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Abstract

Wetlands are among the most valuable ecosystems on Earth, offering an array of ecological services,
including flood regulation, water purification, biodiversity conservation, and carbon sequestration.
Despite their importance, wetlands remain underrepresented in spatial planning frameworks. This paper
explores the fundamental science of wetlands, including their hydrology, soils, and vegetation, and situates
wetlands within broader discourses of environmental and regional planning, international environmental
conventions, and the Sustainable Development Goals (SDGs). Drawing on global and Indian contexts,
with a particular focus on Goa, this paper emphasizes the urgency of integrating wetlands into planning
strategies to ensure ecological sustainability, climate resilience, and developmental equity.
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Introduction

Wetlands, long considered wastelands in traditional development paradigms, are now recognized globally
as ecosystems critical to both ecological stability and socio-economic development. Defined by the
Ramsar Convention (1971) as areas of marsh, fen, peatland, or water, whether natural or artificial,
permanent or temporary, wetlands are characterized by their ability to retain water and support aquatic
and semi-aquatic life. Yet, over the last 50 years, approximately 35% of the world's wetlands have been
lost (Ramsar Convention on Wetlands, 2018). This decline has occurred primarily due to encroachment,
unsustainable land use, pollution, and poor integration of wetlands into formal planning systems.

The pressing ecological challenges of the 21st century including biodiversity loss, water scarcity, and
climate change demand that wetlands be treated as vital natural infrastructure. Their conservation,
delineation, and restoration are not only environmental imperatives but also planning mandates. This paper
seeks to place wetlands at the centre of urban and regional planning, environmental policy, and global
sustainability goals, with focused reference to the Indian and Goan contexts.

Ecological Foundations of Wetlands

Wetlands are defined by three interrelated features: hydrology, hydric soils, and hydrophytic vegetation.
Hydrology refers to the saturation or inundation of land with water during all or part of the growing season,
which in turn leads to anaerobic soil conditions. Hydric soils, distinguished by characteristics such as
gleying and mottling, provide the foundation for unique microbial activity and nutrient cycling (Mitsch &
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Gosselink, 2015). Hydrophytic vegetation includes plant species adapted to grow in water-saturated
environments, such as Typha, Phragmites, and Nymphaea.

Functionally, wetlands perform a variety of ecological services. They store floodwaters, recharge aquifers,
purify surface runoff, stabilize shorelines, and support fish and wildlife habitat (EPA, 2023). Peatlands,
mangroves, and marshes also serve as significant carbon sinks, contributing to climate change mitigation
(Zedler & Kercher, 2005). These characteristics make wetlands indispensable to long-term regional
resilience.

Wetlands in Urban and Regional Planning

Historically, spatial planning systems have failed to integrate wetlands into their frameworks. In many
instances, wetlands have been converted into agricultural lands, industrial parks, or real estate
developments. In urban contexts, this often results in poor drainage, waterlogging, heat islands, and
increased vulnerability to floods. Conversely, when wetlands are preserved or restored, they can serve as
components of urban “blue-green infrastructure,” providing open space, improving air and water quality,
and regulating microclimates (UN-Habitat, 2020).

At the regional level, wetlands contribute to hydrological stability and biodiversity connectivity. Planning
processes must adopt landscape-based approaches that account for wetlands' interactions with upstream
and downstream ecosystems. Integrated planning should include river basin management, watershed
protection, and zoning for conservation (MEA, 2005). For this to be effective, wetlands must be mapped,
legally recognized, and monitored through planning information systems.

Delineation and Mapping of Wetlands

Accurate wetland delineation is a prerequisite for conservation, policy enforcement, and spatial planning.
According to the U.S. Army Corps of Engineers (1987), delineation involves identifying wetland
boundaries based on hydrology, hydric soils, and hydrophytic vegetation. Recent technological
advancements such as satellite remote sensing, drone mapping, and Geographic Information Systems
(GIS) have made it easier to monitor wetland changes over time (Davidson & Finlayson, 2018).

In India, the National Wetland Inventory and Assessment (NWIA), developed by the Indian Space
Research Organisation (ISRO), has mapped over 2 lakh wetlands using satellite data (MoEFCC, 2017).
However, unless this data is integrated into planning instruments like master plans, coastal zone
regulations, and municipal land-use plans, wetlands remain vulnerable.

Wetland Conservation and Restoration: Global and Indian Contexts

The conservation of wetlands involves the protection of their physical and biological characteristics
through policy, community participation, and ecological engineering. Globally, the Ramsar Convention
provides a framework for wetland protection, advocating for their “wise use” (Ramsar Convention
Secretariat, 2016). In India, the Wetlands (Conservation and Management) Rules, 2017, outline legal
criteria for wetland identification, use restrictions, and the roles of State Wetland Authorities.
Restoration of degraded wetlands is an interdisciplinary process involving hydrological reengineering,
soil remediation, and replanting of native vegetation. As highlighted in the University of Illinois” wetland
ecology course (Coursera, n.d.), restoration techniques must be context-specific and informed by baseline
ecological assessments. Successful restoration projects often involve stakeholder participation, especially
where wetlands are linked to livelihoods, such as in paddy-fish culture systems.
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Wetlands, Climate Change, and the Sustainable Development Goals

Wetlands are both victims of and solutions to climate change. Rising temperatures, altered precipitation
patterns, and sea-level rise pose direct threats to wetland ecosystems. Conversely, intact wetlands buffer
communities against extreme weather events by absorbing floodwaters and stabilizing coastlines.
Mangroves, for example, have been shown to reduce storm surge heights by up to 66% over short distances
(Alongi, 2008).

Wetlands are directly related to several UN Sustainable Development Goals. SDG 6 (Clean Water and
Sanitation), SDG 11 (Sustainable Cities), SDG 13 (Climate Action), SDG 14 (Life Below Water), and
SDG 15 (Life on Land) are all impacted by wetland health and governance. In India, wetlands feature
prominently in climate adaptation plans under the State Action Plans on Climate Change (SAPCCs) and
the National Biodiversity Action Plan (NBAP).

Case Study: Wetlands in Goa

Goa, India’s smallest state, possesses a remarkably rich array of wetlands, including estuaries, mangroves,
khazans (traditional tidal wetlands), and freshwater lakes. Wetlands such as Carambolim, Bondvol, and
Batim are vital for bird migration, aquifer recharge, and fish production (Saldanha, 2011). Khazan lands,
in particular, reflect a traditional knowledge system where saline and freshwater interactions are managed
through bunds and sluice gates, enabling a sustainable blend of agriculture and aquaculture.

Despite their ecological and cultural significance, Goa’s wetlands face mounting threats from unregulated
tourism, mining, real estate development, and waste discharge. Although the State Wetland Authority of
Goa (SWAG) has notified 14 wetlands under the 2017 Rules, integration with town and country planning
remains limited. The Regional Plan 2021 and the draft Coastal Zone Management Plan have failed to
comprehensively map and zone wetlands for conservation.

What Goa urgently requires is the embedding of wetlands into planning documents, with legal buffers,
zoning controls, community stewardship, and inter-agency coordination. Goa’s example is both a
cautionary tale and a call to action for other states and regions to recognize wetlands as essential to spatial
and ecological sustainability.

Conclusion

Wetlands are no longer optional features in planning, they are essential infrastructure for a resilient future.
Their conservation and integration into urban and regional plans can deliver multiple co-benefits: water
security, biodiversity conservation, climate adaptation, and disaster resilience. Planning institutions, from
local municipalities to national agencies, must prioritize wetlands by delineating them accurately,
protecting them legally, restoring them ecologically, and managing them collaboratively.

Incorporating wetlands into planning is not just an ecological necessity; it is a developmental imperative
aligned with international climate goals and sustainable development targets. For countries like India and
states like Goa , wetland-inclusive planning offers a path toward truly sustainable, equitable, and climate-
resilient development.
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