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ABSTRACT

Evaluation of river setback policies in Kathmandu Valley reveals significant challenges due to
rapid urbanization and encroachments on riverbanks, particularly along the Bagmati and
Dhobikhola rivers. Existing setbacks, ranging from 4 to 20 meters, are inconsistent and poorly
enforced, exacerbating flood risks and environmental degradation. High land values and rental
rates in riverfront areas complicate enforcement, with some areas showing significant
urbanization and infrastructure development. A flexible, hydrology based approach to setback
regulations is necessary, integrating flood risk assessments, green infrastructure, and socio-
economic factors. Strengthened coordination among agencies and revised legal frameworks are
crucial for effective implementation and balancing urban development with environmental

conservation.

Keywords River Setback, River Buffer, Socio-economic factors, River Regulation, Legal

framework
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1. Introduction

Rivers have historically been central to human settlements, providing essential resources like
water, navigation routes, and livelihoods. Ancient cities such as those along the Nile, Ganga,
and Huang-Ho, and modern cities like London, Paris, and Delhi, have thrived due to their
proximity to rivers. This symbiotic relationship offers tangible and intangible benefits,
including water supply, biodiversity, recreation, and religious significance. However, cities
have often failed to protect rivers, leading to pollution, biodiversity loss, floodplain
encroachment, and overexploitation. Urban development, prioritizing economic growth, has

frequently harmed the very rivers that sustain them.

Nepal is abundant in water resources, with over 6,000 rivers and rivulets spread across various
river basins. (Giri, K.C., & Khadka, 2022) The Bagmati River is one of the largest rivers in the
Kathmandu Valley, the capital region, and has 57 rivers and rivulets as its tributaries.(Baidya
& Budhathoki, 2023)

The Bagmati River, considered sacred by Hindus and a vital water source for the Kathmandu
Valley, has suffered significant pollution due to human activities. These include settlements
along its banks, unplanned urban development within the river basin, and the direct dumping
of untreated sewage and solid waste into the river. Furthermore, sand extraction from the
riverbed, construction of public infrastructure within the river corridor, and illegal squatter
settlements along the banks have further degraded the river environment and compromised
water security for the local population. (Baidya & Budhathoki, 2023)

A river buffer or setback refers to a designated zone along a watercourse that is safeguarded
from development in order to maintain its natural functions and minimize hazard risks. These
areas are often managed similarly to, and alongside, buffers for wetlands and other
environmentally sensitive zones such as tundra, steep slopes, and wildlife habitats. The primary
goal is to protect the various functions riparian zones offer—such as hydrological, ecological,
biological, aesthetic, recreational, and educational benefits. Buffers also aid in preserving
stream banks and native vegetation. Local ordinances and regulations typically enforce these
buffers and setbacks, restricting or completely prohibiting certain types of development within
their boundaries. Overall, they serve to reduce or prevent the negative impacts of land
development on watercourses while delivering a range of additional advantages. (Hazards,
2017)
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The Kathmandu Valley, home to an expanding urban population, is increasingly vulnerable to
environmental hazards like flooding, land erosion, and habitat loss, especially along its rivers.
The development of appropriate river setback policies is critical to mitigate these risks and
protect both the environment and the socio-economic well-being of its residents. This study
aims to evaluate the current river setback policies in the Kathmandu Valley, assess their

effectiveness, and propose guidelines that integrate socio-economic factors.
1.1 Background

The Kathmandu Valley, a region of immense cultural, historical, and environmental
significance, faces mounting challenges in balancing urbanization with ecological
sustainability. River setbacks have emerged as a critical focus area to address issues such as
flooding, pollution, and habitat degradation. Over the years, several policies, plans, and
strategies have been formulated to guide development and ensure the conservation of river

systems and their surrounding areas.

The Kathmandu Valley Physical Development Plan - 2028 (1972) recognized the importance
of aligning development with the valley's geographical features. It recommended settling the
plain lands (tar) while maintaining greenery in wetland areas (dol). Later, the Urban
Development and Conservation Scheme 2045 BS (1988) prioritized conservation efforts,
including the protection of riverbanks and wetlands, under the Ministry of Housing and
Physical Planning.

Further advancing this agenda, the Kathmandu Valley Urban Development Plan and Program
2048 BS (1991) highlighted the need to restrict development near rivers and wetlands and
emphasized conserving critical watersheds like Phulchoki and Chandagiri. In 1994, the
Bagmati Basin Water Management Strategy and Investment Program proposed strategic
actions for the protection and development of the Bagmati watershed, although its

implementation was constrained.

Environmental sustainability took center stage in the Environmental Plan and Management of
Kathmandu Valley (1999), which underscored the importance of restricting development in
high-risk and environmentally sensitive areas, including riverbanks. The National Land Use

Policy 2069 (2012) expanded this vision to a national scale, advocating for land classification,
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identification of safe zones, and mitigation of adverse impacts in flood-prone and

environmentally fragile areas.

The Long Term Development Concept Plan of Kathmandu Valley (2000) aimed to address past
shortcomings and provided comprehensive strategies for efficient land use, agricultural
conservation, and sustainable urban expansion. In line with these objectives, specific measures
were recommended for river conservation, including delineating rights-of-way based on 100-
year return flows, prohibiting harmful activities such as sand extraction, and protecting rivers

from pollution and encroachment.

The establishment of the High Powered Committee for Integrated Development of Bagmati
Civilization (HPCIDBC) marked a significant step in river system conservation. Its Bagmati
Action Plan (2009-2014) envisioned a clean, green, and life-supporting river system,

categorizing the river basin into zones with tailored conservation goals and activities.

Despite these efforts, challenges persist in implementing these strategies due to rapid
urbanization, competing land demands, and inadequate enforcement. This study evaluates the
effectiveness of river setbacks within the Kathmandu Valley by integrating socio-economic
considerations, aiming to inform and refine policy development for sustainable land use and

river conservation.

1.2 Need

Nepal has more than 6,000 rivers and rivulets flowing through a tectonically unstable geology.
Seventy-five to eighty percent of the annual rainfall occurs during the four months of monsoon
(June-September) greatly increasing the flow in these rivers. Poor geological formation in one
hand and increased flow on the other hand has made the situation even more vulnerable for the
people living nearby these rivers. Every year, during the monsoon season, most of the rivers
pose great threat to such people and sometimes cause widespread damage to the life and

property. (Flood Control and Management Manual , 2019)

Urban vulnerability is largely a consequence of improper urban management, inadequate land
use planning, ill-regulated population density, poor construction practices, ecological
imbalance, infrastructure dependency, and inadequate provision for open spaces. The
accumulation of risks because of all of the pervasive situation and inappropriate decisions made

in the past aggravate the vulnerability. The worsening vulnerability of urban areas is one of the
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primary reasons for increase in disaster losses. The concept of vulnerability recognizes that a
natural hazard alone by itself does not cause a disaster, but a disaster happens as an outcome
of the interaction of biophysical condition or the presence of a natural hazard, and vulnerable
conditions of people exposed to such hazards. (Joshi, Basnet, Duwal, & Dawadi, 2013)

There is a pressing need to evaluate and refine river setback policies to ensure the long-term
resilience of both the natural environment and the communities that live near rivers. As urban
development intensifies, inadequate river setbacks contribute to increased vulnerability to

flooding and environmental degradation, while also jeopardizing local livelihoods.

Furthermore, there is a lack of comprehensive research that links river setback policies to the
socio-economic context of local communities. It is crucial to balance flood risk mitigation and
conservation with the needs of the people living along riverbanks, many of whom may face

displacement or loss of livelihoods if policies are enforced without proper consideration.
1.3 Importance

This research will be vital for Local Communities to protect their livelihoods and ensure
equitable access to resources while preserving their relationship with rivers. This will be
important for the Government Bodies which require evidence-based policy recommendations

to balance urban development with environmental sustainability and flood risk management.
1.4 Problem Statement

Rapid urbanization and the increasing demand for land in the Kathmandu Valley have led to
significant encroachments on riverbanks, exacerbating environmental degradation, increasing
flood risks, and undermining the ecological balance of the region. To address these issues,
various legal and policy frameworks have been introduced over time to establish and enforce
river setbacks. However, inconsistencies in implementation, overlapping jurisdictions, and

varying setback requirements have limited their effectiveness.

According to the FTSHTST ¥ ATAAIR AR TTeAT &7 TAT FTSHTST IUIAHTEH! e e & figy
e feTor Fxafeg ATAEvE, 2040, Construction is prohibited within 20 meters on either side of

rivers like Bagmati, Bishnumati, and Dhobikhola. Similarly, the ®raaTel Iacaer farerr
TRATART T TR . fa. . 69T i AT gwafeg #9r93ve, 0% ¥ reaffirmed this 20-meter
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setback for major rivers but allowed variations for others, such as 9 meters for Dhobikhola

(based on project-specific planning).

A subsequent amendment to the 2064 guidelines (EFWET% ITTET TR RIS T

TR 0.f9. 9 8&A1 TR A FFedT d199vs, 0%¥ (FA1d) standardized these

setback distances for specific rivers, but the approach introduced further variations, such as:

e Bagmati, Bishnumati, Manohara, and Hanumante Rivers: 20 meters

e Dhobikhola: In the area of Dhobikhola Project Planning, according to Dhobikhola
Project Planning and other area 9 m

e Nakhhu River: 12 meters

e Balkhu, Karmanasha, Kodku, Sangle, and Mahadev Rivers: 10 meters

e Karkhushi River: 6 meters

e Tukucha, Samakhushi, and others: 4 meters

Moreover, the Supreme Court issued a landmark ruling requiring an additional 20-meter open
space along riverbanks to strengthen conservation efforts on Shrawan 11, 2081. However, this
decision was challenged by the government on decision made on Bhadra 30,2081, citing
procedural irregularities and potential conflicts with existing laws. The review petition raised
concerns about the practicality of implementing such broad measures and their alignment with

ground realities, especially in densely urbanized zones.

Despite the establishment of various legal and policy frameworks to regulate river setbacks in
the Kathmandu Valley, inconsistencies in implementation, overlapping jurisdictions, and
varying setback requirements have led to ineffective enforcement, resulting in continued

riverbank encroachment, environmental degradation, and increased flood risks
1.5 Research Objective

The primary objective of this study is to evaluate the existing river setback policies in
Kathmandu Valley by considering socio-economic factors. Specifically, the research aims to:

e Assess the effectiveness of current river setback policies by determining the economic
value of riverfront area.

e Propose an effective system for river setback regulation
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1.6 Topic Validity

The topic is highly relevant given the increased risks of flooding, erosion, and environmental
degradation in the Kathmandu Valley. With urban development expanding rapidly, revising
river setback policies is an urgent issue that requires immediate attention. Additionally, the
integration of socio-economic factors into policies is an evolving area of study in urban
planning and environmental management. This research will contribute significantly to both

fields by providing an evidence-based approach to river setback policy development.
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2. Conceptual Framework and Methodology

2.1 Conceptual Framework

This research develops a framework to evaluate river setback policies in Kathmandu Valley,
integrating socio-economic factors to inform evidence-based guidelines. The conceptual
framework operates within a pragmatic paradigm, acknowledging both scientific data and local
socio-economic realities by integrating multiple analytical approaches. It focuses on utilizing
grid-based land cover mapping, questionnaire surveys, Key Informant Interviews (KllIs), and
land value and rent analysis to create evidence-based, context-sensitive river setback
guidelines. The study is grounded in a pragmatic paradigm that combines quantitative and
qualitative methods, allowing for both scientifically robust data and in-depth community

insights to inform policy development.
2.2 Ontology

The framework acknowledges the dynamic relationship between river systems and human
settlements, recognizing that environmental processes (such as flooding and land degradation)
and socio-economic realities (such as land use, livelihoods, and property values) are
interconnected. It is based on the understanding that both objective scientific data and

subjective human experiences shape the impact of river setback policies.
2.3 Epistemology

A constructivist approach is adopted, emphasizing that knowledge is constructed by integrating
both quantitative data (e.g., land cover maps, land values) and qualitative insights (e.g.,
community perceptions of rivers). This approach fosters co-creation of knowledge, involving
local communities, policymakers, and experts, ensuring the framework reflects diverse

viewpoints and experiences.
2.4 Methodological Paradigm

The research follows a pragmatic paradigm, emphasizing actionable solutions that balance
environmental sustainability with socio-economic equity. The use of mixed methods, including

grid-based land cover mapping, questionnaire surveys, Klls, and land value analysis, enables
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the development of policies that are scientifically grounded while considering the socio-

economic context of Kathmandu Valley.

Core Dimensions of Analysis- Socio-Economic Factors

Land Use and Zoning: Grid-based land cover mapping will assess the spatial
distribution of land uses around rivers, such as residential, agricultural, and commercial
areas, to understand how setback policies may impact different sectors.

Perception of Risks and Benefits: Questionnaire surveys will gather data on community
perceptions of flood risks, safety, and the benefits or challenges posed by river setbacks.
Land Value and Rent Analysis: Assessing changes in land values and rental prices in
proximity to riverbanks to understand the economic impact of setback policies on

property markets.

2.5 Framework Design- a Mixed-Method approach

Quantitative Analysis:

Grid-Based Land Cover Mapping: GIS tools will be used to map land cover and land
use along river corridors in Kathmandu Valley, identifying areas that are vulnerable to
flooding and encroachment. This will help assess the environmental and socio-
economic impact of proposed river setback policies.

Land Value and Rent Analysis: Using property value data, changes in land prices and
rents will be analyzed to understand the economic impact of river setback policies. This
will allow for an evaluation of how setback regulations may affect local real estate
markets and livelihoods.

Questionnaire Survey: A structured survey will be conducted among residents and
business owners along riverbanks to assess perceptions of flood risks, river benefits,

and the impact of setback policies on their livelihoods.

Qualitative Analysis:

Key Informant Interviews (KIIs): Semi-structured interviews with experts,
policymakers, and river management authorities will provide insights into regulatory

challenges, policy effectiveness, and the implementation of river setback policies.
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e Community Consultations: Focus group discussions and community consultations will
allow local residents to voice their concerns, perceptions, and experiences regarding

river setbacks and their socio-economic impacts.
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3. Literature Review

3.1 River and Cities

The world’s Great Rivers have enabled the growth of cities. From Cairo on The Nile, Vienna
on the Danube, and Ho Chi Min City on the Mekong, to Shanghai and the Yangtse, New
Orleans and the Mississippi, and Manaus on the Amazon, great rivers have connected human
settlements to water, food, trade, culture, capital, and innovation. In ancient times, rivers
provided the best locations for humans to settle and served as the initial means of connectivity
and livability, enabling the establishment of towns, settlements, and cities. Nowadays, rivers
are the life force that can make our cities sustainable. However, rapid urbanization along
riversides, if not managed sustainably, can threaten ecosystems, biodiversity, and overall
environmental health. Also, due to their intrinsic ties with nature, human settlements on rivers
are particularly vulnerable to climate change, facing strong environmental and socioeconomic
consequences of natural disasters, floods, wildfires, and droughts, which exacerbate issues such
as food and water security, as well as air quality. (Forum, 2024)

Cities often owe their existence to rivers; however, when cities begin to develop, the river turns
into a barrier whose crossing becomes one of the more important engineering issues in
municipal infrastructure. As a part of nature, a river significantly influences the form of a city.
Its development can, in turn, also impact the shape of the river. It becomes an element of urban
composition. This mutual dependency is a key problem in spatial planning. Finding the right
balance between the natural character of the river, and the introduction of city structures into
its course, leads to the creation of a balanced space, naturally utilized by city dwellers. (Rybka
& Rafat , 2018)

3.2 River Setback

River setback is a tool for standardised development within the river zone. A river buffer or
setback refers to a designated zone along a watercourse that is safeguarded from development
in order to maintain its natural functions and minimize hazard risks. These areas are often
managed similarly to, and alongside, buffers for wetlands and other environmentally sensitive
zones such as tundra, steep slopes, and wildlife habitats. The primary goal is to protect the
various functions riparian zones offer—such as hydrological, ecological, biological, aesthetic,

recreational, and educational benefits. Buffers also aid in preserving stream banks and native
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vegetation. Local ordinances and regulations typically enforce these buffers and setbacks,
restricting or completely prohibiting certain types of development within their boundaries.
Overall, they serve to reduce or prevent the negative impacts of land development on
watercourses while delivering a range of additional advantages.(Hazards, 2017)

The international approaches used to determine required buffer zone widths varied
considerably from simple one-size fits all approaches to others that rely on extensive site-
specific information to inform buffer width requirements. Three generic approaches were

identified which are briefly outlined below:

e Fixed-width: The fixed width approach typically applies a standard buffer width to a
particular water resource type. In some instances, a generic width is applied regardless of
any characteristic of the water resource. However, this approach is more typically applied
to a class of wetland or river type or a specific land use type / activity.

e Modified fixed-width: In this approach, a matrix of factors is typically used to categorize
wetlands and / land uses with category specific standard buffer widths being applied to the
resource. These widths may however be modified based on relevant on-site factors where
more detailed information is available.

e Variable width: This approach usually requires the development of a detailed formula and
methodology for considering site-specific factors such as wetland type, adjacent land use,
vegetation, soils, wildlife habitats, slope, desired function and other special site-specific

characteristics to calculate buffer widths. (Macfarlane, et al., 2014)
3.3 Principles in River Setback

Different river setback regulations highlight a nuanced and multifaceted approach, balancing
ecological preservation, flood risk mitigation, and socio-economic development. These
frameworks emphasize the importance of dynamic zonation, activity classification, flood

mitigation, and public use and conservation.
3.3.1 Dynamic Zonation: Flexibility in River Setbacks

One of the key principles in river setback regulations is dynamic zonation, where setbacks are
adjusted based on the type of river, flood risks, and the surrounding topography. Rather than

using a one-size-fits-all approach, setbacks vary based on local geographic and hydrological
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conditions. For instance, floodplain rivers, which are more prone to flooding, often require

larger setbacks than mountain rivers with steeper gradients, where the flood risk is lower.

River Requlation Zone (RRZ) of India, 2016

In the RRZ framework, rivers are categorized based on their type and flood risk. For floodplain
rivers, setbacks extend up to 500 meters from the High Flood Line (HFL) in unembanked areas,
but only 100 meters in embanked areas. For mountain rivers, setbacks range from 5 meters to
50 meters, depending on the river’s slope. This zoning strategy allows for site-specific
considerations, such as the potential for erosion, flooding, or biodiversity preservation.
(Mission, 2021)

3.3.2 Activity Classification: Tiered Regulation for Sustainable Development

Activity classification involves regulating the types of activities permitted in different setback
zones. A tiered approach allows for low-impact activities (such as recreation, eco-tourism, or
conservation efforts) in sensitive areas, while more restrictive measures are placed on high-
impact developments, such as heavy construction or industrialization. This ensures that urban

development can proceed without compromising ecological health.

Draft River Conservation Zone Rules of India, 2012

In these rules, riverfronts are divided into several zones, including the No Development Zone
(NDZ), which prohibits any construction or human intervention in ecologically sensitive
floodplain areas. Additionally, the rules establish High Impact Zones (H1Z) and Medium
Impact Zones (MIZ), where development is allowed but regulated to minimize harm to the
environment. In these zones, activities such as eco-tourism or community parks are

encouraged, while larger infrastructure projects are discouraged. (Mission, 2021)
3.3.3 Flood Mitigation: Using Flood Recurrence Data for Setback Determination

Integrating flood recurrence data into setback regulations is crucial for reducing the risk of
flood damage and protecting riverfront developments. By analyzing past flood patterns and
using predictive modeling, urban planners can determine appropriate setback distances to
mitigate flood risk and ensure long-term resilience. This approach not only helps in disaster

prevention but also contributes to sustainable urban development.
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Pune and Nashik Municipal Corporation Development Regulations, 2015

Pune and Nashik use flood recurrence data to establish Blue Flood Lines (for a 1-in-25-year
flood event) and Red Flood Lines (for a 1-in-100-year event). Construction is prohibited within
the Blue Flood Line, while development is allowed in areas between the Blue and Red Flood
Lines, provided that the development is elevated above the flood level. This helps protect the
infrastructure while ensuring that public spaces, such as gardens or parks, are not at risk of

flooding.
3.3.4 Public Use and Conservation: Enhancing Socio-Economic Value

Promoting public use of riverfront areas, while maintaining ecological integrity, can
significantly enhance the socio-economic value of these spaces. Riverfront developments
should integrate green spaces, recreational areas, and public amenities to foster community
engagement, tourism, and environmental stewardship. These spaces can also serve as climate
buffers, reducing the urban heat island effect and improving the overall quality of life for local

communities.

Bihar Building Bye-Laws, 2013

In Bihar, setbacks from the Ganges River are defined as 200 meters, with development limited
to government-led conservation efforts, such as parks and beautification projects. These
projects include recreational amenities, such as walking paths and gardens, which attract both
locals and tourists. Such spaces not only improve the aesthetic value of the riverfront but also
contribute to the mental and physical health of the community. (Mission, 2021)

3.4 Evaluation of Buffer Zone in Haraz River, Iran

Afshar and Hosainy (2013) conducted a detailed study on the buffer zones along the Haraz
River in Iran, focusing on determining the most appropriate width for river buffer zones based
on a variety of environmental, socio-economic, and technical factors. The primary aim of this
study was to develop a systematic approach for assessing the optimal buffer width, which

balances ecological preservation and socio-economic needs. (Afshar & Hosainy, 2013)

In this study, the researchers identified key environmental and socio-economic parameters that

influence the size of the river buffer zone. These factors include:
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Topography: The natural landscape and terrain of the river basin.

Climate: Weather patterns that affect water flow and erosion.

Hydrology and Morphology: Water flow characteristics and the shape of the riverbed,
which directly impact erosion rates and water quality.

Human-Induced Factors: Land use changes, urbanization, and other anthropogenic

activities that can exacerbate erosion, pollution, and habitat loss.

The methodology used in the study involved several steps to determine the optimal buffer zone:

Parameter Identification: Nine critical parameters were selected for analysis, each of
which was found to significantly impact the width of the buffer zone. These included
both physical factors like soil erosion and hydraulic conditions, as well as socio-
economic influences such as human activities near the riverbank.

Weightage Assignment: Each parameter was assigned a weight, with values ranging
from zero (indicating no impact) to one (indicating maximum negative impact). This
weightage allowed for the relative importance of each factor to be quantified and
incorporated into the calculation of the buffer width.

Buffer Width Calculation: The total buffer width was calculated as the product of the
sum of weighted parameters. By normalizing the weightage values, the researchers
were able to determine a standardized buffer zone width that reflected the combined
impact of environmental and human factors.

Comparison with Existing Buffer Zones: The final step in the methodology involved
comparing the calculated buffer widths with the existing buffer zones in the study area
to assess whether they were sufficient for meeting the environmental goals of bank

stabilization and water quality protection.

This study provides a comprehensive methodology for determining river buffer zones, with an

emphasis on integrating environmental and socio-economic factors. The combination of

technical factors, such as hydrology and morphology, with human-induced parameters, like

land use and socio-economic activities, creates a balanced approach for river management.

3.5 Plan and Policy in Nepal

The Kathmandu Valley, a region of immense cultural, historical, and environmental

significance, faces mounting challenges in balancing urbanization with ecological
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sustainability. River setbacks have emerged as a critical focus area to address issues such as
flooding, pollution, and habitat degradation. Over the years, several policies, plans, and
strategies have been formulated to guide development and ensure the conservation of river

systems and their surrounding areas.

Physical Development Plan of Kathmandu Valley (1969)

This plan highlighted the need for balanced urban development and identified uncontrolled
urban expansion, loss of agricultural land, and ecological degradation as critical challenges.
However, the plan did not provide explicit guidelines on river setbacks but emphasized the

importance of regulating urban sprawl near water bodies.

Kathmandu Valley Physical Development Plan (1972)

This plan introduced the concept of land-use zoning, recognizing the importance of maintaining
greenery in wetland areas. It acknowledged the risks associated with urban expansion into

flood-prone zones but lacked specific setback regulations.

Land Use Plan of Kathmandu Valley (1976)

The first major effort to categorize land use, this plan included zoning regulations and proposed
the protection of wetland areas. The Kathmandu Valley Town Development Committee was
established to enforce zoning rules, but rapid urbanization led to the diminishing effectiveness

of this plan.

Kathmandu Valley Urban Land Policy Study (1986)

With technical assistance from USAID, this study provided detailed data on land use,
ownership, and topography, highlighting the necessity for river setbacks. However, the policy

remained largely unimplemented due to institutional and enforcement limitations.

Kathmandu Development Authority Act (1988)

This Act established the Kathmandu Valley Development Authority (KVDA), granting it
powers to regulate land use, halt unauthorized construction, and enforce urban development

plans. However, river setback regulations were not explicitly mentioned.

Urban Development and Conservation Scheme (1988)
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This initiative aimed at conserving wetlands and riverbanks, indirectly contributing to river
setback regulations. Land pooling and guided land development programs were introduced to

control urban expansion in environmentally sensitive areas.

Local Self Governance Act (1999)

The Act empowered local governments to implement land use planning and approve
development projects. It mandated municipalities to define land-use zones, including
conservation areas near rivers, but enforcement remained weak due to resource constraints and

lack of coordination.

Long Term Development Concept Plan of Kathmandu Valley 2002 (2059 BS)

The Long Term Development Concept Plan of Kathmandu Valley was prepared by the
Kathmandu Valley Town Development Committee in July 2000 and approved by the
Government of Nepal (GoN) in 2002. It provided strategies for managing urban growth,

decentralizing economic activities, and conserving natural resources.

Key strategies included Conservation of river corridors by delineating a right-of-way based on
100-year return flow analysis and prohibiting activities such as sand extraction, waste dumping,
and squatter settlements. Despite these provisions, implementation challenges due to the lack

of an operational framework have limited its effectiveness.

National Urban Policy 2007 (2064 BS)

The National Urban Policy promotes sustainable urban management and balanced urban
growth. It emphasizes disaster risk reduction and local-level mitigation planning. Key

provisions include:

e The responsibility of local bodies to prepare disaster management plans addressing
river flooding, landslides, and other hazards.

e Prohibition of development in environmentally sensitive areas, including riverbanks.

e Strengthening building codes and ensuring safe construction practices in flood-prone

areas.

National Land Use Policy 2012 (2069 BS)
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The National Land Use Policy aims for optimal land utilization while conserving

environmental resources. Key provisions related to river setbacks include:

e Classification of land for residential, agricultural, industrial, and conservation purposes.

e Protection of water recharge zones, forests, and water sources.

e Identification and conservation of flood-prone areas, with strict development controls
in these regions.

e Implementation of land pooling and green space conservation to balance urban growth

and environmental sustainability.

Bagmati Action Plan (2009-2014)

The Bagmati Action Plan (2009-2014) was formulated to address the environmental
degradation and urban encroachment of the Bagmati River and its tributaries in Kathmandu
Valley. Developed with support from the United Nations Environment Programme (UNEP)
and UN-Habitat, the plan aimed to restore the river ecosystem through integrated conservation
and management strategies. (GON/NTNC, 2009)

Obijectives and Strategies

e The primary objectives of the Bagmati Action Plan included:

e Pollution Control: Implementing waste management solutions to prevent direct
disposal of sewage and industrial effluents into the river.

e Riverbank Protection: Enforcing regulations to prevent further encroachment and
rehabilitate degraded areas.

e Biodiversity Conservation: Restoring riparian vegetation and aquatic ecosystems to
enhance biodiversity.

e Public Awareness and Community Participation: Encouraging local engagement

through education, advocacy, and community-based initiatives.
Zonation Approach

To ensure targeted interventions, the Bagmati Action Plan divided the river system into five

Zones:
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e Natural Conservation Core Zone: Encompassing the upstream regions with minimal
human interference to maintain water quality and ecological balance.

e Rural Zone: Managing agricultural practices and preventing waste disposal in
tributaries.

e Peri-Urban Zone: Addressing emerging urbanization challenges and improving
sanitation infrastructure.

e Urban Zone: The most critical area, focusing on wastewater treatment, solid waste
management, and green infrastructure development.

e Downstream Zone: Managing sedimentation, water flow regulation, and agricultural

water use.
Implementation and Challenges

The implementation of the Bagmati Action Plan faced several challenges, including weak
institutional coordination, lack of enforcement mechanisms, and financial constraints. Despite
these issues, the plan laid the groundwork for long-term river conservation efforts, influencing

subsequent urban planning and environmental policies in Kathmandu Valley.

The Bagmati Action Plan remains a significant milestone in Nepal’s efforts to integrate
sustainable urban development with environmental conservation, highlighting the need for
continued commitment from government agencies, non-governmental organizations, and local

communities.

Bagmati Action Plan Il

The Final Report - Planning Report for the Preparation of the Bagmati Action Plan (BAP),
completed in June 2022, serves as a strategic blueprint for the restoration and conservation of
the Bagmati River System in Kathmandu Valley. The report was commissioned by the High-
Powered Committee for Integrated Development of the Bagmati Civilization (HPCIDBC) and
prepared in collaboration with various consulting agencies. The Bagmati River, which holds
significant cultural, religious, and environmental value, has been under severe threat due to
rapid urbanization, pollution, and encroachment. While the Bagmati Action Plan (2009-2014)
attempted to address some of these concerns, urban expansion and socio-environmental
changes necessitated the development of a new long-term action plan with a 20-year vision.
(HPCIDBC, 2022)
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Key Environmental and Socio-Economic Issues

One of the most pressing concerns identified in the report is the severe environmental
degradation of the river. The unchecked discharge of untreated sewage, industrial
effluents, and solid waste has significantly reduced water quality. The extraction of
sand from riverbeds, coupled with the construction of unregulated infrastructure, has
further disrupted the natural flow of the river. Land use changes, particularly the
expansion of informal settlements and squatter communities along the riverbanks, have
exacerbated these problems. Furthermore, the deterioration of religious and historical
sites along the river has raised cultural and heritage conservation concerns. The
decreasing water discharge, coupled with increasing flood risks, underscores the need
for urgent intervention through sustainable urban planning and river management
strategies.

Hydrological and Environmental Analysis

To support informed decision-making, the report includes hydrological modeling and
GIS-based studies to analyze flood risks, pollution sources, and land-use changes. The
study identifies certain areas—Gokarneshwar, Guheshwori, the Manohara-Bagmati
confluence, and the Bishnumati confluence—as high-risk flood zones. Furthermore, an
assessment of existing infrastructure, including roads, sewer networks, and wastewater
treatment plants, was conducted to evaluate their efficiency. Despite previous
interventions, water pollution remains critical, particularly in Dhobi Khola, Mahadev
Khola, and Bishnumati River, where sewage discharge density is highest.

Zoning Approach for River Conservation

The report introduces a zoning strategy that divides Kathmandu Valley into three major
zones: Conservation Zone, Peri-Urban Zone, and Urban Zone. The Conservation Zone,
which includes forested areas such as Shivapuri, Nagarjun, and Phulchowki, serves as
a critical water source. Conservation efforts in this zone focus on reforestation,
groundwater recharge, and ecotourism promotion. The Peri-Urban Zone, a transition
area between urban and rural regions, requires a balanced approach to development and
conservation to minimize environmental impacts while supporting urban expansion.
The Urban Zone, which comprises the densely populated city center, presents the most
significant challenges due to high population density and rapid construction. This zone
requires strict pollution control measures, improved wastewater management, and

preservation of cultural heritage sites.
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e Action Plan and Investment Requirements
The Bagmati Action Plan is structured for implementation over a 20-year period,
divided into four phases: short-term (0-5 years), first mid-term (6-10 years), second
mid-term (11-15 years), and long-term (16-20 years). The total estimated budget
required is NPR 279.6 billion, with NPR 147.6 billion allocated for the short-term
phase. The key initiatives include the development of wastewater treatment plants,
riverbank protection using bioengineering methods, greenbelt expansion, and the
enforcement of strict regulations to prevent further encroachment. Additionally, special
attention is given to revitalizing religious and cultural sites along the river, ensuring
that the historical and spiritual essence of the Bagmati Civilization is preserved.

e Implementation and Monitoring Strategies
For the successful execution of the plan, a strong institutional framework is
emphasized. The strengthening of HPCIDBC is crucial, along with improved
coordination among governmental agencies, municipalities, and private sector
stakeholders. A comprehensive monitoring and evaluation system is also proposed to
track progress, address implementation challenges, and ensure adaptive management
strategies. The report highlights the importance of public engagement, awareness
campaigns, and incentives for sustainable practices to encourage community

participation in river conservation efforts.

The Bagmati Action Plan (2022) provides a well-structured and scientifically backed roadmap
for restoring and sustaining the Bagmati River System. By addressing environmental, socio-
economic, and infrastructural challenges through a phased approach, the plan aims to improve
water quality, restore the river ecosystem, and safeguard cultural heritage. However, the
success of this ambitious initiative depends on strong governance, public support, and sustained
financial commitment from both governmental and non-governmental sectors. If implemented
effectively, this plan can transform the Bagmati River into a clean, sustainable, and culturally

vibrant waterway, benefiting both present and future generations
3.6 Legal Framework in Nepal

River setback regulations in Kathmandu Valley have evolved over time through various legal
provisions and amendments. These regulations primarily aim to control construction near

riverbanks, prevent encroachment, and ensure sustainable urban development.

27|Page



Initial Requlations

FISHTST T ATAAIX TR AT & TAT FISHIST ITABTHT 9Te? fawaqr & faer ey fawor gwafe
ATIeus, 040 regulation, formulated under ®TEHTS! Sucaer WWR fawr@ @fafa, prohibited

construction within 20 meters on either side of major rivers such as:

e Bagmati River
e Bishnumati River

e Dhobikhola River

This regulation established a foundational legal framework to regulate development along
riverbanks, addressing concerns related to flooding, environmental degradation, and haphazard

urban expansion.

Revised Requlations

A subsequent revision, FTSHTST IUHT 6T TRITAHT T TRIFAE . f4. F. geqr A fAamr
FHtg "avs, R0%%, reaffirmed the 20-meter setback for major rivers but introduced
variations for other rivers based on project-specific planning and environmental considerations.
For instance, the setback for Dhobikhola was reduced to 9 meters in certain areas where project-

specific planning had been implemented.

Standardization of Setback Distances

Further amendments under HTSHTST ITHT RITPT RATART T TRIFE 0.1 T 8%
e AT greredT AIUeUE, R0%Y (WHEH) revised standardized the setback distances for

different rivers across Kathmandu Valley. This regulation categorized rivers based on their size

and ecological significance, applying the following setback rules:
Major Rivers (20-meter setback):

e Bagmati River
e Bishnumati River
e Manohara River

e Hanumante River

Dhobikhola River:
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e 9 meters in general areas

e Setback determined by Dhobikhola Project Planning in designated project zones
Medium-Sized Rivers (12-meter setback):

e Nakhhu River
Small to Medium Rivers (10-meter setback):

e Balkhu River
e Karmanasha River
e Kodku River
e Sangle River

e Mahadev River
Minor Rivers (6-meter setback):
e Karkhushi River
Small Streams and Tributaries (4-meter setback):

e Tukucha River
e Samakhushi River

e Other minor rivers and streams

The enforcement of these setback regulations plays a vital role in maintaining environmental
integrity while accommodating urban growth in a planned manner. However, challenges
remain in implementation due to unauthorized settlements, land use conflicts, and the need for

stricter monitoring mechanisms.
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3.7 Cultural Heritage and Monuments

The sacred landscape of Kathmandu valley is intertwined with its riverine culture. Water is
venerated in Nepal Mandala as divine, life giving, and life maintaining substance. It is regarded
as the counterpart on earth of amrita, the immortalizing elixir of the gods. This relation with
sacred water is especially visible in innumerable tirthas often located near water - on the banks
and confluences, at ponds and pools, at springs and even at seemingly mundane wells.
Pilgrimage to these tirthas and bathing in these waters are considered the most compelling

religious activities.

Of all the valley rivers Bagmati is considered the most sacred and is studded with holy places
and tirthas. The other illustrious rivers with wondorous legends and endowed with numerous
holy places are mainly Vishnumati, Manohara and Hanumante. The cultural sites situated along
the river are often places of cremation where the dying and dead come to be in communion
with the sacred water. Besides its association with death rituals, these are the places to seek
blessings in the form of offsprings, cure from diseases and for good fortune. This clearly
indicate the intricate relation the valley dwellers share with their sacred water. Heritage sites
along these rivers do not sit in isolation or oblivion with the settlements lying in their proximity
rather there is complex relationship of these sites with the settlements and the people living
there. These relationships often come alive when people move through these spatial
arrangements, and during jatras and festivals. The important cultural sites and monuments are
listed below. (HPCIDBC, 2022)

3.8 Corridor Road

Several government agencies have been collaborating to build various corridor roads on the
banks of Kathmandu’s rivers, namely Bagmati, Bishnumati, Dhobikhola (Rudramati),
Hanumante, Nakkhu, Balkhu, Manohara, Mahadev Khola and others. Underpasses are also
being built below the river bridges. Many of them are already in operation while some are
under construction. These corridor roads have been helpful in mitigating the issues of nasty

jams and traffic holdups and to divert vehicles away from the main lanes.

In some places, the roads only exist on one side of the river, whereas there are roads on both
sides of the river in other places. Different types of road exist, such as black topped, graveled

and earthen. In some areas the roads are black topped and in good condition. In other places,
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the roods are either graveled or earthen types and are poorly maintained. Due to water logging
during heavy rains, it becomes very difficult to commute along these roads, especially the
earthen roads. (HPCIDBC, 2022)

3.9 River Training

Most of the major rivers and their tributaries have been originated from the surrounding hills
of the Kathmandu Valley. The major hilly areas are Nagarjung, Sivapuri, Nagarkot and
Phulchauki. The rivers in the Kathmandu valley have been the subject to the flood disasters in
the past and ongoing. River training works have been done to cope with the flood risk and
vulnerability especially bank cutting and providing security to the vulnerable settlements and
agricultural lands. River training works can be observed both in the upstream and downstream
of the rivers. (HPCIDBC, 2022)
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4. Study Area

Kathmandu Valley, comprising Kathmandu, Lalitpur, and Bhaktapur, has experienced rapid
and unregulated urban expansion, putting immense pressure on its river systems. The Bagmati
and Dhobikhola Rivers, which serve as critical drainage channels, groundwater recharge zones,
and ecological corridors, are facing severe challenges due to encroachments, pollution, and

ineffective enforcement of setback regulations.

To comprehensively evaluate the effectiveness of river setback policies, this study focuses on

two specific river stretches:

e Bagmati River (Shankhamul Small Bridge to Thapathali Bridge)-1.8 km Stretch
e Dhobikhola River (Anamnagar Bridge to Budhanagar Bridge)-0.94 km Stretch

Figure 1: Bagmati Stretch-Study area
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Figure 2: Dhobi Khola Stretch- Study area

The Bagmati (Shankhamul Small Bridge to Thapathali Bridge) and Dhobikhola (Budhanagar
Bridge to Anamnagar Bridge) stretches were selected because they highlight critical urban-

river interactions, including:

Diverse Encroachment Patterns

The Bagmati River stretch reflects long-standing informal and commercial encroachments,

while the Dhobikhola stretch showcases infrastructure expansion.

High Socio-Economic and Policy Relevance

These areas involve residential, commercial, and infrastructure development conflicts, making

them ideal for studying the economic impact of setbacks.

The findings from these stretches can inform policy decisions and help identify practical

solutions for balancing urban development and river conservation.

Flood Risk and Environmental Impact
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Both river stretches are prone to seasonal flooding, erosion, and environmental degradation,

making them valuable case studies

Governance and Policy Implementation Challenges

The selection of these areas allows an in-depth examination of regulatory gaps, enforcement
failures, and stakeholder conflicts, providing insights into how river setback policies can be

strengthened for better urban water management.

By analyzing these two stretches, the study will generate context-specific recommendations for
improving river setbacks, minimizing urban flood risks, and ensuring sustainable land use

planning in Kathmandu Valley.
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5. Data Analysis

5.1 Grid-Based Land Cover Mapping

The analysis combines grid-based land cover mapping with socio-economic factors to provide

insights into the challenges and opportunities for defining appropriate river setback guidelines.

A grid-based classification approach was employed to systematically assess the land cover
types within the setback zones of Bagmati Khola and Dhobi Khola. The research area was

segmented into two zones for each river:

e Bagmati Khola: A 20m + 20m additional setback, resulting in a 20m x 20m grid system.
e Dhobi Khola: A 9m + 20m additional setback, leading to a combination of 9m x 20m

and 20m x 20m grids.

Each grid was visually assessed, and land cover categories were assigned based on direct

observations, yielding a clear understanding of how the land in these zones is utilized.

A

Landcover Classification
[ Park

[1 Road and Park

[ Road

[ Empty Land

[] Building

[ Road and Building
1 Encroached Area

Figure 3:Grid-Based Land Cover Mapping
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5.1.1 Land Cover Analysis
1. Bagmati Khola - 20m Setback Zone

In the 20m setback zone, the primary land cover features include:

Table 1:Land Cover Analysis of Bagmati River of 20m Setback Zone

LANDCOVER AREA
Road and Park 40.85% o
Park 39.00% :
Encroached 16.79% | 16.79% | = g | e
Empty Land 2.24%
Road 1.12%
Building 0.00% | 0.00%
Road and Building 0.00% | 0.00%
Total Builtup- | 16.79%

e Road and Park (40.85%): The 20m setback zone includes a large portion of mixed-use
areas with roads interspersed with parkland, suggesting that the region serves both as a
transport corridor and a recreational space.

e Park (39.00%): A significant amount of space is dedicated to parks, which offer
ecological benefits, improve urban aesthetics, and provide recreational opportunities
for local communities.

e Encroached (16.79%): Encroachment into the setback area represents a major concern,
as unauthorized development reduces the ability of the setback zone to serve its
environmental purpose, particularly in terms of flood control and water quality
protection.

e Road (1.12%): The relatively small percentage of land dedicated to roads reflects a
balance of infrastructure and natural areas in the 20m setback zone.

e Building (0.00%): There were no buildings observed in the 20m setback zone, which is
a positive sign in terms of preserving the river’s ecological functions.

e Total Built-Up Area: 16.79% — This percentage is low, which is beneficial for
preserving natural features in the setback zone. However, encroachment remains a

significant challenge.
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2. Bagmati Khola - 40m Setback Zone

In the 40m setback zone, the analysis indicates:

Table 2: Land Cover Analysis of Bagmati River of 40m Setback Zone

LANDCOVER AREA
Building 29.61% 29.61%
Encroached 28.49% 28.49%
Park 18.99%
Road and Park 10.62%
Road and Building 6.14% 6.14%
Empty Land 3.91% -
Road 2.23%
Total Builtup- 64.25%

Building (29.61%): The area shows substantial urbanization, with nearly 30% of the
land occupied by buildings. This trend suggests increased development pressures,
which may affect flood management and river ecosystem health.

Encroached (28.49%): Encroachment is a major issue, with nearly 29% of the area
overtaken by unauthorized structures. This undermines the river's natural capacity to
handle floods and pollution.

Park (18.99%): Although green spaces are still significant, they make up a smaller
proportion of the land in comparison to the 20m zone. Reducing green space in favor
of urban development could lead to negative environmental consequences.

Road and Park (10.62%): Mixed-use areas, including both roads and parks, highlight
the need for integrated urban planning that balances infrastructure with natural spaces.
Road and Building (6.14%): Roads combined with buildings reflect further urban
sprawl, which increases the built-up area in the setback zone.

Empty Land (3.91%): Vacant land represents an opportunity for future development or
conservation, though its small proportion in this zone suggests limited space for new
initiatives.

Total Built-Up Area: 64.25% — The higher percentage of built-up land in the 40m
setback zone calls for a more stringent approach to setback guidelines, as urbanization
threatens the river's ecological functions.

Dhobi Khola - 9m Setback Zone
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The 9m setback zone along Dhobi Khola shows the following characteristics:

Table 3:Land Cover Analysis of Dhobi Khola of 9m Setback Zone

Landcover

Area
Road 100.00%
Others 0.00%

e Road (100.00%): The entire 9m setback zone is dominated by roads, leaving no space

for parks, buildings, or other land cover types. The absence of natural areas in this zone

IS concerning, as it eliminates the river’s potential for natural flood control, water

filtration, and habitat support.
4. Dhobi Khola - 29m Setback Zone

The 29m setback zone along Dhobi Khola displays the following land cover pattern:

Table 4:Land Cover Analysis of Dhobi Khola of 29m Setback Zone

Landcover

Area
Building 70.02%
Empty Land 15.82%
Road 8.87%
Park 5.29%

4

BUILDING «EMPTY LAND =ROAD =PARK

025

e Building (70.02%): The dominant land cover in this zone is buildings, accounting for

over 70% of the area. This suggests that urbanization has significantly encroached into

the setback zone, which could exacerbate flood risks and disrupt the natural flow of the

river.

e Empty Land (15.82%): Despite the high level of urbanization, vacant land remains in

this zone, representing potential areas for future green spaces or flood management

initiatives.
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e Road (8.87%): Roads contribute to a smaller proportion of the land cover, indicating
that transportation infrastructure is an important but secondary factor in this zone
compared to buildings.

e Park (5.29%): Green spaces are still present, though in limited amounts. Expanding
these areas would enhance the river’s ability to mitigate flood risks and improve local
environmental conditions.

e Total Built-Up Area: 70.02% — This high level of urbanization calls for urgent
attention to planning and policy enforcement to prevent further encroachment and to

integrate green infrastructure into the river setback zones.
5.1.2 Findings

High Urbanization and Encroachment in Setback Zones

The research reveals significant urbanization and encroachment in the river setback zones,
especially along Bagmati Khola and Dhobi Khola. In the 40m setback zone of Bagmati Khola
and the 29m setback zone of Dhobi Khola, over 60% of the land is developed. This urban
expansion disrupts the rivers' natural functions, including their ability to mitigate floods,
maintain water quality, and preserve ecosystems. Encroachment, in particular, obstructs the
river’s ability to absorb stormwater, increases flood risks, and diminishes the river’s capacity
to filter pollutants. Such encroachments highlight the urgent need for stricter enforcement of

setback regulations to protect these vital zones.

Lack of Green Infrastructure

A critical issue identified in the research is the absence of green infrastructure in many setback
zones, particularly the 9m setback zone along Dhobi Khola, which is dominated entirely by
roads. Green spaces such as parks and natural land cover are essential for maintaining
ecological balance, reducing flood risks, and supporting biodiversity. However, rapid urban
development is consuming these green spaces, making it harder for rivers to fulfill their
ecological functions. The loss of green infrastructure is exacerbating the environmental
challenges facing the rivers and underscores the need for integrated green solutions alongside

urban growth.

Socio-Economic Pressures and Development
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Socio-economic pressures are a driving force behind the development of river setback zones.
The demand for residential and commercial spaces often leads to encroachment into these
sensitive areas. While such development can bring economic benefits, it frequently comes at
the cost of environmental health. The research highlights how, despite the socio-economic
value of maintaining parks and recreational areas, the encroachment of urban growth
diminishes these benefits. For instance, Bagmati Khola’s 20m setback zone offers valuable
recreational spaces that improve residents’ quality of life. However, urbanization threatens to
erode these spaces, underscoring the need to balance development with environmental

protection.

Environmental Risks and Flood Vulnerability

Urbanization within setback zones poses significant environmental risks, particularly in terms
of flood vulnerability. As natural land cover is replaced by infrastructure, the river's ability to
act as a natural flood buffer is weakened, increasing the potential for flooding. Moreover, the
river’s capacity to filter pollutants is reduced, leading to degraded water quality. These changes
not only threaten the environment but also pose risks to public health and safety. The loss of
ecological functions, such as stormwater absorption and pollutant filtration, highlights the need

for strong regulations to prevent further degradation of the river ecosystems.

Challenges in Implementing Additional 20m Setback

Enforcing an additional 20m setback on both rivers would present significant challenges,
particularly in urbanized areas such as Dhobi Khola, where nearly 70% of the area is occupied
by buildings. Relocating built-up areas would be a major undertaking and could face
considerable social and economic resistance, particularly in high-density commercial and
residential zones. The Supreme Court ruling on setback expansion would need to consider site-
specific urban development conditions to prevent mass displacement and the resulting socio-
economic disruption. This highlights the complex balance between enforcing environmental
protection measures and mitigating the impacts on existing communities and urban

infrastructure.

This analysis examines the socio-economic factors surrounding the construction, ownership,
and use of buildings situated near rivers, particularly in areas potentially affected by flooding

and other river-related risks. The data provided includes various building characteristics such
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as the type of construction, ownership status, building materials, foundation types, and the

impact of proximity to rivers, which are vital in assessing the need for river setback guidelines.
5.2 Questionnaire Survey

Questionnaire survey was conducted to assess the socio-economic conditions of buildings
located near riverbanks, with a particular focus on flood-prone areas. The primary objective
was to gather data on building characteristics, usage patterns, ownership status, construction
materials, regulatory compliance, and the impacts of river proximity on businesses and
residents. The findings of this survey will serve as a crucial basis for formulating effective river
setback guidelines to mitigate flood risks, ensure sustainable development, and promote

resilient urban planning.

The survey collected responses from property owners, tenants, and business operators in river-
adjacent areas to understand their experiences with flooding, pollution, and economic
activities. The data covers key aspects such as building permit compliance, construction
methods, rental trends, and the frequency of flood events. Additionally, it highlights the
challenges faced by commercial and residential establishments due to their proximity to the

river, including economic losses, structural vulnerabilities, and operational disruptions.
5.2.1 Survey Analysis

Building Cateqory & Use

Most of the buildings are categorized as commercial 66.7% (shops, offices, businesses) or
mixed-use 33.3% (both residential and commercial). Commercial properties dominate the

dataset, highlighting the significant economic activity in these areas.

@ Residential
@ Commercial
Mixed-use
@ Industrial
@ Religious
@ Community

Figure 4: Building Category
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The primary use of these buildings includes retail (29.2%), food and beverage (20.8%) and
services (20.8%), which often attract foot traffic or require proximity to major transport routes.

# Retail (eg., shops, grocery
stores, clothing)

@ Manufacturing (e.g., productio. ..
/ Food and Beverage (e.g., rest...
__‘  Office-based (e.g., consultanc. ..
# StorageWarehousing
® Service-based (e.g., repair, b
@ College
@ Recycling
@ Interior

Figure 5:Building Use

A significant number of buildings are rented (58.3%) and leased (25%) indicating the potential
for fluctuating ownership and short-term business use, with a smaller portion being owned by

i Rented
® Leas=d
Dwned
) @ Encroached
y—| @ Encroach

Figure 6:Building Ownership

individuals or cooperatives.

Construction Period & Builder

Most buildings (69.6%) were constructed between 2070-2080 BS (2013-2023 AD), with only
afew (21.7%) dating back to 2060-2070 BS (2004-2014 AD). The construction trends indicate
recent developments in these areas, with a majority of construction done by self-builders or
entities like cooperatives.

@ Before 2040 BS
@ 2040-2050 BS
2050-2060 BS
@ 2060-2070 BS
@ 2070-2080 BS

p @ Afer 2030 BS

Figure 7:Construction Period
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Building Material & Structural System

A majority of the buildings have metal structures (63%) with CGI sheet roofs, which are
preferred due to their low construction cost, flexibility for future modifications, and faster

construction times.

Reinforced concrete (RCC) structures (37%)are also common, particularly in more commercial
buildings with more than two floors, showing a preference for durability in more substantial

investments.

= ROC Stachre a Metal Struchire

Figure 8:Building Material

Shallow foundations (footings, strip) are widely used, although a few properties, particularly
multi-story commercial buildings, employ deep foundations (piles, raft), likely due to the need

for additional stability in areas at risk of flooding or soil instability.

Building Permit and Compliance

A notable portion of buildings (20%), particularly informal structures, were constructed
without building permits. Many of these structures, often located in areas with uncertain land

ownership or on encroached land, are non-compliant with local building by-laws.

[

= Yes, for all floors = Yes. but only for some floors = No, built without a permit

Figure 9:Building Permit
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The formal buildings generally comply with local building regulations, with permits obtained,
especially in cases where developers are larger commercial entities or cooperatives.
Compliance with the setback policy is less clear, as only a few respondents are certain about

whether they followed required setbacks when constructing their buildings.

Impact of River Proximity on Business

Proximity to rivers presents both opportunities and challenges for businesses, particularly in
flood-prone areas. Among the most significant concerns are flood risks and pollution, which

can severely impact business operations, infrastructure, and financial stability.
Flood Exposure

A substantial 66.7% of buildings have experienced flooding, with businesses in sectors like
food and beverage being particularly vulnerable. Many of these establishments have faced at

least one major flood event in the past five years.

Has your building experienced flooding in the past?

@ ez
P Mo

Figure 10:Flood Exposure

Flood Levels

Among affected businesses, 62.5% reported floodwaters reaching between 3 to 5 feet, causing

extensive damage to properties and inventory.
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What was the estimated water level during the most recent flood?

@ Less than 1 foot
@ 13 feet
3-5 feet
@ 57 feet
@ More than 7 feet

@ Mot sure

Figure 11:Flood Levels

Financial Losses

The financial impact of flooding is considerable, with 43.8% of affected buildings incurring
estimated losses between Rs. 1 lakh and Rs. 5 lakh. These losses stem from repair costs, damage
to goods, and operational disruptions.

Frequent flooding not only increases financial burdens but also threatens business continuity,
livelihoods, and the overall socio-economic stability of the area. Effective flood management
strategies and resilience planning are essential to mitigate these risks and ensure sustainable

business operations.

What were your estimated financial losses from the most recent flood?

@ Less than NPR 1,00,000
@ NFR 1,00,000 - 500,000

NPR 5,00,000 - 10,00,000
@ More than NFR 10.00,000

<&

Figure 12:Financial Losses

Socio-Economic Characteristics

Ownership status of the building plays a significant role in the building's use. Many owners
also rent or lease the property, indicating a reliance on rental income as a secondary revenue

stream.
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The average monthly rent for commercial properties varies significantly, ranging from NPR

5,000 to NPR 50,000, with businesses such as retail shops, food services, and manufacturing

sectors.

@ <NPR 5000

@ NPR 5,000 - 10.000
NPR 10,000 — 20,000

@ NPR 20,000 — 50,000

@ = NPR 50,000

Figure 13:Average monthly rent

Income sources primarily stem from businesses operating on-site, with retail and service-based

businesses (e.g., workshops, repair services) being common.

Location preferences for businesses and renters were influenced by factors such as
affordability, accessibility (including public transport and road access), and proximity to

markets, though concerns about flood risk and pollution are notable.

13 (56.5%)
11 (47.8%)

Affordability|

Accessibility (public trans...
Proximity to work'school
Safety and security|
Meighborhood amenities. ..
2ersonal preference (fam...

Free space, jaam is a plus|
Restaurant cpen soace
Fasaayo|

a ] 10 15

Figure 14:Location preferences

Building and Site Factors
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The average number of floors across buildings is 1-2(29.2% and 29.2%), with some multi-story

buildings (20.8%) employing higher construction standards (reinforced concrete, deeper

[ B

8:z

3

20.8% o
[ E

Figure 15: No. of Floors

foundations) in flood-prone areas.

The foundation type and structural material appear to be responsive to the potential for flood
risk in the region. For example, deep foundations and RCC slabs are often employed in areas

with known flooding history or poor soil conditions.
5.2.2 Findings

Socio-Economic Importance vs. Flood Risks

The survey highlights that while riverfront areas offer significant advantages for businesses,
such as accessibility and visibility, they are also highly vulnerable to flooding. This dual nature

presents both opportunities and risks for businesses operating in these areas.

Need for Stronger Enforcement

A high prevalence of informal construction and non-compliance with regulations underscores
the need for stricter enforcement of setback guidelines. Strengthening regulatory oversight can

help mitigate flood risks and promote safer business environments.

Comprehensive Setback Guidelines

River setback regulations should extend beyond defining physical boundaries. They must also
address critical aspects such as land use planning, sustainable construction practices, and flood

resilience measures to ensure long-term safety and stability in riverfront business zones.
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5.3 Key Informant Interview

The Key Informant Interviews (KII) were conducted to gather insights from key stakeholders
involved in urban planning and river management in Kathmandu Valley. These interviews
aimed to understand the policies, challenges, and future directions related to river setback
regulations. By engaging with officials from the Kathmandu Valley Development Authority
(KVDA), the High-Powered Committee for Integrated Development of Bagmati Civilization
(HPCIDBC), Kathmandu Metropolitan City (KMC), and Lalitpur Metropolitan City (LMC),
the study explored the perspectives of various agencies responsible for planning and

enforcement.

The discussions focused on the roles of these institutions, the effectiveness of existing setback
policies, the implications of the Supreme Court’s 2081 ruling mandating an additional 20-meter
open space along riverbanks, and the challenges of balancing urban development with river
conservation. Each interview provided valuable insights into policy enforcement, inter-agency
coordination, socio-economic impacts, and recommendations for sustainable riverfront

development in Kathmandu Valley.

The first interview was conducted with Saurab Dhakal, an Engineer and Information Manager
at KVDA. This discussion covered KVDA'’s role in the master planning process, integration of
river management and conservation, and the challenges in implementing setback policies. The
interview also explored KVVDA'’s stance on the Supreme Court ruling, the government’s review

petition, and strategies to balance urban development with river conservation.

The second interview was conducted with Udhab Nepal, an Engineer and Deputy Head of
Information at HPCIDBC. This discussion focused on river conservation policies, existing
setback regulations, and urban planning integration. The interview addressed the Supreme
Court ruling, its implications, and concerns about displacement and economic consequences.
HPCIDBC emphasized the need for a hydrological approach to setbacks and improved inter-
agency coordination.

The third interview was conducted with Baburam Bhattarai from Kathmandu Metropolitan
City (KMC), focusing on municipal-level enforcement of river setback policies. The discussion

covered challenges related to urbanization, legal conflicts arising from the Supreme Court
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ruling, and socio-economic impacts on landowners and businesses. KMC highlighted the need

for clearer regulatory alignment and innovative solutions for sustainable river management.

The fourth interview was conducted with Pradip Paudel from Lalitpur Metropolitan City
(LMC), examining local urban planning strategies, policy alignment with federal directives,
and enforcement hurdles. The discussion addressed the Supreme Court ruling’s influence on
LMC’s planning approach, concerns about displacement, and the importance of flood-based
zoning and green infrastructure. LMC emphasized the need for a balanced approach to setbacks

that considers both environmental and socio-economic factors.

5.3.1 Analysis of Key Informant Interview — Kathmandu Valley Development
Authority (KVDA)

The interview with Saurab Dhakal, an engineer and information manager at KVDA, provided
insights into the agency’s role in urban planning and river management within Kathmandu
Valley. KVDA is responsible for preparing the Comprehensive Physical Master Plan, which
integrates urban development and river conservation. The discussion highlighted policy

conflicts, enforcement challenges, and necessary improvements in river setback regulations.

Need for Stricter Enforcement of Existing Bylaws

KVDA emphasizes the importance of strictly enforcing the bylaw amendments made in 2064
and revised in 2065, which were formulated based on detailed studies. However, one major
challenge is the lack of archived documentation of these studies, making it difficult to justify

enforcement decisions and evaluate their effectiveness.

Despite these bylaws, weak enforcement mechanisms and political interference have prevented
their full implementation. KVDA stresses the need for stronger regulatory oversight to prevent

further encroachment and ensure compliance with setback rules.

Integration of Flood Modeling in River Setback Planning

KVDA incorporates flood modeling analysis to determine appropriate river setbacks, ensuring
that planning decisions are based on scientific hydrological assessments. This approach helps

in:

e |dentifying flood-prone areas,

49|Page



e Establishing suitable buffer zones, and

e Reducing the risk of riverbank erosion and infrastructure damage.

However, the lack of coordination among various government agencies has significantly
hindered the effective implementation of these flood-based setback plans. Disjointed efforts
between KVDA, municipalities, and HPCIDBC have led to inconsistent enforcement, making

urban river management challenging.

Comprehensive Physical Master Plan and Land Pooling Approaches

KVDA is currently developing the Comprehensive Physical Master Plan of Kathmandu, which
aims to provide a structured approach to urban development, integrating land use planning with

environmental sustainability.
In land pooling projects, KVDA determines river setbacks through a thorough analysis:

e 6-10 meters of setbacks are applied in standard projects,
e 20 meters is allocated in New Town Plans, ensuring greater flood resilience and green

buffer zones.

This approach ensures that urban expansion along riverbanks is controlled, reducing the

likelihood of flood damage while maintaining economic viability.

Bagmati Action Plan: Under Review and Finalization

KVDA is actively involved in the Bagmati Action Plan, which is currently under review and
is in the process of being finalized. This plan focuses on:

e Restoring and preserving riverbanks,
e Mitigating flood risks, and

e Developing sustainable urban strategies for the Bagmati corridor.

Once finalized, the plan is expected to serve as a guiding framework for riverfront management

in Kathmandu, aligning urban growth with environmental sustainability.

KVDA plays a crucial role in balancing urban expansion with river conservation, but weak

enforcement and coordination issues continue to hinder effective policy implementation.
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Moving forward, scientific flood modeling, stricter enforcement, and improved agency

collaboration are necessary to establish sustainable and practical river setback regulations.

5.3.2 Analysis of Key Informant Interview — High-Powered Committee for Integrated
Development of Bagmati Civilization (HPCIDBC)

The interview with Udhab Nepal, an engineer and information officer at HPCIDBC, provided
insights into the agency’s role in river conservation, policy enforcement, and infrastructure
development. Unlike KVDA, which focuses on planning, HPCIDBC is responsible for
implementing and enforcing river setback policies. The discussion emphasized the
impracticality of the Supreme Court’s ruling, economic and social impacts, and the need for a

revised policy framework.

Supreme Court Ruling: Implementation Challenges and Economic Implications

HPCIDBC considers the Supreme Court’s decision to impose a 20m additional setback

impractical, as it affects:

e Schools, hospitals, and commercial buildings,
e Over 8,000 houses, and

e Economic assets worth NPR 21 Kharab, leading to massive financial losses.

Enforcing this decision without proper planning would trigger social protests due to mass
displacement and disruption to livelihoods. Instead of introducing new setback requirements,
HPCIDBC suggests:

e Strictly enforcing existing setbacks,
e Removing encroachments gradually, and
e Adopting alternative approaches like flood zoning rather than a complete rollback of

developments.

Need for a Hydrology-Based Setback Policy

Rather than imposing arbitrary legal mandates, HPCIDBC recommends determining river
setbacks through hydrological analysis. However, given the existing urban structures along

riverbanks, a complete rollback is not feasible.

Instead, the approach should focus on:
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e “Living with Floods” strategies, allowing controlled urbanization with flood-resilient
infrastructure,
e Risk-sensitive zoning, ensuring that high-risk areas have proper flood defenses, and

¢ Integrating social considerations, avoiding displacement without compensation.

Revising the Legal Framework for a Practical Approach

HPCIDBC highlights the need for a review of the legal framework governing river setbacks.

The current system lacks:

e Flexibility for urban areas,
e Adequate compensation mechanisms, and

e Clear guidelines on enforcement priorities.

Instead of imposing rigid setbacks, the legal framework should incorporate scientific research

and socio-economic realities to create a more balanced and enforceable policy.

Green Infrastructure and Flood Management Strateqies

HPCIDBC advocates for zoning regulations that prioritize:

e Retention and detention ponds,
e Green infrastructure along riverbanks, and

e Sustainable drainage systems to reduce flood risks.

By integrating these measures, river setbacks can be designed not just as legal mandates but as

functional, climate-resilient solutions.

Strengthening Stakeholder Coordination

As the primary enforcement body, HPCIDBC is responsible for coordinating with relevant

agencies, including:

o KVDA,
e Municipal governments, and

e Community stakeholders.
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However, weak inter-agency communication and conflicting regulations have hindered
effective implementation. HPCIDBC suggests forming a dedicated coordination body to ensure

a unified approach to river management.

HPCIDBC acknowledges the importance of river conservation and flood management but
emphasizes that current setback policies need revision to reflect urban realities. Instead of

forcing mass displacement, the agency advocates for:

e Hydrology-based setback determination,
e A legal framework review, and

e The integration of risk-sensitive zoning and green infrastructure.

Moving forward, a more practical, data-driven, and community-oriented approach is necessary

to ensure effective riverfront management without disrupting urban livelihoods.
5.3.3 Analysis of Key Informant Interview — Kathmandu Metropolitan City (KMC)

Policy & Requlation

KMC highlighted that river setbacks in Kathmandu Valley are governed by existing municipal
regulations, national environmental policies, and Supreme Court rulings. However,
enforcement remains a challenge due to high urbanization pressure, lack of coordination among
agencies, and resistance from affected landowners and businesses.

Supreme Court Decision & Policy Conflict

The Supreme Court’s ruling on Shrawan 11, 2081, mandating an additional 20-meter setback,
has significantly influenced municipal policies. The local government acknowledges the
authority of the Supreme Court and has temporarily halted new construction permits along

riverbanks until a final decision is reached.

Regarding the federal government's challenge to the ruling on Bhadra 30, 2081, KMC
emphasized that local government policies cannot contradict federal regulations or Supreme
Court decisions. While awaiting further clarity, the municipality is reviewing its own

regulatory framework to ensure alignment with national directives

Socio-Economic Considerations
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River setbacks have both positive and negative impacts on local communities, businesses, and
informal settlements. While they contribute to environmental conservation and flood risk

reduction, they also pose challenges for landowners and developers.

Closing Remarks

KMC emphasized the importance of honoring Supreme Court decisions while ensuring
pragmatic policy implementation. The municipality remains committed to sustainable river
management and is actively working on innovative solutions to address enforcement

challenges.

While awaiting the final decision on the additional 20-meter setback, the local government has
suspended construction permits along riverbanks. Further discussions and stakeholder
consultations are needed to develop a comprehensive, balanced approach to river setbacks in
Kathmandu Valley.

5.3.4 Analysis of Key Informant Interview — Lalitpur Metropolitan City (LMC)

Policy & Requlation

Lalitpur Metropolitan City emphasized that river setbacks are crucial for sustainable urban
development, flood management, and environmental conservation. The city's policies align
with federal and provincial guidelines, ensuring that local regulations do not conflict with

national laws.

Enforcement, however, remains a challenge due to urban expansion, and resistance from
landowners. While the local government recognizes the importance of river setbacks,

implementation hurdles often slow down progress.

Supreme Court Decision & Policy Conflict

The Supreme Court’s ruling on Shrawan 11, 2081, mandating an additional 20-meter setback,
has prompted local governments to reassess their urban planning strategies. Lalitpur
Metropolitan City has acknowledged this ruling and temporarily halted new construction

permits along riverbanks until further governmental discussions take place.

Regarding the federal government's challenge to the ruling on Bhadra 30, 2081, the city
engineer stated that local government laws cannot override federal regulations. The municipal
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authorities are awaiting further clarity on the legal framework while ensuring compliance with

the existing directives.

Socio-Economic Considerations

The impact of river setbacks on local communities, businesses, and informal settlements is a
critical concern. While necessary for flood prevention and ecological preservation, setback

enforcement disrupts livelihoods and requires careful resettlement planning.

Closing Remarks

LMC concluded by emphasizing the importance of honoring Supreme Court decisions while
ensuring practical implementation. While the final decision on the additional 20-meter setback
is under review, the municipality has paused construction permits along riverbanks to avoid

potential legal conflicts.

Flood-based zoning, green infrastructure development, and inter-agency collaboration remain
key priorities. The engineer reiterated that setbacks are necessary for long-term urban
resilience, but their implementation must be carefully planned to minimize social and economic

disruptions.
5.4 Land Value

Land value is a crucial factor in urban planning and policy formulation, particularly when
implementing river setback regulations. The economic significance of land near river corridors
influences real estate development, environmental conservation, and urban expansion.
Understanding the financial implications of setback policies is essential for creating a balanced
approach that integrates both economic and environmental considerations. This analysis
evaluates land prices in key locations of Kathmandu Valley and their impact on river setback

policies.

Sources of Land Price Data

The land price data used in this study were gathered from multiple online real estate platforms
that provide property listings in Kathmandu. These platforms include Nepal Home Search
(nepalhomesearch.com), 99 Aana (99aana.com), Lalpurja Nepal (lalpurjanepal.com.np),

Hamrobazaar (hamrobazaar.com), and eProperty Nepal (epropertynepal.com). These sources
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provide insights into market rates based on location, size, and demand, reflecting the economic

landscape of land near river corridors.

Land Prices in Key Urban Areas

Significant variations in land prices were observed in two major locations near river corridors.
In Anamnagar, which is adjacent to the Dhobi Khola, the price per aana ranges from NPR 70
lakh (7 million) to NPR 1.5 crore (15 million), with an average price of NPR 1.03 crore (10.33
million) per aana. Similarly, in Shankhamul, which is located near the Bagmati Khola, the price
per aana varies between NPR 75 lakh (7.5 million) and NPR 90 lakh (9 million), with an
average price of NPR 83.67 lakh (8.37 million) per aana. These variations indicate the high
demand for urban land near riverfronts, reflecting their strategic importance in Kathmandu’s

real estate market.

Land Value in River Sethack Zones

To assess the economic impact of river setbacks, the estimated total land value in designated

river setback areas was calculated.
For the Bagmati River (40-meter setback zone):

e Total Land Area: 48,797.58 sq.m. (Private Property from Grid Based Analysis)
e Average Land Price per sq.m.: NPR 2.90 lakh (From average of 92 lakh per aana)
e Estimated Total Land Value: NPR 14.15 Arba (14.15 billion)

For the Dhobi Khola (29-meter setback zone):

e Total Land Area: 32,422.72 sq.m. (Private Property from Grid Based Analysis)
e Average Land Price per sq.m.: NPR 2.90 lakh (From average of 92 lakh per aana)
e Estimated Total Land Value: NPR 9.40 arba (9.40 billion)

The total land value for both river setback zones amounts to NPR 23.55 Arba (23.55 billion).
This substantial economic valuation highlights the financial stakes involved in implementing
river setback policies, as such regulations could significantly impact property owners, real
estate developers, and urban land use patterns.
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5.5 Average Monthly Rent

The analysis of rental prices from the survey responses indicates a diverse range of monthly
rent amounts, categorized into four groups: NPR 5,000 — 10,000, NPR 10,000 — 20,000, NPR
20,000 - 50,000, and more than NPR 50,000.

By taking the midpoint of each range, we estimated the rent values for calculation. The NPR
5,000 — 10,000 category accounts for 21.05% of the total responses, indicating that a significant
portion of the surveyed individuals are paying lower rent amounts. Similarly, the NPR 10,000

— 20,000 category also makes up 21.05%, representing another group paying moderate rent.

The NPR 20,000 — 50,000 category constitutes 36.84% of the total responses, making it the
most common rental range among respondents. Meanwhile, the highest rent category (above
NPR 50,000) represents 21.05%, showing that a notable share of residents are paying premium

rental prices.

The rental market exhibits a varied distribution, with 42.1% of respondents paying less than
NPR 20,000, while the remaining 57.9% pay NPR 20,000 or more.

After summing up all values and dividing by the total number of responses, the calculated
average monthly rent was found to be NPR 29,211. This suggests that while lower and
moderate rent categories exist, the significant presence of higher rent values (NPR 20,000 and
above) pushes the overall average upward.

In the context of evaluating river setback policies in the Kathmandu Valley, the rent analysis
provides valuable insight into the economic factors influencing land use, particularly in
proximity to river corridors. The average rent price in the valley is NPR 29,211 per month for
a 1,000 square-foot space, translating to a price of NPR 29.211 per square foot. This is
equivalent to approximately NPR 314.42 per square meter.

The analysis highlights the rental values for two key river areas:

e Bagmati River (40-meter setback zone): The total rent area for properties within this
zone amounts to 1,597.947 Sq. m included from the from Built up area of Grid Based
Analysis

e Dhobi Khola (29-meter setback zone): The total rent area in this area is NPR 26,445.832
sg. m. from Built up area of Grid Based Analysis
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Together, these areas contribute a total rental area of 68,043.779 sg. m.

Furthermore, considering a Floor Area Ratio (FAR) of 1.5, the total rent for the entire area

under study reaches approximately NPR 32,091,924.63 per month. (3.20 crores)

This data underscores the socio-economic significance of riverfront properties in Kathmandu,
where rental values can influence land use decisions. Evaluating these economic factors is
crucial in formulating effective river setback policies that balance urban development needs
with environmental and social considerations. By integrating rent prices and other socio-
economic factors into policy development, authorities can ensure that the design and
enforcement of setback regulations support sustainable urban growth while maintaining the

integrity of river ecosystems
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6. Discussion

The analysis of the study stretch area reveals that the riverfront land holds an estimated value
of NPR 23.55 Arba and generates approximately NPR 3.20 crores in monthly rent. This
underscores the substantial economic value of the riverfront for local businesses and the overall
urban economy. However, this economic potential is accompanied by a significant
vulnerability to flooding, which poses a major risk to both property and business continuity.
These conditions necessitate a careful and balanced approach to urban development that

includes strong disaster mitigation strategies.

According to the study, 66.7% of buildings in the riverfront area experience flooding, resulting
in considerable structural damage and financial loss. Among these buildings, 43.8% face
financial losses ranging from NPR 1 to 5 lakh. The overall economic impact of flood-related
damage and business disruptions is estimated to be between NPR 1 to 2 Arba. This clearly
highlights the urgent need for effective and comprehensive flood management strategies aimed

at safeguarding infrastructure and maintaining the area’s economic productivity.

Managing flood risk requires navigating a complex trade-off between development and safety.
While strict building setbacks can significantly reduce flood risk by preventing construction in
vulnerable zones, they also result in a loss of usable land and a decline in revenue from
riverfront properties. On the other hand, permitting unchecked development in flood-prone
areas increases exposure to flood damage and endangers human lives and economic assets.
Therefore, a strategic zoning system that carefully balances these competing priorities is

essential for achieving sustainable and resilient urban development.

Given these findings, it is necessary to implement a flood-based zoning system that can
harmonize urban development with disaster risk reduction. Such a system would enable local
authorities to mitigate the risks posed by frequent and intense flooding, while still preserving
the economic benefits of the riverfront area. Zoning based on flood recurrence intervals can
help define appropriate setbacks and construction guidelines that support both safety and

economic use.

One approach is to adopt models like those used in the Pune and Nashik Municipal Regulations
(2015). These regulations employ a system based on flood recurrence data to determine

construction zones. The Blue Flood Line represents the area at risk during a 1-in-25-year flood
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event, where construction is strictly prohibited. Between the Blue and Red Flood Lines—
corresponding to a 1-in-100-year event—development is allowed, provided structures are built

at elevated levels to avoid flood damage.

The implementation of such a zoning system requires a comprehensive set of data inputs.
Hydrological data is essential and includes rainfall records, catchment area characteristics, land
use patterns, soil types, slope gradients, and river discharge data. In addition, hydraulic data
such as river cross-sections, riverbed and bank materials, water level records, and the presence
of any structural barriers must also be considered. Accurate geospatial and topographical
information, including elevation models and floodplain boundaries, is also critical for effective

flood modeling and zoning.

Much of the required data can be sourced from the Bagmati Action Plan, which provides
detailed hydrological and flood modeling for the Bagmati River Basin. This plan includes
critical parameters such as precipitation levels, flood discharge rates, and the physical
dimensions of waterways. It also offers flood data for various return periods, supporting the

development of a scientifically informed and locally appropriate flood zoning system.
6.1 Minimum Width Requirement— Bagmati Action Plan Context

According to the Bagmati Action Plan (BAP), the minimum width required for the natural flow

of rivers is calculated using Lacey’s empirical formula for regime width:
Regime Width (W) = 4.75VQ,

where Q represents the maximum discharge (in cubic meters per second) corresponding to a

given return period.

For wide streams or rivers—such as the Bagmati River and its major tributaries—the wetted
perimeter (P) is approximately equal to the width of the river. Based on this assumption, the
BAP applies Lacey’s formula to determine the required regime width for accommodating peak
discharges with a 50-year return period. This gives an estimate of the ideal or natural channel

width needed to safely convey floodwaters without overtopping or flooding.

However, while this approach provides a scientific basis for understanding the natural flow
capacity of the river, it presents significant challenges when applied in practice. In urbanized

areas—such as the study stretch of the Bagmati River—the surrounding river corridor has
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already been extensively developed. Buildings, roads, and other infrastructure occupy large
portions of the river’s theoretical flow regime. For example, the Bagmati River in the study
area has an average width of approximately 40 meters, whereas the BAP recommends a
minimum regime width of 118 meters based on a 50-year return period discharge. The
additional width required, as per Lacey’s formula, is already occupied by urban infrastructure,

making full-scale implementation unfeasible without large-scale demolition or resettlement.

Therefore, the practical objective of this study is not to redesign or excavate the river channel
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Figure 16: Calculation of Minimum Width Requirement for Natural Waterways in Bagmati Action Plan
to meet the full theoretical width. Instead, the conceptual focus is to understand how much
water the river can realistically accommodate during various flood return periods—such as the
20-year and 100-year events—within the current channel and built environment. This approach

aims to assess the actual flow behavior of the river under existing conditions.

Based on these realistic flow assessments, the surrounding river corridor can be divided into
different zones depending on flood risk levels. These zones will help guide future land use
planning, flood mitigation, and development control in a way that acknowledges the limitations
of existing infrastructure while enhancing resilience to flood hazards. Such a zoning strategy
represents a balanced and context-sensitive method for integrating disaster risk reduction into

urban planning.
6.2 Formation of Return Period Peak Discharge Lines

The peak discharge (Q) is the maximum rate of flow that occurs during a rainfall event.
Estimating peak discharge is crucial for flood modeling and zoning, as it directly influences
how much water the river must accommodate during various return period events (e.g., 20-

year, 50-year, 100-year floods).
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One of the simplest and widely used approaches to estimate peak discharge is the Rational

Method, given by the formula:

e Q=CIA (U.S. units), or
e Q=0.0028 CIA (S.I. units)

Where:

e (Q =Peak discharge (in m3/s)
e C = Runoff coefficient (depends on land use, soil type, and surface conditions)
e | = Rainfall intensity (mm/hr)
e A = Area of the watershed (in hectares or km?)
e Rainfall intensity (1) is derived using the formula:
o I=P/t
0 Where:
= P = Precipitation amount (mm)
= t = Duration of rainfall (usually the time of concentration for the

watershed)
6.3 Peak Discharge Analysis for Different Return Periods

The Bagmati Action Plan (BAP) provides critical precipitation data and computed peak
discharges for a 50-year return period. Using this known data point, and assuming other
parameters (such as runoff coefficient and watershed area) remain constant, it is possible to

estimate peak discharges for other return periods.

This is typically done by using precipitation data from the BAP for 2-year, 10-year, 20-year,
50-year, and 100-year return periods. The intensity values (1) for these periods are calculated
using their respective rainfall durations, and then substituted into the Rational Method equation

to derive the corresponding peak discharges.

The peak discharge for different return periods, as derived from the Bagmati Action Plan, is

presented in the table below:
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Table 5:Peak discharge for different return periods

Sub- 5 Yrs | 10 Yrs (m3/s) | 20 Yrs (m3/s) | 50 Yrs (m3/s) 100 Yrs
basin (md/s) (md/s)

Sub- 402.96 472.92 540.03 626.9 692

basin-8

Sub- 28.62 34.24 39.63 46.6 51.83
basin-17

6.4 Cross-Sectional Area and Its Role in Flood Analysis

The cross-sectional area (A) of a river is a critical parameter that reflects the river’s flow-
carrying capacity. It is measured as the area of the river channel perpendicular to the direction
of flow and plays a central role in hydraulic modeling, flood level estimation, and the design

of river training and protection structures.

In hydraulic analysis, several parameters are used to compute flow characteristics and
determine how water behaves under different return periods. One of the fundamental inputs is
the median grain size (Dso) of riverbed material, which influences the silt factor (f). The silt

factor is calculated using the empirical formula:
f=1.75 x VDso,

where Dso is in millimeters. The silt factor helps characterize the resistance offered by the

riverbed, which in turn affects flow velocity.

The discharge (Q), measured in cubic meters per second (m?/s), varies according to the return
period of interest. For instance, data for the Bagmati River and Dhobi Khola shows increasing
discharge for higher return periods—540.03 m?/s and 692 m3/s for Bagmati’s 20-year and 100-
year events, respectively, and 39.63 m3/s and 51.83 m3/s for Dhobi Khola.

Using the silt factor and discharge, velocity (V) is calculated using the empirical formula:
V = ((Q x f2) / 140)"\(1/6)

This provides the average flow velocity in meters per second. Finally, the cross-sectional area
(A) is derived using:

A=Q/V,

63|Page



which gives the flow area in square meters (m2) necessary to accommodate the discharge at the

given velocity.

Table 6: Cross-Sectional Area for different return periods

Parameter | Formula Unit Bagmati | Bagmati | Dhobi Dhobi

(20-Yr) (100-Yr) | Khola Khola
(20-YT) (100-YT)

Median Data from ( | mm 1.44 1.44 0.84 0.84

Grain Size | Sayami,

(D50) 2007)

Silt Factor | f = 1.75 * | - 2.11 2.11 1.61 1.61

() SQRT(D50)

Discharge | — m3/s 540.03 692 39.63 51.83

Q)

Velocity V = ((Q *|m/s 1.61 1.67 0.95 0.99

V) 2) /

140)7(1/6)

Cross- A=Q/V m? 336.1 413.25 41.7 52.15

Sectional

Area (A)

These calculated cross-sectional areas are directly applied to cross-section drawings sourced
from the Bagmati Action Plan. Each drawing shows surveyed river profiles, including bank
geometry, bed elevation, and side slopes. By plotting a horizontal flood level line across the
cross-section such that the area enclosed under the line equals the calculated cross-sectional
area (A), the expected flood elevation for each return period can be visualized. This method
allows for precise flood level estimation under existing topographic conditions, which is

essential for identifying high-risk zones and designing flood mitigation infrastructure.
6.5 Flood-Based Zoning System for Bagmati River

The proposed flood-based zoning system for the Bagmati River integrates hydrological
analysis with existing land use to guide safer and more sustainable development along the river

corridor. This zoning is informed by flood level estimations for various return periods and is
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marked using distinct reference lines and corresponding land use restrictions.

Gteeh
Eone

20.48 21.05
891 | 11.57 20.00 43.77 20.00 14.12  |6.94
Réstrieted R.ectHeted
Zone-IT Zone-1T
Restrictled . Pronibited |Restrictied green
Zone-T | pronibited Rivet Zone Eome-T Zone
Zone

— _ v 2ty Vet ) |l —

Figure 17: Flood-Based Zoning System for Bagmati River

The Blue Line represents the river edge, indicating the natural boundary of the
watercourse.

The Red Line denotes the existing 20-meter setback line, as prescribed by 2065
Byelaws regulations

The Yellow/Brown Line corresponds to the flood level for a 20-year return period
The Green Line represents the flood level for a 100-year return period, showing the

maximum expected flood extent under severe conditions

Based on these lines, the river corridor is divided into four distinct zones:

Prohibited Zone: This is the area between the Blue Line (river edge) and the Red Line
(setback line).

Restricted Zone I: This zone lies between the Red Line and the Yellow/Brown Line
and/or between the Red Line and the 100-year flood level (Green Line) where the water
depth is expected around 2 meters.

Restricted Zone 1l: This area lies between the Yellow/Brown Line (20-year level) and
the Green Line (100-year level) where the flood depth ranges upto 1m.

Green Zone: This zone lies beyond the Green Line, where the 100-year flood level is at

or near 0 meters of depth.

Widths from River Edge
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e Prohibited Zone: 0-20 m in Left side and Right side

e Restricted Zone-1: 20-31.57m in Left side and 20-34.12m in Right side

e Restricted Zone-Il: 31.57- 40.48 m in Left side and 34.12-41.06m in Right side
e Green Zone: Beyond 40.48 m in Left side and 41.06m in Right side

Zones

[ River

[ Prohibited Zone
[ ] Restricted Zone-I
[] Restricted Zone-II
[] Green Zone

Figure 18: Flood-Based Zones for Bagmati River

6.6 Flood-Based Zoning System for Dhobi Khola

For Dhobi Khola, a similar zoning methodology is applied, with parameters adjusted for the

river’s smaller scale and different setback regulations:

e The Blue Line marks the river edge.
e The Red Line indicates the existing 9-meter setback from the river.
e The Green Line represents the flood level for a 100-year return period, based on peak

discharge analysis.

66 |Page



3.00 9.00

14.12

9.00

418 |

)

Figure 19:Flood-Based Zoning System for Dhobi Khola

The zoning system defines three land use zones:

e Prohibited Zone: Located between the Blue Line (river edge) and the Red Line (9-meter

setback)

e Restricted Zone: This is the area between the Red Line and the Green Line (100-year

flood level), where floodwater depth is expected to be around 1 meter.

e Green Zone: Found beyond the Green Line, this area is considered safe from major

flood events, with 0-meter expected flood depth even during a 100-year event.

Widths from River Edge

e Prohibited Zone: 0-9 m in Left side and Right side

e Restricted Zone-I: 9-12m in Left side and 9-13.18m in Right side
e Green Zone: Beyond 12 m in Left side and 4.18 m in Right side
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Figure 20: Flood-Based Zones for Dhobi Khola
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7. Recommendation

7.1 Zoning-Based Byelaws for Flood-Prone Areas

7.1.1 Prohibited Zone

This zone, located between the river edge and the setback line, is the most vulnerable to

flooding. It is designated primarily for protective and low-impact uses.
Prohibited:

e All private construction

e Permanent residential, commercial, or industrial structures
Permitted (with flood-resilient design features):

e Public open spaces such as parks and gardens
e Religious and cultural monuments, provided they are elevated or flood-resistant

e Flood control infrastructure like embankments, levees, and retention ponds
7.1.2 Restricted Zone

This zone covers the area between the setback and the 100-year flood line, subdivided based

on flood depth into:

e Restricted Zone | (flood depth - 2m)
e Restricted Zone Il (flood depth - 1m)

Prohibited:

e Critical infrastructure, including hospitals, schools, and emergency services

e Hazardous or large-scale commercial developments
Permitted:

e Elevated residential and commercial buildings (floor level above 100-year flood level)
e Non-hazardous public infrastructure

e Lowe-risk economic developments, if flood-proofed
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7.1.3 Development Regulations for Restricted Zones
General Requirements:

e Flood-resilient design standards mandatory
e No basements permitted
e Ground floors should not include essential services or habitable spaces
e Use of waterproof or water-resistant materials
e Maximum ground coverage: 50% of the plot
e Installation of advanced stormwater drainage systems
e Permeable surfaces encouraged to reduce surface runoff
e Minimum Plinth Level Requirements:
e Bagmati River:
0 Restricted Zone I: 2 meters above ground level
0 Restricted Zone II: 1 meter above ground level
e Dhobi Khola:

0 Restricted Zone: 1 meter above ground level
7.1.4 Emergency Preparedness Measures

To enhance safety and minimize damage during flood events, the following systems should be

in place:

e Flood early warning systems for timely alerts
e Designated emergency access routes and elevated safe zones
e Community-level evacuation plans

e Promotion of flood insurance for properties in restricted and green zones
7.1.5 Maintenance Byelaws
To ensure ongoing protection and system efficiency:

e All structures within flood-prone zones must undergo regular structural checks and
timely repairs

e Drainage and barrier systems must be cleaned and inspected annually

70|Page



e Emergency systems (like alarms and signage) should be tested regularly, and

evacuation plans updated annually
7.2 Recent Flood Event Validation — Bagmati River

A significant flood event occurred in September 2024, providing a real-world basis for
validating the proposed flood-based zoning system for the Bagmati River corridor.
Observations from the event offer critical insights into the accuracy of flood level predictions

and the appropriateness of the designated zoning categories.

During the flood certain areas experienced inundation of up to 3 feet (0.9 meters). These areas
fall within the Restricted Zone-Il, which is defined for regions expected to experience flood
depths upto 1 meters. This confirms that Zone-I1 appropriately represents moderate flood risk

zones where water levels approach or exceed 1 meter.

In other parts of the river corridor, floodwaters rose to 7 feet (2.1 meters). These areas are
located within the Restricted Zone-I, designated for flood depths exceeding 2 meters. This

alignment further validates the classification of Zone-1 as a high-risk area.

The actual flood levels observed during the September 2024 event correlate closely with the
modeled return-period flood extents and their associated zones. This consistency supports the
accuracy of the flood risk mapping and reinforces the need to implement zoning-based

regulations, as the designated zones reflect real flood behavior on the ground.
7.3 Further Application: Flood-Based Zoning for Other Rivers

Building on the methodology and validation from the Bagmati River, the flood-based zoning
system can be effectively applied to other rivers in the region to guide resilient development
and flood risk management. The same principles—based on flood modeling, return period
analysis, and setback regulations—are adapted to the context of each river.
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7.3.1 Bishnumati River: Proposed Flood-Based Zoning
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Figure 21:Flood-Based Zoning System for Bishnumati River

Prohibited Zone: 0-20 m in Left side and Right side

Restricted Zone-1I: 20-33.24 m in Left side and 20-21.34 m in Right side
Restricted Zone-I1: 33.24- 42.08 m in Left side and 21.34-25.47m in Right side
Green Zone: Beyond 42.08 m in Left side and 25.47m in Right side

7.3.2 Mahadev Khola: Proposed Flood-Based Zoning
Restricted
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|

Green
Zonhe

Figure 22: Flood-Based Zoning System for Mahadev River

Widths from River Edge

Prohibited Zone: 0—10 meters in Left side and Right side

Restricted Zone-I: 10-12.25 m in Left side and No Restricted Zone in Right side
Green Zone: Beyond 12.25 m in Left side and 10m in Right side
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7.3.3 Manhohara River: Proposed Flood-Based Zoning

Green Re<tricted Rec<ttiated
4 Ghe-ehn
Eone-T 2. one—1
Zone Z e
597 20.85 38.96 20.00 10.32 14 36
Restticted Pronibited . Pronibited Rlestticted
Zonheqll Z2one RNet Znhe 2one-TIT

Widths from River Edge

e Prohibited Zone: 0-20 m in Left side and Right side

Figure 23:Flood-Based Zoning System for Mahadev River

e Restricted Zone-I: 20-40.85 m in Left side and 20-30.32 m in Right side
e Restricted Zone-11: 40.5- 46.82 m in Left side and 30.32-44.68m in Right side
e Green Zone: Beyond 46.82 m in Left side and 44.68 m in Right side

7.3.4

Hanumante River: Proposed Flood-Based Zoning
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Figure 24:Flood-Based Zoning System for Hanumante River

e Restricted Zone-1I: 20-21.47 m in Left side and 20-37.91 m in Right side
e Restricted Zone-11: 37.91-45.11m in Right side

e Green Zone: Beyond 21.47 m in Left side and 45.11 m in Right side
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7.3.5 Balkhu River:
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Figure 25:Flood-Based Zoning System for Balkhu River

Widths from River Edge
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Nakhu River: Proposed Flood-Based Zoning
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Figure 26:Flood-Based Zoning System for Nakhu River

Widths from River Edge

Prohibited Zone: 0-12 m in Left side and Right side
Restricted Zone-1I: 12-23.13 m in Left side and 12-13.31 m in Right side

Green Zone: Beyond 26.35m in Left side and 16.73 m in Right side

Restricted Zone-I1: 23.13-26.35m in Left side and 13.31- 16.73m in Right side
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7.4 Further Research

This study primarily relies on secondary data sources and rational estimation methods to

evaluate flood risk and propose zoning strategies. While these methods offer valuable

preliminary insights from a planner's perspective, they may not fully capture the complex

hydrological behavior and variability specific to the local terrain and climate.

To improve the accuracy, reliability, and scientific rigor of flood-based zoning and risk

management strategies, future research should incorporate the following:

Comprehensive Hydrological Assessments

In-depth analysis of catchment characteristics, infiltration rates, and watershed
behavior will offer a more precise understanding of flood generation and movement.
Advanced Flood Modeling Techniques

Application of tools such as HEC-RAS (Hydrologic Engineering Centers River
Analysis System) and HEC-HMS (Hydrologic Modeling System) will allow simulation
of both hydraulic and hydrologic processes. These tools can provide detailed outputs
for flood depth, extent, velocity, and timing across varying return periods.

Use of Real-Time Flood Data

Integration of real-time rainfall and river discharge monitoring can support dynamic
flood forecasting and enhance emergency response mechanisms. Incorporating such
live data can also validate and refine predictive models and zoning boundaries over

time.

Transitioning from a planner-centric to a hydrologist-integrated approach will ensure that

flood-based zoning systems are not only practical but also scientifically robust and resilient to

future changes in climate and land use.
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8. Conclusion

This study set out to evaluate existing river setback policies by examining both their
effectiveness and the socio-economic value of riverfront areas. It also aimed to propose a more
adaptive and resilient system for regulating development in flood-prone zones. While the 2065
Setback Policy was originally developed through a proper technical study, its implementation
has been hampered by weak enforcement, overlapping institutional jurisdictions, and
increasing economic pressure to utilize valuable riverfront land. These limitations have

rendered the policy ineffective in protecting high-risk areas from repeated flood damage.

The findings reveal that riverfront zones, particularly along the Bagmati River and its
tributaries, hold significant economic importance, contributing substantially to local business
revenues and rental incomes. However, these same areas are highly vulnerable to frequent
flooding, with many buildings incurring recurring financial losses. The existing setback
approach fails to reflect this dual reality—overlooking both the socio-economic stakes and the
actual flood risks—which has led to unregulated growth in hazardous zones and cumulative

economic losses.

To address this challenge, the study proposes a flood-based zoning system informed by
hydrological data and return period flood levels. This system introduces zoning classifications
based on the 20-year and 100-year flood levels, dividing riverfront land into Prohibited,
Restricted, and Green Zones. This approach allows for controlled and resilient development
while ensuring that critical infrastructure and high-risk construction are excluded from
vulnerable areas. It creates a framework that respects both safety and the economic utility of

urban river corridors.

In conclusion, the study emphasizes the urgent need to shift from static, blanket setback
policies to a dynamic, flood-responsive zoning framework. Such a system would provide a
scientifically grounded basis for urban planning that is sensitive to both environmental risks

and developmental needs, ultimately contributing to a safer, more sustainable urban future.
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Key Informant Interview

Figure 27:KIl with Udhab Nepal, an engineer and

infc ‘l

Figure 29:KIl with Pradip Paudel, an engineer and head

Figure 30: K1l with Baburam Bhattarai, an architect and
member of City Planning Commission at KMC of Infrastructure Division at LMC
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Abstract

Keywords

Evaluation of river setback policies in Kathmandu Valley reveals significant challenges due to rapid urbanization and encroachments
on riverbanks, particularly along the Bagmati and Dhobikhola rivers. Existing setbacks, ranging from 4 to 20 meters, are inconsistent
and poorly enforced, exacerbating flood risks and environmental degradation. High land values and rental rates in riverfront areas
complicate enforcement, with some areas showing significant urbanization and infrastructure development. A flexible, hydrology-
based approach to setback regulations is necessary, integrating flood risk assessments, green infrastructure, and socio-economic
factors. Strengthened coordination among agencies and revised legal frameworks are crucial for effective implementation and
balancing urban development with environmental conservation.

River Setback, River Buffer, Socio-economic factors, River Regulation, Legal framework

1. Introduction

Rivers have historically been central to human settlements,
providing essential resources such as water, navigation routes,
and livelihoods. Ancient cities such as those along the Nile,
Ganga and Huang-Ho, and modern cities such as London,
Paris, and Delhi, have thrive because of use of their proximity
to rivers. This symbiotic relationship offers tangible and
intangible benefits, including water supply, biodiversity,
recreation, and religious significance. [1] Nowadays, rivers are
the life force that can make our cities sustainable. However,
rapid urbanization along riversides, if not managed
sustainably, can threaten ecosystems, biodiversity, and overall
environmental health. Also, due to their intrinsic ties with
nature, human settlements on rivers are particularly
vulnerable to climate change, facing strong environmental
and socioeconomic consequences of natural disasters, floods,
wildfires, and droughts, which exacerbate issues such as food
and water security, as well as air quality. [2]

Nepal is rich in water resources with more than 6000 rivers
and rivulets distributed in different river basins.[3]. Bagmati a
holy river of the Hindus and a major source of water for the
Kathmandu Valley, has been deteriorated due to human
activities such as settlement along the river side, unplanned
urbanization in the river, the construction of public
infrastructure in river space, and illegal settlements of
squatters along the bank.[4]

A river buffer or setback is a defined area along a watercourse
that is to be protected from development for the purpose of
preserving the natural benefits and reducing the hazards risks
of such areas. They help preserve stream banks and natural
vegetation. Buffers and setbacks are enforced through local
ordinances and codes and are used to limit or prohibit certain
types of (or all) development within them. [5]

The Kathmandu Valley, home to an expanding urban
population, is increasingly vulnerable to environmental

hazards like flooding, land erosion, and habitat loss, especially
along its rivers. Every year, during the monsoon season, most
of the rivers pose great threat to such people and sometimes
cause widespread damage to the life and property.[6] The
development of appropriate river setback policies is critical to
mitigate these risks and protect both the environment and the
socio-economic well-being of its residents. Finding the right
balance between the natural character of the river, and the
introduction of city structures into its course, leads to the
creation of a balanced space, naturally utilized by city dwellers
7]

2. Problem Statement

Rapid urbanization and the increasing demand for land in the
Kathmandu Valley have led to significant encroachments on
riverbanks, exacerbating environmental degradation,
increasing flood risks, and undermining the ecological
balance of the region. Various legal and policy frameworks
have been introduced to establish and enforce river setbacks,
but inconsistencies in implementation, overlapping
jurisdictions, and varying setback requirements have limited
their effectiveness.

The Building Byelaws 2050 of Kathmandu and Lalitpur states
that “Construction is prohibited within 20 meters on either side
of rivers like Bagmati, Bishnumati, and Dhobikhola.” [8] The
Kathmandu Valley Building Byelaws 2064 reaffirmed this but
allowed variations for others such as 9 meters for Dhobikhola
under project-specific planning [9]. A subsequent amendment
to the 2064 guidelines standardized these setback distances
with specific measures like Bagmati, Bishnumati, Manohara,
and Hanumante Rivers: 20 meters, Dhobikhola: In the area of
Dhobikhola Project Planning, according to Dhobikhola Project
Planning and other area 9 m, Nakhhu River: 12 meters, Balkhu,
Karmanasha, Kodku, Sangle, and Mahadev Rivers: 10 meters,
Karkhushi River: 6 meters, Tukucha, Samakhushi, and others:
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4 meters. [10]

The Supreme Court issued a landmark ruling requiring an
additional 20-meter open space along riverbanks on Shrawan
11, 2081, to strengthen conservation efforts. However, this
decision was challenged by the government on Bhadra 30,
2081, citing procedural irregularities and potential conflicts
with existing laws. The government also raised concerns
about “the practicality of implementing such broad measures
in densely urbanized areas.

Despite the establishment of various legal and policy
frameworks to regulate river setbacks in the Kathmandu Valley,
inconsistencies in implementation, overlapping jurisdictions,
and varying setback requirements have led to ineffective
enforcement, resulting in continued riverbank encroachment,
environmental degradation, and increased flood risks.

3. Research Objective

The primary objective of this study is to evaluate the existing
river setback policies in Kathmandu Valley by considering
socio-economic factors. Specifically, the research aims to:

» Assess the effectiveness of current river setback policies
by determining the economic value of riverfront area
¢ Propose an effective system for river setback regulation

4. Methodology

This research develops a framework to evaluate river setback
policies in Kathmandu Valley, integrating socio-economic
factors to inform evidence-based guidelines. The conceptual
framework operates within a pragmatic paradigm,
acknowledging both scientific data and local socio-economic
realities by integrating multiple analytical approaches. It
focuses on utilizing grid-based land cover mapping,
questionnaire surveys, Key Informant Interviews (KIIs), and
land value and rent analysis to create evidence-based,
context-sensitive river setback guidelines. The study is
grounded in a pragmatic paradigm that combines quantitative
and qualitative methods, allowing for both scientifically
robust data and in-depth community insights to inform policy
development.

5. Literature Review

River setback is a tool for standardised development within
the river zone. It is defined as a defined area along a
watercourse that is to be protected from development for the
purpose of preserving the natural benefits and reducing
hazards risks of such areas. Setbacks help reduce or eliminate
the adverse effects of land development on the natural and
beneficial functions of the water course and provide many
other benefits. [5]

Study of Evaluation of Buffer Zone in Haraz River, Iran
provides a comprehensive methodology for determining river
buffer zones, with an emphasis on integrating environmental
and socio-economic factors. The combination of technical

factors, such as hydrology and morphology, with
human-induced parameters, like land wuse and
socio-economic activities, creates a balanced approach for
river management.[11]

The international approaches used to determine required
buffer zone widths varied considerably, with three generic
approaches identified: Fixed-width, which applies a standard
buffer width to a particular water resource type; Modified
fixed-width, which uses a matrix of factors to categorize
wetlands and land uses with category-specific standard buffer
widths; and Variable width, which requires site-specific factors
such as wetland type, adjacent land use, vegetation, soils,
wildlife habitats, slope, and other characteristics to calculate
buffer widths. [12]

Dynamic zonation is a key principle in river setback
regulations, where setbacks are adjusted based on the type of
river, flood risks, and the surrounding topography. For
example, floodplain rivers often require larger setbacks than
mountain rivers with steeper gradients, where the flood risk is
lower. The River Regulation Zone (RRZ) of India, 2016
categorizes rivers by type and flood risk, with setbacks ranging
from 500 meters in unembanked floodplain areas to 5 meters
to 50 meters for mountain rivers .[1]

Activity classification involves regulating the types of activities
permitted in different setback zones through a tiered
approach that allows low-impact activities in sensitive areas
while restricting high-impact developments. The Draft River
Conservation Zone Rules of India, 2012 divides riverfronts into
zones such as the No Development Zone (NDZ) and High
Impact Zones (HIZ) and Medium Impact Zones (MIZ) .[1]

Flood mitigation through flood recurrence data is essential for
reducing the risk of flood damage. The Pune and Nashik
Municipal Corporation Development Regulations, 2015
establish Blue Flood Lines (for a 1-in-25-year flood event) and
Red Flood Lines (for a 1-in-100-year event), with construction
prohibited within the Blue Flood Line .[1]

Public use and conservation of riverfronts enhance
socio-economic value by integrating green spaces,
recreational areas, and public amenities. The Bihar Building
Bye-Laws, 2013 set 200-meter setbacks from the Ganges River,
limiting development to government-led conservation efforts,
such as parks and beautification projects .[1]

6. Study Area

This study focuses on two specific river stretches: Bagmati
River (Shankhamul Small Bridge to Thapathali Bridge)-1.8 km
Stretch and Dhobikhola River (Budhanagar Bridge to
Anamnagar Bridge)-0.94 km Stretch. These stretches were
selected because they highlight critical urban-river
interactions. The Bagmati River stretch reflects long-standing
informal and commercial encroachments, while the
Dhobikhola stretch showcases infrastructure expansion. Both
areas involve residential, commercial, and infrastructure
development conflicts, making them ideal for studying the
economic impact of setbacks.




IOE Graduate Conference

Figure 1: Bagmati Stretch

Figure 2: Dhobikhola Stretch

7. Data Analysis

7.1 Grid-Based Land Cover Mapping

The analysis combines grid-based land cover mapping with
socio-economic factors to provide insights into the challenges
and opportunities for defining appropriate river setback
guidelines.  Grid-based model is an effective and new
approach for urban land useclassification, which can be
flexibly extended and applied to various cities. [13] . Each grid
was visually assessed, and land cover categories were assigned
based on direct observations, yielding a clear understanding
of how the land in these zones is utilized.

A

Landcover Classification
[ Park
! Road and Park

5 Road

1 Empty Land

[ Building

Road and Building
[ Encroached Area

Figure 3: Grid-Based Land Cover Mapping

In the 20m setback zone of Bagmati Khola, the primary land

cover features include Road and Park (40.85%), Park (39.00%),
and Encroached (16.79%), indicating mixed-use areas and
significant encroachment concerns. The 40m setback zone
shows substantial urbanization with Building (29.61%) and
Encroached (28.49%), highlighting increased development
pressures. The 9m setback zone of Dhobi Khola is dominated
by Road (100.00%), reflecting the absence of natural areas,
while the 29m setback zone has Building (70.02%) as the
dominant land cover, signifying significant urban
encroachment. The research reveals significant urbanization
and encroachment in the river setback zones, especially along
Bagmati Khola and Dhobi Khola. In the 40m setback zone of
Bagmati Khola and the 29m setback zone of Dhobi Khola, over
60% of the land is developed, disrupting the rivers’ natural
functions. A critical issue identified is the absence of green
infrastructure, particularly in the 9m setback zone along
Dhobi Khola, which is dominated entirely by roads.
Socio-economic pressures are a driving force behind the
development of river setback zones, with the demand for
residential and commercial spaces often leading to
encroachment into these sensitive areas.

Urbanization within setback zones poses significant
environmental risks, particularly in terms of flood
vulnerability, as natural land cover is replaced by
infrastructure. Enforcing an additional 20m setback on both
rivers would present significant challenges, particularly in
urbanized areas such as Dhobi Khola, where nearly 70% of the
area is occupied by buildings

7.2 Questionnaire Survey

The questionnaire survey focused on assessing the
socio-economic conditions of buildings near riverbanks. The
primary objective was to collect data on building
characteristics, usage, ownership, and construction materials.
It also evaluated adherence to building regulations and
examined the effects of river proximity on businesses and
residents.

Building Category and Usage

Most of the buildings in the survey area are categorized as
either commercial (66.7%), including shops, offices, and
businesses, or mixed-use (33.3%), combining residential and
commercial purposes. The dominance of commercial
properties highlights the significant economic activity in these
areas. A substantial proportion of the buildings are rented
(58.3%) or leased (25%), indicating that the area is more
business-oriented than residential. The primary uses of these
buildings include retail (29.2%), food and beverage (20.8%),
and services (20.8%), which typically attract foot traffic and
benefit from proximity to major transport routes. Notably,
17.4% of the buildings are classified as informal, meaning they
encroach on the riverbank.

Building Structure

In terms of building structure, 69.6% of the buildings were
constructed between 2070-2080 BS, indicating recent
development in these areas. The majority (63%) have metal
structures with CGI sheet roofs, which are favored for their low
construction costs, flexibility for future modifications, and
faster construction times. The average number of floors across
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buildings is one to two (29.2% each), with 20.8% comprising
multi-story buildings that employ higher construction
standards.

Socio-Economic Character

The socio-economic character of the area reveals a strong
commercial focus. Approximately 79.2%of property owners do
not reside on the premises, reinforcing the area’s commercial
dominance. Business revenues vary significantly, with 30.4%
of businesses earning Rs. 50,000 to Rs. 1,00,000 monthly,
26.1%earning Rs. 1 to Rs. 5 lakh, 13%earning Rs. 5 to Rs. 10
lakh, and 17.4%exceeding Rs. 10 lakh per month. This
indicates a diverse economic base, ranging from small-scale to
high-revenue businesses. Additionally, 38.1%of buildings
generate Rs. 20,000 to Rs. 50,000 in monthly rental income,
reflecting strong demand for commercial rental spaces.

Flood Impact

Flooding poses a significant threat to the area. The survey
found that 66.7% of buildings have experienced flooding, with
62.5% reporting flood levels between three to five feet. Among
the affected buildings, 43.8% faced financial losses estimated
between Rs. 1 to Rs. 5 lakh. Frequent flooding leads to
substantial financial losses, increased repair costs, disruptions
in business operations, risks to livelihoods, and threatens the
overall socio-economic stability of the area.

Socio-Economic Importance vs. Flood Risks

The survey underscores the tension between the
socio-economic importance of riverfront areas and their
vulnerability to flooding. While these areas are attractive for
businesses due to their accessibility, they are highly
susceptible to flood damage. There is also a high prevalence of
informal construction and non-compliance with building
regulations, highlighting the need for stricter enforcement of
setback guidelines. Comprehensive river setback policies
should extend beyond physical boundaries to address land
use, construction practices, and flood resilience, ensuring a
balanced approach to urban development and disaster risk
management.

7.3 Key Informant Interview

The Key Informant Interviews (KII) were conducted with
officials from Kathmandu Valley Development Authority
(KVDA) , High-Powered Committee for Integrated
Development of Bagmati Civilization (HPCIDBC,) Kathmandu
Metropolitan City (KMC) and Lalitpur Metropolitan City
(LMQ) to gain insights into the policies, challenges, and future
directions of river setback regulations in Kathmandu Valley.
The interviews focused on understanding the roles,
perspectives, and challenges faced by these institutions in
planning and enforcing river setbacks.

The first interview with Saurab Dhakal, an Engineer and
Information Manager at KVDA, explored the agency’s role in
urban planning and river conservation within Kathmandu
Valley. It discussed the Comprehensive Physical Master Plan,
which integrates urban development and river conservation,
and highlighted policy conflicts, enforcement challenges, and
necessary improvements in river setback regulations. KVDA
emphasized the need for stricter enforcement of bylaws and

better coordination with other agencies. Additionally, the use
of flood modeling to determine appropriate setbacks was
discussed, along with KVDA’s efforts in developing a more
structured approach to urban development through the
Comprehensive Physical Master Plan and land pooling
projects. The Bagmati Action Plan was also reviewed as an
ongoing initiative to restore riverbanks and mitigate flood
risks.

The second interview with Udhab Nepal, an Engineer and
Deputy Head of Information at HPCIDBC, focused on river
conservation policies, existing setback regulations, and urban
planning integration. HPCIDBC emphasized the challenges
posed by the Supreme Court’s ruling requiring a 20-meter
additional setback, which it deemed impractical due to
economic and social implications, such as the displacement
of thousands of residents and loss of economic assets.
HPCIDBC suggested enforcing existing setbacks, removing
encroachments gradually and adopting alternative
approaches like flood zoning. It also recommended using
hydrological analysis to determine setbacks, rather than
relying on arbitrary legal mandates. The interview stressed the
importance of revising the legal framework to incorporate
scientific research, socio-economic considerations, and
flexible urban strategies. HPCIDBC also advocated for the
integration of green infrastructure and flood management
strategies to reduce flood risks and promote sustainable urban
development. Furthermore, it highlighted the need for
stronger coordination among relevant agencies to improve the
effectiveness of river setback policies.

The third interview was conducted with Baburam Bhattarai
from Kathmandu Metropolitan City (KMC), focusing on
municipal-level enforcement of river setback policies. The
discussion covered challenges related to urbanization, legal
conflicts arising from the Supreme Court ruling, and
socio-economic impacts on landowners and businesses. KMC
highlighted the need for clearer regulatory alignment and
innovative solutions for sustainable river management.

The fourth interview was conducted with Pradip Paudel from
Lalitpur Metropolitan City (LMC), examining local urban
planning strategies, policy alignment with federal directives,
and enforcement hurdles. The discussion addressed the
Supreme Court ruling’s influence on LMC’s planning
approach, concerns about displacement, and the importance
of flood-based zoning and green infrastructure. LMC
emphasized the need for a balanced approach to setbacks that
considers both environmental and socio-economic factors.

7.4 Land Value

Land value plays a crucial role in urban planning, particularly
when it comes to implementing river setback regulations.
When it comes to urban areas, land values increase will be
much related to strategic site (location factor) that associated
with the ease of broad range or access to transportation
system and its location to other land uses or urban
configuration. [14] The economic importance of land near
river corridors directly influences real estate development,
environmental conservation, and wurban expansion.
Understanding the financial implications of setback policies is
vital for creating a balanced approach that integrates both
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economic and environmental considerations.

For this analysis, land price data were gathered from multiple
online real estate platforms such as Nepal Home Search, 99
Aana, Lalpurja Nepal, Hamrobazaar, and eProperty Nepal.
These platforms offer insights into market rates based on
location, size, and demand, reflecting the economic landscape
ofland near river corridors.

In Kathmandu Valley, significant variations in land prices were
observed in two major locations near river corridors. In
Anamnagar, which is adjacent to the Dhobi Khola, the price
per aana ranges from NPR 70 lakh to NPR 1.5 crore, with an
average price of NPR 1.03 crore per aana. Similarly, in
Shankhamul, located near the Bagmati Khola, the price per
aana varies between NPR 75 lakh and NPR 90 lakh, with an
average price of NPR 83.67 lakh. These price variations reflect
the high demand for urban land near riverfronts and their
strategic significance in Kathmandu’s real estate market.

To assess the economic impact of river setbacks, the total land
value in designated setback areas was estimated. For the
Bagmati River, with a 40-meter setback zone, the total land
area is 48,797.58 sq.m. , with an average land price of NPR 2.90
lakh per square meter, resulting in an estimated total land
value of NPR 14.15 Arba. For the Dhobi Khola, with a 29-meter
setback zone, the total land area is 32,422.72 sq.m., with the
same average price per square meter, leading to an estimated
total land value of NPR 9.40 Arba.

In total, the combined land value for both river setback zones
amounts to NPR 23.55 Arba. This significant economic
valuation underscores the financial implications of
implementing river setback policies, as such regulations could
greatly impact property owners, real estate developers, and
the overall land use patterns in the area.

7.5 Average Monthly Rent

The analysis of rental prices from survey responses reveals a
range of monthly rent amounts categorized into four groups:
NPR 5,000 - 10,000, NPR 10,000 - 20,000, NPR 20,000 - 50,000,
and more than NPR 50,000. The NPR 5,000 — 10,000 category
accounts for 21.05% of responses, representing those paying
lower rents. The NPR 10,000 — 20,000 category also makes up
21.05%, indicating moderate rent payments. The NPR 20,000 —
50,000 category, at 36.84%, is the most common, while the
above NPR 50,000 category also represents 21.05% of
responses, showing premium rent payments.

The market distribution shows that 42.1% of respondents pay
less than NPR 20,000, while 57.9% pay NPR 20,000 or more. The
calculated average monthly rent is NPR 29,211, suggesting that
higher rent values (above NPR 20,000) influence the overall
average. With that average the rent price is NPR 29.211 per
square foot, which is equivalent to approximately NPR 314.42
per square meter.

Key river areas like the Bagmati River (40-meter setback zone)
and Dhobi Khola (29-meter setback zone) contribute rental
areas of 1,597.947 sq. m. and 26,445.832 sq. m. respectively,
totaling 68,043.779 sq. m. Considering a Floor Area Ratio
(FAR) of 1.5, the total rent for the area under study reaches
approximately NPR 32,091,924.63 (3.20 crores) per month.

This data emphasizes the socio-economic significance of
riverfront properties, where rental values can impact land use
decisions. Integrating such economic factors into the
development of river setback policies is essential to balancing
urban growth and environmental preservation.

8. Discussion

The analysis of the study stretch area reveals that the
riverfront land holds an estimated value of NPR 23.55 Arba
and generates approximately NPR 3.20 crores in monthly rent.
This underscores the substantial economic value of the
riverfront for local businesses and the overall urban economy.
However, this economic potential is accompanied by a
significant vulnerability to flooding, which poses a major risk
to both property and business continuity.

According to the study, 66.7% of buildings in the riverfront
area experience flooding, resulting in considerable structural
damage and financial loss. Among these buildings, 43.8% face
financial losses ranging from NPR 1 to 5 lakh. The overall
economic impact of flood-related damage and business
disruptions is estimated to be between NPR 1 to 2 Arba.

Managing flood risk requires navigating a complex trade-off
between development and safety. While strict building
setbacks can significantly reduce flood risk by preventing
construction in vulnerable zones, they also result in a loss of
usable land and a decline in revenue from riverfront
properties. On the other hand, permitting unchecked
development in flood-prone areas increases exposure to flood
damage and endangers human lives and economic assets.
Therefore, a strategic zoning system that carefully balances
these competing priorities is essential for achieving
sustainable and resilient urban development.

The approach is to adopt models like those used in the Pune
and Nashik Municipal Regulations (2015). These regulations
employ a system based on flood recurrence data to determine
construction zones. The Blue Flood Line represents the area at
risk during a 1-in-25-year flood event, where construction is
strictly prohibited. @ Between the Blue and Red Flood
Lines—corresponding to a 1-in-100-year event—development
is allowed, provided structures are built at elevated levels to
avoid flood damage.

The implementation of a flood zoning system requires
comprehensive data inputs, including hydrological data such
as rainfall records, catchment characteristics, land use
patterns, soil types, slope gradients, and river discharge rates,
as well as hydraulic data like river cross-sections, materials,
water levels, and structural barriers. Accurate geospatial and
topographical information, such as elevation models and
floodplain boundaries, is also crucial. Much of this data can
be sourced from the Bagmati Action Plan, which provides
detailed hydrological and flood modeling for the Bagmati
River Basin, including critical parameters like precipitation
levels, flood discharge rates, and waterway dimensions, along
with flood data for various return periods, supporting the
development of a scientifically informed and locally relevant
flood zoning system.
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8.1 Minimum Width Requirement for Natural

Waterways — Bagmati Action Plan Context

The Bagmati Action Plan (BAP) calculates the minimum
required width for natural waterways using Lacey’s empirical
formula for regime width: W = 4.75Q, where Q is the

maximum discharge corresponding to a given return period.

This formula is applied to estimate the ideal width needed to
accommodate peak discharges, such as those from a 50-year
return period. For wide rivers like the Bagmati, the wetted
perimeter is approximately equal to the river’s width. However,
urbanization in areas like the study stretch of the Bagmati
River poses a significant challenge, as buildings and
infrastructure occupy the space required for the theoretical
flow regime. For example, the river’s actual width of 40 meters
contrasts with the recommended minimum regime width of
118 meters based on a 50-year discharge. The practical
objective of this study is not to redesign the river channel to
meet theoretical width requirements but to assess how much
water the river can realistically accommodate under current
conditions during various flood return periods. This will
inform the creation of flood risk zones in the river corridor,
helping to guide future land use planning, flood mitigation,
and development control while considering existing
infrastructure and improving flood resilience.

8.2 Formation of Return Period Peak Discharge Lines

Peak discharge (Q) refers to the maximum flow rate during a
rainfall event and is crucial for flood modeling and zoning,
influencing how much water a river must accommodate
during different return periods (e.g., 20-year, 50-year, 100-year
floods). The Rational Method is commonly used to estimate
peak discharge with the formula:

e Q=CIA
Where:

¢ Q =Peak discharge (m3/s)

C = Runoff coefficient (depends on land use, soil type,
and surface conditions)

I = Rainfall intensity (mm/hr)

¢ A = Area of the watershed (hectares or km?2)

Rainfall intensity (I) is calculated as:

I=P/t

¢ P =Precipitation amount (mm)
¢ t= Duration of rainfall (time of concentration for the
watershed)

8.3 Peak Discharge Analysis for Different Return
Periods

The Bagmati Action Plan (BAP) provides precipitation data and
computed peak discharges for the 50-year return period. This
data, along with assumptions about other parameters, can be
used to estimate peak discharges for other return periods. The
intensity values for the 2-year, 10-year, 20-year, 50-year, and

100-year return periods are calculated and used in the Rational
Method to derive corresponding peak discharges. The peak
discharge values for various return periods in different sub-
basins are as follows:

Table 1: Data given in Bagmati Action Plan II [15]

S.N.| River | Sub- 50- 50- Requir
basin | YRP YRP ed
Precipi| Flood | Water
tation | Discha| way
(mm) | rge (m)
(m3/s)
1 Bagm | Sub- 140.5 626.9 118.93
ati basin
Khola | 8
2 Dhobi | Sub- 143.09 | 46.6 32.43
Khola | basin
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8.4 Cross-Sectional Area and Its Role in Flood

Analysis

The cross-sectional area (A) of a river represents its
flow-carrying capacity and is crucial for hydraulic modeling
and flood level estimation. The median grain size (D) of the
riverbed material influences the silt factor (f), calculated using
the formula:

f=1.75xD

The silt factor helps determine the riverbed’s resistance, which
affects flow velocity. The discharge (Q), measured in cubic
meters per second (m3/s), varies depending on the return
period. For instance, peak discharges for the Bagmati River
during the 20-year and 100-year floods are 540.03 m3/s and
692 m3/s, respectively, and for Dhobi Khola, they are 39.63
m3/s and 51.83 m3/s.

The average flow velocity (V) is calculated using:
V= ((Q x 2) / 140)(1/6)

The cross-sectional area (A) is then derived from:
A=Q/V

This provides the flow area in square meters (m?) necessary to
accommodate the discharge at the given velocity.

8.5 Flood-Based Zoning System for Bagmati River

The proposed flood-based zoning system for the Bagmati
River integrates hydrological analysis with existing land use to
guide safer and more sustainable development along the river
corridor. This zoning is informed by flood level estimations for
various return periods and is marked using distinct reference
lines and corresponding land use restrictions.

* The Blue Line represents the river edge, indicating the
natural boundary of the watercourse.

* The Red Line denotes the existing 20-meter setback line,
as prescribed by 2065 Byelaws regulations

* The Yellow/Brown Line corresponds to the flood level
for a 20-year return period
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¢ The Green Line represents the flood level for a 100-year
return period, showing the maximum expected flood
extent under severe conditions

Based on these lines, the river corridor is divided into four
distinct zones: The Blue Line represents the river edge,
indicating the natural boundary of the watercourse.

Prohibited Zone: This is the area between the Blue Line
(river edge) and the Red Line (setback line).

Restricted Zone I: This zone lies between the Red Line
and the Yellow/Brown Line and/or between the Red Line
and the 100-year flood level (Green Line) where the water
depth is expected around 2 meters.

Restricted Zone II: This area lies between the
Yellow/Brown Line (20-year level) and the Green Line
(100-year level) where the flood depth ranges upto 1m.
Green Zone: This zone lies beyond the Green Line, where
the 100-year flood level is at or near 0 meters of depth.
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Figure 4: Flood-Based Zoning System for Bagmati River

Widths from River Edge

¢ Prohibited Zone: 0-20 m

¢ Restricted Zone-I: 20-31.57m in Left side and 20-34.12m
in Right side

e Restricted Zone-II: 31.57- 40.48 m in Left side and
34.12-41.06m in Right side

* Green Zone: Beyond 40.48 m in Left side and 41.06m in
Right side

8.6 Flood-Based Zoning System for Dhobi Khola

For Dhobi Khola, a similar zoning methodology is applied, with
parameters adjusted for the river’s smaller scale and different
setback regulations:

¢ The Blue Line marks the river edge.

* The Red Line indicates the existing 9-meter setback from
the river.

¢ The Green Line represents the flood level for a 100-year
return period, based on peak discharge analysis.

The zoning system defines three land use zones:

¢ Prohibited Zone: Located between the Blue Line (river
edge) and the Red Line (9-meter setback)

* Restricted Zone: This is the area between the Red Line
and the Green Line (100-year flood level), where
floodwater depth is expected to be around 1 meter.

* Green Zone: Found beyond the Green Line, this area is
considered safe from major flood events, with 0-meter
expected flood depth even during a 100-year event.

1,3.00 9.00 14.12 9.00 4.18 |

N

Figure 5: Flood-Based Zoning System for Dhobi Khola River

Widths from River Edge

* Prohibited Zone: 0-9 m

* Restricted Zone-I: 9-12m in Left side and 9-13.18m in
Right side

e Green Zone: Beyond 12 m in Left side and 4.18 m in
Right side

9. Recommendation

9.1 Zoning-Based Byelaws
Prohibited Zone

This zone, located between the river edge and the setback line,
is the most vulnerable to flooding. It is designated primarily
for protective and low-impact uses. All private construction
and permanent residential, commercial, or industrial
structures are prohibited. Public open spaces such as parks
and gardens, religious and cultural monuments (provided
they are elevated or flood-resistant), and flood control
infrastructure like embankments, levees, and retention ponds
are permitted with flood-resilient design features.

Restricted Zone

This zone covers the area between the setback and 20 and
100-year flood line, subdivided based on 20 and 100-year
flood line, Restricted Zone I(flood depth - 2m) and Restricted
Zone 1II (flood depth - 1m). Critical infrastructure, including
hospitals, schools, and emergency services, along with
hazardous or large-scale commercial developments, are
prohibited. Elevated residential and commercial buildings
(floor level above the 100-year flood level), non-hazardous
public infrastructure, and low-risk economic developments, if
flood-proofed, are permitted.

Flood-resilient design standards are mandatory in these zones.
No basements are permitted, and ground floors should not
include essential services or habitable spaces. Waterproof or
water-resistant materials must be used, with a maximum
ground coverage of 50% of the plot. Advanced stormwater
drainage systems must be installed, and permeable surfaces
are encouraged to reduce surface runoff. Minimum plinth
levels are specified: for the Bagmati River, Restricted Zone I
requires 2 meters above ground level and Restricted Zone II
requires 1 meter above ground level; for Dhobi Khola, the
Restricted Zone requires 1 meter above ground level.
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10. Limitations

It is important to note that the analysis presented in this study
is based on secondary data, with calculations derived from
rational estimation methods rather than detailed hydrological
modeling. While these estimations offer useful insights into
flood risks and assist in determining appropriate flood-based
zoning system for urban planning, they may not capture all
the nuances of local hydrological conditions. A more accurate
and reliable approach would involve conducting
comprehensive hydrological assessments, utilizing advanced
modeling techniques, real-time flood data, and considering
the potential impacts of climate change. This limitation
highlights the need for further, more in-depth research by
hydrologists to establish scientifically sound and contextually
relevant flood-based zoning system.

11. Conclusion

The findings reveal that riverfront zones, particularly along the
Bagmati River and its tributaries, hold significant economic
importance, contributing substantially to local business
revenues and rental incomes. However, these same areas are
highly vulnerable to frequent flooding, with many buildings
incurring recurring financial losses. The existing setback
approach fails to reflect this dual reality—overlooking both
the socio-economic stakes and the actual flood risks—which
has led to unregulated growth in hazardous zones and
cumulative economic losses.

To address this challenge, the study proposes a flood-based
zoning system informed by hydrological data and return
period flood levels. This system introduces zoning
classifications based on the 20-year and 100-year flood levels,
dividing riverfront land into Prohibited, Restricted, and Green
Zones. This approach allows for controlled and resilient
development while ensuring that critical infrastructure and
high-risk construction are excluded from vulnerable areas. It
creates a framework that respects both safety and the
economic utility of urban river corridors.
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