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Executive summary

This final report describes the results for Dehradun under the Uttarakhand Integrated and Resilient
Urban Development Project. The content is based on the outcomes of the design sessions by the
stakeholders during the conceptualization workshops in June 2024 and the earlier results in the
assessment report (November 2023). The two main deliverables in this final report are:

1. Climate Resilient Framework Plan.

2. Concept designs and prefeasibility assessment of priority adaptation measures.

A finalization workshop was conducted in October 2024 to review the deliverables and feedback from

local stakeholders has been incorporated in this report. Specific feedback has been incorporated under

iPat hways to master planningo and APathways to i mpl.
Further, high-level suggestions have been incorporatedunderi oppor t uni ti es inand way f
Chapter 10.

Project objective and scope

The objective of the project is to support the Government of Uttarakhand in enhancing climate resilience
in two cities: Dehradun and Nainital. The project is designed to contribute not only to address current
problems but has the ambition to develop an approach that will enable the cities to sustainably achieve
water-sensitive economic development and improve the quality of life for their people.

The work included a situation assessment, identification of adaptation measures, a strategy (framework
plan) and a demonstration of how the measures and strategy can be incorporated in two selected
locations (case studies). For the adaptation measures the emphasis is on Nature-based Solutions
(NbS). The elaboration for the two locations serves as a demonstration and is at a conceptual level.

Challenges and opportunities

In Dehradun the focus is on the rejuvenation of the rivers Rispana and Bindal. The aim is to make these
rivers flow with clean water all the way through the city for the whole year. There are relations with drinking
water supply, storm drains, sewer drains, STPs, groundwater, solid waste, and pollution.

Nature-based Solutions

Currently, grey infrastructure such as drains, culverts or constructed flood detention structures are the
go-to solution to address water extremes. However, they follow a reactive approach that only address
symptoms of a problem and not the cause. This is not a sustainable solution in the long term with the
availability of space becoming more and more critical in urban areas while climate challenges are
increasing rapidly. There is therefore a need to protect and enhance the functions of natural systems in
the city to address flooding issues at its cause.

In India the need to integrate Nature-based Solutions (NbS) in city planning is still growing. Although it

builds on well-known approaches such as Ecosystem-based Adaptation and Water-Sensitive Planning.

In urban areas, NbS are also associated with urban drainage, biodiversity improvement and greening of

the urban environment. In cities such as Dehradun, NbS should be considered first. In some cases,

though, issues such as space availability might limit their implementation. In that kind of situation, hybrid
solutions that includes a mix of grey and green infrastructure may be more appropriate. Grey measures
should only be the | ast resort when other measures
cost-effectiveness point of view.

4 0f 121 CLIMATE RESILIENCE MODELING, PLANNING, AND DESIGNING for DEHRADUN and
NAINITAL Final Report Dehradun

11208922-002-BGS-0006, 11 November 2024 De I. ta res



Climate Resilience framework plan

The Urban Framework Plan provides the basis for concept design. It is a strategy for a climate resilient
Dehradun. The draft Dehradun Masterplan 2041 has the potential to result in a Blue-Green Masterplan
204171 yet to be drawn up, considering three planning scales: (a) macro level: blue-green network of
Dehradun, (b) meso-level: resilient neighborhoods, and (c) micro level: small-scale interventions.

Based on the sketches by the participants in the conceptualization workshop in June 2024 the urban
framework plan has been illustrated in a plan map. Main elements in the framework plan for a climate
and water resilient Dehradun are:

1 Rejuvenation of the Rispana and Bindal rivers as backbone of the blue-green network.

1 Creating green belts as stepping stones.

1 Protect existing green pockets and expand green spaces.

1 Promote sponge function through increase of infiltration and rainwater harvesting.

Concept design of measures in selected case study sites

To demonstrate the framework plan two concept designs were made with a pre-feasibility assessment of

priority adaptation measures (NbS). For this two case study sites were selected: (1) Brahmanwala at the

Bindal River, and (2) Chunna Bhatta at the Rispana River. According to the participants of the

conceptualization workshops in June 2024 both sites are considered stepping stones in a potential

green belt of Dehradun. A combination of adaptation measures has been identified and elaborated,

including BOQ's and costing. De |l t ar es & CIl i mat e HRoelssian exanple of &Climatee s ( CR
Adaptation Support Tool (CAST) and has been used to test the measures. An example of a NbS

combination is the sequence of a drain outlet, detention basin and reed bed/ bioswale.

Lessons learnt

From working on the project simultaneously in Dehradun and Nainital, we can bundle the experiences

and lessons learned from this period. Hopefully this will feed the dialogue and cooperation in

developing, designing and implementing measures to enhance climate resilience and water sensitivity.

The lessons include:

1. Integrating ecosystem-based approach within urban planning. Both cities must consider developing
a Water Management Strategy. Which aim is to deliver a new approach and solutions (e.g. city as a
sponge) in urban water management and spatial planning, to create a more water resilient
Dehradun. Following best practices from other cities in India like Chandigarh, Chennai, Delhi, Kochi,
Kolkata, Udaipur, where Water-Sensitive Planning (WSP) is already being practiced.

2. Mainstreaming climate change action. Climate change action should be driven by increased local
monitoring, data collection and awareness building.

3. Designing community-inclusive solutions. The implementation of Nature-based Solutions within
these sites requires the involvement and participation of local communities, landowners and
beneficiaries.

4. Creating and increasing local ownership. For cities to become resilient to climate change and water
extremes, a strong commitment and ownership from the local counterpart is required to ensure
implementation. There is a need for a high-level official to act as a champion for the project with
enough convening power to bring all relevant actors around the table.

Recommendations

I Climate and community sensitive River-oriented development. Rivers and water ways to be used as
the framework for Urban resilience, i.e. blue green network, such as green belt.

1 Resilient urban development. City expansion to ensure that climate resilience measures are
incorporated, limit soil sealing, promote rainwater harvesting (RWH)

I Valuing water as a resource. Decoupling rainwater and sewage. Prevent faulty connections.
Connecting sewers to STPs. Reducing water consumption.
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Opportunities and the way forward
1 Promoting NbS in Dehradun planning week. Engage city departments (engineers and planners) and
high-level decision makers to develop neighborhood plans and measures.

1 Use the assessment and framework plan as input for zoning maps.
1 Use the framework plan and the concept designs as the departure point for further integrated
planning and design of NbS interventions to increase climate resilience.
1 Involve from the start all relevant actors in further urban planning and design of interventions.
1 Find a city champion for the further planning, design and implementation of NbS interventions.
1 Prototyping NbS strategies for similar cities and towns in Uttarakhand and across India.
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Abbreviations

ADB Asian Development Bank
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PMU Project Management Unit
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SDF Storage-Discharge-Frequency
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1.1

Introduction

This is the Final Report for Dehradun undert he pr oj ect ACLI MATE RESI LI ENCE
PLANNI NG, AND DESI GNI NG for DEHRADUN a684DINDAI NI TALO
Uttarakhand Integrated and Resilient Urban Development Project - IND 01: Firm on Climate Resilience

Modelling, Planning, and Designing (38272-044). The final report is based on the draft final report

combined with input from the client and the results of the final workshop conducted in Dehradun in

October 2024.

Four reports precede this Draft Final Report:

The Inception Report final version released in September 2023

The Interim Report, final version released in February 2024

The Draft Final Report, released in September 2024

The Assessment Report, final version released with this report in November 2024

rpODD PR

The latter report provides many details of the data, modelling and assessments done. This Final Report

will only provide a summary, and the reader is referred to the earlier reports for details. This draft final

report has been prepared for Dehradun, and a similar one has been prepared for Nainital. These two

reportsform t oget her Deliverable P3 of the Project Work p
(i) situation assessment, (ii) draft customized Climate Adaptation Support Tool (CAST) tools for

Dehradun and Nainital; (iii) concept designs and pre-feasibility assessment of priority adaptation

measures in Dehradun and Nainital; (iv) training materials on CAST (including nature-based measures)

and training evaluation; and (v) climate resilient framework plans for Dehradun and Nainital

watersheds. 0o

Background to the Project

Urban Water Challenges in Uttarakhand?

Urbanization has been increasing rapidly in India. Dynamic and vibrant social and economic interactions
in urban centres made people more productive and created more market opportunities for growth. In the
state of Uttarakhand, the urban population grew by nearly 42% from 2001 to 2011, and the number of
urban centres increased from 63 in 2001 to 92 in 2020. The provision of urban Water Supply Systems
(WSS) in Uttarakhand has improved since 2008 largely due to investment support from the Asian
Development Bank (ADB), but much room for improvement remains as urban areas are growing rapidly.
While access to tap water is satisfactory, only 23% of urban local bodies (ULBs) provide it at a standard
rate of 135 litres per capita per day (Ipcd). The average duration of water supply is 37 4 hours per day.
Inadequate water pressure at the household level resultedinso-c al | e-gr 6sebf oning copin
consumers who purchase own pumps and water from other sources. The percentage of non-revenue
water (NRW) is high, 45%1 50%, in most towns because of aging infrastructure and poor maintenance,
operational inefficiencies, unmetered water supply, and hilly terrains. As for urban sanitation in
Uttarakhand, about 96% of urban households have access to toilets. Out of 92 ULB jurisdictions, 25
have partial sewerage systems, with 20% of the total urban population connected to sewer networks.
Households that are not connected to sewer networks are using septic tanks. Unorganized and
inadequate faecal sludge and septage management is an issue. Most wastewater is disposed of along
with stormwater and flows into natural watercourses, causing severe environmental and health risks.
Along with climate change, cities and towns experience more frequent and intensive flash floods and
seasonal flooding during monsoon. The environmental and health impacts of flooding can be

00000000000000
1 https://www.adb.org/sites/default/files/linked-documents/38272-044-ssa.pdf
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exacerbated by overflows of untreated wastewater and illegally disposed of septage (ADB Sector
Assessment Water and Other Urban Infrastructure and Services).

Dehradun

Dehradun is the capital and the most populous city in the state of Uttarakhand. Its peri-urban areas grew
at an unprecedented speed because of a huge influx of urban migrants. While the 2011 census data
identified 569,578 people living in 61 wards on 64.6 square kilometres (km?), Dehradun now covers
196.48 km? (an increase of 300%) and in 2018 had 803,983 people (an increase of 141%) living in 100
wards. Its boundaries were redrawn in 2018. Dehradun lies in the Doon Valley at an average elevation
is 450 m (1,480 ft) above sea level.

The most critical challenge in Dehradun is rapid urbanization and densification processes that increase
pressure on urban greenspaces and water availability. Groundwater depletion has already been
observed and a deterioration in water quality (of both groundwater and rivers). Although earlier ADB-
funded WSS infrastructure development covered the pre-2018 city area, and World Bank-funded
support provided water supply in some parts of newly created wards, the water supply and sanitation
(WSS) investment gap is still significant. Water supply systems in the southern part of Dehradun are
aging and leaking, providing only 85 Ipcd of water and only 3i 4 hours a day. Out of all the areas in
Dehradun, Raipur zone has been declared to be the most prone to water scarcity. Of the 737 mohallas
and slums that are experiencing water shortage, 40 are in Raipur itself.

'55E 79°0E 765E 108

Z Map of Dehradun

0 225 4.5 9

Kilometers

Legend

¥ State Headquarter
National Highway
—— Major City Road
Railways
River Network
I waterbodies

Municipal Boundary

Figure 0-1: Map of Dehradun area.

The second sensitive zone is South Zone which includes areas like DL Road, Old Survey Road,
Ambedkar Colony, Haridwar Road and Ganga Vihar. Pitthuwala Zone and North Zone also have 20 to
25 localities which are prone to water crisis. Bhauwala, Jolly Grant on the outer edge of the city, several
mohallas in Sahastradhara road and Salawala in southern part of the city also witness water crisis every
year?.

0000000000000 9

2 http://timesofindia.indiatimes.com/articleshow/68912273.cms
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1.2.

1.3.

The overall investment gap is larger in sanitationd while most households have toilets, those in the new
Dehradun areas are not connected to sewer networks. Many inhabitants use their own septic tanks and
fund their own septage management services. Since no strict control measures are in place, untreated
wastewater and faecal sludge are often disposed directly into rivers. The resulting environmental and
health risks are severe and may even get worse during rainy season, when the effluents are mixed with
stormwater. Insufficient drainage systems and heavy encroachment of human settlement on the
riverbeds constrain these rivers from properly performing their natural draining function.

The findings of the assessment phase, as presented in Chapter 4, show a very broad scope of issues
regarding climate resilient urban planning including flooding, droughts and pollution. Considering all these
issues together would strengthen the comprehensiveness of this project, but would also put pressure on
the available resources, especially regarding the participation of a large number of stakeholders.
Therefore, it was decided in a meeting with UUSDA and the ADB in February 2024 to focus for Dehradun
on the rejuvenation of the rivers Rispana and Bindal. The aim is to make these rivers flow with clean water
all the way through the city for the whole year. There are relations with drinking water supply, storm drains,
sewer drains, STPs, groundwater, solid waste, and pollution.

Institutional Setting of the Project

The contract for the project has been signed by the
South Asia Department. The Uttarakhand state government, acting through its Urban Development

Department (UDD), forms the executing agency, and Uttarakhand Urban Sector Development Agency

(UUSDA) acts as the implementing agency for the project.

Stakeholders from the State, local bodies and relevant departments have been and will be encouraged
to actively participate in project workshops and consultations. Also inputs from academic, educational
and non-government organizations, representing wards, or advocating issues, are welcomed.

The project is carried out by an experienced team of national and international experts from the
associated firms Deltares and RMSI. They work in close interaction with the executing and implementing
agencies and the many other organizations and stakeholders involved in the project.

Objectives and Vision

The objective of the consulting services is to support the Government of Uttarakhand in enhancing
climate resilience in two major cities: Dehradun and Nainital.

The project aims to address the complexity of climate and human-induced problems, particularly floods,
landslides, water scarcity from insufficient retention and detention and storage capacities, and water
pollution; and to find solutions to effectively mitigate adverse impacts and enhance resilience. The
project has supported:

1 situation analysis (including the assessment of possible future changes in the socio-economic
systems, and modelling works for scenario buildings, which should be based on participatory
modelling of hydrology, flood mapping, groundwater modelling, and landslide mapping under
different climate scenarios).

1 the development of climate-adaptation support tools (CAST), which shall facilitate interactive
planning and decision-making.

1 the selection and design of climate resilience measures with a special focus on nature-based
solutions at upstream and downstream urban cities i Dehradun, and Nainital; and

1 the completion of concept design and pre-feasibility assessment of selected measures for future
investment.
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Anexample of CASTi s t h e Oliemate Resiliens @ities -tool (CRCTool) which has been modified
and used to test identified Nature-based Solutions (e.g. bioswales, urban wetlands) affected by land
use or urban typology, slope of terrain, groundwater depths and dynamics, soil type, and climate
characteristics. Most available tools, guidelines and benchmarks for urban adaptation raise awareness
of climate change i mpacts, assess the cityébés v
need for adaptation at a policy level. However, tools that have the ability to implement adaptation
solutions in the actual urban planning and design practice seem to be missing. Such a tool that fills this
gap is the Adaptation Support Tool3. The CRCTool was born from the development of the original
AST.

Outside Europe the CRCTool has been used in New Orleans (USA), Burnaby (Canada), Antananarivo
(Madagascar), Nur Sultan (Kazakhstan), Yangon (Myanmar), Kampala (Uganda), Xiangtan (China)
and for three cities in Indonesia. Using the CRCTool for Dehradun could be considered as a pilot in
India.

The project has contributed not only to address current problems but has the ambition to develop an
approach that will enable the cities to sustainably achieve water-sensitive economic development and
the quality of life for their people.

The services were provided in four phases (Figure 1-2). The aim of the first, Inception phase was to
consult with stakeholders and confirm the terms of reference, approach, methodology and work plan.
The second, Assessment phase entailed a detailed situation assessment and analyses. In the
Conceptualization phase climate adaptation decision supporting tools were developed and applied in
participatory sessions with stakeholders to create strategies and concept designs to increase urban
resilience.

Inception Assessment Conceptualization Completion

Collect and
discuss
expectations and
boundary
conditions to the
project and agree
on a realistic
implementation
schedule

Integrated
hydrology,
geohydrology,
environmental
and climate risks
and impacts
assessment.

Development of
interactive map-
based climate
adaptation
decision
supporting tools

Co-creation of

Completion of
concept design
and pre-feasibility
assessment of
selected measures
for future
investment.

action plans on
climate-resilient
improvement.

Capacity building

Capacity building

Capacity building

Capacity building
Figure 0-2: Proposed Phases in the Project implementation.

This Draft Final Report presents the main results of the project for Dehradun: the climate resilient
framework plan (Chapter 2) and the concept design and pre-feasibility assessment of priority adaptation
measures (Chapter 3). The following chapters present the building blocks: a summary of the situation

0000000000000 9

3 Frans H.M. van de Ven, Robbert P.H. Snep, Stijn Koole, Reinder Brolsma, Rutger van der Brugge, Joop Spijker, Toine
Vergroesen (2016) Adaptation Planning Support Toolbox: Measurable performance information based tools for co-creation of
resilient, ecosystem-based urban plans with urban designers, decision-makers and stakeholders, Environmental Science & Policy,
Volume 66, Pages 427-436, ISSN 1462-9011, https://doi.org/10.1016/j.envsci.2016.06.010
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assessment (Chapter 4), a report of the conceptualization workshop (Chapter 5), a description of the
Climate Adaptation Support Tool (Chapter 6) and a summary of the training material and the evaluation
of the training (Chapter 7). Challenges encountered and modifications made in the set-up of the project
are described in Chapter 8, lessons learnt in Chapter 9 and the report concludes with recommendations
for the way forward in Chapter 10.

Nature-based Solutions (NbS) introduction

Urban areas are under considerable pressure to provide safe and liveable environments where people
have access to housing, jobs, infrastructure and services. Rapid urbanization and the effects of climate
change increase the urgency of cities to address climate challenges consistently in urban areas.

Currently, grey infrastructure such as drains, culverts or constructed flood detention structures are the
go-to solution to address water extremes. However, they follow a reactive approach that only addresses
symptoms of a problem and not the cause. This is not a sustainable solution in the long term with the
availability of space becoming more and more critical in urban areas while climate challenges are
increasing rapidly. There is therefore a need to protect and enhance the functions of natural systems in
the city to address flooding issues at its cause.

Nature-based Solutions (NbS), like protecting wetlands or adding urban trees and green spaces, can be
effective ways of reducing flood risk and other climate challenges. While restoring the water system and
providing additional benefits such as habitat for native species and recreational open space for cities
and their communities.

ANbS are defined as actions to protect, sustai
ecosystems, which address societal challenges effectively and adaptively, simultaneously providing
humanwel-b ei ng and bi odi(lW@N, 2016fEC, 2619;1UN,f2020)s . 0

In India the need to integrate NbS in city planning is still growing. Although it builds on well-known
approaches such as Ecosystem-based Adaptation and Water-Sensitive Planning®. In urban areas, NbS
are also associated with urban drainage, biodiversity improvement and greening of the urban
environment. Urban NbS contribute to multiple goals: achieving resiliency to climate extremes,
supporting healthy urban living, and strengthening biodiversity. Urban NbS form the potential ecological
nodes in the blue-green network of the city. There, biodiversity can be enhanced by stimulating natural
processes and by focusing on diversity of habitat and species, contrasting with how grey infrastructure
usually works. Table 1-1 illustrates a distinction between three types of infrastructure in connection with
urban development networks, landscape, soil, water and ecology.

0000000006000600

‘AWatSemsitive Urban Design and Planning: A Practitioneros
New Delhi with collaboration with Ministry of Housing and Urban Affair, Government of India.
https://cdn.cseindia.org/userfiles/WATER-SENSITIVE-URBAN-dESIGN-pLANNING-practitioners-quide. pdf
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Table 1-1 Recommended hierarchy of approaches to be considered when integrating NbS in an urban
context (adapted from Dolman N. & Brolsma, R, 2023)

Interventions in water Urban planning Explanation
infrastructure
Nature-based Solutions | Protect and restore the natural Nature-based Solutions and
Soft (e.g. blue-green network (soil and water the 6regeneratd.i
/ \ infrastructure) systems). Alternatively retrofitit | development of the natural
if protection is no longer (blue-green) network in the
possible. city. Examples are urban

water buffers, rain gardens
and water parks.

Hybrid solutions Co-organizing in city network The hybrid intervention is co-
(e.g. blue-grey, green- (occupation). organizing in the urban
grey infrastructure) network by increasing

multifunctional shared use, for
example in a flood defense as
an elevated park.

Conventional solutions Strongly engineered solutions
(i.e. grey infrastructure) such as rainwater drainage
and related interventions (e.g.
\/ underground buffer facilities
Hard and water squares that collect
rainwater).

In cities such as Dehradun, NbS should be considered first. In some cases, though, issues such as

space availability might limit their implementation. In that kind of situation, hybrid solutions that includes

a mix of grey and green may be more appropriate. Hybrid solutions can be an alternative when there is

a need to enhance the functioning or reduce maintenance requirements for green measures. Only if

neither of those solutions are possible, should conventional grey infrastructure be considered. Grey

measures should only be the |l ast resort when other mi
technical or cost-effectiveness point of view. The latter, however, requires a more holistic perspective to

be taken on costs and benefits, since NbS provide several additional benefits and values that are

difficult to quantify and are often not included in typical cost-benefit-analyses.

An important aspect for NbS is the adoption of a systems thinking approach (as illustrated in chapter 2 i
Climate Resilient Framework Plan) to address the cause of a problem. This requires a system analysis
on a bigger scale (e.g. for the water system) and an understanding of the position of the specific project
area within it.

It is important to look at existing green areas and how to protect and improve them before thinking about
new NBS. In urban areas, the amount of existing nature areas is already very limited. This emphasizes
the urgency to protect and enhance whatever is left, for example through zoning schemes or
neighbourhood plans. Within highly developed areas however, the emphasis typically shifts to
restoration and creation of new NbS.

Urban design and city planning are crucial in solving the many transitions our cities are facing. On one
hand, there is the housing and energy transition. On the other, there is a need to safeguard the green-
blue spaces for health and well-being, while also tackling the wide range of challenges related to climate
extremes and restoring the soil, water, and ecosystem.

In both urban retrofit projects and new urban development, the integration of water management,
subsurface systems, and ecology in the different phases of design and implementation is important.
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Design and planning approaches such as nature-based solutions and ecosystem-based adaptation
provide useful tools for strengthening the integration of both water and nature in spatial planning and
urban design processes, requiring any spatial intervention or new development to be evaluated on
opportunities for sustainability and innovation.

An overview of NbS for the city of Dehradun has been identified during the assessment phase and
discussed with participants in the design sessions as part of the conceptualization workshops in June
2024. The application of NbS elements in the situation of Dehradun is introduced in Chapter 2 (Climate
resilience framework plan) and illustrated in Chapter 3 (Concept designs and pre-feasibility assessment
of priority adaptation measures). Details of identified NbS elements for Dehradun are included in
Appendix A.
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2.1

Climate resilient framework plan

This chapter presents the Climate Resilient Framework Plan for the City of Dehradun in the Doon
Valley. The Urban Framework Plan provides the basis for detailed design and a city-wide strategy for
climate resilience. It has been based on the outcomes of the design sessions by the stakeholders during
the conceptualization workshop in June 2024 and the earlier results in the assessment report
(November 2023).

Story of Doon valley

The city of Dehradun is in the Doon Valley (Figure 2-1) behind the first foothills of the Himalayas and the
Shivalik Range in the state of Uttarakhand, which is landlocked and mountainous. The hills surrounding
Dehradun are mostly (72%) still covered with forests, whereas the valleys are typically used for agriculture.
The annual temperature varies from 0°C to 43°C, and the average annual rainfall is 1,500 mm.
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Figure 2-1 Doon valley land cover classification according to the ESA Landcover map

The city is built on an alluvial fan and on the water divide between the Song River, which flows in Eastern
direction towards the Ganges, and the Asan River, which flows in Western direction towards the Yamuna
River. Theseriversareal so Dehr adunos ributanieswofdhe Asan asdibpng Rivers drain
the heart of the city, where the rivers Bindal and Rispana, which together discharge into the Song River
just south of the forested Lachhiwala Range, cover the largest part of the city.
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The Doon Valley is a water-rich valley in terms of the total precipitation. Yet, it has always been a
chronically water-starved valley in the pre-monsoon. Conserving the abundant downpour during the
monsoon into increasingly higher levels of sustainable and perennial water resources, especially in the
pre-monsoon summer months, is the central challenge in the management of water resources in the
valley and in Dehradun. The actual amount of water needed for domestic, field irrigation and industrial
purposes is only a fraction of the total precipitation.

Agriculture and allied activities are the major soul
popul ation, although only about 14. 42 %JIolwabbewwalnae st at e
(currently |l ocated in Dehradun city) was f &wemus for

the geotectonic set-up of the region and the geomorphology and meteorological characteristics of
Uttarakhand, it is prone to several natural hazards, including earthquakes, landslides, cloudbursts, flash
floods, floods, avalanches, droughts, cold waves, and hailstorms.

These characteristics make Uttarakhand and the city of Dehradun in the Doon Valley climate-sensitive,
underpinning the need for climate information in developmental planning. Climate data could serve as
the basis for hazard mapping and risk assessment of various regions, sectors, and communities to
ensure climate-proof development.

Table 2-1 Overview of characteristics of Dehradun and resiliency issues

Dehradun
Population 807,000 (2024)°
Area 196.48 km2
Elevation +640 m
State Uttarakhand
Watershed 1 West: Asan River (Yamuna tributary, which merges with

Ganga River in Allahabad)
I East: Song River (Ganga tributary)

Adaptation Strategy? 2014 Uttarakhand Action Plan on Climate Change (UAPCC)
Resiliency issues 1 Rainfall (flash) flooding
1 Pollution or environmental degradation
(Resilient City 1 indicators, 1 Drought
OECD, 2018) 1 Heatwave

Rapid growth

Spatial hydrological typologies (water)

Dehradun has a north-south-oriented water/catchment system. Historically it was a city of rivers and

(natural) canals. After the city became the state capital in 2000, rapid and unchecked road-widening

schemes led to the covering, or in some cases demolition, of most of the historic canals (18t-19t

century). The insertion of pipes beneath the ground has replaced the natural canal system (Figure 2-2),

which would recharge the groundwater besides providing the irrigation and drinking water facility in the

ar e a . Mal devata canal is one of the |l ast remaining c

000000000000009

5 https://www.census2011.co.in/census/city/23-
dehradun.html#:~:text=The%20current%20estimate%20population%200f,based%200n%20past¥%20growth%20rate
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Figure 2-2 Natural drainage pattern of Dehradun (source: Final City Sanitation Plan, 2017)

The Rispana and Bindal rivers remain as the two major surface water systems of Dehradun. Both as
main drainage and water supply of the city. The rivers receive wastewater from urban drainage of
eastern part the city and finally joins river Suswa (a tributary of Song River) at Mothrawala. For better
understanding an urban water balance for Dehradun was made. Figure 2-3 represents a cross-section
of the Doon Valley with the Mussoorie mountain range on the right side and the Shivalik on the left side
of the image. Within the system boundary there is a groundwater sub-system representing the
unconfined and semi-confined aquifers in the alluvial fan deposits. See Assessment Report (November
2023) for explanations and quantifications of the different balance terms. An important insight is that the
city of Dehradun has a chronic water shortage with declining groundwater levels. For the past 5 to 10
years, the city has been mining groundwater reserves. And this will increase with the growth of the city
(Masterplan 2041).
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Figure 2-3 Conceptual schematization of the (urban) water balance for Dehradun
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Dehradun is diverse in terms of land use, land ownership, built form and subsoil conditions. Hence, in
developing an integrated strategy it is important to identify key urban typologies that inform the possible
adaptation measures. A uniform approach for the entire city would overlook local conditions and therefore
result in ill-fitting plans. The development of so-called urban water management typologies relies on key
characteristics, such as:

What is the typical land ownership distribution?

What is the dominant land use and density?

What is the physical space in the public right of way?

What is the surface slope?

What is subsurface availability or infiltration capacity?

= =4 -8 -8 -

Identifying such typologies is an iterative process that involves the input of stakeholders (i.e.
conceptualization workshop in June 2024). Figure 2-4 provides a first step into the identification of key
urban water management typologies by overlaying the available relevant datasets. For the provisional
urban water management typologies four factors are considered:

1. Function: either mixed/residential function (including urban agriculture) or predominantly green

(such as campuses).

2. Density of the built form: low and high density.

3. Subsurface (shallow) infiltration capacity: sand or clay as topsoil layer.

4. Slope

Vo o~ 5'\' " S )

Figure 2-4 Provisional urban water rﬁanagement typologieé

In Figure 2-4 the following is noticeable:

1 Catchments are north-south oriented with part of river/stream in the middle. Each sub-
catchment has the potential to develop stream into blue/green artery.
Campuses can play a large role in retaining and infiltrating water upstream.
Several dense cores, with low density in between. Water infiltration in dense areas is difficult
(still potential there), so look for centralized storage along streams. In lower density areas the
focus can be more on localized storage.

f
f
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1 Most parts of relatively flat area, some on steeper area. In steep areas, focus on cascading
water features and prevent erosion from surface runoff.

1 Sandy soail is predominantly in the south, so shallow infiltration is easier there. However, deeper
infiltration can be achieved by piercing clay layer in northern parts.

Urbanization and Master Plan 2041 (urban)

After becoming the State capital, the city of Dehradun is witnessing rapid population growth which is
associated with increased water demand along with other infrastructural requirements. Today (2024) the
estimated population of Dehradun city (incl. adjacent suburban areas) is just over 1 million. The
population of Dehradun is projected to increase to 1.5 million by 2040.

Rapid Urbanization had also many unintended consequences. However, rapid urbanization of Dehradun
and the State of Uttarakhand has also its risks and growing vulnerabilities. Over the years, the state of
Uttarakhand, has been experiencing major disasters like flood, mass movement, storms, extreme
events, high temperature, earthquake, forest fire etc. Though the economy had been growing robustly,
but for the pandemic years, it continues to reel under multiple socio-economic vulnerabilities. Poverty,
socioeconomic-gender inequality, lack of livelihood opportunities and skills, weak decentralization,
institutional and regulatory capacities, marginalization, and malnourishment persists to varying degrees.
People are poor and vulnerable in the geographically isolated and challenged areas forcing inter-state
and intra-state migration. The conventional grey infrastructure driven engineering model is being
questioned for many of its unintended consequences like growing landslides, loss and damage leading
to weak resilience.

A mountain system is bound to have a different path of development owing to its fragile ecological and
geological setup. Any drastic and abrupt changes in this system can have repercussions beyond
mitigation in the form of natural disasters and the economic leapfrogging marred by frequent setbacks,
damages, losses, and economic reversals. Building climate resilience is indispensable for reducing
multiple risks, variabilities and poverty. Building urban resilience under growing climate vulnerabilities
and uncertainties needs technology and data-driven analytics and decision support tools.

LI
HETANAAT - 2025
(denfaa)
Figure 2-5 Dehradun masterplan 2025 (scrapped in 2008)
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One attempt to deal with these challenges and to provide direction for spatial growth is an urban
masterplan. During the 1980s Dehradun developed its first Masterplan. A 2nd generation Masterplan
2025 was presented in 2005 but scraped in 2008 by the state (Figure 2-5). Currently, the Dehradun
Masterplan 2041 is in its draft status (Figure 2-6). Drafted and issued (31 March 2023) by Mussoorie
Dehradun Development Authority (MDDA). The 2041 masterplan considers <50% urban expansion 1
constructing 437,000 houses in Doon Valley (current 125,000 houses in city + 20% slums). Despite the
biggest concerns about the | oss of green space and
c 0 nc e folloved:i s

9 Concept of satellite townships that will disperse population to reduce density.

1 Encourage rainwater harvesting to save water.

1 (Total) electric mobility to reduce carbon emissions.

e el

Figure 2-6 Urban expansion areas in Master plan Dehradun 2041 (draft, March 2023)

The biggest objections to this Masterplan are the loss of green space and urban agriculture. Such as
mango and litchi orchards and fertile rice and agricultural fields including historic canal network and
heritage structures. Around 500 inputs were received by 30 April 2023.

The depletion of forest cover, large-s c al e fip | a n n e dandrampant tees dutiing within thefi |
city, has resulted in inadequate rain, streams and rivers running dry; partly triggered by rapid,
opportunistic real estate developments at the expense of the ecology of Dehradun. All this together has
pushed summer temperatures soar to 43 degrees, a rise of ten degrees.

Although the green cover of Dehradun is still protected largely due to the presence of several institution
campuses in the valley, like the Forest Research Institute of India (FRI), Indian Military Academy (IMA),
Wildlife Institute of India (WII), Forest Survey of India (FSI), Indian Institute of Petroleum Dehradun,
along with many other training and educational campuses.

At the end of June 2024, while doing the conceptualization workshop, a massive protest forced the
government to cancel the road widening and tree axing plan. This is considered the 2" victory for
citizens residing in Dehradun close on the heels of an earlier plan to cut into Khalanga forest.
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2.4.

Ch
The

allenges and opportunities

overall risk assessment of Dehradun provides insight into the challenges and opportunities regarding

the development of an integrated strategy towards climate resilience. The assessment report (November
2023) provides a summary of the most relevant challenges and opportunities regarding the various
resilience aspects. In preparation for the Conceptualization Workshops in June 2024 it was decided for
Dehradun to focus on the rejuvenation of the rivers Rispana and Bindal. The aim is to make these rivers
flow with clean water all the way through the city for the whole year. There are relations with drinking water
supply, storm drains, sewer drains, STPs, groundwater, solid waste, and pollution.

As part of the Conceptualization Workshops in June 2024 the local stakeholders worked together on a
SWOT (strengths, weaknesses, opportunities, and threats) Analysis. The highlights of this exercise have

bee

Tab

n summarized in Table 2-2.

le 2-2 Challenges and opportunities i SWOT highlights (June 2024)

Strengths: 1 Master plan 2041 suggests proactive measures: i.e. encourage

rainwater harvesting to save water
1 Hilly and Plain areas maintain the climate of the city, e.g. rainy season
provide in enough water

Weaknesses: 1 Master plan 2041 has not tried to protect the green pockets
1 No water policy, i.e. Urban Water Strategy
1 Solid waste dumping on natural water channels by residents/
(Dis)connecting existing sewage system
Opportunities: 9 Participatory approach/ Public awareness -> such as reducing water
use/ demand, promote reuse
1 Preserve recharge areas (zoning, protection)
1 Relocation of underprivileged from the river flood plains
Threats: 1 Unsustainable groundwater exploitation -> pressure on water resources
1 Rapid urbanization/ urban growth/ no fixed planning for development
1 Encroachment of riverbanks
Challenges
The population of Dehradun is projected to increase to 1.5 million by 2040. This increase in population
poses several challenges for the citydéds water manag
1. Water supply - First, the demand for potable water will increase. Drinking water needs of the city have

24 of 121

been met from a combination of surface water (~30%) and groundwater (~70%). If the future needs
of the cityds popul ation ar e t o ehdeficimauting dnpyeaesiwijl
exacerbate. On average, the groundwater avail
needs in a sustainable manner. At the same time, urbanization may result in further hardening of the
surfaces and reduce groundwater recharge.

Solid waste management - The second challenge population increase poses is regarding solid waste
management and wastewater management. The additional production of waste will need to be
matched with waste collection efforts. If it comes to wastewater management, the utilized WWTP
capacity is currently around 40% of the installed WWTP capacity. This is at least in part due to a lack
of connectivity of households to WWTPs. However, there could be various other reasons such as
insufficient budget to operate the plants at full capacity. The total installed WWTP treatment capacity
seems to have increased with the historical population increase but tends to trail somewhat behind
what is required. This remains a challenge as the population continues to grow.

Soil sealing - Lastly, the increased rate of urbanization associated with population growth may reduce
pervious surfaces. This increases the risk of pluvial and fluvial flooding.
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Each of these challenges gets exacerbated by climate change, projected to lead to more variability which
yields more uncertainty for water availability. It also makes pluvial and fluvial flood events more extreme.
The assessment demonstrates that baseflow quantities in the rivers during non-monsoon periods may
become lower. This will concentrate the pollution present in the rivers. In return this could pose several
issues, for example for water treatment facilities, human health, and aquatic life.

Opportunities

1. Water use - According to the assessment, the overall production of drinking water exceeds the
amount needed. This indicates that there is room for reducing water losses and/or usage.
Distribution losses in the networks can amount to large quantities of treated water going to waste.
Furthermore, it is noted that the water supply in Dehradun is free of charge. As such there is no
incentive to save water which may result in overconsumption. Pricing of water may help counter this.

2. Waste water management - The current installed wastewater treatment capacity is largely sufficient
to treat wastewater from the population in Dehradun. However, the capacity is not fully utilized. It is
therefore important to understand the precise reasons why. One such reason is connectivity of
households to the sewer system. Simulations in the assessment phase show that increasing the
fraction of wastewater that gets treated helps improve the water quality of the Bindal and Rispana
Rivers.

3. Ground water storage - Infiltration and storage of water may help to reduce risks of pluvial and
fluvial flooding. It can also be an effective way to manage increased variability in the water
availability due to climate change. Groundwater levels are generally deep which makes the area
favorable for extra water for the water supply. Climate change seems to have on average a positive
effect on water availability.

Building up a climate resilient Dehradun

Ambitions for Dehradun: Transformative and inclusive change

Collaborative spatial planning is not limited to retrofitting attractive blue-green and Nature-based Solutions
(NbS) and the effectiveness of single adaptation measures. It is also about the collective; blue-green
urban grids make cities sustainable, resilient and climate-proof. Working towards a liveable and attractive
blue-green city must be considered at the forefront of a climate-resilient pathway. By strengthening nature-
based solutions and giving water more space in both the public and private domain, cities have the
potential to grow into the blue-green cities. Cities can therefore focus on a blue-green design based on
the three spatial design scales included in Table 2-3.

Table 2-3 Design scales for a blue-green city (Dolman, 2019)

Blue-Green design principle Spatial scale Who?

1 Sufficient ur ban Buildings, streets City together with its
detaining (using), retaining or and neighbourhoods. residents and actors.
delaying rainwater.

2 Blue-green city network on which ~ Neighbourhoods, City together with water
"sponges" can drain excess water  districts and city. authority

and in which discharge, and
storage takes place.

3 Emergency valves for the blue- City, region and City together with water
green network and overflow areas delta. authority, regional
where water can temporarily go in authority and neighbouring
extreme situations. cities.
25 of 121 CLIMATE RESILIENCE MODELING, PLANNING, AND DESIGNING for DEHRADUN and

NAINITAL Final Report Dehradun

11208922-002-BGS-0006, 11 November 2024 De I. ta res



In parallel to the three Blue-Green City spatial design scales, we propose following strategy for
Dehradun:

1. Macro level: Blue-green network of Dehradun

2. Meso level: Resilient neighborhoods

3. Micro level: Small-scale interventions

The three scale levels together inform where to grow, adapt, retreat and protect:
1 Grow: safe places for long-term development.
1 Adapt: changing urban environments to accommodate different climate conditions.
1 Retreat: relocate places that are (almost) impossible to adapt or protect
1 Protect: implement measures that protect important parts from major hazards.

For each design scale, one or more scenarios to be investigated are proposed in consultation with the
key stakeholders. These scenarios are a combination of urban development, climate change, and socio-
economic development.

The sketches made during the Conceptualization Workshop in June 2024 are included in the report of
the workshop in chapter 5. On a macro level interventions have identified as blue-green network
included in the framework plan (this chapter). Interventions on a meso and micro level are demonstrated
for two sites in chapter 3.

Macro level: Blue-green network of Dehradun

The macro level compromises the major system structures, which includes the streams and rivers as
well as green spaces. Preferably a blue-green network is developed (Figure 2-7). Parks can serve as
temporary water detention areas or cascading parks, Figure 2-8. As suggested by the stakeholders:
using rejuvenation of the rivers through urban green belts and protection of green pockets, such as
green urban campuses. Other iingredients/major zones include:

1 Natural zone (clean water). Focus on slowing water down using check dams and increasing
infiltration area.

1 Urban blue/green belts for river rejuvenation (flood risk, water quality) and as the structure for
urban spatial quality, creating new green pockets.

1 Green campuses (private). These terrains are crucial for groundwater recharge. Their
assignment is to store at least a T10 rainstorm and let it infiltrate. Ideally these terrains become
open to the public, and part of the blue/green belt system.

1 Conserve and connect existing green pockets in existing densely built area and dense urban
areas.

1 Rainwater harvesting in areas to be developed. Urban densification increases possibilities for
indirect rainwater harvesting (recharge) and direct (harvesting and reuse in tanks).

1 New development guidelines: Natural Green Tribunal (NGT) norms for green/no-development
next to water bodies/streams.
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Figure 2Z7 Using the streams in Dehradun as blue/green network for eacH sub-basin [image: Deltares,
2024]

Figure 223 Cascading Park (Sponge City in Xiongan New District, China; image: West 8, 2018)
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Meso level: Resilient neighborhoods

The neighborhood and district-scale interventions will match the urban water management typologies
(Figure 2-4). Selection of elements and solutions has been part of the workshop with stakeholders. These
measures preferably connect to the water infrastructure like urban (street) drainage. An example is the
street corner basin which collects and retains stormwater runoff (Figure 2-9).

BEST MANAGEMENT PRACTICES
CORNER STREET BASIN
Approx. 450 sqft.

P . sy Rt bty vl
AN reanpaater

Figure 2-9 Street corner basin (Greater New Orleans Urban Water Plan; image: Waggonner & Ball
Architects, 2012)

Micro level: Small-scale interventions

At the micro level the focus lies on building and street-level interventions and could include building codes.
Examples are the Water as Leverage propositions for Chennai, India (city of 1,000 tanks) and Khulna,
Bangladesh (city of 100 ponds). To enhance the sponge function of urban areas requires a reconsideration
of land use, especially the ratio between paved and unpaved surfaces (Figure 2-10).

N Rainwater
S\ ="Adharvesting

drainage

Landuse: Landuse:

Paved roads: 10% : Paved roads: 10%
Roofs: 50% Roofs: 25%
Unpaved:  40% Unpaved: 65%

Figure 2-10 Effect of urban densification on the urban water balance with little sponge effect (left) and
enhanced sponge effect (right); [image: Deltares, 2024]
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Identified Nature-based Solutions elements

For Dehradun a set of NbS elements have been identified during the assessment phase. The
application of NbS elements (Table 2-4) in the situation of Dehradun have been discussed in the
Conceptualization workshop (design session/ CRC-tool) and are illustrated in Chapter 3 (Concept
designs and pre-feasibility assessment of priority adaptation measures).

Table 2-4 Selection of Nature-based Solutions elements for Dehradun (icons: Defacto Urbanism, 2022)

Nr. | Name Brief description

1 Rainwater tank Rainwater tanks are systems that allow to capture in a
container the runoff from roofs. They are an easy system
to install and depending on the size they can fit next to
different types of buildings. In most cases, the

precipitation is used for irrigating plants, since the tank is
already located outside.

Multi-layered roof system that is partially or entirely
covered with vegetation, containing a growing media,
waterproofing membrane, drainage, and often irrigation
components. The vegetation on the roof increases
surface roughness, reducing runoff.

A ditch with vegetation, a porous bottom and below that
a layer of gravel, packed in geotextile with a drainpipe. It
allows temporary rainwater storage, infiltration and
transport while helping to enhance biodiversity and
quality of life.

Ditch lined with concrete, masonry or gabions, with steps
along it, as well as an overflow area partially covered with
vegetation which increases surface roughness.

2 Green roof

3 Bioswale

4 Constructed drain

O @

5 Natural drain/ Gully or ditch where water runs temporarily. In Dehradun,
channel these drains commonly show signs of erosion, due to the
* intensive rainfall and steep slopes. This measure
focuses on using vegetation and natural materials to
stabilize the banks of the drains and reduce erosion.
Outlet of a constructed drain, designed with a train of
elements to slow down runoff, consisting of rocks in its
upper section and lower section and vegetated steps in
between. This succession of elements enables a gradual
transition from a culvert to a natural drain or wetland.

7 Detention basin Buffer basin that temporarily captures precipitation and
allows it to drain off slowly. During rainfall, the rainwater

6 Drain outlet

is captured in the basin and subsequently drained off to
create room for the next precipitation. These basins can
be designed to have a mostly stony or a mostly natural
appearance.

A gravel-filled bed or container built on a clay base and
planted with reeds mimics the function of a wetland by
collecting runoff from drains. Known as a constructed
wetland or reed bed, this system uses natural processes
to filter and treat stormwater or wastewater, contributing
to water purification and supporting ecosystem health.

8 Reed bed
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2.7.

2.8.

delaying runoff.

Ditches and earthen ridges facing downslope, with
vegetation on the ridge. This reduces soil erosion by
breaking down long slopes into smaller sections,
dissipating the runoff.

9 Permeable Pavement made of porous material that absorbs rainfall,
pavement ' temporarily storing water in the subsurface, partially
infiltrating and finally draining excess water. They
~— increase surface roughness reducing flow velocity and
10 | Trenches
& \

11 Gabions Metallic mesh box filled with rocks, placed across gullies,
forming steps to reduce further erosion along the gully.

12 | Trees Planting trees along roads or in small patches in urban
areas can have a positive effect by partially intercepting
and capturing rainfall.

13 | Vegetation Adding vegetation along roads, in gardens, and open

areas instead of paving them, to increase surface
roughness and reduce surface runoff.

Outlook of the communities

Both existing land use plans and planning development should be evaluated for opportunities to
incorporate sustainability and innovation. For example, the process of the water assessment requires that
when development plans are put forward the consequences and opportunities for water and/or spatial

planning are considered at an early stage. The appl
water in the designandorganiz at i on0) should be determined via a re
water assessment (Aawareness of watero). This is pa

water storage and good water quality.

Where the actors and parties involved come together, the joint ambition and level of involvement should
also be discussed. Independence of the actors and parties involved uncertainty about outcomes and
continually changing partnerships have changed the government's leading role to a shared role with
stakeholders. Planning developments are no longer just about the technicalities, but also about the way
decisions are taken. Defining the quality of the environment being sought and the management approach
to bringing this about (efficiency, costs/benefits) makes it possible to formulate joint agreements for the
actual implementation of sustainable technologies and solutions. In this way, growing awareness and
adaptation comes about and the reality of a water-sensitive city comes ever nearer.

Strategy

The Urban Framework Plan provides the basis for detailed design. It is a strategy for a climate-resilient
Dehradun, like a blue-green masterplan 2041. Based on the sketches by the participants in the
Conceptualization workshop (chapter 5) the urban framework plan is illustrated in Figure 2-11 (plan
map) and in Figure 2-12 (3D-profile). The main elements in the framework plan for a climate and water-
resilient Dehradun are:

1. rejuvenation of the Rispana and Bindal rivers as backbone of the blue-green network,

2. creating green belts as stepping stones,

3. protect existing green pockets and expand green spaces,

4. promote sponge function through increase of infiltration and rainwater harvesting.
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Figure 2-12 3D-profile of Urban framework plan for a climate and water-resilient Dehradun [image:
Deltares, 2024]

Pathways to master planning

During the final workshop, in Dehradun on 21 October 2024, local stakeholders reviewed and provided
valuable feedback on the Climate Resilient Framework Plan. For further detail on the workshop see
Annex E. The feedback provided various pathways to enable the integration of climate resilience into
master planning elaborated below.

Aspects to build-on:

These aspects of the Climate Resilient Framework Plan exist within projects, general awareness and
the enabling environment at large. Some aspects that have already been tested may contain feedback
from previous implementation. This feedback is crucial for effective implementation and upscaling.

1. Check dams, check valves, water holes, contour areas and gabions are being implemented by
the forest department along upstream locations of the Bindal and Rispana rivers.

Aspects to pioneer:
These aspects of the Climate Resilient Framework Plan require awareness building, buy-in by key
decision makers and the creation of an enabling environment for their uptake.

1. Ground water recharge into green campus areas

2. Cleaning and restructuring of waterways and open drains to full capacity

3. Phytoremediation

Aspects to strengthen:
These aspects must be considered while further developing the Climate Resilient Framework Plan:
1. Comprehensive and inclusive strategy addressing vulnerable settlements located within the
flood plain of rivers.
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Enhancement of riparian zone along rivers. This could include selection of specified species of

trees and vegetation to strengthen riverbanks, provide water treatment and provide
form of cash crops.

value in the

Integrating various functions within street profiles while incorporating climate resilience

measures. Functions suggested include footpaths, utility ducts and recharge pits.
iSave waterd awareness campaign acros

s all benef

New buildings to be designed with separate portable and non-portable water supply lines and
black and grey water drainage system. This will enable better water management at the building

level.

Key parties to involve
For the effective uptake of the Climate Resilient Framework Plan the following parties have been
identified
Lead: Urban Development Department (UDD) of the state of Uttarakhand. Planning activities
can be led by the Uttarakhand Urban Sector Development Agency (UUSDA) and the

1.

o

implementation by Nagar Nigam.

Important landowners to be involved in implementation. These include the Revenue Department

and Forest Department

Other landowners include Forest Research Institute (FRI), Survey of India (SOI), ICAR-Indian

Institute of Soil & Water Conservation, Dehradun (CSWCRTI), Oil and Natural Gas
(ONGQC), etc."

Corporation

Support entities include Irrigation, Jal Sansthan (wastewater and water supply), CGWB, Town

and city Planning, Mussoorie Development Authority

Project review can be led by SARRA (for river rejuvenation integrated development)

CSR: Indian Association of Petroleum
Other key actors at the State level:
I Smart city Dehradun
1 SARRAT Watershed Department
1 State specific schemes under irrigation, minor irrigation
1 UUSDA water and sewerage projects
Other key actors at the Central level:
9 Jal Shakti Abhiyan along with state
1 Jal Sanchay Jal Bhagidari
1 Swachh Bharat Mission 2.0
I Flood control management CWC (FHP project under Uttarakhand OZ Nos)

Links to ongoing projects and masterplans
The following links demonstrate the ongoing projects where aspects of the Climate Resilient Framework
Plan have/ are being tested. These can provide proof of concept and lessons learnt to enable uptake.

33 0f 121

1.
2.

2041 Masterplan, Development plan by Town and country Planning Authority

Uttarakhand Integrated River Urban Development Plan by UUSDA . Status: Ongoing project.
The scope of the project includes 24/7 water supply, storm water planning and wastewater

management.

A f | ags hiVpdVan(¥¢desacted, fian-forest) by UUSDA. Status: ongoing DPR,

funding awaited. The project is a water sponge area, connected to an 18 MLD STP

. The project

infiltrate reuse treated wastewater through the sponge area enabling ground water security.
Amrit Sarovar Mission, 24 sites including 2 in Dehradun and one in Mussoorie. Status:
Implemented. This project also includes the Forest, fisheries and Horticulture department. The
project components include water harvesting structures, rejuvenation of urban ponds, creation

of jobs for local communities through fishing and boating.
Amrut 2.0 project that include water body rejuvenation
Urban water body rejuvenation by the Finance commission.
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3.1.

Concept designs and pre-feasibility assessment of
priority adaptation measures

Dehradun, situated in the Doon Valley at an altitude of 450 meters and urbanised around the Bindal and
Rispana rivers, faces major environmental challenges. Especially rapid urbanization and densification
processes increase pressure on urban greenspaces and water availability. Groundwater depletion has
already been observed and a deterioration in water. The conceptualization workshop identified that
Dehradun needs to focus on the revitalization of the Bindal and Rispana rivers, improving water quality
and reducing water scarcity. Two case studies are selected to demonstrate the place-based integration
of the Framework Plan for Dehradun and the identified NbS measures. Located along urban rivers, both
concept designs in Dehradun demonstrate how the river can be a vital feature to anchor the integration
of green-blue infrastructure and how the various NbS measures can be combined into a site-specific
system. One project develops the riverbanks as the primary intervention (Bindal - Brahmanwala), the
other develops on the flows between the city and the river (Rispana - Chuna Bhatta).

Case Study 17 Bindal-Brahmanwala

Out of the two pilot studies conducted in Dehradun, one lies north of Ambala-Dehradun-Rishikesh Road
on Bindal Rao (River), Figure 3-1. The PWD Office is on the south-west corner of the site. To site may be
identified by geo-location (Longitude = 213058.267608 and Latitude = 3354973.15243) of its central part.
The area of the site is 18.90 Ha. with its North-South length is 915 metres. and East West Maximum
stretch is 320 metres.

0 0075 0.15 03

Dehradun: Bindal
(Sample Site 1)

-

i DDN_Bindal

L

:] Dehradun_MC

Figure 3-1 Site, Case Study 1 Bindal i Brahmanwala, Dehradun
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The site falls in two municipal wards Dehra Khash and Lohia Nagar (Figure 3-2). While a small part in
west is covered by Lohia Nagar, a major part of the site is in Dehra Khash in East.

"fampuy i l:_wﬁ!:

urmer Road

Figure 3-2 Location of Case study 1 Bindal i Brahmanwala in relation to Ward Boundary

Site analysis

Water system
The site has a slope from North to South and the elevation in the extreme north is around 608 metres
which slopes down to 600 metres in the extreme southern part of the site.

The Bindal River, a seasonal tributary of Rispana River, flows from north to south of the site. Before
entering to the site, it has already covered around 6.5 kilometre stretch if not more. Bindal acts as a
valve to disperse rainwater of the region during heavy rains, is now encroached by unauthorised urban
development and now it looks more like a drain than a river.

A narrow stream is flowing into Bindal from northwestern side, which now acts more as a storm water
drain. Another natural drain flows from west and meets Bindal near the Public Works Department (PWD)
office.

Current land use

The existing land use associated with these two wards are presented in Table 3-1. The current land use
shows that the wards have not been developed completely and therefore the wards have approximately
55% land under open land category. In addition to this, approximately 12% of the area in under
waterbodies and 8% under green belt. The presence of such blue-green elements reflects the potential
for installation of nature-based solutions in these wards. However, the probability of installation of such
features need to weigh against the proposed land uses for the said wards according to the Draft Master
Plan for Dehradun i 2041.

Currently, as a part of the existing land use the share of built-up (with residential areas, commercial areas
and roads) is barely 26%.
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Table 3-1 Land use of Case study 1 Bindal i Brahmanwala, Dehradun (Source: Author)

S.No. | Land Use Area (Ha) Percentage

1 Residential 2.13 11%

2 Commercial 1.84 10%

3 Road 0.76 4%

4 Open Land 10.43 55%

5 Green Belt 1.47 8%

6 Waterbody 2.27 12%
Grand Total 18.90 100%

Vi |5 7

o

4 ! . S b/ 4 i
Proposed Land Use Existing Situation (2024)
hatched yellow line - residential area violet colour line - the proposed 24 Meter
green dotted area - open space and Right of Way
recreation

Figure 3-3 Comparison of proposed land use in Draft Master Plan and Existing Land Use, Bindal

In the Dehradun Master Plan i 2041 (Draft) the northern part (Figure 3-3; the proposed 24 Meter Right of
Way divides the site into north and south and has been shown with violet colour line on the satellite image)
has been earmarked for residential area (hatched by slanted yellow line) while the southern part of the
current site is earmarked for open space and recreation. However, as a revision to the Draft Master Plan,
on 7t July 2023, several decisions was made and proposals approved at the Cabinet meeting held at the
State Secretariat. One of the most important decisions taken was with respect to shifting of Arhat Bazar
(WHOLESALE MARKET) in Dehradun from its present location at Gandhi Road to Brahmanwala in Dehra
Khash ward.

Current open space

Around 3,000 persons stay within this site, which houses predominantly slum-like housing. These figures
may help to broadly estimate the water demand and wastewater generated from this site. Fortunately,
around two-thirds of this site is mainly an open space in the rapidly growing capital city of Dehradun.

Future land use and urban developments

A policy has been approved for converting the land use of a total of 7.7493 hectares of land which will be
handed over to the MDDA in Brahmanwala village for the displacement of traders and other affected
people from residential and park to commercial and for shifting the commission market to a new site. After
the shifting of Arhat Bazar, the width of the Gandhi Road will increase from 16 to 24 metres. The land use
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of the proposed land in Bahmanwala will be changed from residential and park to commercial in the Master
Plan. The Revenue Department has been assigned the responsibility to change land use®.

Main risks/ challenges and (urban) opportunities to address with NbS

Out of the several options, available we have detailed out three interventions, namely: (A) Drain outlet,
(B) Detention basin and (C) Constructed wetland. Apart from these, green roof has been proposed on the
upcoming wholesale market.

Although the Cabinet decision proposes to shift the land use if the site from Residential and Recreational
Park to Commercial but looking at the requirement of open spaces in the city, the green open area should
be preserved. The first and foremost risk of implementing the NbS in the site is to reverse the order which
has already been approved by the State Cabinet. However, with a detail site analysis one may show that
this site being a low-lying area and was used for agriculture in recent past is flood prone. Therefore, it
would be better to stop the ongoing construction work and preserve the natural condition for environmental
benefit with its ecosystem services.

The second risk of the proposed NbS is wastewater management. As mentioned earlier, the Bindal River,
which is a seasonal river, has very less volume of water in the dry season. This natural drainage mainly
acts as a municipal drain passing at least 6.5 kms through dense urban areas. Within this passage it
collects wastewater from several tributaries’. Therefore, since we are proposing a constructed wetland
and a detention basin in this area, good quality impermeable membrane must be used to avoid any
groundwater contamination.

As mentioned above, the built-up area within the site is mostly unplanned and does not comply with
minimum standards for infrastructure and services (e.g. roads, water supply, sewerage etc.). The area,
especially the housing on western border is characterised by slum like housing where poverty is high.
Buildings are very close to each other, which increases the urban heat stress with negative health impacts
especially on vulnerable groups. Overall accessibility of the neighbourhood is poor through the narrow
road.

Suggested interventions

The case study at Bindal-Bahmanwala proposes a combination of interventions, which are mentioned
below:

Constructed and Natural drain, and drain outlet

Permeable pavement

Green roof (at wholesale market)

Rainwater harvesting

Constructed wetlands (for wastewater treatment)

Detention basin for slowing down the water flow.

Green belt of various kinds has also been proposed like embankments as part of the floodplain,
park/ trees, vegetation/ recreation.

= =4 -8 —a & _a 9

The green belt is a designated zone (< 50 metres) under urban planning with an intention to prevent
urban sprawl from occupying vital spaces around the river. There is an existing green belt designated
site along the road on the western side of the site. This designation is intended to protect the unused
space from further slum proliferation. Apart from this existing green belt, slender green belts in the form
of bioswales (< 10 metres), would be developed along the river Bindal.

Out of these, following three elements have been selected for detailing the proposal:
1. Natural Drain (inlet).
2. Detention basin.
3. Constructed wetlands.

000000000000600

6 https://garhwalpost.in/arhat-bazar-to-be-shifted-to-bahmanwala/
7 Uttarakhand Pollution Control Board (2019) - Action Plan for Rejuvenation of River Suswa (Mothrawala to Raiwala), Dehradun.
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1) Natural Drain: For natural drains in urban area for sustainable urban drainage system, it is advisable
to have gentle slope, and the current case study site matches this criterion. The natural drainage channel
which meets the site at southwest corner is suitable for this purpose. This drain meets the Bindal river
after flowing through large patches of open land and thus suitable for developing it as natural drain with
addition of vegetation, which will improve the infiltration. The other drain which flows and meets the site
at northeast corner is originally a natural drain but has been lined and now appears as constructed drain.
This drain will empty into the detention basin proposed in the case study.

2) Detention basin: Detention basin has been proposed in this site to slow down the flow of water coming
through the constructed drain from north-east and thus minimising silting of drainage course of Bindal
river. The basin will be designed to regulate storm water runoff by temporarily storing it and releasing it
gradually into the constructed wetland until completely drained. The basin has a membrane liner and
therefore does not contaminate the ground. This feature contributed towards cooling through direct
evaporation as well as evapotranspiration from vegetation along the edges of the detention basin. Water
from the detention basin is treated using constructed wetlands and is then released into the Bindal River.

3) Constructed Wetlands: The water received in the detention basin contains runoff pollution and
wastewater. The detention basin serves as a control to ensure that the water in the constructed wetland
has sufficient retention time before it is discharged into the river. The constructed wetlands treat the water
using hydrophilic plants established in the gravel. As the water moves through the constructed wetland.
The constructed wetland has a membrane liner and therefore does not pollute the soil or groundwater.
Once treated the water is safely discharged into the river. This treatment contributes to improvement in
water quality in the river. Further the constructed wetland contributes to cooling, increased biodiversity
and beautification of the site.

Following figures 3-4, 3-5 and 3-6 are the conceptual drawings of detailed plan and cross sections of
these three elementss®.

Guardrail

Drainage pipe
Stone masonry

Landscape gradient, vegetation and
water storage capacity increase with
each step leading into the wetland

Wetland

Width and depth of
each step depends on
hydrological needs

Shrubs

1.0m

Figure 3-4 Cross Section of drain inlet (source: author, adopted from Deltares et al., 2024)

0000000006000 00
8 Deltares, SHER and Defacto Urbanism (2024) Technical recommendations for the selection of Nature-based Solutions in the city
of Kigali, commissioned by the World Bank # 1283522.
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Figure 3-5 Cross Section of Detention Basin (source: author, adopted from Deltares et al., 2024)

Gravel Slope 1% Drainage pipe Wetland plant {macrophytes)
Liner

inlet

= Outlet

Figure 3-6 Cross Section of Constructed Wetland

The concept design for Case Study 1 1 Bindal-Brahmanwala is presented in Figure 3-7 and combines a
drain inlet, detention basin and constructed wetlands to manage the runoff from the build-up areas and
provide as green space along the river.
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Demonstration: concept design

Study area

Constructed drain

Green roof

Green belt/ Park and trees
Detention basin
Constructed wetland
Riverbed (dry weather flow)
Drain outlet
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Figure 3-7 Proposed Interventions, Case Study 1 Bindal i Brahmanwala, Dehradun
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Governance

In Dehradun, the governance structure operates within the broader framework of the Uttarakhand state
government. The District Magistrate (DM) oversees administrative functions and coordinates urban
development efforts at the district level. The Dehradun Municipal Corporation (DMC) handles urban
planning, infrastructure, and local services within the city. At the state level, various departments, led by
the Chief Minister, are responsible for setting policies and allocating resources for environmental
management . Additionally, the central governmentds
Change (MoEFCC) provides national guidelines and support for climate action. The Forest Survey of
India (FSI) which is based in Dehradun, is an organization under MOEFCC responsible for assessment
and monitoring of forest resources regularly.

Lead party and stakeholders

The DMC serves as the primary body for local governance, urban development and environmental
management within the city. Several stakeholders are involved in addressing environmental and climate
issues. The District Administration coordinates emergency responses and disaster management. State
government departments, including those focused on forests, water resources, and urban development,
develop and implement relevant policies. Local communities, especially those in vulnerable areas, have
a direct interest in urban and sustainable development. Non-governmental organizations (NGOSs) such
as the Himalayan Environmental Studies and Conservation Organization (HESCO) contribute to
environmental conservation and community resilience. Additionally, local universities and research
institutions provide essential scientific research and data for planning and policymaking.

Societal support and needs

Community support for environmental and climate resilience is evident through local initiatives such as
afforestation programs and participation in environmental awareness campaigns. The state government
has also initiated various programs, including the Uttarakhand State Action Plan on Climate Change
(SAPCC), to address these issues. However, additional support is needed to enhance community
engagement in decision-making processes, ensuring that policies and interventions are practical and
culturally appropriate. Capacity building through training on climate resilience strategies and disaster
preparedness is crucial. Increased financial support from both government and private sectors is
necessary to implement and sustain climate resilience projects. Improved data collection and research
are also essential for understanding climate impacts and developing targeted interventions.

Creating a climate resilience framework for Dehradun requires a collaborative approach involving all
stakeholders. By leveraging existing community support, enhancing capacity-building efforts, and
securing necessary resources, Dehradun can develop an effective strategy to address its environmental
and climate-related challenges. The combined efforts of local governance, state authorities,
communities, and supporting organizations will be key to ensuring a sustainable and resilient future for
the region.

Impacts, co-benefits and effect
Table 3-2 presents an overview of impacts, additional benefits and maintenance and monitoring
requirements for the proposed interventions.
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Table 3-2 Overview of impacts, additional benefits and maintenance and monitoring requirements for
the proposed interventions of Case Study 17 Bindal i Brahmanwala, Dehradun

Intervention

Co-benefits

Effect

Natural drain/ inlet

River rejuvenation
Improve water quality
Water recharge

Manages rainwater runoff.

Additional benefits

1 Avoids water accumulation.
1 Breaks the energy of water
flow.

Maintenance

Regular cleaning of debris,
sediments and vegetation.

Monitoring

Inspect regularly for:

1 Sediments after heavy
rainfall.

1 Solid waste that prevents
runoff.

Detention basin

River rejuvenation
Improve water quality
Water recharge

Reduces peak flow, enhances
water recharge.

Additional benefits

Adds green spaces, multiple
use of space (e.g. recreation).

Maintenance

1 Trimming and cutting the
grass on vegetated area
and sloped banks.

T Remove excess sediments.

T Remove solid waste.

Monitoring

Inspect regularly for:

1 In and outflow dynamics.

1 Infiltration rate until the
basin is empty again.

Constructed wetlands

River rejuvenation
Improve water quality
Water recharge

Natural water treatment
ensures better water quality.

Additional benefits

Encouraging biodiversity.

Maintenance

Regular mow plants and
remove (solid) waste.

Monitoring

Inspect regularly for:

1 Sediments and solid waste
accumulation.

 Residence time of the
water.

1 Outflow water quality.

NAINITAL Final Report Dehradun
11208922-002-BGS-0006, 11 November 2024
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3.2.

Costs and pre-feasibility assessment of priority adaptation measures
The estimated cost of the project on pilot site 1 including construction of drains, construction of wetland
and bioswale is INR 5,584,193. See Appendix B for details of the calculations of the Bill of Quantities.

To assess the pre-feasibility of the project for case study 1, a qualitative assessment has been made of
the scoring of this case study on a few criteria. Scoring is based on the information presented above and
expert judgement by the Consultant. The result is presented in Table 3-3. The conclusion regarding the
pre-feasibility is positive as this case study is expected to contribute substantial to the rejuvenation of
the Bindal river with limited negative impacts. Costs are high but seem acceptable compared to the
compared to the (urban flood) damage and health issues prevented. It is recommended to execute for
this project a complete feasibility analysis including detailed designs and a cost-benefit analysis to
decide whether the project should be implemented.

Table 3-3 Qualitative pre-feasibility assessment for Case Study 17 Bindal i Brahmanwala, Dehradun
(+ indicates positive, 0 neutral and i negative)

Criterium Score (+,0,-) Remarks

Contribution to desired impact + Project is a potential stepping stone in the blue-
green belt ambition. It is expected to introduce
a new urban green space that will support
Bindal river rejuvenation and city beautification
efforts.

Positive co-benefits + Some co-benefits include multiple use of space
(such as recreation, sports) and water quality
improvement by treatment of water runoff.

Negative side-effects + Apart from the land use allocation, negative
side effects are limited.

Societal support 0 The land use allocation (such as the wholesale
market) might be an indication that there is
opposition to the proposed interventions. Yet,
local communities would be supportive.

Cost i value for money 0 The project is expensive but is expected to
contribute substantially to the Bindal
rejuvenation and beautification of surrounding
neighbourhoods.

Overall score + The project contributes substantially to the
Bindal rejuvenation and is a potential stepping
stone in the blue-green belt ambition. Negative
impacts are limited. Costs could be comparable
to benefits in climate regulation, recreation,
health. Supporting local livelihoods.

Pathways to implementation

During the final workshop, in Dehradun on 21 October 2024, local stakeholders reviewed and provided
valuable feedback on this concept design, which are elaborated below. For further detail on the final
workshop see Annex E.
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3.3.

Key parties to involve

For the effective uptake of the concept design the following parties have been identified
1. Lead: SARRA in collaboration with the watershed division of the Forest Department

2. Supporting parties: Municipal Cooperation, District Administration (DDA), MDDA: Mussoorie
Dehradun Department Authority, Irrigation Department, Urban Development Directorate,

Roadblocks and opportunities to implementation
The following roadblocks and opportunities have been identified for the concept design.

1.

w

Case Study 27 Rispana - Chuna Bhatta

The second site in Dehradun city is in the north (Longitude

UKPCCB/ NGT, NIH, CWC, CGWB, IIT, TCPD etc.

Local residents through Resident Welfare Associations (RWA § san function as project

champions.

Unauthorized enclosures/ settlements are a key aspect to address sensitively.
NOCs for various departments is a major roadblock to be addressed.

Upscaling to district level is an opportunity once a demonstration project has been implemented.

217193.245401 and Latitude =

3358435.09275) in the west of Rispana River. The Raipur Road cuts across the site in half from east to
west. Brightland School is in the southwest corner of this site. The area of the site is 37.16 Ha. with its
North-South length is 831 metres. and East West Maximum stretch is 521 metres. The site falls in five
municipal wards Karanpur, Rishpana, Adhoiwala in the north of Raipur Road and Dalanwala (North) and
Bhagat Singh Colony in the south of Raipur Road.

A § 4 ] Adhonwala
i

Bhagat Singh Colony

Figure 3-8 Location of Case Study 2 i Rispana - Chuna Bhatta, Nainital; in relation to Ward Boundary

Site analysis

Water system
Rispana River (also Rispana Rao) is a tributary of the Song River that drains central Dehradun in
Uttarakhand. It emerges from a small spring at the base of Mussoorie ridge. Unfortunately, the Rispana
is contaminated as many of the city's sewage lines empty into the river and encroachment due to urban
expansion has narrowed down it at many locations. Later Song River meets the Ganges. Rispana River
flows from north to south on the eastern part of the site. The average width in the north is around 15
metres which gradually increases to around 35 metres as it flows southward. The site slopes down from

north-west corner (688 metres) to southeast corner (672 metres).
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Current land use

The existing land use associated with these five wards are presented in the Table below. The current land
use shows that the wards have been developed completely and has a mix of residential and institutional
land use. Approximately 45% of land is under residential category. In addition to this, approximately 15%
of the area in under institutional use and 9% under institutional green. The land under circulation area is
around 26%.

Table 3-4 Land use of Case study 2 Rispana - Chuna Bhatta, Dehradun (Source: Author)

S. No. Land Use Area (Ha) Percentage
1 Residential 16.59 45%
2 Institutional 5.47 15%
3 Institutional Green 3.27 9%
4 Road 9.50 26%
5 Waterbody 2.20 6%
Grand Total 37.17 100%
77T 507
LS

4 [: X f;/]/

A e e
Proposed Land Use Existing Situation (2024)
hatched by red vertical lines - institutional
hatched by slanted yellow line - residential
Figure 3-9 Comparison of proposed land use in Draft Master Plan and Existing Land Use, Rispana

The current land use in the majority southern part of the site (south of Raipur Road) is institutional in
nature. Coronation hospital and schools like Col. Brown Cambridge School, Brightlands School are within
the site. However, in the Dehradun Master Plan i 2041 (Draft) only Welhams School (Girls and Boys)
have been shown as institutional area (Figure 3-9; hatched by red parallel vertical lines) and rest as
residential area (Figure 3-9; hatched by slanted yellow line).

Current open space

Around 20,000 persons stay within this site including the students and support staff of Col. Brown
Cambridge School, which is a residential school. Apart from this, a floating population of students,
teachers and support staffs (around 2500) of Brightlands School arrive every day. These figures may help
to broadly estimate the water demand and wastewater generated from this site. The northern part of the
site, the Raipur Road, is densely urbanised and lacks open space. However, the playfields of the schools
act as major open spaces available in the southern part of the site.

45 of 121 CLIMATE RESILIENCE MODELING, PLANNING, AND DESIGNING for DEHRADUN and
NAINITAL Final Report Dehradun

11208922-002-BGS-0006, 11 November 2024 De I. ta res



Future land use and urban developments

One of the micro scale measures that is suggested (Framework plan, chapter 2) is the street corner basin
(Figure 2-9). This might include pedestrianisation and tree plantation along walkways. In addition, the
proposed interventions include a green roof on the roof of a school building and rainwater harvesting tanks
on the eastern side of Rispana. School playgrounds have been retained as recreational green space,
where a detention tank and constructed wetlands are integrated.

Main risks/ challenges and (urban) opportunities to address with NbS

The main challenge to introducing any NbS in the northern part of site is that it is too densely developed.
There is almost no open space. If the local government must implement some NbS in this northern part,
they will need to acquire some vacant plots along with adjoining built-up properties. Also, it will be quite
challenging to convince the residents to allow the implementation of porous paved roads with trees. In the
southern part of the site, there are open spaces, but those are privately owned institutional areas. It will
not be easy to convince the private owners to develop their open space in a certain way.

Suggested interventions

The main three elements of NbS which will be implemented here would be
1. Combination of permeable pavement and trees
2. Green roof
3. Rainwater harvesting tanks

1) Permeable pavement and trees: The permeable paving serves as an optimal NbS in densely built-
up urban areas. The permeable paving may not be suitable for heavy traffic but is suitable to light traffic
conditions, sidewalks with lower volume of pedestrians, parking lots and road shoulders. These
pavements allow water to infiltrate through voids and therefore aid in percolation. The construction
material may be recycled concrete, porous asphalt, with interlocking pavers and other materials. They
filter water through different aggregate sizes of filter fabrics and thereby act as sand filters. Literature
and research?® further point that permeable pavers are capable of minimizing pollutants such as TDS,
phosphorous, total nitrogen and zinc, motor oil and copper. The void space in the pavers often are
habitats to micro T organisms that have the potential to break down hydrocarbons and metals. The
permeable paving reduces floods, breakdown storm water pollutants, enable groundwater recharge,
impede stream erosion and abet storm water management system. For creating porous roads, geo-
cellular sub-bases are to be used which will manage runoff, control stormwater infiltration and create
storage. Roads with everyday traffic may operate on such roads. Specialised materials with herringbone
cells and integrated mesh bottom can even work under heavy traffic use. Existing and new trees can be
incorporated within the paving to provide additional infiltration and cooling.

Cost of permeable pavement per km is INR 3047.17 per km. See Appendix B for the details.

2) Green roof: Green roofs are artificial ecosystems that provide a nature-based solution to
environmental challenges such as climate change and the urban heat island. The green-roof benefits
include storm-water management, energy conservation, and urban habitat provision. These ecosystem
services derived from three main components of the living roof system are vegetation, substrate
(growing medium), and membranes. Plants shade the roof surface and transpire water, cooling and
transporting water back into the atmosphere. The growing medium is essential for plant growth but also
contributes to the retention of storm water. The membranes are responsible for waterproofing the roof
and preventing roof penetration by roots°. The roof of the school can be retrofitted with a green roof.

0000000006000600

® Capital Regional District: (2024, September 29), Permeable Paving, British Columbia, Canada -
https://www.crd.bc.ca/education/stormwater-wastewater-septic/green-stormwater-infrastructure/permeable-paving
10 https://bioone.org/journals/bioscience/volume-57/issue-10/B571005/Green-Roofs-as-Urban-Ecosystems
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The rate for green roof is INR 500 per square feet. See Appendix B for details.

3) Rainwater harvesting tanks: Rainwater harvesting tanks collect rainwater from rooftops or other
surfaces into tanks or other storage structures. RWH from roof surfaces is typically done via gutters that
direct rainwater to storage tanks. In the present scenario, these tanks may be placed underground or at

surface level, where water can be stored and redistributed to the surrounding areas for non-drinking
purposes.

Following figures 3-10, 3-11 and 3-12 are the conceptual drawings of detailed plan and cross sections of
these three elements??.

Stormwater infiltration Kerby (ty/pically conirets)

Permeable concrete block pavers o ‘
AN %

5mm clean stone laying course
(Depth varies: 20-50mm)

Geocellular sub base
(Depth varies:150-1000mm)

Optional Geotextile
membrane

Soil subgrade  —

Figure 3-10 Porous paving with tree

000000000000009

11 Deltares, SHER and Defacto Urbanism (2024) Technical recommendations for the selection of Nature-based Solutions in the
city of Kigali, commissioned by the World Bank # 1283522.
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- Water proof membrane : Thermoplastic polyolefin (TPO) membrane
- Root barrier : Flexible polyolefin (TPO)

- Drainage layer : Polyropylene water drain cells 30 cm

- Filter Fabric : Getextile

- Substrate : Growing medium): soil stabilizer

- Vegetation : Grassess

Figure 3-11 Green roof

Vegetation

Substrate(growing medium)

Filter Fabric
Drainage/reservoir layer

Root barrier
Water proof membrane

Roof deck

M
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Figure 3-12 Rainwater harvesting (RWH) to storage tank (source: author, adopted from Deltares et al.,

2024)

The concept design for Case Study 2 7 Rispana i Chuna Bhatta is presented in Figure 3-13 and
combines neighbourhood streets with porous paving and buildings with green roofs a/o rainwater
harvesting to storage tanks. To manage the runoff from the build-up areas along the river.
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Demonstration: concept design

Study area

Constructed drain along road
:} Rain water harvesting to tank

Green belt/ Park and trees

Detention basin

Constructed wetland

Riverbed (dry weather flow)

Drain outlet

Tree in porous paving

=] Green roof
mn
D

S
[}
=
o
©
c
@
=
4
o
1
S
k=]
©
v
o
S
c
&
L
(S

e POrous paving
sxexeeeewe  Natural drain

Figure 3-13 Proposed Interventions, Case Study 2 i Rispana - Chuna Bhatta, Dehradun
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Governance
As the governance situation is the same as for Case Study 2 i Rispana - Chuna Bhatta, the reader is
referred for this discussion to the governance paragraph in Section 3.1.4.

Impacts, co-benefits and effect
Table 3-5 presents an overview of impacts, additional benefits and maintenance and monitoring
requirements for the proposed interventions.

Table 3-5 Overview of impacts, additional benefits and maintenance and monitoring requirements for
the proposed interventions of Case Study 2 i Rispana - Chuna Bhatta, Dehradun

Intervention

Co-benefits

Effect

Porous paving with trees

Water recharge/ use

Manages rainwater runoff and
facilitates recharge.

Additional benefits

9 Avoids water accumulation.
 Beautification of streets.
 Reduce Urban Heat Island.

Maintenance

Regular cleaning of debris,
sediments and solid waste.

Monitoring

Inspect regularly for:

1 Sediments after heavy
rainfall.

1 Solid waste that prevents
runoff.

Green roofs

Water recharge/ use

Reduces peak flow, facilitates
rainwater use.

Additional benefits

Multiple use of space.
Reduce Urban Heat Island.
Urban farming.

Maintenance

I n case of #fs
maintenance is limited.

1 To attract insects seeding
of flowers and herbs can be
considered.

1
1
1
1

Monitoring

Inspect annually for:

1 Retention and runoff
dynamics.

1 Health and changes in roof
vegetation.

Rainwater harvesting (RWH)
to storage tank

Water recharge/ use

Water collection for use in non-
potable water demand.

Additional benefits

Reduces runoff and avoids
water accumulation.

Maintenance

Maintenance is limited.

Monitoring

Inspect regularly for silting and
dynamics in water volume.
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3.4.

Costs and pre-feasibility assessment of priority adaptation measures

The estimated cost of Case Study 2 1 Rispana - Chuna Bhatta, Nainital including porous pavement,
green roof and rainwater harvesting tank is INR 49201,116/-. See Annex A for details of the calculations

of the Bill of Quantities.

To assess the pre-feasibility of the project for case study 2, a qualitative assessment has been made of
the scoring of this case study on a few criteria. Scoring is based on the information presented above and
expert judgement by the Consultant. The result is presented in Table 3-6. The conclusion regarding the
pre-feasibility is positive as this case study is expected to contribute substantially to enhance sponge
effect in neighbourhoods, such as water recharge and rainwater use. With limited negative impacts.

Costs are high but seem acceptable comparedtot r adi t i onal Agrey

Jdtisf rastruct

recommended to execute for this project a complete feasibility analysis including detailed designs and a

cost-benefit analysis to decide whether the project should be implemented.

Table 3-6 Qualitative pre-feasibility assessment for case study 2 i Rispana - Chuna Bhatta, Dehradun

(+ indicates positive, 0 neutral and i negative)

Criterium Score (+,0,-) Remarks

Contribution to desired impact + The project demonstrates the potential of
neighbourhoods to act as sponges: water
recharge and rainwater use. Besides, it adds to

the blue-green network ambition.

Positive co-benefits + Some co-benefits include climate regulation,
multiple use of space, health. And supporting

local livelihoods.

Negative side-effects + Apart from availability of space, negative side
effects are limited.

Societal support 0 Promoting co-ownership and facilitating
support from local communities is key.

Cost i value for money 0 The project might be expensive but is expected
toreplace costs for tra
infrastructureo draina

Overall score + The project contributes substantial to enhance

sponge effect in neighbourhoods, such as
water recharge and rainwater use. Negative
impacts are limited. Costs could replace costs

for tradit:.

onal

ngrey

benefit in climate regulation, health. Supporting

local livelihoods.

Pathways to implementation

During the final workshop, in Dehradun on 21 October 2024, local stakeholders reviewed and provided
valuable feedback on this concept design, which are elaborated below. For further detail on the final

workshop see Annex E.
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Aspects to strengthen:
These aspects must be considered and included while further developing the concept design

1.

w

NBS measures should incorporate cash crops to increase the value, business case and
appreciation by local communities. A local example is Elaeocarpus Ganitrus or Rudraksh Plant
which was used as a cash crop in a CSR-funded project by HCL and Infosys. Rudraksh seeds
are used as prayer beads and can be used to make necklaces. For the green belt Arjuna
Tamalia is suggested as a species suitable to grow along rivers. The plan can be used for
medicinal purposes as well as for silk production.

Green Facades are suggested an as additional NBS measure, as they provide urban cooling.
Local examples exist in Lalpur, Bindal.

Underground recharge structures should be included in the measures proposed.

Awareness Campaign should be implemented across various actors and beneficiaries.

Key parties to involve
For the effective uptake of the Concept design the following parties have been identified

1.

Lead: Urban Development Department (UDD) of the state of Uttarakhand. The Planning will be
led by the Uttarakhand Urban Sector Development Agency (UUSDA) and the implementation
will be led by Nagar Nigam.

Important actors: Mission Manager, National Livelihood Mission (NLM) for sites in Nagar Nigam.
Women and Children can function as brand ambassadors and to increase acceptability.
Additionally Self Help Groups (SHGSs) can be important starting points to engage women and
children.

Participating entities: Department of Education, Nagar Nigam, MMDA

Roadblocks and opportunities to implementation
The following roadblocks and opportunities have been identified for the concept design.

1.
2.

3.
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NOC:s for various departments is a roadblock to be overcome.

Inclusive and comprehensive strategies to address unauthorized enclosures/ settlements is
essential for river rejuvenation components.

The lessons learnt can be upscaled to the district level.

Lack of good quality building material may be a key roadblock to implementing measures such
as porous paving.

Willingness to implement is a huge hurdle. Role of enforcement agency to enable climate
resilience projects. Using the power of approvals. Enforcement agencies (by planning dept) to
step in here to ensure open spaces are preserved and Climate resilience measures
incorporated. Incentives (by planning department) e.g. Rebate in property tax can also be used
in combination with regulatory measures.

CSR can provide funding opportunities for private properties and small projects that are
essential to introduce NBS measures in a decentralized manner.
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Findings of the situation assessment

The situation assessment forms the basis for the rest of the project. It started with collection of available
reports and information in the Inception phase and then followed a structured approach. First a baseline
assessment has been conducted for:

The Socioeconomic and infrastructure situation and existing plans.

The Natural resources system, which includes, geologic, water resources and water quality
systems.

1 Institutional and governance system where we look at both the theoretical and the practical
functioning of the system in view of the set policy agenda.

= =

Parallel to the baseline assessment different climate and socio-economic scenarios were developed.
These scenarios describe realistic possible future developments in terms of factors (e.g., population and
tourism developments, water needs and wastewater generation, but also rainfall variability and drought
occurrence) that will define and scope the needs for sustainable solutions.

Both the baseline assessment and scenario building benefit from modelling works based on modelling of
hydrology, flood mapping, groundwater modelling, and landslide mapping under different climate
scenarios. The situation assessment is reported in a separate volume?’2, In this Chapter we summarize
the main findings.

Climate change

The climate in Dehradun is changing. Average temperatures are increasing, and rainfall extremes are
getting more extreme already. Local data from the Indian Meteorological Department (IMD) show a
rising trend in temperature of approximately 3 °C per century (Figure 0-3, right panel). There also seem
to be a rising trend in the annual total rainfall volumes, although the trend is not statistically significant.
The trend in the rainfall becomes clearer and more significant when looking at the number of days with
intense rainfall (Figure 0-4, right panel), which shows that both the number of days of more than 50 mm
and 70 mm of rainfall are increasing already. Figure 0-4 also shows in the left panel that extreme hot
days are becoming more frequent already.

00000000060060060
12 Deltares and RMSI (September 2024), Uttarakhand Integrated and Resilient Urban Development Project i Assessment phase
Dehradun, Final Draft Report, commissioned by ADB TA-6840 IND.
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Figure 0-3 Basin average trend in the annual total precipitation (left) and the annual average temperature (right figure),
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Figure 0-4 Basin average trend in the number of days with very high temperature (left) and the number of days with very
high rainfall (right figure).

When looking ahead, climate change scenarios are used to explore the different futures. For this study
the recently published CMIP6 dataset is used to assess how the climate is going to change and how this
will impact the hydrology. The CMIP6 dataset consists of a set of climate models that have been used to
generate future climate projections based on the so-called Shared Socioeconomic Pathways (SSP)
scenarios. The SSP scenarios are basically story lines of how the world is developing in terms of
greenhouse gas emissions. There are different SSP scenarios, ranging from SSP126 which reflects the
emi ssions agreed upon in the Paris agreement,
scenario. In terms of climate change, the SSP126 scenario would result in the lowest temperature
increase, whereas the SSP585 scenario would result in the largest temperature change.

up

Figure 0-5 shows the projected changes in temperature (left panel) and precipitation (right panel). The
lower end SSP scenarios project a further increase of temperature for the short horizon up to 2050 after
which the temperature increase comes to a hold, whereas the higher end SSP scenarios project the
temperature to keep increasing at an even accelerated pace until the end of the century.

The trend in total annual rainfall volumes is less profound, although the average projected change in the
high end SSP scenarios indicates an increase of rainfall of 20-40% towards the end of the century.
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4.2.
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Figure 0-5 CMIP6 climate change projection for the period up to 2100 for different SSP scenarios. The left panel shows the
basin average change in annual average temperature and the right panel shows the basin average change in annual total
rainfall.

Table 0-1 presents for the different scenarios of the expected change in monsoon and non-monsoon
rainfall. The amount of monsoon rainfall is expected to increase and to become concentrated in less
days, increasing risk of flooding. The non-monsoon rainfall is expected to decrease. Combined with an
increase of potential evapotranspiration drought risk is expected to increase.

Table 0-1 Average change in rainfall in the monsoon and non-monsoon period.

Scenario Average rainfall (in mm) per period of the year
Monsoon Non-monsoon period
INM-CM4-8_historical 926 - 470 -
INM-CM4-8_ssp245_near 975 5% 431 -8%
INM-CM4-8_ssp245_far 1094 18% 454 -3%
INM-CM4-8_ssp585_near 1045 13% 478 2%
INM-CM4-8_ssp585_far 1282 38% 425 -9%

Surface water

Currently, large parts of the rivers in Dehradun carry water only during the monsoon. As no runoff data
was available to do a hydrological analysis based on observed streamflow data, a hydrological model
was used to translate the IMD and CMIP6 rainfall and temperature data into river discharge data. Model
results show for the historical period an increasing trend in annual average and annual maximum
discharge. The annual maximum discharge is increasing faster than the annual average discharge,
implying that extremes are becoming more extreme faster.

Table 0-2 presents simulated changes- in discharge for the Dehradun area. Overall, maximum flows are
expected to increase and minimum flows to decease, confirming that the rainfall and discharge are
expected to become wetter in the monsoon and drier outside the monsoon.
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Table 0-2 Simulated changes in average, maximum and minimum flow conditions for different SSP scenarios and different
periods.

Scenario Period Mean Max Min
Historical (1980-2010) 53,0 - 261,0 5,86 -
Near future (2020-2050) 50,9 -4% 253,0 -3% 5,65 -4%
SSP245
Far future (2070-2100) 58,8 11% 297,0 14% 5,45 7%
Near future (2020-2050) 54,8 3% 270,0 3% 5,60 -4%
SSP585
Far future (2070-2100) 66,9 26% 341,0 31% 5,62 -4%
Groundwater

The groundwater availability of Dehradun is under pressure. Locally, more groundwater is extracted
than recharged, which is of major concern. The groundwater levels at two monitoring locations in
Dehradun city show a declining trend of 7-10 m over the period 2010-2020 (Figure 0-6). The declining
trend is also observed by the inhabitants of Dehradun who noticed tubed hand pumped wells to run dry
during recent years. This structural decline cannot be explained by meteorological changes since a
decreasing trend of the precipitation surplus has not been observed.
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Figure 0-6 Measured groundwater level decline in meters in and around Dehradun between 2010 and 2020

The groundwater head decline is very likely explained by a combination of (1) an increase in
groundwater abstractions for drinking water due to population growth (and related growing water
demand) and (2) a decrease in groundwater recharge due to expansion of the city (sealed surface area
increased).

In Dehradun city observed groundwater levels are several dozen meters below the surface. This leads
to continuous leakage from the rivers to the groundwater. The river infiltration contributes importantly to
the recharge of the groundwater system.
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The deep groundwater tables provide an opportunity to store water that could be used for drinking water
supply. To achieve this, rainwater infiltration should increase and sealing in the urban area should be
reduced. However, the occurrence of clay layers in the soil profile could inhibit the infiltration.

Under all circumstances to maintain a sustainable groundwater resource, the abstractions should not
exceed the infiltration, as in the current situation.

Water quality and pollution

The water quality in and around Dehradun is a concern. Based on data published by the Uttarakhand
Pollution Control Board for the year 2022 (Uttarakhand Pollution Control Board, 2023), the rivers
through the city of Dehradun show higher levels of conductivity, increased concentrations for BOD,
COD, coliform bacteria (Figure 0-7), nitrate and nitrite and lower concentrations for dissolved oxygen
than samples taken outside the city boundaries. This is indicative of anthropogenic influences from the
city. High concentrations of coliform bacteria and Biochemical oxygen demand (BOD) point out emission
sources of untreated domestic wastewater. The high oxygen demand of the water leads to a reduction in
dissolved oxygen concentrations in the river. Following the designated-best-use criteria of the Central
Pollution Control Board (Central Pollution Control Board, 2023), the rivers in the direct proximity of the
city of Dehradun have a designated-best-use classification D (Propagation of Wildlife and Fisheries) or
E (Irrigation, Industrial Cooling, Controlled Waste disposal). According to these criteria, the water is not
suitable as a drinking water source or for bathing.

Although many wastewater management facilities are in place, the sewage treatment plants (STPs)
currently utilise only about 40% of the installed capacity. One likely contributing factor is that the
coverage of household connections to the STPs is not 100%. In the sewage masterplan one can for
example see that there are ongoing and planned sewage rehabilitation projects in various STP zones.
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Figure 0-7 Total coliform bacteria (classes from 0 (not observed) to 6 (high abundance)) of the surface water presented by
squares and the groundwater presented by triangles (source: field survey 2023)

In order to understand how the water quality in rivers flowing through Dehradun might change as a

result of increasing urbanization and climate change, a water quality model was developed. The water

quality model estimates the BOD load from domestic wastewater while taking into account the capturing

of wastewater by septic tanks and treatment by sewage treatment plants. The population quantity and

distribution, as well as the hydrology, are explicit inputs to the water quality model. As such it allows to

eval uat ei iavhaacenari os such as wurbanization scenari os,
such as additional wastewater treatment.
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4.5.

The simulated results (Figure 0-8) clearly show the pollution (elevated BOD levels) originates in areas
with high population densities and can propagate downstream for quite a distance until natural decay,
but more often dilution, reduces the concentration to acceptable levels. Not surprisingly, with lower

(base)fl ows
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pol l ution

i s most pmomc
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To see how the pollution risk may change under future (socioeconomic and climate) change or when
applying a mitigation measure, a scenario analysis has been performed. Results show that water quality
could improve significantly by using all the currently installed STP capacity. Result furthermore show a
limited impact of climate change and a decrease in water quality with expected doubling of the
population in 2050, assuming 40% of domestic wastewater is treated.
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Figure 0-8: Trend in BOD concentration (mg/l) for the various simulations (left: Baseline runs with current and maximum
use of the installed SPR capacity; right: Scenario projection runs with climate change and a combination of climate change
and population growth) for location Song River just downstream of the confluence of the Bindal and Rispana Rivers).

There is an on-going effort to increase STP capacity in pace with the rapid population growth in
Dehradun. This will have to continue in the future as further population growth is foreseen. The optimal
use of the installed STP capacity by connecting all households is a point of attention.

Governance and Institutional

There has been a rapid and largely unplanned urbanization of Dehradun in the past decades.
Devolution of power from state to municipal level has been incomplete leaving many functions with the
state level authorities. Guidance from plans such as the Master Plan 2025 has been limited. A new
(Draft) Master Plan?2 for Dehradun has been prepared for the year 2041. Zonal Plans hardly address
holistic urban requirements, climate change extreme events and disaster risk reduction measures.
Hydrogeology is not included in urban planning and there is no concept of protection for recharge zones.

Unregulated urbanisation and limited enforcement of regulations and community participation have
contributed to the pollution of the streams and rivers in Dehradun. Seasonal rivers such as Song, Tong,
Bindal and Rispana have degraded into garbage-filled drains with poor water quality. Mass

encroachments on drainage system and floodplains has enhanced vulnerability for flooding and water-
borne diseases.

0000000800000 090
13 Dehradun Master Plan- 2041(DRAFT), Town and Country Planning Department, GoU
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Conceptualization workshop

Workshop context

The Projectds I nception phase was started with the
Workshop was organized to involve the main stakeholders in the project and inform them about the
objectives and workplan as well as to invite them to be active in the project. In March 2023 the Assessment
phase started, and the situation analysis was carried out by various Experts from Netherlands along with
Indian Counterparts which formed the basis for the project. The results from Assessment phase were
integrated in an integrated risks and impacts assessment in key watersheds and urban areas in Dehradun
providing a good insight into the vulnerability of different parts of the cities to present and future hazards.
To discuss the Assessment made by the Experts with the Stake holders from various Departments and
to know their feedback Conceptualization workshops of two days was organized at Dehradun from 24-25
June 2024.

The workshop was organized on behalf of the Asian Development Bank (ADB) in collaboration with the
Uttarakhand Urban Sector Development Agency (UUSDA), Deltares and RMSI on Enhancing (Water &
Climate) Resilience in Dehradun Urban Development.

Workshop objectives & goals
The Conceptualization Workshop focused on developing map-based climate adaptation decision
supporting tools and the co-creation of action plans on climate-resilient improvements. Main goal was to
explore how the involved departments and agencies can come to a common approach to pro-actively plan
future developments:
1. Check-inwi t h st ak edbvelbpthent ofpdoject @ard materials.
2. Guidance: Development of climate-resilient decision-supporting tools, which facilitate interactive
i WatSeernsi ti ve Pl annmakiggp and deci si on
3. Training: climate-resilient planning and development, including watershed-level climate-resilient
water resources management and infrastructure development in Uttarakhand.
4. Measures: Selection and design of climate resilience measures with a special focus on nature-
based solutions (NBS).

It was decided to focus on the rejuvenation of the rivers Rispana and Bindal in case of Dehradun and the
aim in Dehradun workshop was to make these rivers flow with clean water all the way through the city for
the whole year. It was also intended for the stake holders to realize that there are relations between
drinking water supply, storm water drains, sewer drains, STPs, groundwater, solid waste, and pollution.
The detailed Schedule of the workshop is presented in Annex C.

The workshop was attended by a good number of participants, though it was raining on both days during
the fore-noon session. The workshop was attended by stakeholders from all line Departments and
academicians. The participants included Professors from reputed national academic Institutions like
Indian Institute of Technology, Roorkee, Scientists from National Institute of Hydrology, Roorkee and
Professional and Practitioners from Central Ground Water Board, CEDAR, UUSDA, USAC, USDMA, Jal
Sansthan (Water Resource Division), Pey Jal Nigam (Drinking Water Department), Irrigation Department
Uttarakhand, Dehradun Smart City apart from the Organizing Experts from Deltares, RMSI and UUSDA.
The detailed list of Participants is given in Annex D.

Details of Workshop:

Day 1

Dehradun Workshop was inaugurated by Pedro Almeida of ADB, by delivering Welcome address, through
on-line from his office in Manila. Welcoming the participants from various Departments, he explained
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about the Project and its objective, in brief and wished the Workshop a success. It was followed by opening
remarks by Mr. Pratul Shrivastava, RMSI, explaining about the Schedule of the workshop of two days and
what is the objective of workshop and briefly explaining about the CRCTool which will be introduced on
Day 2 of the Workshop. This was followed by Presentation by Mr. Marnix van der Vat of Deltares. He
explained briefly about the project, its objective and made a more detailed presentation on the Assessment
of Findings, explaining the present situation of the area and the studies carried out by the team of Experts
from Deltares and RMSI on impacts of Climate Change and emphasizing thus, the reasons for the
interventions required. His presentation set the stage for the Workshop (Figure 0-9). The detailed
Schedule of the workshop is presented in Annex C.

Figure 0-9 Mr. Marnix van der Vat of Deltares during a presentation in the workshop

After explaining about the Project and its objective, the Experts were invited to reflect on their opinion.
Prof. Deepak Khare, IITR, Dr. Surjeet Singh, NIH and several other participants flagged several issues
and discussed their opinion on surface and ground water availability for water supply: river-flood plain
encroachment leading to reduction in river width, contamination of water and also about both quantity and
quality of ground water recharge. Reduction in rainy days with intense rainfall was also emphasized along
with impact of Climate Change, Global warming and Urbanization leading to heat island effect in urban
areas. The social and economic issues as well about the administrative issues and Public Interest
Litigations pending in Courts on water, river and contamination issues was discussed by experts. They
also opined that the project should consider other projects being implemented by various Central and
State agencies, including Namami Gange project by the Union Ministry of Jal Shakti, so that there is no
overlap, in implementation of projects. Experts felt that CRCTool may be helpful to appraise the
Administration of the importance of interventions and coordination between various Departments while
implementing developmental projects. They also felt that such issues are not isolated ones and are being
faced in different parts of our country. So, the initiative can be replicated in other parts of the country
where such problems are being faced.

Moving ahead as per schedule of the workshop, SWOT Analysis was introduced by a brief presentation
by Nanco Dolman from, Deltares, followed by Group Exercise on SWOT by two groups. Both the groups
comprising of mixed participants with practitioners and academicians, actively participated in the
discussion on SWOT and could identify number of Strengths, Weaknesses, Opportunities and Threats.
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