NGOs
Long-term 8—15 years Full corridor network integration, policy All four towns State Govt., GSPCB,
reform, smart monitoring TCPD

14. POTENTIAL CHALLENGES AND
MITIGATION

e Land conflicts: Use TDR and GPT incentives to
reduce resistance.

e Funding gaps: Access climate finance (Green
Climate Fund, World Bank).

e Institutional fragmentation: Create a Green
Infrastructure Cell under TCPD.

e Maintenance lapses:  Ensure = community

stewardship and public-private partnerships.

15. CONCLUSION

Goa’s urban areas Panaji, Porvorim, Margao, and
Mapusa are at a crossroads. Rapid development has
provided economic dynamism but at the cost of

hydrological imbalance, ecological fragmentation, and
social stress. Monsoon flooding, heat islands, traffic
congestion, and habitat loss are converging into
existential challenges for these towns.

This study has shown that Urban Green Corridors and
Low-Impact Development (LID) provide a practical
and globally proven framework for resilience. By
linking mangroves, wetlands, hills, and urban parks
into continuous ecological systems, and by deploying
rain gardens, permeable pavements, bioswales, and
green roofs, Goa can reduce flood risk, moderate urban
heat, and enhance quality of life.

International case studies from Singapore to Portland
demonstrate that blue—green infrastructure is both
cost-effective and socially transformative. Goa’s
adaptation requires a phased roadmap, supported by
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strong legislation, fiscal incentives, and community
engagement.

Ultimately, resilience in Goa will depend not only on
engineering or planning solutions but also on citizen
ownership of urban ecosystems. If implemented, these
measures can position Goa as a model for small coastal
states balancing tourism-driven growth with climate
resilience.
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