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Abstract

The Sundarbans, the world’s largest contiguous mangrove forest and a UNESCO World Heritage Site, play a
critical ecological and socio-economic role in Bangladesh and the global environment. However, it is being
subjected to growing ecological pressures due to uncontrolled tourism, climate change, and unstructured
infrastructure, resulting in loss of biodiversity, erosion, and contamination. Even though it attracts researchers,
conservationists, and people driven by love of nature, it has poor entry points (tourist spots) and this increases
human pressures in the delicate ecosystems. This paper explores the idea of sustainable architectural
interventions to convert these entry points beyond passages to access to an entry to conservation, education and
sustainable development. Conducting the research on eight leading gateways under study, the qualitative
research method is to be employed (i.e., site surveys, mapping, and interviews of stakeholders) to evaluate the
current situation. This has indicated that the combination of eco-tourism, community involvement, control, and
learning in spatial planning would be able to rethink entry points as proactive mangrove protectors. The paper
concludes that the enhancement of governance, building of awareness, and protection of ecological integrity of
the Sundarbans requires strategic and specific planning of the architecture of the place.
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1 Introduction

Nature-based tourism is very important in the sustainable development process because it helps to promote
biodiversity conservation as it benefits the socio-economic development. In Bangladesh, eco-tourism has been
developed as a strategic option to support low impact tourism, conservation of forests, protection of biodiversity
in ecologically fragile areas like the Sundarbans-the largest continuous mangrove forest in the world (MoCAT,
1992; MoEF, 1994). The Sundarban Reserve Forest (SRF) has a unique ecology with striking appearance and
abundant wild life, gives it enormous scope of eco-tourism development that can not only boost the local
livelihoods but also the national economy in general but the most important factor is to incur a sense of
environmental protection. Regardless of its importance economically and eco-touristically, the SRF struggles to
sustainably manage tourism. The forest is accessible only by water, with Sharankhola, Mongla, and Burigoalini
serving as the primary gateways, which lead to eight different entry points that are considered major tourist spots
of the Sundarbans. Over time, these official entry points were set up for forestry management but they also
served guiding visitors along specific paths, which helps prevent damage to the most fragile areas (Ghosh, 2015).
These entry points, which were built to serve as an administration and control of the forests and foreigners were
not initially well built with sufficient infrastructures and provisions to facilitate their functions in attracting and
serving foreigners and locals. As a result, there is unequal distribution of tourism pressure and hence
overcrowding in some developed sites and underutilization in others. A mismatch between the two, particularly
when unmitigated human activity is involved, jeopardizes the resilience of fragile ecosystems and animal
habitats. Moreover, the area is prone to cyclones and excessive monsoon rain, which has frequently destroyed the
existing facilities making it more pressing to realize climate-friendly infrastructure. Sustainable architecture
interventions are essential to re-design entry points as efficient, resilient and ecologically responsible hubs where
tourism development and mangrove preservation are in harmony. This paper explores the possibility of using
eight sites such as Dhangmari, Karamjal, Harbaria, Kochikhali, Kotka, Dubla Island, Nilkomol, and Mandarbaria
and suggests guidelines of how site-specific infrastructural development occurs. The proposed research seeks to
promote sustainable tourism plans by prioritizing ecological sensitivity, disaster resiliency, and visitor
management to promote long term conservation of Sundarbans mangrove ecosystem.
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Figure 1. Sundarban (Administrative & Protected Zone) Figure 2. “Entry Points” to Sundarban Forest

2 Literature Review

Tourism in the Sundarbans has experienced a tremendous growth in the last twenty years, bringing in economic
prospects but also a lot of ecological impacts. The increase in the number of visitors (about 50,000 in 2002 and
117,000 in 2010) has led to disruption of those habitats, mismanagement of wastes, and motorboat-related
pollution, not to mention unregulated infrastructure that changes land use and contributes to erosion effects
(Khanom & Buckley, 2015). These effects highlight why integrative spatial planning to strike a balance between
conservation and development is so urgent. As pointed out by research, sustainable ecotourism in any given
protected area is highly dependent on stakeholder participation as noted by UNWTO (2013). Stakeholder theory
concludes that failure to involve the local people compromises the success of conservation and social-economic
aspects, whereas community-based efforts like the BEDS (Bangladesh Environment and Development Society)
ecotourism model proves the efficacy of homestays, handicraft industries, and tour guides in instilling
stewardship. On a larger scope, mangrove forest ecosystems have been understood to play an important role in
biodiversity retention, climate change, and coastal defense but are prone to large-scale deforestation, pollution,
and sea-level rise, with estimates as high as two-thirds of Sundarbans mangroves being lost by the 21st century.
Conservation plans implemented by Alongi (2002) and Spalding et al. (2010) highlight legal protection, zoning
and smart management as the key factors towards long-term sustainability. The literature supports the argument
that sustainable tourism in the Sundarbans needs a holistic approach that incorporates the environmental
conservation, local participation & laws implementation to protect the Sundarbans mangrove ecosystem.

3 Methodology

This research paper was conducted using a mixed method design where both qualitative and quantitative
methods are used in evaluating the current tourism infrastructure and offering up-to-date sustainable architectural
planning to Sundarbans. Preliminary site-based visits and stakeholder surveys were conducted that gave insights
into the existing facilities, eco-tourism infrastructure, and issues related to them. The findings were
complemented with in-depth literature review that provided a background interpretation of the findings and
directed in formulating intervention that was sensitive to site issues. It is based on this foundation that a formal
evaluation system was marked out on Problem Sensitivity Indexing within a Prioritization Matrix. Each of the
eight entrances has been ranked on the basis of several important characteristics- Environmental Threats (ET),
Infrastructural Deficit (ID), Ecological Sensitivity (ES), Tourism Facilities (TF), and Attraction Potential (AP).
A scoring system (1- 5) was used besides calculating the weighted scores in order to obtain cumulative priority
levels. Sites were then categorized as high, moderate or low priority and this allowed a strategic plan in terms of
allocating resources. Lastly, a framework of architectural intervention and spatial planning was provided, with a
focus on resilience, conservation and sustainable eco-tourism governance.
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Figure 3. Flow Diagram of Methodology

4 Data Analysis

4.1 Assessment of the Entry Points of Sundarbans

Eight entry points of the Sundarbans were assessed on a multi-criteria basis basing upon the data of site surveys
and interviews with the Forest Range Offices. This evaluation has noted the current state of tourism in each of
the sites, distinctive ecological characteristics, and tourism nature of each site, and have provided the degree of
environmental hazard on each of the sites.

Table 1. Multi Criteria Assessment of Tourism Entry Points in Sundarbans (Bangladesh).

Features Entry Points
Dhangm Karamjal Harbari Kochikhali Kotka Dubla Nilkomol Mandarbari
ari a Island a
Type of Commun Interpretati Transit Remote Deep eco-  Cultural  Conservati Remote
Tourism ity based  ve & Eco- eco- wilderness tourism & on-based wilderness/B
buffer educational  educatio  immersion into seasonal restricted each eco-
eco- n wilderness coastal eco- tourism
tourism tourism tourism
Accessibilit Easy Easy access Easy Remote Remote Remote Remote Very remote
y access from (close to  (deep forest  (vialong (seasona (Boat (Difficult
from Mongla Mongla)  accessibilit boat trip) | boat access with  boat access)
Khulna y by boat access) permits)
only)
Infrastruct Village Developed  Walkwa Natural Minimal Tempor Solar None
ure based (Elevated ys, rest trails, (Watchtow ary powered
eco- Walkways, zones, Watchtowe ers, Boat stalls rest-
cottages  Interpretati  signage rs, Boat stays) and houses,
on center) stays shelters  watchtowe
rs
Wildlife Moderate Wildlife Limited High wild Low High Very High
Interaction  (educatio Breeding (mostly (Birds, animal (Birds, (Tiger, (Beach
nal forest Center flora, Deer, sighting Fishes)  Crocodiles, species, Tiger
visits (Capitative) few Tiger) spots Birds, rare traces)
fauna) (Natural mammals)
habitat)
Visitor Families, Tourists, Short- Nature Researcher  Pilgrims  Researcher  Adventurers,
Type Students, Students, trip Lovers, s, Nature , Local s, Nature Nature
Responsi  Researcher  Tourists  Photograph tourists, Tourists, tourists, Photographer
ble S, ers, Adventurer Fish Wildlife S
Tourists Researcher S traders  Photograph
S ers
Environme  Low-to- Overcrowdi Littering Wildlife High Medium High High
ntal Risk Medium ng, poor , disturbance  (Vulnerabl  (Waste, (climate (Climate risk,
maintenanc ~ Trampli if not eto over- risk) natural
e ng of regulated cyclones) crowdin habitat
vegetati g, no sensitivity)
on oversigh

t)

4.2 Prioritization Matrix

The research implemented Problem Sensitivity Indexing in a Prioritization Matrix to overcome case-specific
obstacles. Three criteria were used to test each site against; the five indicators being; Environmental Threats,
Infrastructural Deficiencies, Ecological Sensitivity, Existing Tourist Facilities, and Attraction Potential. The
scores were set on scale of 1 to 5 where a higher score represented more risk or sensitive. The cumulative scores
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allowed comparing sites, identifying the most significant places that need rapid architectural and spatial
intervention. Such prioritization results in allocation of conservation resources and ecotourism planning focus on
the areas that are the most in need, and with the highest potential impact.

Table 2. Prioritization of Key Risk Indicators.

Entry points ET ID ES TF AP Priority  Priorit Action
(1-5) (1-5) (1-5) (1-5) (1-5) Score y Priority
(1-25) Rank

Mandarbaria 5 5 5 1 4 20 1 Very High
Kotka 5 3 5 2 5 20 2 Very High

Nilkomol 4 2 5 3 5 19 3 High

Dubla Island 5 4 4 1 4 18 4 High
Kochikhali 4 2 4 3 4 17 5 Moderate
Karamjal 3 2 4 3 4 16 6 Moderate

Harbaria 3 3 3 2 3 14 7 Low
Dhangmari 2 2 3 3 3 13 8 Very Low

*ET (Environmental Threat), ID (Infrastructural Deficit), ES (Ecological Sensitivity), TF (Qualities of existing Tourist
Facilities), AP (Attraction Potential)

5 Result & Discussion

5.1 Prioritization of site
This visualization highlights which entry points require the most urgent architectural and spatial interventions to
support sustainable eco-tourism and mangrove conservation.

Sundarbans Entry Points - Conservation & Eco-Tourism Assessment

>
&
#
&

&
S &

&
b

25

144
74
ol
@ N
& &
&

&

Priority Score {out

p
%

|
s
&
& &
g

@ Very High Priority [l High Priority Moderate Priority Low Priority ([l Very Low Priority

Assessment Criteria: Environmental Threats (ET), Infrastructural Deficit (ID). Ecological Sensitivity (ES), Tourist
Facilities (TF), and Attraction Potential (AP). Each scored 1-5, with maximum total score of 25.

Figure 3. Priority Score Comparison

5.2 Proposed Framework

The presented framework incorporates the quantitative prioritization with qualitative theoretical knowledge to
decide on sustainable measures in Sundarbans. It also focuses on eco-friendly architectural and spatial planning
solutions that can reinforce tourism infrastructure without compromising either ecology or authenticity in culture.
Alternative development approaches will be focused, flexible, participatory and ecosystem-based with limited
environment effect and consistent with the conservation priorities and well-being of the community. This multi-
disciplinary concept has entry points not just as a window to tourism but an entry point of ecology protection,
teaching and sustainable livelihood creation.

Table 3. Site-Specific Framework for Architectural and Spatial Interventions at Sundarbans Entry Points.

Action Entry Points Identified Key Spatial Considerations Architectural Intervention
priority Problems
1 Mandarbaria -No infrastructure Maintaining buffer zone  -Installation of temporary,
-climate-exposed between natural habitat dismountable shelters
- unprotected - Design of elevated eco-
ecologically sensitive observation deck
areas
2 Kotka -Overcrowding & lack Canopy trails to -Development of wind/cyclone
of guided paths minimize mangrove resistant infrastructures
-Risk of cyclones and disturbance -Floating jetties and raised
flush floods walkways

- Solar powered eco-lodges &
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ranger post

3 Nilkomol Access difficulty Avoiding restricted -Improvement of emergency
zones with guided paths  accessibility
to protect tigers - Elevated walkways & storm-
resistant observation tower
4 Dubla Island -Seasonal overload -specified festival zones - Biodegradable stalls, and
-poor sanitation & -Birdwatching hubs portable eco-toilets for pilgrims
unmanaged waste away from nesting sites - Watchtowers for Birdwatching
5 Kochikhali - Wildlife disturbance -High ecological -Establishment of low-footprint
for unregulated human sensitivity forest interpretation center,
interaction with proper tourism -observation towers and guided
maintenance wildlife platform using local
materials
6 Karamjal -Overcrowding -Buffer zone between -Upgradation of existing
-Surface-level crocodiles and deer interpretation centers with
education for rehabilitation interactive displays, multi-level
insufficient viewing decks, nature museum
infrastructures - infrastructure for rehabilitation
and breeding of endangered
wildlife
7 Harbaria -Limited facilities for - Creating designated -Community-run refreshment hub
short stopover tourism eco-rest zones for short-trip tourists
-Littering for lack of -Infrastructures with improved
waste management signage
-Waste management station
8 Dhangmari -low tourist inflow - Enforce minimum -Scale community homestays
despite potential distances from wildlife -Build solar-lit jetty for easy
- lack of tourism habitat access
supportive -Avoiding intrusive -Waste management station
infrastructure tourism near residential
areas
; 3 M M v (‘?{iﬁ;‘
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Figure 4. Conceptual Illustration for some Architectural Elements, a) Elevated Walking Trail, b) Watch Tower
c¢) Outdoor Pavilion d) Riverside Cottage e) Floating Deck

5.3 Sustainability Outcomes and Conservation Impacts

5.3.1 Environmental Protection and Mangrove conservation
Specific architecture and spatial efforts may be extremely effective at alleviating environmental stress in the
Sundarbans. The use of elevated walkways, floating jetties, buffer zones will limit direct interactions between
peoples and wildlife behaviors and erosion in fragile areas like Kotka. High-priority sites such as Nilkomol will
be regulated through strategic tourism zoning and carrying capacity models to alleviate the overcrowding of
tourists as well as ensuring that delicate ecosystem structures are safe. Such strategies correspond to documents
on biosphere reserves provided by UNESCO (2020) and research on how eco-tourism infrastructure helps
prevent mangroves degradation by 40% (Das & Basak, 2021).
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5.3.2 Enabling Ecological Monitoring

Some interventions such as elevated observation decks, eco-stations, and modular research outposts without
disturbing can be applied to help enhance ecological monitoring. The application of real-time technologies - GIS,
drones, and environmental sensors allows systematization of vegetation, salinity, and wildlife patterns. Visitor
centers, like that in Karamjal, could serve as interpretive centers, which display ecological information, hence
connecting research with popular knowledge (Rahman et al., 2021; IPCC, 2023).

5.3.3 Sustainable Eco-tourism and Environmental Awareness

Visitation activities, such as interpretation centers, education trails and low impact eco lodges, increase visitation
activities and allow them to engage the visitor in a more conservation-oriented behavior. These elements enhance
visitors’ experiences and comply with the spirit of recommendations by UNESCO (2013) focusing on
interpretation, education, and local participation as effective means of long-term heritage stewardship. Locally
inspired and climate responsive architectural solutions create a harmony between ecology and culture.

5.3.4 Sustainable Livelihood and Socio-economic Benefits

Eco-tourism centers managed by local communities ensure that local rural communities have alternative means
of livelihood and hence do not resort to environmentally harmful activities like illegal logging or fishing. The
evidence of the Sundarbans has demonstrated that eco-lodges are capable of increasing the household income by
30-40 percent (Islam et al., 2020). It also presents opportunities to create hospitality, craft, and conservation
services jobs through initiatives like homestays in Dhangmari and Dubla Island, or arts and artisan markets in
Karamjal and Harbaria and shift local economy towards conservation of resources.

7 Conclusion

Through the case study of tourism gateways in the Sundarbans of Bangladesh, it has been shown that
contextually sensitive architectural interventions and spatial planning can transform entry points into sustainable
eco-tourism hubs while safeguarding the highly vulnerable mangrove ecosystem. This requires long-term, phased
planning that addresses ecological sensitivity, infrastructural limitations, and socio-economic challenges beyond
short-term solutions. The role of Government impounds is important right at the center-enforcing policies,
zoning codes, limits to carrying capacity, and implementing low impact design policies, as well as investing in
green infrastructure and monitoring systems, and community capacity development efforts. Effective
implementation further depends on institutional coordination among the Forest Department, tourism boards, and
local stakeholders. Most importantly, permanent ecological monitoring must be integrated into national policy to
ensure that tourism development remains aligned with conservation and community well-being.
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