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GLOSSARY

Definitions
The process of adjustment to actual or expected climate and its effects. In
human systems, adaptation seeks to moderate harm or exploit beneficial
opportunities. In natural systems, human intervention may facilitate
adjustment to expected climate and its effects.
A disk-like valve used to stop the flow of water; principally used during water
transmission mains’ maintenance works.
Ductile Iron
Intergovernmental Panel on Climate Change Fifth Assessment Report
(2014)
A phenomenon where soil (particularly alluvial soil) rapidly losses its strength
and rigidity due to repeated stress during an earthquake, causing the ground
to behave just like liquid.
An intervention to reduce the sources or enhance the sinks of greenhouse
gases (GHGs).
Climate change mitigation generally involves reductions in human
(anthropogenic) emissions of greenhouse gases (GHGs). Mitigation may
also be achieved by increasing the capacity of carbon sinks, e.g., through
reforestation
Climate change projections are based on the IPCCs Representative
Concentration Pathways that indicate climate sensitivity.
Climate change projections for the low GHG emission scenario (RCP2.6)
represent low-climate sensitivity while projections for the high GHG emission
scenario (RCP8.6) – worst case representations – indicate high climate
sensitivity
Remaining risk after risk mitigation actions have been taken
The ability of a system and its component parts to anticipate, absorb,
accommodate, or recover from the effects of a hazardous event in a timely
and efficient manner, including through ensuring the preservation,
restoration, or improvement of its essential basic structures and functions
Process to comprehend the nature of risk and to determine the level of risk
Overall process of risk identification, risk analysis and risk evaluation
Degree to which a system is susceptible to, or unable to cope with, adverse
effects of climate change, including climate variability and extremes
Situated at low points in a pipeline system, scour valves are used to facilitate
the draining of the pipeline; usually the discharge is drained into a nearby
natural stream/valley.
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EXECUTIVE SUMMARY
This Climate Risk & Vulnerability Assessment (CRVA) has been undertaken for sub-project
components under the Jharkhand Urban Water Supply Improvement Project (“JUWSIP” or
“Project”). The Project entails investment of approximately $160 million in water offtake works,
transmission, treatment, storage, pumping and water distribution network in four towns (Project
towns) of the Jharkhand state in India.
The CRVA's principal objective is to ensure the Project's infrastructure assets are safeguarded
against impacts of future climate change. Moreover, the infrastructure assets' performance (i.e.
intended service delivery) and duration (longevity) are at the core of the CRVA. The assessment
analyses which climate parameter (flood, wind, heat, etc.) impacts the assets, and which assets
may be most at risk to adverse climate impacts. Once this is established, the CRVA provides
recommendations to enhance climate resilience measures in order to mitigate the impacts of
climate change. These measures may be structural, or non-structural/management measures to
ensure continued operations and service delivery in the event of adverse future climate change
and/or extreme climate-related events.
The current Jharkhand State-wide climate includes:
(i) Annual average temperature range: 24 to 26 ºC
(ii) Maximum temperature: 46.5 ºC
(iii) Minimum temperature: 3.2 ºC
(iv) Annual Average Rainfall: 1450 to 1600 millimeters
(v) Monsoon season rainfall: 1200 to 1300 millimeters
Some of the key climate projections over Jharkhand include:
(i) Mean temperature in 2050s: Increase in mean temperatures over Jharkhand of 1.5 ºC
for Representative Concentration Pathway 4.5;
(ii) Average annual rainfall in 2050s: An increase in annual rainfall by 27%
(iii) Monsoon rainfall in 2050s: there may be significant increase in rainfall in individual
months, the maximum increase within monsoon months is 43%.
Projected water balance and flows, considering evapotranspiration and effective rainfall (runoff
and recharge) in Jharkhand indicate that future climate change does not pose a significant risk to
the source reliability of the JUWSIP subcomponents. Accordingly, the project water source is
adequate to meet the future water demand and is not threatened by impacts of climate change.
The project locations face common climate- related and challenges: Ranchi, Hussainabad,
Medininagar and Jhumri Telaiya (Project Towns) are prone to flooding and are expected to
experience further increase in rainfall in the future. According to some climate projections, the
increase in heavy rainfall can be up to 33% more in the 2050s. Furthermore, the State of Jharkhand
has recently experienced major floods in 2008 and 2011.
Climate Risk to JUWSIP Infrastructure
JUWSIP Ranchi II.A infrastructure at risk: roughly 490 km of proposed distribution network
JUWSIP Hussainabad infrastructure at risk: 53 km of proposed distribution network
JUWSIP Medininagar infrastructure at risk: 212 km of proposed distribution network
JUWSIP Jhumri Telaiya infrastructure at risk: 200 km of proposed distribution network
1.
Flooding along distribution pipeline paths can result in heavy concentrations of surface
water that causes shear stresses and results in pipeline deflection, ultimately damaging buried
water infrastructure, like buried distribution pipelines. All transmission lines under JUWSIP subcomponents, however, use raw water/clear water rising mains and are protected from this risk.
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However, the distribution pipeline networks in JUWSIP subcomponents are buried in their entirety
and can face the risk of damage from flooding.
Proposed Structural Adaptation Measures
Ranchi II.A, Hussainabad, Medininagar and Jhumri Telaiya Distribution Networks: The
CRVA is recommending including the flexible expansion joints in the proposed distribution
networks. This will allow up to a 20-degree pipe deflection, as opposed to a 5-degree deflection in
the current DI pipeline design. The engineers recommend this for 80% of the distribution networks,
which will provide enhanced pipeline network stability in the event of severe flooding. The cost of
installing flexible expansion joints in the distribution networks is detailed below:
• Ranch IIA:
80% adoption: $1.33 million

• Medininagar
80% adoption: $1.22 million

• Hussainabad:
80% adoption: $0.83 million

• Jhumri Telaiya
80% adoption: $1.15 million

Total: $4.53 + 10% installation:
$4.98 million

Ranchi II.C Flooding can pose threats to source water intake structures, such as the intake and
pump house under JUWSIP Ranchi Phase II Package C. However, according to the DPR,
structurally, the intake at Ranchi II.C is sound and is well above the local HFL and can withstand
forces from floating debris from floods. As such, there are no climate risk to the intake, or the raw
water rising mains.
Including instrumentation control and automation systems including a SCADA system for
Ranchi: The CRVA recommends including instrumentation controls and automation systems such
as Programmable Logic Controller (PLC), Screens and cables, and monitoring systems, and
handheld water quality monitoring devices for the WTPs in Hussainabad, Medininagar, and Jhumri
Telaiya; and recommends the installation of a full SCADA system for the Ranchi WTP and
pumphouses. These instrumentation controls, including SCADA, will help conserve water during
times of low precipitation. Furthermore, they will enhance JUIDCO’s operational efficiency of the
various systems and will facilitate the allocation of the optimal volume of water where it is most
required. This will allow for minimal water wastage and achieve optimal service levels. The costs
of these are detailed below.
• Ranch IIA SCADA: $0.754 million

• Medininagar Instrumentation: $0.653 million

• Hussainabad Instrumentation: $0.058
million

• Jhumri Telaiya Instrumentation: $0.280 million

Total: $1.74 million

Inclusion of backwash water recycling in proposed water treatment plants (WTPs) - Ranchi
II.A 213 MLD, Hussainabad 9.5 MLD, Medininagar 17 MLD, and Jhumri Telaiya 35.5 MLD:
The CRVA recommends including filter backwash water recycle as part of the their rapid sand
filtration systems to help the State of Jharkhand to conserve water. The existing WTPs in
Jharkhand do not use rapid filters with backwash recycle. While the rapid filters require more
frequent cleaning, they in fact reduce water consumption using backwash water recycling. The
backwash water volume is 3% of the treatment plants’ flow, which would have otherwise been
drawn from either ground or surface water sources. The cost of including backwash water recycle
as part of the JUWSIP rapid sand filtration system is listed below:
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• Ranch IIA 213 MLD WTP backwash
recycling system: $0.256 million

• Medininagar 17 MLD WTP backwash recycling
system: $0.40 million

• Hussainabad 9.5 MLD WTP backwash
recycling system: $0.030 million

• Jhumri Telaiya 35.5 MLD WTP backwash
recycling system: $0.067 million

Total: $0.393 million

Use of flow meters and appurtenances in all Project Towns’ water distribution networks:
The CRVA recommends the use of these ancillary infrastructure for optimal service delivery during
low and high precipitation events. Furthermore, the use of flow meters and appurtenances will also
help the operation of water distribution systems achieve the non-revenue water (NRW) goals. The
cost of this outlined below.
• Cumulative of all project towns: $0.25 million

Institutional capacity development on non-structural climate change adaptation/mitigation
interventions and raising community awareness on water conservation and volumetric
tariff that incentivizes water conservation. The CRVA recommends various capacity building
activities including conducting community and institutional seminars, workshops, meetings, to
raise awareness of water management, water conservation and potential climate risks) through
engagement of various consultants and experts. The cost of this is listed below.
• Cumulative of all project towns: $0.185 million

Climate Change Adaptation Cost: If the suggested adaptation measures outlined in the CRVA are
adopted into the project design, then the adaptation cost would be $7.548 million. The proportion
of this to be borne by ADB will be decided by SAUW and JUWSIP Management.
Recommended Climate Risk Management Measures for JUWSIP
Ensuring Emergency Contract Provisions with Chemical Suppliers are in place to ensure
Continued Water Treatment Plant (WTP) Operation After Natural Hazard Events.


Natural hazard events can cause major disruptions to supply chain networks, resulting in
shortages of supplies. For the water treatment assets under JUWSIP to maintain service
delivery immediately after a natural disaster event, adequate supplies of chemicals needed as inputs in the treatment process - should be stocked. Furthermore, The Project
Management Unit (PMU) can ensure that there are emergency contracts in place with
chemical supplier at each of the WTPs in order to avoid service disruptions in the event of
natural disasters.

Ensuring Continued Water Quality Monitoring at WTPs in case of Flooding


Instrumentation and electrical wirings in WTPs may be compromised after floods, and
water quality monitoring may not be possible, posing a threat to public health, as flood
waters may contain higher contaminant loads or increased turbidity. This CRVA
recommends portable, handheld water testing equipment as a backup to mounted water
quality testing equipment which may not be operable during a flood event.

Conclusions: As this is a water supply project, the reliability of the water sources, given historic
trends and projected climate change, is critical. Projected water balance and flows, taking into
account evapotranspiration and effective rainfall (runoff and recharge) in Jharkhand indicate that
future climate change does not pose a significant risk to the source reliability of the JUWSIP
subcomponents.
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While the source availability for the duration of the project life has been established, measures that
conserve water and facilitate optimal water usage to meet NRW targets have been included. This
includes instrumentation control and automation in the water systems of Hussainabad,
Medininagar and Jhumri Telaiya; and SCADA in Ranchi. Furthermore, the use of filter backwash
water recycling in the all the WTPs will contribute to water conservation; while the use of flow
meters and appurtenances in all of the JUWSIP’s subcomponents will facilitate operational
efficiencies across the Project Towns.
Lastly, the most at risk components remain its distribution pipeline networks, which face threats
from urban floods. To minimize these risks and to enhance the distribution infrastructure assets’
overall resilience, the CRVA proposes flexible expansion joints to be included into proposed
distribution networks’ project designs to enhance pipeline network stability in the event of extreme
flooding.

I.
A.

INTRODUCTION

Background

1.
India is undergoing a rapid urban transformation. By 2025, about 70 Indian cities will have
a population of more than one million. Moreover, there are three existing mega-urban regions in
the country: Mumbai-Pune; National Capital Territory of Delhi, and Kolkata, with over 10 million
residents in each. However, India is also one of the country’s most prone to climate change, which
is adversely impacting sustainable urban development in the country. 1
2.
Given its diverse geography and its regional circulation patterns, India is considered to be
one of the most vulnerable countries to the impacts of climate change. The impacts of surface
temperatures have increased about 0.4 degrees Celsius over the past century; precipitation has
been varied – increase in rainfall in the west coast and north-west Region (+10 % to 12%), while
north-east, Gujarat and Kerala have observed a decline in rainfall (-6% to 8%) over the past
century; sea levels have been on a steady rise of between 1.06 to 1.75 millimeter (mm) per year
over the past 40 years.
3.
Climate Change is straining India’s urban infrastructure and threatening its future urban
development. Extreme precipitation events has resulted in flooding and water-logging and has
damaged public infrastructure such as drainage and sewerage systems; sea level rise has
displaced coastal settlements in low lying coastal cities; storm surges and cyclones have disrupted
urban power distribution systems, including placing citizens at risk due to distribution poles being
uprooted.
4.
It is therefore increasingly becoming important to integrate climate resilience measures in
urban development, through climate risk screening assessments. This Climate Risk & Vulnerability
Assessment (CRVA) attempts to ‘climate-proof’ the project components of Jharkhand Urban Water
Supply Improvement Project (JUWSIP) by considering current and future climate-related risks in
the Project’s design.
B.

Project Area

5.
Jharkhand is located in the eastern part of India and is enclosed by Bihar to the northern
side, Chhattisgarh and Uttar Pradesh to the western side and West Bengal to the east. It covers
an area of around square 80,000 kilometers (km) with a population of more than 32 million people;
24% of the which live within urban areas. 2
6.
The climate of Jharkhand is variable with wetter conditions in the southwest and hotter drier
conditions in the northwest and west central regions. Summer, winter, and the monsoon season
are the three most prominent seasons. The summer season comprises March to June with peak
temperatures generally in May whereas winter runs from November to February. The average
annual rainfall in the State is 1450-1600 mm, which is linked to the South West monsoon season
of the state from June to September, which receives about 1200 to 1300 mm of rainfall. 3 Jharkhand
has experienced a number of extreme weather events in recent years, including heatwaves (ca.
20 events per year); heavy rainfall (e.g. 338 mm in 24 hours in June 2008), very high temperatures
(46.5 °C in June 2010) and occasional very low temperatures (3.2°C in January 2008). Recent
trends indicate rising temperatures and an increasing frequency of heatwaves (footnote 2).

1
2
3

The UK Department for International Department. Climate Resilience and Sustainable Urban Development.
Government of Jharkhand. 2014. Jharkhand- Action Plan on Climate Change.
Government of India. Ministry of Earth Sciences. India Meteorological Department. Observed Rainfall Variability and
Changes Over Jharkhand State.
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C.

Brief Project Description

Project Title
Location
Sectors
Sub-sector
Strategic
Agenda:

:
:
:
:
:

Jharkhand Urban Water Supply Improvement Project (JUWSIP)
State of Jharkhand, India
Water and other urban infrastructure services
Water supply - transmission and distribution
Environmentally sustainable growth, Inclusive economic growth

7.
The availability and quality of urban services in Jharkhand state are below national service
level standards which has led to poor quality of life for inhabitants, constrained urbanization and
growth, and low competitiveness of cities. Across urban bodies, coverage of piped treated water
supply and stormwater drainage is below national average with almost no piped sewerage
treatment. 4
8.
The proposed Jharkhand Urban Water Supply Improvement Project (JUWSIP) 5 will support
urban service improvement strategies and policy initiatives of the Government of Jharkhand (GOJ)
to contribute to improved urban living under the Jharkhand Vision and Action Plan 2021. 6 The
project’s aim is to improve urban infrastructure and service improvement and institutional reforms
under national flagship programs. 7
9.
For the four towns of Ranchi, Hussainabad, Medininagar, and Jhumri Telaiya, JUWSIP will
finance basic urban infrastructure investments in water supply systems, including improved water
treatment and distribution systems. The physical investments will be complemented with targeted
institutional and financial reforms and capacity building, which will build on ongoing reforms to
create an institutional framework for the other urban local body (ULBs) to adopt and follow.
10.

The infrastructure investments under the JUWSIP include:
(i)
(ii)
(iii)
(iv)
(v)

JUWSIP Ranchi Phase II.A: This comprises of: one proposed water treatment
plant with a capacity of 213 million liters per day (MLD); and approximately 490 km
water distribution network in Ranchi connecting about 60,000 households;
JUWSIP Ranchi Intake Phase II.C: Proposed raw water sump, with its associated
pumphouse and forebay; and raw water rising mains;
JUWSIP Hussainabad: this includes one proposed water treatment plant with a
capacity of 9.5 MLD; and just over 53 km of water distribution network in
Hussainabad connecting to about 6,000 households;
JUWSIP Medininagar: this includes one proposed water treatment plant with a
capacity of 17 MLD; and just over 200 km of water distribution network connecting
to about 24,000 households; and
JUWSIP Jhumri Telaiya: this includes one proposed water treatment plant with a
capacity of 35.5 MLD; and about 197 km of water distribution network connecting
to about 25,000 households.

11.
Together with all its subcomponents, the JUWSIP will finance four WTPs with a combined
capacity of 275 MLD, providing clean, reliable water supply to more than 115,000 households in
the State of Jharkhand.

4
5
6
7

ADB. 2019. Project Concept Paper for Jharkhand Urban Water Supply Improvement Project. Manila.
JUWSIP (formerly Jharkhand Urban Resilience and Livability Improvement Project) is listed in ADB. 2018. Country
Operations Business Plan: India, 2019-2021. Manila.
Government of Jharkhand. Jharkhand Vision and Action Plan 2021.
The national flagship programs launched by the Ministry of Housing and Urban Affairs include Atal Mission for
Rejuvenation and Urban Transformation (AMRUT), Smart Cities Mission, and Swachh Bharat Mission
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12.
The physical investments will be complemented with capacity building interventions of
State institutions, urban local bodies, urban service delivery and urban governance (Output 2). The
most relevant intervention for the CRVA is the training of ULB staff to respond to climate risks,
when during implementation of urban service delivery.
13.
The aforementioned subprojects, along with non-structural capacity development
measures in climate change adaptation, were conceived to address gaps in Jharkhand’s urban
infrastructure in an integrated manner, in order to achieve the principal objective of improved urban
service delivery, ultimately resulting in enhanced quality of life for urban inhabitants in the State of
Jharkhand. Details of the subprojects and their components are further discussed in Section 2.1.
D.

Concept of Risk and Vulnerability

14.
Climate-based risk and vulnerability of infrastructure is dependent on: (i) the likelihood of
an adverse climate event; and (ii) the effect/result of that event. In turn the effect/result depends
on, among other factors, the sensitivity of the infrastructure, and its location and thereby its level
of exposure to a given adverse climate hazard.
15.
ADB recognizes the need to enhance the climate resilience of infrastructure projects. Since
2014, ADB has required all investment projects to consider climate risk and adaptation measures
in projects at risk from climate change impacts. This is consistent with ADB’s commitment to scale
up support for adaptation and climate resilience in project design and implementation, articulated
in the Midterm Review of Strategy 2020: Meeting the Challenges of a Transforming Asia and
Pacific (ADB, 2014a). 8
16.
Aimed at mainstreaming climate resilience of investment projects, ADB has established an
internal Climate Risk Management Framework which is focused on reducing climate-related risks
aimed at reducing risks associated with climate change on investment projects. This is carried out
by providing for climate risk assessments and the inclusion of adaptation measures into projects
at the design phase. The process, undertaken on a project-by-project basis, is illustrated in Figure
1.

8

Institute for Climate Economics. 2017. Asia Development Bank (ADB) Makes Climate Change Core to Operations
through Series of Strategy and Policy Changes.

4
Figure 1: Climate Risk and Vulnerability Assessment – Process Flow

Source: ADB (2014b)

17.
The Climate Risk Management Framework starts with an initial screening of the project
that aims to identify whether the project may be at risk to climate change hazards. This takes into
consideration the type of infrastructure project (water supply) and the location of the project, among
other things. In the event the risk screening identifies any medium or high risks, a CRVA is
required.
18.
An initial climate risk screening was carried out for the proposed project by ADB, and the
overall climate risk was rated as “Medium”. The climate screening for this project highlighted risks
related to extreme events impacting the water supply infrastructure.
19.
This CRVA has been carried out for the physical assets included in JUWSIP, as described
in paragraph 18 above. One of the objectives of the CRVA is to identify the relevant climate
variable(s) that pose the greatest risk to the various infrastructure assets’ performance and
durability. Once climate-related risks are identified and assessed using climate projections and/or
frequency analysis, adaptation measures are proposed to enhance the climate resilience of the
infrastructure. However, as project designs have in-built adaptation measures, it is important to
note that the CRVA distinguishes between the adaption measures factored into the project design
and incremental climate resilience measures, where required. Cost estimates reflecting the
incremental cost of the proposed ‘climate proofing’ measures are presented.
20.
Recommendations are made to incorporate climate change adaptation measures into the
detailed design, installation and operation and maintenance of the subproject components at risk
to climate hazards, in order to achieve the intended outcomes of the planned investment i.e.
enhanced urban service delivery.
E.

Sector Climate Risk and Vulnerability

21.
Outputs of the CRVA, especially the adaptation measures, will be used to finalize the
detailed design and technical specification of the subprojects. The physical vulnerabilities of the
water supply systems - including water treatment plants, rising mains, pumps, service reservoirs,
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distribution pipeline network infrastructure and household connections - can be directly linked to
damage caused by natural hazard events. Some of the principal risks posed to each of the physical
infrastructure are mentioned below.
22.
Water Treatment Plants and Water Supply Networks in Ranchi, Hussainabad,
Medininagar and Jhumri Telaiya. Several climate variables can be scoped out of this
assessment due to the project location and current climate conditions. In particular, sea level rise,
coastal flooding and extremely low temperatures (frost and freezing conditions) can be ruled as
there are no coastal locations or chance of very low temperatures. The Table 1 below outlines the
key climate-related sensitivities of the subcomponents under the Project.
Table 1: Climate Sensitivity of JUWSIP Infrastructure Components
Increasing temperature
• Increased water losses at the source due to evaporation.
• Deterioration of surface water quality at source, possibly resulting in increased treatment
requirements.
• Reduced efficiency of mechanical and electrical equipment such as pumps resulting in increased
energy consumption.
Increased intensity and amount of rainfall during extreme rainfall and storm events
• Contaminated flood waters would affect the water quality which may require more treatment.
• Disrupt service delivery in urban water systems and compromise the objective of reliable,
pressurized water supply
• Result in higher emergency and breakdown maintenance costs due to damage to infrastructure
• Mass subsoil movement (lateral spreading) due to flooding: distribution infrastructure (including
household connections) is buried (not including rising mains), the weight of flood water can cause
the subsoil layer to spread, leading to widespread damage to underground water supply
infrastructure.
Decreased rainfall / prolonged drought
• Altered volume of water in the Subharnarekha, Son, North Koel, Rivers, and the Telaiya Dam,
resulting in the need for alternative water sources.
• Increased cost and energy requirements to distribute water from new sources.
• Low water availability causes problems for hygiene and sanitation
• Increased water storage requirements at terminal points (household/ end user).
• Increased energy costs associated with pumping.
• Deteriorated water quality, which may result in the need for increased treatment.
Earthquake/Seismic Activity
• Hussainabad, Medininagar and Jhumri Telaiya are located in Earthquake Zone III; ‘moderate
damage’ zone. Seismic activity could cause lateral movement of the subsoil, ground liquefaction,
causing pipe deflection in the distribution network; leading to major leaks and costly repairs.
F.

Data Sources

23.
The JUWSIP CRVA principally used secondary sources of information for baseline
parameters. These sources included scientific journals, and the Detailed Project Reports (DPR) of
each of the subprojects. Data for climate change projections were gathered mainly from sources
such as Government data sets, reports, and studies.
24.
Once the baseline data for the most critical climate parameters affecting the Project’s
infrastructure components was collected, their projections were assessed. The main goal was to
determine how the changes could adversely impact the water treatment and distribution
infrastructure. Subsequently, adaptation measures, including design changes to the specifications
were proposed, if deemed necessary.
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25.
In the event adaptation measures beyond the current design were required, the CRVA
proposed climate proofing measures which were best suited for the local context. The measures’
viability was verified by contractors, local industry experts and Utility field engineers during the
ground validation process.
G.

Structure of the Climate Risk and Vulnerability Assessment

26.
Section 2 of this CRVA provides a description of the JUWSIP including details of each of
the subcomponents. Section 2 also explains the methodology, scope of the Study and any
limitations faced. Section 3 discusses climate change adaptation at the institutional level and
explores the initiatives undertaken by the Government of India and the Government of Jharkhand
in coping with climate change. Section 4 presents the baseline climate conditions of the project
study areas, which are Palamu, Ranchi and Koderma Districts in Jharkhand (Figure 2). Moreover,
Section 4 also analyzes the predicted changes in relevant climate variables. Once the anticipated
changes in climate parameters are identified, the possible risks and vulnerability the subprojects
are presented in Section 5. Section 6 proposes actions on managing the identified climate-related
risks, along with economically viable and socially acceptable adaptation measures. The proposed
measures are further validated through online, web-based consultations with contractors and
various field staff from the JUIDCO. The outcomes and results of said field validation are
summarized in Section 7.
27.

The CRVA has been structured as follows:
(i)
(ii)
(iii)
(iv)
(v)
(vi)
(vii)

Section 1 – Introduction;
Section 2 – Project description, including details of the proposed infrastructure
assets in each of the Sub-components that makeup the JUWSIP.
Section 3 – Government of India and Government of Jharkhand’s response to
Climate Change Impacts
Section 4 – Overview of critical climate parameters to the water supply
infrastructure, including historical climate change observations and relevant climate
change projections;
Section 5 – Once the most relevant climate parameter(s) have been identified from
the precious Section, Section 5 discusses the vulnerabilities of the subproject
components.
Section 6 – Provides recommended adaptation measures for the relevant
component(s) in JUWSIP. It also provides recommended climate risk management
measures that can be adopted by the water utilities in Jharkhand.
Section 7 – Stakeholder and Ground Validation

28.
As probability of occurrence was used for some climate parameters, Appendix A provides
a very brief background on the binomial distribution and frequency analysis.
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II.
A.

PROJECT DESCRIPTION

Project Profile

29.
The Jharkhand Urban Water Supply Improvement Project (JUWSIP) is comprised of five
subcomponents:
(i)
(ii)
(iii)
(iv)
(v)

JUWSIP Ranchi: 01 Water Supply System sub-component (Phase II Package
A);
JUWSIP Ranchi: 02 Water Supply Intake System sub-component (Phase II
Package C);
JUWSIP Hussainabad: 03 Water Supply System sub- component;
JUWSIP Medininagar: 04 Water Supply System sub-component; and
JUWSIP Jhumri Telaiya: 05 Water Supply System sub-component.

30.
Figure 2 below shows a map of the State of Jharkhand and identifies the locations of the
four subcomponents of the JUWSIP.
Figure 2: Map of Jharkhand’s Districts and JUWSIP Subcomponents’ Locations

31.
Together with all its subcomponents, the JUWSIP will finance four WTPs with a combined
capacity of 275 MLD; providing clean, reliable water supply to more than 115,000 households in

8
the State of Jharkhand. The ultimate objective of the project is to make the selected cities in
Jharkhand more “livable” and improve the quality of life of the urban residents of Jharkhand.
B.

JUWSIP Sub-Components

32.
As previously noted, the CRVA is intended to ‘climate-proof’ the structural assets of the
various subproject components from adverse impacts of climate change. As such, it is important
to define the activities and their corresponding assets in each of the sub-components under the
JUWSIP. The tables below highlight the key activities under each sub-component.
1.

33.

Ranchi 01: Water Supply System sub-component (Phase II Package A)

Details of the sub-component are presented in Table 2 below.
Table 2: Details of JUWSIP Ranchi 01: Water Supply System sub-component

1

Assets in Ranchi: 01 Water Supply System subcomponent
Augmentation/rehabilitation of the existing intake well
in Rukka reservoir, on Subarnarekha River

2

Raw Water Rising Mains (Intake to WTP): 350
-m raw water rising mains

3

Proposed Water Treatment Plant (WTP) 213 million
MLD WTP in Rukka village

4

Proposed 2.9 ML Clear Water Reservoir (CWR) at
the WTP, with a retention time of 3 hours

5

Proposed Clear Water Rising (CWR) Mains to
proposed Ground level service reservoir (GLSR
number 4) and to the existing Kanke Dam to gap an
existing deficit in supply.

6

GLSR 04 with a capacity of 28.8 ML, and associated
pumping station

Details
Rehabilitation and repairs to existing
columns including provision of reinforcement
steel
A single new proposed raw water rising
mains (above ground) made of Mild Steel
(MS) with a Pipe of diameter 1800 mm to new
proposed WTP.
The principal unit processes in the water
treatment plant include:
o
Coagulation
o
Flocculation
o
Sedimentation
o
Filtration
o
Disinfection
Site of WTP:
Based on topographical surveys, the plot’s
elevation is 593 m. The High Flood Level
(HFL) is 590.1 m. The DPR proposes that the
finished ground level of 593 m be maintained
throughout the treatment plant.
Treated water from the WTP will be retained
in the CWR for up to 3 hours. It is rectangular
in shape made of reinforced concrete
cement.
The CWR rising mains comprise of about 23
km of DI pipes with diameter between 100
mm to 900 mm; and about 40 km of MS pipes
with diameter between 800mm to 1850 mm
for a total of 63 km of CWR rising mains
(above ground).
This GLSR will supply water to (a) 36 supply
zones in Ranchi and (b) to the Kanke Dam.
The pumping station has a total of 8 pumps
for water distribution

9
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Assets in Ranchi: 01 Water Supply System subcomponent
Distribution Pipeline Network

8

Household connections.

The distribution network will consist of DI
pipes will be underground. The pipe diameter
will range from 100 mm to 750 mm. The total
pipeline network under the subcomponent
will ultimately be about 490 km.
About 60,000 new connections will be
serviced by this subcomponent of the
JUWSIP. This includes installation of water
meters for each new connection.

Source: Project DPR

2.

Details

Ranchi: 02 Water Supply Intake sub- component Phase II.C System

34.
The infrastructure assets included in the Ranchi Water Supply Intake sub- component
Phase II.C System’s sub-component are outlined in Table 3 below.
Table 3: Details of JUWSIP Ranchi II.A: 02 Water Supply Intake System sub- component
Sr.
No

Assets in 02 Water Supply
Intake sub- component
Phase II.C System subcomponent

1

Pumps, Pump House and
Raw Water Sump

2

Raw Water Rising Main from
intake to WTP (the WTP in
Ranchi Phase II. A above)

Details

•

Material for proposed Raw Water Rising Main is Mild Steel
(MS) with a diameter of 1800mm; length of 350 meters

Source: Project DPR

3.

Hussainabad: 03 Water Supply System sub- component

Table 4: Details of JUWSIP Hussainabad: 03 Water Supply System sub- component
Sr.
No
1

Assets in Hussainabad: 03
Water Supply System subcomponent
Surface water Intake well
(Son River) with associated
pumping station

Details

•
•
•

2

Raw Water Rising main

•

Jack Well /Intake structure used for accumulating water
from the Son River and conveyed to the water treatment
plant.
Proposed Intake well with a diameter of 3 m to be
constructed submerged in the Son River
Connecting pipes: 60 meters length, 700 mm Diameter DI
pipes, to convey the raw water to proposed jack well by
gravity.
DI Pipes of diameter 350mm to be used. Total length of
proposed raw water rising mains is about 6.0 Km
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Sr.
No

3

4

5

Assets in Hussainabad: 03
Water Supply System subcomponent
9.5 MLD Water Treatment
Plant in Mehadi Nagar
with
Pumping Station to pump
water to three proposed
Elevated Service Reservoirs
in three different zones

Details
•

•

•

Pure Water/ Clear Water
rising Mains
Elevated Service Reservoirs
(ESR):

•

Source of the water supply scheme is the Son River. A
conventional WTP is proposed with processes such as
aeration fountain, clariflocculator, flash mixer , chemical
house, rapid sand filter , Chlorinator, a test laboratory
The proposed pump house will include 3 pumps,
operating 16 hours/day
The treated water will be conveyed to elevated service
reservoirs through clear water rising mains. The total
length of the proposed rising mains will be around 8.5 Km.

3 proposed ESRs in Anumandal, Data Nagar, Block Office

The total proposed distribution network will be just over 53Km
long. The network's pipeline material will be DI. The areas are
divided by zones, which will be served by individual ESRs.
o Proposed Distribution Network for Zone 1: 18.3 Km
o Proposed Distribution Network for Zone 2: 16.5 Km
o Proposed Distribution Network for Zone 3: 9.1 Km
o Proposed Distribution Network for Zone 4: 9.4 Km
o Proposed Distribution Network: 53.3 Km
More than 6,000 proposed household connections, including
installation of water meters

•
6

Water distribution network

7

Household connections.

Source: Project DPR

4.

Medininagar: 04 Water Supply sub-component

Table 5: Details of JUWSIP Medininagar: 04 Water Supply sub-component

Sr.
No

Assets in Medininagar: Water
Supply sub-component

1

Surface water from North Koel
River

2

Raw Water Rising main

Details

•
•

Intake well with associated pump house ;
3 pumps (2 working and 1 Standby)

•

DI Pipes of diameter 500 mm to be used. Total length of
proposed raw water rising mains to WTP is: 4.07 Km
A conventional WTP is proposed with processes such as
- aeration fountain, clariflocculator, flash mixer , chemical
house, rapid sand filter , Chlorinator, a test laboratory
The proposed pump house will include 4 pumps, operating
16 hours/day

•
3

17 MLD Water Treatment Plant in

4

Pure Water/ Clear Water rising
Mains

•
•

The treated water will be conveyed to elevated service
reservoirs through clear water rising mains. The total length
of the proposed rising mains will be around 5.2 Km

11

Sr.
No
5

6

Assets in Medininagar: Water
Supply sub-component

Details

Elevated Service Reservoirs
(ESRs)

•

4 Proposed ESRs

•

About 200,000 m of proposed distribution pipeline network,
servicing nine zones. Pipeline to use flanged jointing
method for pipes.
Proposed Distribution Network DI-K7: 200 Km

Water distribution network
•

7

•

Household connections.

Source: Project DPR

5.
Sr.
No

Jhumri Telaiya: 05 Water Supply sub-component

Table 6: Details of JUWSIP Jhumri Telaiya: 05 Water Supply sub-component

Assets in Jhumri Telaiya:
Water Supply sub-component

1

Telaiya Reservoir water Intake
well with associated pumping
system

2

Raw Water Rising main

3

More than 24,000 proposed household connections,
including installation of water meters

Proposed 35.5 MLD Water
Treatment Plant
(Existing 10 MLD WTP)

Details

•
•
•
•
•
•
•

•
•

Bed level at intake: 363.68 meters
Water level at intake: 365.36 meters
High Flood Level (HFL) at intake: 373.51 meters
2 working pump motors
400m rising mains to existing WTP
10.0 Km to proposed WTP
Source of the water supply scheme is the Telaiya Reservoir.
A conventional WTP is proposed with processes such as
clariflocculator, flash mixer , chemical house, rapid sand filter
, Chlorinator, a test laboratory
The proposed pump house will include 4 pumps, operating
16 hours/day (4 pumps working and 2 standby)
The existing 10 MLD WTP has 2 working pumps, and 1
standby pump

4

Pure Water/ Clear Water rising
Mains

•

13.70 Km of Ductile Iron pipes (DI-K9)

5

Elevated Service Reservoirs

•

4 proposed; (4 existing and 4 proposed for total of 8)

6

Water distribution network

7

Household connections

•
•
•
•

Existing pipeline: 60 Km pipeline network (DI-K7)
Proposed pipeline: 197 Km pipeline network (DI-K7)
Total = 257 Km distribution pipeline network
More than 25,000 proposed household connections,
including installation of water meters.

Source: Project DPR

C.

Objective and Rationale of the CRVA

35.
The subcomponents’ infrastructure assets' service delivery and longevity are at the core
of climate resilient infrastructure development. The various structural components in each of
JUWSIP’s subcomponents must deliver the intended service over the duration of the project
lifetime, given the anticipated climate change over that timeframe. This CRVA assessment has
made an attempt to clearly identify which climate parameters JUWSIP’s assets are at risk to
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natural hazards. This is critical as if the intended service delivery and durability of the
infrastructure are adversely impacted due to climate-related hazards, it would have direct impact
to project cashflows, which in turn, may negatively affect the project’s financial viability.
36.
Early in the planning stage, critical climate parameters to which the JUWSIP’s components
most at risk to climate hazards were identified. These parameters include temperature change,
precipitation change etc. Moreover, during the scoping phase, climate parameters which do not
apply to the subprojects were ‘scoped out’. This enabled the Climate Change Expert to focus on
collecting data on the climate variables which pose the greatest risk and vulnerability to the
subcomponents’ infrastructure assets. For example, as Jharkhand is located inland and is a
landlocked State, threat of sea level rise to the subcomponents was considered not to be relevant
and was therefore not considered from outset of the CRVA. Furthermore, since the wind/gust
speeds to not pose a significant threat to the water sector as they would to perhaps the electricity
transmission and distribution sector, it was not considered in the Assessment.
37.
The initial climate risk screening of the JUWSIP, undertaken by ADB, has rated the overall
climate-related risk as “MEDIUM”. This “medium risk” rating of the Project is mainly because of
risks associated with:
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(i)

Hazard and Exposure Profile of the State of Jharkhand:
(a)
Jharkhand can be largely characterized as a State with high temperatures,
receiving more than 80% of its annual rainfall in the South West Monsoon
season ( June-July-August-September). During these months, parts of the
State, particularly Ranchi, experiences extreme rainfall events resulting in
urban floods due to poor drainage, and river flooding (Subarnarekha River).
In spite of the high temperatures, analysis of the water balance and flow
indicate adequate water source availability for the JUWSIP
subcomponents. (discussed in Sections 4.1 and 4.2); and
(b)
Jharkhand is located in Seismic Zones II & III, low-damage zone, and
moderate damage zone, respectively. Out of the four Project locations,
three (Hussainabad, Medininagar and Jhumri Telaiya) are in earthquake
hazard zone III and Ranchi in zone II (discussed in Section 4.3).

(ii)

Climate projections (2050s) 9:
(a)
temperature and precipitation are expected to increase; and
(b)
extreme events (floods from high rainfall events) are likely, particularly in
Ranchi.

(iii)

Potential impacts of changing climate to project components (Water intakes,
Water Treatment Plants, Ground Level Service Reservoirs (GLSR), Elevated
Service Reservoirs (ESRs), pumps for the entire water supply schemes, and
distribution networks:
(a)
change in temperature – medium to high;
(b)
increase in rainfall intensity (and flood risks) – medium; and
(c)
Seismic activity – low to medium.

Model runs of the CMIP5 ensemble, UK Met Office; Indian Institute of Tropical Meteorology Cordex Model; and
Jharkhand Action Plan on Climate Change.
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38.
ADB and Jharkhand Urban Infrastructure Development Company (JUIDCO) 10, the
Executing Agency of the JUWSIP, deemed it necessary to quantify the natural hazard risks and
vulnerabilities of the water treatment plants, clear water mains, reservoirs, pump houses and
distribution pipeline networks by identifying possible adaptation options to reduce the risks and
vulnerabilities of the above. This CRVA has made specific recommendations aimed at enhancing
the resilience of the Project’s infrastructure and equipment, and thereby, its performance and
useful life.
D.

Methodology, Scope and Limitations

39.
The CRVA steps follow guidelines outlined by ADB for ‘climate-proofing’ of investments in
the water sector. 11 Broadly, the steps followed were:
(i)
Conducting a literature review of the vulnerability of critical project components to
specific climate parameters. In any public service delivery infrastructure, such as
water supply networks, performance (for example, by minimizing NRW) and
durability are critical. As such, we examined which climate parameters influence
the networks’ performance and durability the most. The CRVA focuses on climate
change impacts on water treatment plants, clear water mains, reservoirs,
distribution pipeline networks assets and pumping stations.
(ii)
In order to effectively determine the climate risk posed to the project’s
infrastructure assets, the Climate Change Expert first took stock of the abovementioned assets which are proposed under the JUWSIP. Given the travel
restrictions due to the COVID19 pandemic, site visits to the locations of the
proposed JUWSIP subcomponents was not possible. Accordingly, perusal of the
various Detailed Project Reports (DPR) was undertaken to obtain the most
accurate information about the infrastructure works proposed.
(iii)
Using present and future weather projections generated by the Indian Institute of
Tropical Meteorology (IITM) and various other secondary sources, we assessed
how the water supply infrastructure-related critical climate parameters are
expected to vary in the future - during the start to mid-century (2021- 2050), relative
to historic levels (1960 -1990). The data generated by IITM is from a regional
climate model, CORDEX. The Fifth Assessment Report of the Intergovernmental
Panel on Climate Change (IPCC) identified four climate scenarios, known as
Representative Concentration Pathways (RCPs). RCP 2.6 represents a stringent
mitigation scenario; RCP 4.5 and RCP 6.0 are indicative of intermediate mitigation
scenarios; RCP 8.5 represents a future with high levels of GHG emissions.
Scenarios that represent little or no mitigation actions undertaken, i.e. baseline
scenario, would yield emission pathways between RCP 6.0 and RCP 8.5 12. These
scenarios are assessed from three different time frames, relative to 1986 – 2005
levels: the ‘Near Term’ (2016 – 2035), the ‘Mid-term’ (2040-2065) and the ‘Long
Term’ ( ( 2081 – 2100) time frames.
(iv)
The CORDEX model uses the RCPs to make projections. The RCPs take into
account population size, economic activity, energy use land use patterns,
technology and climate policy. The CORDEX model uses various GHG emission
scenarios to predict changes in climate parameters. In summary, the lesser the
RCP value, the more mitigation efforts undertaken. As running the models are time
Formed in October 2013, JUIDCO is dedicated to Public works, Government projects of all kinds and all other works
of Urban Development.
11 ADB. 2016. Guidelines for Climate Proofing Investment in the Water Sector: Water Supply and Sanitation. Manila.
12 IPCC: AR 5 Synthesis Report 2014
10
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(v)

(vi)

(vii)
(viii)

(ix)

(x)

consuming and costly, the IITM analyzes climate projections under RCP 2.6 and
RCP8.5.
To further strengthen the assessment, the UK Met Office (27 models) and full
CMIP climate model ensemble (31 models) were reviewed for the 2050s, under
the RCP4.5 and RCP8.5 scenarios. These climate projections were simplified to a
set of three scenarios, which were used to consider the risks to each infrastructure
component.
Where available, baseline climate data for Jharkhand were collated from several
sources including Food and Agriculture Organization of the United Nations (FAO)
CLIMWAT, detailed reanalysis and satellite data sets and observed sub-daily
rainfall data provided by ADB. The climate projections used were from several
sources including the full CMIP5 model ensemble for India (31 climate models for
RCP 4.5 and 8.5), a bias corrected daily data set for Ranchi provided by the
Climate Data Factory (31 climate models for RCP4.5 and 8.5) and the UK Met
Office Climate Projections (27 models for RCP8.5 only) (please refer to Appendix
D for details). The latter data includes the most advanced set of global models
available at a 60km resolution, which incorporate the most reliable CMIP5 models.
While seismic activity is not a climate-related phenomenon, the adverse impacts
of earthquakes have been taken into consideration in the CRVA, for the sake of
completeness.
Once critical climate and non-climate parameters posing a threat to the
infrastructure output were identified, their future changes were predicted, as much
as practically possible under expected climate change scenarios. Climate change
predictions were a challenge for this CRVA due to the lack of reliable, incomplete
and fragmented data.
Once the critical climate parameters to JUWSIP’s infrastructure were established,
the Consultant then offered recommendations on how to mitigate the effects of the
predicted changes in climate parameters (where relevant). These adaptation
measures intend to enhance the water supply infrastructure’s performance and
longevity, taking into account the exposure and vulnerability of the subproject
component in question.
Ultimately, the adoption of climate resilience measures in project design will be a
judgement call by team leaders, where probability of occurrence of specific
weather events and the incremental cost of adaptation enhancements will guide
the decision-making process.

40.
The principal limitation faced by the Climate Change Expert was the lack of reliable data
on climate parameters. This was because of a) it is not common practice to regularly collect and
store relevant climate by relevant authorities; and/or b) the relevant authorities were unwilling to
share the data easily, making the entire data collection process challenging at times.
41.
In the event data was not readily available, the project team relied mainly on climate
projections generated by other resource centres such as the Indian Institute of Tropical
Meteorology (IITM), and other published secondary data.
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III.

GOVERNMENT STRATEGY FOR COPING WITH CLIMATE CHANGE

42.
To prepare for the impacts of climate change, the Prime Minister of India launched the
country’s National Action Plan on Climate Change in 2008. With an advanced institutional
landscape providing a good knowledge base and expertise relevant to climate change, India is
well prepared to deal with the multi-faceted nature of climate change. The challenge now is to
develop cross-sectoral integrated approach.
43.
The National Action Plan on Climate Change (NAPCC) addresses the urgent and critical
concerns of the country through a directional shift in the development pathway, including
enhancement of the current and planned programmes. It provides multi-pronged, long-term and
integrated framework for addressing climate change as a core development issue. There are eight
National Missions which form the core of the NAPCC which are:
(i)
National Solar Mission
(ii)
National Mission for enhanced Energy Efficiency
(iii)
National Mission on Sustainable Habitat
(iv)
National Water Mission
(v)
National Mission for Sustaining Himalayan Ecosystem
(vi)
National Mission for a Green India
(vii)
National Mission for Sustainable Agriculture
(viii) National Mission on Strategic Knowledge for Climate Change.
44.
These National Missions represents multi-pronged, long-term and integrates strategies for
achieving key goals in the context of climate change. While several programmes are already part
of the current actions, they may need a change in the direction, enhancement of scope and
effectiveness and accelerated implementation of time-bound plans.
A.

Government of Jharkhand’s Strategy for Climate Change

45.
Each of the Indian states subsequently were asked by the Central Government to form
sub-national climate change plans – the State Action Plans on Climate Change (SAPCC) - using
the NAPCC as a guide. The rationale behind this was translate a ‘top down’ programs, to ‘bottom
up’ plans and projects to address climate change across various sectors listed in the National
Missions. The SAPCCs were designed to help States address their unique climate vulnerabilities,
while working towards achieving the larger Climate objectives and goals in listed in the National
Missions. 13
46.
Government of Jharkhand had developed the Jharkhand Action Plan on Climate Change
(JAPCC) in 2014. The JAPCC has identified health, energy, water resources, transport, and urban
planning (including infrastructure, waste management) as the one of the most vulnerable sectors
of the State 14.
47.
Health. The Center for Science and Environment, a Delhi-based think tank, has warned
that rising temperatures, coupled with increased ambient air pollution due to vehicular emissions,
is putting residents’ lives at risk. Cases of asthma, emphysema, heart disease chest pains,
coughing, headaches and chest congestions have increased in recent times. Under the JAPCC,
The Government of Jharkhand has recommended incentives to promote public transportation and
non-motorized road transport; promote energy efficiency and cleaner fuel initiatives, such as CNG
13
14

Oxford Policy Management: India’s SAPCC: Towards meaningful action.
Jharkhand Action Plan on Climate Change (JAPCC).
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vehicles (footnote 14).
48.
Energy. With temperatures expected to rise in Jharkhand, so will the demand for energy.
According to a study carried out by the Indian Statistical Institute, a 1 ºC rise in temperature above
30 ºC, the expected annual electricity demand will increase 6 million KWh by 2020, 7 milion KWh
by 2025 and 8 million KWh by 2030 i.e. as temperature rises, energy demand rises at a faster
rate.
49.
The JAPCC outlines recommended energy efficient appliances and lighting systems
approved by the Bureau of Energy Efficiency. Moreover, there are guidelines for Energy
Conservation Building Codes to improve building efficiency, which is mandatory for all new
commercial buildings. Furthermore, there are renewable energy initiatives aligned with the
National Solar Mission, under the NAPCC. These include initiatives to promote the use of rooftop
solar power generation, with the ability to sell to the grid.
50.
Water Resources. The JAPCC provides some guidelines on water management. These
include energy efficiency of water supply, mandating rainwater harvesting for all construction
sites, demand-side management to promote water conservation, and recommending price water
that captures its true value to society (to reduce wastage of water).
51.
Under the JAPCC, the GoJ has also made it a priority to rehabilitate existing water
infrastructure that have aged and are inefficient; in line with the National Water Mission and
National Mission on Sustainable Habitat, with a combined objective of improving water supply as
well as water quality. The proposed JUWSIP is well aligned with these National Missions.
52.
Urban Planning (infrastructure). The GoJ has prioritized the development of water
supply, electric power, transportation and waste infrastructure. The current water supply water
supply schemes in the cities are largely outdated as they were installed decades earlier and are
unable to meet the growing demand. Furthermore, the current water infrastructure is unable to
the challenges posed by climate change to the water infrastructure. Accordingly, the JUWSIP is
aligned with GoJ’s urban and climate priorities.
53.
However, the major concern is that climate change poses a risk to the lifespan of the
infrastructure. As such, the GoJ is encouraging the building of green buildings which promotes
input efficiency, and locally sourced materials. However, there are no guidelines to ensure climate
resilience of buildings.
54.
Urban Planning (Solid Waste Management). Improper SWM poses grave risks to the
environment and to human health. It may result in increased spread of vector borne diseases,
deterioration of water quality from leaching of stagnant solid waste, block urban drainage systems
causing floods to occur, and reduce the general liveability of a city. GoJ recognizes that current
waste disposal practices in the State’s cities is leading to clogged drains, which in turn is resulting
in water logging in urban areas, further making cities “unliveable”.
55.
The National Sustainable Habitat Mission under the NAPCC has made it a priority to
improve SWM collection and transportation, and disposal. Indian waste consists of 51%
biodegradable, 32% inert; 10% plastics and 7% paper. Temperature increases places the open
waste dumps at risk as there is an increased risk of fire due to auto-combustion of the methane
generated from the large fraction of biodegradable waste. Further still, increased rainfall intensity
can cause ‘waste-slides’ placing people living in low lying areas to be inundated with SWM. The
JAPCC identifies waste collection, segregation, disposal, including waste to energy programs as
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priorities in addressing solid waste management in the cities of Jharkhand.
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56.
Transport. Due to a combination of increased rainfall intensity and increasing
temperatures, Jharkhand’s roads and bridges are falling into disrepair and, as a result, there is
an increase in road congestion. Further yet, road congestion increasing travel time, which further
increases GHG emissions. The JAPCC attempts to provide incentives for people to make a modal
shift to non-motorized vehicles.
B.

Summary

57.
As can be inferenced from above, just as cities are cross-sectoral, multifaceted systems,
so too are their vulnerabilities and susceptibility to climate change. For example, clogged drainage
systems, due to improper SWM disposal, can lead to urban flooding, which in turn can cause
greater road congestion. It is therefore important to approach resilience in an integrated approach.
IV.

CLIMATE CHANGE TRENDS AND IMPACTS THAT CAN AFFECT JUWSIP’S
COMPONENTS

58.
With a population of more than 30 million people (2011 Census), the State of Jharkhand
is located in the eastern part of India and is enclosed by the States of Bihar to the northern side,
Chhattisgarh and Uttar Pradesh to the western side and West Bengal to the east. It covers an
area of around 80,000 square-km.
59.
Jharkhand is divided into 24 Administrative Districts, with JUWSIP’s five project
subcomponents in three districts: (i) Palamu, (ii) Kodarma, and (iii) Ranchi. With just under
3 million people, Ranchi is the most populous District in the State; Palamu District has a population
of just under 2 million people, while Kodarma has just over 700,000 residents. 16 Figure 2 shows
a map of the 24 Administrative Districts in Jharkhand, as well as the locations of project
subcomponents under the JUWSIP.
60.
Jharkhand typically receives around 80% of its annual rainfall during the South West
Monsoon (SWM) between mid-June and October. The pre-monsoon summer months (March to
June) are the hottest period with maximum temperatures in May. The post-monsoon period is
cooler and dry. Figure 2-1 summarizes baseline data for Ranchi for mean and maximum
temperature, precipitation and FAO reference evapotranspiration. Evaporative losses are
markedly reduced during the monsoon due to cloud cover and lower solar radiation, despite the
high temperatures. There is considerable variation across the region with annual precipitation
varying from around 1000 mm to over 1500 mm; the north west and west are hotter and drier with
less rainfall and the south west has higher annual rainfall. Baseline data from FAO are included
in Appendix B.
61.
Section 4 explores the climate impacts on JUWSIP’s five subcomponents. The climate
parameters relevant to the project area are temperature, precipitation (including floods) and one
non-climate parameter, earthquakes. Past trends and future projections for each parameter are
analyzed to the extent possible, given binding constraints such as availability of data sets, and
reliability of future climate projections. The discussion of each parameter ends with adaptation
recommendations within each of the JUWSIP subcomponents, if needed. In the event no
adaptation measures are deemed required, it is mentioned that no adaptation is required, given
15
16

Jharkhand Action Plan on Climate Change
Jharkhand State Census 2011: https://www.census2011.co.in/census/state/districtlist/jharkhand.html

18
the projected climate risk posed by the parameter in question, and the current project design.
A.

Temperature
1.

Temperature – Past Trends

62.
The Indian Meteorological Department observed temperature trends for 35 years, over the
period between 1981-2015. The IMD evolved spatial maps of the mean temperature over the
subcontinent, and the linear trend of annual temperature, respectively. Over the past 35 years,
Jharkhand’s annual mean temperature has been between 24ºC to 26ºC. Furthermore, the
warming trends of about 0.4 ºC to 0.6 ºC are evident in the State over the past 35 years.
63.
Mean temperature for different seasons (a) Winter (Dec – Jan – Feb), b) Pre-Monsoon
(Mar – Apr – May), c) Monsoon (Jun – Jul – Aug – Sep), and d) Post-Monsoon (Oct – Nov) during
the period between 1981 – 2015 were also analysed by the IMD. It is important to note that only
areas of significant trends are shaded. The maximum warming trends over the 35 – year period
is most evident in the Pre and Post monsoon seasons. In Jharkhand for example, the warming
trend over the 35-year period has been about 1ºC through-out the Pre-Monsoon season. In the
months following the Monsoon, the warming trend has been about 0.5ºC.
64.
The overall trend is clear: temperatures have been on the rise in India, including in
Jharkhand, but in varying degrees. A recent study, “Assessment of climate extremes and its longterm spatial variability over the Jharkhand state of India”, examined spatial variability and climate
extremes over the State of Jharkhand between 1984 and 2014. In broad terms the study showed:
(i)
(ii)
(iii)
(iv)

An increasing number of summer days, increasing trend of maximum temperature
and solar radiation;
Decreasing rainfall and thereby increased periods of consecutive dry days during
monsoon season;
A delay in transplanting/vegetative phase and reduced crop production; and
An increase in the frequency of heat waves with 29 instances during 2004, 41
during 2005 and 100 during 2010. 17

65.
However, there was a large spatial variation in these trends, for example maximum
temperature increased by as much as 1 to 1.5 ºC in some regions but decreased in others by
around 0.5 ºC.

“Assessment of climate extremes and its long-term spatial variability over the Jharkhand state of India”, Egyptian
Journal of Remote Sensing and Space Sciences

17
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Figure 3: Spatial variation in the trend in maximum daily temperatures 1984–2014

Source: Assessment of climate extremes and its long-term spatial variability over the Jharkhand state of India

66.
The maximum daily temperature in the Project areas of Ranchi and Jhumri Telaiya
increased by about 0.30 to 0.40 ºC; while the increase in maximum temperature in Medininagar
and Hussainabad has been 0.84 to 0.99 ºC, between 1984 to 2014. The overall picture is one of
warming at a rate that is consistent with global average warming over the same period (Figure 3).
2.

Temperature Projections for Jharkhand

67.
Surface temperature trends over India in the near future, the mid-term and in the long
term, under the RCP 2.6 (GHG mitigation measures adopted) and the RCP 8.5 (no GHG
mitigation measure adopted; fossil fuel-based future) emission scenarios were analysed. As the
Project will not extend till the end of the century, the long-term future scenario is not considered.
The projections below were created using the Interactive Data Language software, are projected
temperature increases are relative to the base period 1901 to 1960. 18
68.
In the RCP 2.6 Scenario, the temperature continues to increase over Jharkhand in the
near future and in the midterm. However, the rate of increase is expected to slow down. In the
near future period, the rate of increase appears to be increasing 0.25ºC per decade; while further
18

Basha, Kishore, Ratnam, Jayaraman, Kouchak, Taha B, Ouarda, Velicogna, “Scientific Reports 2017.”
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into the future, the temperature change over Jharkhand is expected to increase by 0.10ºC per
decade. Under RCP 8.5, surface temperature is expected to continually increase in the near,
midterm and far future.
3.

Temperature Projections: Climate Model Data

69.
As the economic life of the investment is 50 years and discount rates will focus economic
analysis on near to medium term, projections for temperature are based on the 2050s time period.
This section presents climate scenarios for the 2050s and 2080s and Representative
Concentration Pathways 4.5 and 8.5 using several sources of high-resolution climate change data
from the UK Met Office (2019, 60km global projections for RCP8.5) and the Climate Data Factory
(statistically downscaled CMIP5 data for RCP4.5 and RCP8.5).
70.
The Assessment adopts a ‘Climate Futures’ approach (Whetton, 2012), which involves
assessment of the best available baseline and climate model data to understand the range of
future changes in climate and then development of simplified scenarios that the capture this
range. The simplified scenarios are then used to assess risks using a number of simple climate
and hydrological indicators, which can inform adaptation decision making and help assess the
contribution of the project to Climate Action targets.
71.
The climate analysis is based on an observed baseline of 1986-2005, which is a standard
period used by some models. The key findings from the CMIP5 analysis for the 2050s are as
follows (please refer to Appendix D1 for details):
(i)
(ii)

Increase in mean temperatures over Jharkhand of 1.5 ºC for RCP 4.5 (with a
range of 1.2 to 1.9ºC defined by the 25th and 75th percentiles)
Increase in mean temperatures over Jharkhand of 2.2 ºC for RCP 8.5 (with a
range of 1.8 to 2.5 ºC defined by the 25th and 75th percentiles)

72.
The Met Office scenarios have some overlap as they include selected CMIP5 models as
well as further Met Office models. These projections generally indicate higher rates of warming
than CMIP5 and greater increases in monsoon rainfall. The main findings for the 2050s and
RCP8.5 are as follows (please refer to Appendix D2 for details):
(i)
An increase in mean temperatures over Jharkhand by 2.6 ºC for RCP 8.5 (with
a range between 2.4 ºC and 2.9 ºC defined by the 25th and 75th percentiles)
73.

There is agreement between the different model data sets on increases in temperatures.
4.

Extreme Heat

74.
As noted above, maximum temperatures in the summer season already show an upward
trend, while the frequency of heatwaves has increased (GoJ, 2014).
75.
Increases in annual average temperature by 1.5 to 3.0 ºC by the 2050s will increase the
frequency of heatwaves and is likely to result in a strong upward trend in night-time temperatures.
High temperatures may have implications for the processes at wastewater treatment plants, due
to increased biological activity caused by increased heat. However, they do not significantly affect
or alter raw water treatment processes. 19 Nevertheless, high temperatures may have implications
staff involved in the operations of water treatment plants.

19

Discussions with various industry experts and consultants
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Figure 4: Projected Maximum Temperatures from an Ensemble of CMIP5
models for RCP4.5 and RCP8.5
Source: KNMI Climate Explorer

5.

Climate Risk Management Response Within Project

76.
Section 4.2.4 below discusses the water balance in the region. Increases in annual
average seasonal recharge and river flows have positive implications for the source reliability of
the subcomponents under the JUWSIP, and as such, the water sources are reliable. Furthermore,
increase in temperature does not pose a grave climate risk to most of the assets under
consideration in JUWSIP. Table 7 below summarizes the principal heat-related risk posed to the
Project.
Table 7: Related Risk Summary

Infrastructure
Component
WTP

Heat (temperature increase) - Related Risk
None

ESR

None

Pumping

Pumps may overheat in excessive heat and can pose a
fire threat. However, it was confirmed that the
operational design temperature of the pumps is 58 ºC.
The intensity of heatwave is expected to increase
average annual temperature between 38ºC to 40ºC.
The expected temperatures during heatwave are well
within the design limits of the pumps.
None

Distribution
system network

Relevant
Subcomponent
• Ranchi
• Hussainabad
• Medininagar
• Jhumri Telaiya
• Hussainabad
• Medininagar
• Jhumri Telaiya
• Ranchi
• Hussainabad
• Medininagar
• Jhumri Telaiya

• Ranchi
• Hussainabad
• Medininagar
• Jhumri Telaiya
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B.

Precipitation
1.

Rainfall - Observed Pattern

77.
Jharkhand typically receives around 80% of its annual rainfall during the South West
Monsoon (SWM) between mid-June and October (Table 8). The pre-monsoon summer months
(March to June) are the hottest period with maximum temperatures in May. The post-monsoon
period is cooler and dry.
Table 8: Average Rainfall by Districts Under JUWSIP from 1989 to 2018 (mm)

DISTRICT

June

July

August

September

Monsoon
(JJAS)

Annual

Monsoon
Percentage of
Annual

Ranchi

204.9

317.3

290.3

211.3

1023.8

1222.6

84%

Palama

124.5

265.8

277.2

173.0

840.5

925.4

91%

Koderma

158.7

288.1

242.2

217.3

906.3

1064.6

85%

Source: Indian Meteorological Department

78.
Figure 5 below summarises baseline data for Ranchi for mean and maximum temperature,
precipitation and FAO reference evapotranspiration. Evaporative losses are markedly reduced
during the monsoon due to cloud cover and lower solar radiation, despite the high temperatures.
There is considerable variation across the region with annual precipitation varying from around
1000 mm to over 1500 mm; the north west and west are hotter and drier with less rainfall and the
south west has higher annual rainfall. Baseline data from FAO are included in Appendix B.
Figure 5: FAO average climatology (1971-2000) for Ranchi showing maximum
temperature (red line), min temperature (blue line), precipitation (bars) and reference
evapotranspiration (dashed line)

79.
Catchment scale time series, based on a combination of multiple data sets, indicate a
moderately high variability in rainfall and subsequent runoff from year to year. 20 For example,

20

These data were downloaded from University of Leeds CatchX - Catchment Water Explorer App (Messager, 2016).
It incorporates the Princeton University MSWEP rainfall data sets combining gauge, satellite, and reanalysis data to
provide reliable precipitation estimates over the entire globe (Beck et al., 2017 and 2019).
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data for the Ranchi basin in Figure 6 indicate variations in peak monthly runoff from below 100
mm/month (2005) to 300 mm/month (1990) with implications for the reliability of water supply in
drier years and excess runoff in wet years. Similar summary data for Medininagar and
Hussainabad basins are included in Appendix C. The annual water balance based on calendar
years is summarised in Table 8. The reliable annual rainfall is around 1200 mm per annum
(exceeded 4 years out of every 5 years).
Figure 6: Ranchi Catchment Reanalysis and Modelled Runoff Time Series (1990-2014)
(i) Monthly average temperature, 5-year moving average temperature, rainfall (bars) and
evapotranspiration (dashed line)

(ii) Monthly rainfall (blue) and estimated runoff (grey)

80.
The annual water balance based on calendar years is summarised in Table 8. The reliable
annual rainfall is around 1200 mm per annum (exceeded 4 years out of every 5 years).
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Table 9: Summary statistics for estimated annual water balance for the Ranchi basin
Annual Rainfall mm

Evaporation mm

Estimated Runoff mm

Average

1439

759

619

Stdev

211

39

170

Max

1782

907

931

Median

1453

757

605

Min

1024

691

326

Source/Notes: University of Leeds “Catch-X Catchment Explorer App” based on the research of Messager et al (2016). The reanalysis
rainfall data tends to over-estimate summer rainfall and under-estimate monsoon rainfall and only explains around 70% of the variation
in the observed monthly data for Ranchi (Appendix 2). Local data should be used for design purposes.

81.
Heavy rainfall events can occur during any month in the South West Monsoon season. At
Ranchi, daily rainfalls exceed 100 mm almost every year. Based on an analysis of the annual
maximum rainfall the 1 in 50 years (2% annual probability) rainfall is 242 mm (171mm-312mm)
and the 1 in 100 year (1% annual probability) rainfall is 269 mm (187mm-351mm) (Table 10). In
2008, over 100,000 people were severely affected by flooding in Ranchi, where the Government
of Jharkhand had to set up temporary camps. 21 Similarly, during the monsoon in 2011, low lying
areas of Ranchi were flooded again, killing three people. 22
Table 10: Return Periods of Heavy Daily Rainfall for Ranchi

Return Period (years)

Rainfall (mm)

Lower Estimate (mm)

Upper estimate (mm)

2

102

80

124

5

147

113

180

10

176

132

221

20

205

149

260

25

214

154

273

50

242

171

312

100

269

187

351

Source: Local observations for 28 years of sub-daily data provided by ADB. Lower and upper estimates are 5th and 95th
percentiles.

82.
This confirms that Ranchi regularly experiences heavy daily rainfall and that over the
lifetime of the project it will experience extreme rainfall events, with the potential to cause flood
damage. Project Designs for the JUWSIP subcomponents will be for a specific rainfall event return
period (e.g. 1 in 30 years) but over the lifetime of the project this design will be exceeded. As
such, this Assessment proposes climate resilience measures to enhance the Project’s
performance in its intended service delivery.
1. Rainfall Projections
83.
As mentioned in Section 2.4, the Indian Institute of Tropical Meteorology’s (IITM) Center
for Climate Change Research, embedded in the Ministry of Earth Sciences, undertakes pan-India
climate modelling, using the CORDEX South Asia model.
21
22

https://reliefweb.int/sites/reliefweb.int/files/resources/F9C2B6FFDB423CDD49257475002169F0-Full_Report.pdf
https://zeenews.india.com/news/jharkhand/flood-alert-in-jharkhand-3-die-in-bridge-collapse_733358.html
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84.
The annual mean precipitation projections were carried out under the different RCPs
identified in the IPCC’s Fifth Assessment Report (AR5). As previously mentioned, the AR5
identified four climate scenarios, known as Representative Concentration Pathways (RCPs). The
IITM undertook the precipitation modelling for three scenarios: RCP 2.6 (deep mitigation), RCP
4.5 (intermediate mitigation/ quasi baseline scenario) and RCP 8.5 (no mitigation measures
adopted and increased GHG emissions in the future). These scenarios are assessed from three
different time frames, relative to 1986 – 2005 levels: the ‘Near Term’ (2016 – 2035), the ‘Mid-term’
(2040-2065) and the ‘Long Term’ (2081– 2100) time frames.
85.
As the ‘useful’ life of JUWSIP’s transmission and distribution network asset is about 50
years, assessing the projected changes in climate parameters in the near to mid-term is most
relevant; the long-term time frame (2081 -2100) is out of the temporal scope of the project. Under
the RCP 2.6 scenario, the near term and mid-term, average annual precipitation is projected to
increase between 5% to 10%, from 1986-2005 levels.
86.
In the RCP 4.5 scenario, the near term and mid-term, average annual precipitation is
projected to either stay the same or increase marginally by 5%, relative to 1986-2005 levels.
Under the RCP 8.5 scenario, which assumes no GHG mitigation measures are adopted and a
future where emissions steadily rise, annual average precipitation is projected to have no change
or increase by up to 5% in the near term, relative to 1986-2005 levels. In the mid-term however,
annual average precipitation is projected to increase between 5 to 10%, from 1986-2005 levels.
2. Rainfall Projections: Climate Model Data over Jharkhand
87.
As previously noted, the economic life of the investment is 50 years and discount rates
will focus economic analysis on near to medium term, projections for precipitation are based on
the 2050s time period. This section presents climate scenarios for the 2050s and 2080s and
Representative Concentration Pathways 4.5 and 8.5 using several sources of high-resolution
climate change data from the UK Met Office (2019, 60km global projections for RCP8.5) and the
Climate Data Factory (statistically downscaled CMIP5 data for RCP4.5 and RCP8.5).
88.
As noted previously, the Assessment adopts a ‘Climate Futures’ approach (Whetton,
2012), which involves assessment of the best available baseline and climate model data to
understand the range of future changes in climate and then development of simplified scenarios
that the capture this range.
89.
The climate analysis is based on an observed baseline of 1986-2005, which is a standard
period used by some models. The key findings from the CMIP5 analysis for the 2050s are as
follows (please refer to Appendix D1 for details):
(i)

(ii)

Annual and seasonal rainfall may increase or decrease in future; however, it is most likely
to increase in the South West Monsoon season with changes between -5% and +30% for
RCP4.5 -5 % and + 32% for RCP 8.5
Increases in heavy rainfall based on an analysis of modelled annual maximum daily rainfall
by 15% to 33% for RCP4.5 and 9% to 25% for RCP 8.5 (based on 25th and 75th percentiles).

90.
The Met Office scenarios have some overlap as they include selected CMIP5 models as
well as further Met Office models. These projections generally indicate higher rates of warming
than CMIP5 and greater increases in monsoon rainfall. The main findings for the 2050s and
RCP8.5 are as follows (please refer to Appendix D2 for details):
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(i)
(ii)

An increase in annual rainfall by 27% (with a range of between 17% to 33% defined by
the 25th and 75th percentiles)
Within the monsoon there may significant increase in rainfall is individual months, the
maximum within monsoon uplifts are around 43% (with a range of between 23% to 78%
defined by the 25th and 75th percentiles)
3. Changes in Water Balance and Flows in Jharkhand

91.
Based on the evidence from the models, three simplified scenarios were proposed for
(water source) risk assessment in the 2050s time period, as JUWSIP is a water supply project.
These scenarios cover a range of outcomes, which are based primarily on RCP 8.5 models from
the full CMIP5 ensemble and Met Office data sets:
(i) Low Scenario – “Warm and Dry”: A future with warming of 1.5 ºC, an increase in the
frequency of heatwaves, with a small reduction in seasonal rainfall, less reliable
monsoon rainfall, but with more intense storm events with a 15% increase in heavy
rainfall event depths.
(ii) Central Scenario: A future with warming of 2 ºC, an increase in the frequency of
heatwaves, with a 10% increase in monsoon rainfall and more intense storm events with
a 30% increase in heavy rainfall event depths.
(iii) High Scenario – “Hot and Wet”: A future with warming of 3 ºC, a large increase in the
frequency of heatwaves, with a significant 20% increase in monsoon rainfall and more
intense storm events with a 40% increase in heavy rainfall event depths.
92.
While changes in monthly and seasonal rainfall and temperature are likely to impact on
the annual water balance of river flows and recharge across the region, it is likely to be positive,
and not affect the reliability of the water sources (please see paragraph 93). With rises in
temperature of 1.5 to 3.0 ºC by the 2050s, potential evapotranspiration is expected to increase by
6% to 9% and actual evapotranspiration is likely to increase by similar amount during the monsoon
period. 23
93.
Figure 7 below shows potential changes in annual rainfall, actual evapotranspiration and
effective rainfall based on simple monthly water balance for a “normal year” and 1 in 5 “Dry Year”,
For scenarios with 1.5, 2 and 3 ºC warming by the 2050s. Under the first scenario, a small
reduction in rainfall results in small decreases in both actual evapotranspiration and effective
rainfall (-6%). However, under the two scenarios with increased monsoon rainfall there would be
an increase in effective rainfall, river flows and recharge in a “normal year” (of approximately
+11% and +26% respectively). However, there is a reduction in water availability in “dry years”
of-13% to -40%, which highlights the increased inter-annual variability anticipated under future
climate change.
94.
Increases in annual average seasonal recharge and river flows have positive implications
for the source reliability of the subcomponents under the JUWSIP. If the right water infrastructure
and urban services are in place, increased flow and recharge could help to meet the growing
demand for water and to maintain supplies in drier years. National water projections suggest a
32% increase in water demand for irrigation, domestic and industrial uses by 2050, compared to
a 2000 baseline; this includes a threefold increase in the domestic demand for water
23

Calculated using a temperature-based formula and assuming that cloudiness, windspeeds and net radiation remain
unchanged. Actual evaporation is limited outside the monsoon season.
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(Amarasinghe, Shah, & Anand, 2010).
Figure 7: Estimated Changes in the Annual Water Balance and Split Between Actual
Evapotranspiration and Effective Rainfall (runoff and recharge) for (a) a Normal Year and
(b) a Dry Year

Source: Model runs of the CMIP5 ensemble and Met Office

4. Heavy Rainfall
95.
The climate projections carried out for Ranchi indicate that the magnitude and frequency
of heavy rainfall events will increase significantly due to climate change (Figure 8). Increases in
heavy rainfall by 10% are significant but within the uncertainty bands of the historical extreme
value analysis. Increases of heavy rainfall of 30% translate to a four to five-fold increase in the
frequency of heavy rainfall and the potential for surface water and river flooding.
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Figure 8: The impacts of increases in heavy rainfall on the magnitude and frequency of
flooding in Ranchi

96.
The projections above show a clear trend of increasing extreme rainfall events. With a
10% increase in heavy rainfall, the rainfall is marginally above (green line Figure 8) the Gumbel
Extreme Value Distribution. However, in the event of a 40% increase in heavy rainfall, the
maximum daily rainfall significantly increases (red line). Flooding along pipeline paths can result
in heavy concentrations of surface water that causes subsoil movement by shear weight, resulting
in damage to buried infrastructure, such as piped water transmission and distribution networks.
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5. Climate Risk Management Response Within Project
97.
As noted above, projected water balance and flows in Jharkhand indicate that future
climate change does not pose a significant risk to the source reliability of the JUWSIP
subcomponents.
98.
JUWSIP subcomponents do not include buried transmission network, however, four of the
five include extensive buried distribution networks (Ranchi II.A, Hussainabad, Medininagar and
Jhumri Telaiya). The Project Towns experience flooding, and therefore their proposed distribution
networks may be at most risk. Key climate risk management responses are proposed below in
Section 4.2.6. Furthermore, detailed enhanced climate resilience measures are explored and
recommended in Section 6.
99.
As noted above, a Project’s infrastructure assets' performance/service delivery and
longevity are at the core of climate resilient infrastructure development. To that end, maintenance,
of the asset is of great importance. Valves – and valve chambers – are required for operation and
maintenance works of water supply projects. Since valve chambers are not open, they often flood
during the rainy season, preventing qualified personnel to carry out operation & maintenance
(O&M) works. Since it is not possible to include drainage pipes in the valve chambers, it is
recommended to cover all the valve chambers to prevent rainwater or flood water from entering
the chambers and include a manhole for accessibility to carry out usual operation and
maintenance works. This is particularly important for the proposed project in Ranchi, as Ranch
experiences the heaviest rainfall events. Table 11 below summarizes the precipitation and flood
risks posed to JUWSIP. Details of the adaptation measures are further discussed in Section 6.
Table 11: Precipitation and Flooding- Related Risk Summary
Infrastructure Component
Source Reliability

WTPs

Precipitation and Flooding Related
Risk Statement
None

Relevant Subcomponent

- Projected water balance and flows in
Jharkhand indicate that future climate
change does not pose a significant risk
to the source reliability of the JUWSIP
subcomponents.

• Hussainabad

While the source reliability has been
well established, there may be
periods of lower precipitation than
expected. As such, interventions
that promote water conservation
essential to enhance the
ecological/resource resilience of the
Project Areas.

• Ranchi

• Ranchi

• Medininagar
• Jhumri Telaiya

• Hussainabad
• Medininagar
• Jhumri Telaiya
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• Ranchi

Distribution system network

- Flooding along pipeline paths can
result in heavy concentrations of
surface water that causes subsoil
movement by shear stress, resulting in
damage to buried infrastructure.
- Open valve chambers can get
inundated due to precipitation. CRVA
recommends covering valve chambers
and constructing a manhole for O&M
works

• Hussainabad
• Medininagar
• Jhumri Telaiya

31
C.

Non-Climate Impacts: Earthquakes
1.

Earthquakes – Past Trend

100. India has been classified into four earthquake zones, depending on the intensity of damage
caused. Figure 4.13 below shows that the State of Jharkhand lies in largely in Earthquake Zones II
and III, with a small portion in the north east corner of the State, in Zone-IV. The figure below shows
the various locations of the JUWSIP project subcomponents. Hussainabad and Medininagar in
Palamu District, and Jhumri Telaiya in Kodarma are in the Moderate Damage risk zone-III.
Figure 9: Earthquake Hazard Map of Jharkhand

Source: ADB and DPR Consulting company

101. While Jharkhand itself has been the epicenter of an earthquake only once in 2015, tremors
from earthquakes originating outside the state have also been reported. Details from the recent
incidences have been provided below:
(i)

Tremors from an earthquake that had its epicenter in Nepal, were felt in the Dumka,
Pakur, Sahibganj, Ranchi, Jamshedpur districts of Jharkhand on April 25, 2015. There
were no reports of any damage to property or loss of life. The magnitude of the
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(ii)

(iii)
(iv)

(v)
(vi)

earthquake in Nepal on the Richter Scale was 7.5. 24
A moderate intensity earthquake measuring 4.3 on the Richter scale, with its epicentre
in Deogarh district of Jharkhand, shook other parts of Jharkhand (Dumka and Jamtara)
and Bihar on December 15, 2015, and lasted for a few seconds. Although there were
no reports of any loss of life or property. 25
An earthquake of 6.8 magnitude struck central Myanmar on 24 Aug 2016. Tremors
from this earthquake were felt in parts of West Bengal, Jharkhand, Bihar, and Assam.
There were no immediate reports of casualties or damage. 26
An earthquake with a magnitude of 4.8 hit Asansol in West Bengal on May 26, 2019.
The tremors were felt in districts Giridih, Jamtara, and Dumka of the neighboring state
of Jharkhand as well. The epicenter of the tremor was 10 km below the surface of Earth
at latitude 23.3 degrees north and longitude 86.9 degrees east. 27
An earthquake measuring 4.7 on the Richter Scale jolted Jharkhand on 5 June 2020.
There were no immediate reports of any loss to life or property following the tremors. 28
An earthquake of magnitude 4.3 on the Richter struck Sahibganj district in Jharkhand
on Aug 21, 2020. The Earthquake occurred at a depth of 10 kilometres at Sahibganj in
Jharkhand according to the National Centre for Seismology. 29

102. It is evident that while epicenters of recent earthquakes have been away from Jharkhand (as
much as some 200 Km away in some cases), tremors were felt in the State. This can be explained by
the soil conditions in the northern and north east portion of the State, which make it susceptible to
earthquakes and tremors.
103. Northern Jharkhand’s soil, particularly in the flood plains along the Son and North Koel Rivers,
is alluvial soil which can be classified as ‘sandy’ and ‘sandy and clayey’ owing to its soil texture. Alluvial
soil, or riverine soil, is formed by deposition by rivers, and makes up about 40% of the soil type found
in river basins and river deltas in India. Alluvial soil is rich in clay and therefore its water retaining ability
is high and is most suited to grow crops such as sugarcane, wheat, paddy and pulses. However, this
can be a double - edged sword as alluvial soil is also prone to liquefaction when an earthquake occurs.
104. In the event of an earthquake in areas with loose sandy soils – such as areas with riverine
/alluvial soil – the shaking can turn the ground to liquid. 30 This process is known as ‘liquefaction’ and
can be particularly damaging to the built environment. Water pipeline networks that are completed
buried are at risk, as they will sink further into the ground which would have turned into a soft ‘liquid’
with poor stability. However, assets that are partially filled with air, such as pumping stations and
overhead pipes, would rise to the ground surface and float 31. The specific risks and suggested
corresponding management responses within JUWSIP: Hussainabad and Medininagar
subcomponent and JUWSIP: Jhumri Telaiya subcomponent - all located in Earthquake Zone III
(moderate damage) - are discussed in detail below in Section 4.3.3.
105.

Section 4.3.2 below identifies some of the risks earthquakes and tremors may pose to JUWSIP

https://economictimes.indiatimes.com//news/politics-and-nation/impact-of-earthquake-across-india-2-dead-17-hurt-inbihar-1-killed-in-westbengal/articleshow/47048784.cms?utm_source=contentofinterest&utm_medium=text&utm_campaign=cppst
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30 Earthquake Resilience Guide for Water and Water Utilities
31 ibid
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Hussainabad, Medininagar and Jhumri Telaiya’s infrastructure assets. These are elaborated further
in Section 5 and 6.
2. Risk Management Response Within Project
106. Earthquakes/seismic activity were merely presented in the CRVA for the sake of completion.
However, earthquakes are not considered a to be a climate parameter, and as such, are not in the
scope of the CRVA and no risk management responses are offered.
D.

Summary of Climate and Non-climate Parameters

107. This section summarizes the trends of the climate and non-climate parameters affecting the
subcomponents under JUWSIP.
108.

The current State-wide climate includes:
Annual average temperature range: 24 to 26 ºC
Maximum temperature: 46.5 ºC
Minimum temperature: 3.2 ºC
Annual Average Rainfall: 1450 to 1600mm
Monsoon season rainfall: 1200 to 1300mm

(i)
(ii)
(iii)
(iv)
(v)
109.

Some of the key climate projections include:
Mean temperature in 2050s: Increase in mean temperatures over Jharkhand of 1.5 ºC
for RCP 4.5 ; Increase in mean temperatures over Jharkhand of 2.2 ºC for RCP 8.5;
Average annual rainfall in 2050s: An increase in annual rainfall by 27%;
Monsoon rainfall in 2050s: there may significant increase in rainfall in individual
months, the maximum increase within monsoon months is 43%; and
Increases in heavy rainfall in 2050s: by 15% to 33% for RCP4.5 and 9% to 25% for
RCP 8.5.

(i)
(ii)
(iii)
(iv)

V.

VULNERABILITY ASSESSMENT OF PROJECT SUB-COMPONENTS

110. As noted, the principal objective of the CRVA is to identify components of the Project that are
at risk of failure, damage and/or deterioration from future climate change events or significant changes
to baseline climate design values (ADB, 2014b). 32 Keeping this in mind, it is important to understand
the nature of the risk and the level of the risk in order to prioritize adaptation measures and other
remedial actions.
A.

Methodology

111. The Section identifies the relevant climate parameters that adversely affects the infrastructure
components of the water supply system. Furthermore, how the climate parameter impacts the asset’s
performance and intended service delivery is also assessed. Critical climate variables (temperature
rise, flooding etc.) may affect the infrastructure components in unique ways. As such, exposure and
sensitivity factors have been assigned for each project component’s interaction with each climate
variable.
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1.

Projection Horizon

112. As noted in Section 2, the Project has a nominal 50-year design life for the water supply
systems, which corresponds to the climate projection horizon of 2050 (2041–2070) in India’s Second
National Communication on Climate Change.
113. Assessment of the period beyond the 2080 timeframe was not undertaken as significant
reconstruction and/or rehabilitation of the water supply infrastructure asset would likely occur beyond
2080.
2. Hazard Characterization
• Temperature increase decrease can lead to high levels of evaporation thereby depleting the water
source. However, precipitation and temperature climate model projections for 2050s, from the Climate
Data Factory (CMIP5 model) and the UK Met Office, indicate that the water sources remain adequate for
the JUWSIP subcomponents.
• Temperature rise can lead to overheating of pumps, if operated beyond their operating design
specifications; which can pose a fire hazard. However, pumps are designed to operate above expected
temperature increase over Jharkhand.
• Flooding along pipeline paths can result in heavy concentrations of water that causes subsoil movement
by shear stress, resulting in damage to buried infrastructure, such as water distribution networks. The
Project Towns are prone to flooding and Ranchi Phase IIA, Hussainabad, Medininagar and Jhumri
Telaiya subcomponents include distribution pipeline networks which may be at risk if placed under heavy
concentrations of water, caused by floods.
• Valve chambers are required to carry out regular maintenance works. However, these chambers remain
open and frequently get flooded as they have no drainage in them. This hampers accessibility to the
chambers and in turn that directly negatively impacts the ability to carry out operation and maintenance
works. This CRVA proposing to cover the valve chambers using surface boxes, particularly for valve
chambers in JUWSIP Ranchi IIA, as Ranchi is susceptible to heavy rainfall events.
• Furthermore, pumphouses in Ranchi can be susceptible to flooding as flood water may enter pumphouse
and damage pumps (the remaining JUWSIP subcomponents use ESRs and thus have no pumphouses
along the networks). CRVA recommends a masonry barrier at the entrance of each of the pumphouses
under JUWSIP.
• Due to the nature of the soil in Hussainabad, Medininagar and Jhumri Telaiya, they may be at risk to
earthquakes and tremors (they are located in Earthquake Hazard Zone III i.e. “moderate damage zone” )
• Risk of damage to ESRs due to a phenomenon known as ‘sloshing waves’ - inside water retaining tanks.
During project implementation, need to ensure earthquake resistant structures code compliance (IS 1893
– revised in 2002), particularly the ones constructed before 2002. The proposed ESRs in Hussainabad,
Medininagar and Jhumri Teliaya will incorporate and comply with IS 1893 – revision 2002 –
specifications.

B.

Sensitivity and Exposure Assessment – Score/Ranking

114. Assessment of the sensitivity of the sub-project component in relation to the below listed
factors are evaluated:
(i)
Proximity to physical features that can adversely affect operations during and in the
aftermath of extreme climate events;
(ii)
Enhanced disaster and climate resilience measures that can be built-into detailed
design through mitigation measures to sustain project’s performance (intended service
delivery) and duration given future climate change and/or natural hazards;
(iii)
Assessments performed at the sub-project area; and
(iv)
Necessary field observations were not possible due to the COVID19 travel restrictions
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115. Methodology for baseline establishment of categorization/ranking (i.e. as low, med or high) is
outlined in the following table. The characterization of Low / Medium / High has been performed based
on specific parameters or metrics which will correlate the Hazard-Exposure-Vulnerability (HEV)
indicator to determine at risk components at the sub-project level:
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Hazard
Characterization

Table 12: Hazard Characterization Ranking Criteria

Vulnerability Assessment - Ranking Criteria

Temperature Change

Low
Overall Decreasing
Trend

Low to Medium
Nominal change in
either Maximum or
Minimum Temp
bands over projected
period

Medium
Nominal change in
both Max and Min
Temp bands and
nominal decrease in
rate of change

Precipitation Change
(Rainfall Decrease)

Significant increase in
rainfall year round

Significant increase in
Monsoon season.
Moderate increase in
other seasons.

Floods / Extreme
Rainfall Events

Not Flood Affected
Region

20%-50% of area
flood prone & Minimal
extreme rainfall
events

Marginal increase or
no change in
monsoon. No change
or minimal decrease
in other seasons
Flood prone area

Earthquake

Zone – II areas

Zone III areas

Zone III to IV
Transition

Medium to High
Moderate increase in
both Max and Min
Temp Bands.
Also lower spectrum
change in Coeff of
Variation (i.e. rate)
No change in
monsoon season.
Moderate decrease in
other seasons

High
Significant increase in
both Max and Min
Temp Bands.
Higher spectrum
change in Coeff of
Variation
Significant decrease
in rainfall year round

Area prone to floods
from extreme rainfall
events and storm
surge linked flooding
risk
Zone IV

Coastal Areas
significantly prone to
extreme weather
events
Zone IV to Zone 5
Transition & Zone 5
(Very High Risk)
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116. Vulnerability ranking as “Low / Medium / High” has been estimated in the following section
on a sub-project and component level by following the process flow below:
(i)
(ii)
(iii)
(iv)
(v)
C.

Establishment of Baseline Data from published reports;
Ranking assigned by analysing past trends based on historical data “specific to
regional level/ project area;”
Detailed review of projected trends to understand future implications of identified
hazards at project component specific level;
Ranking based on methodology, observations, secondary data assessment and
projected trends through climate models; and
Resultant Impact on the proposed system and adaptation measures to adequately
address the identified climate change impacts.

Subcomponent Level Vulnerability Risk Ranking

117. Based on the aforementioned methodology, the following tables summarize the
vulnerability assessment for the proposed water supply schemes (including intakes, WTPs,
ESRs/GLSRs, and distribution pipeline networks) in the sub-project areas under JUWSIP.
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Table 13: Table of Vulnerability Ranking for Sub-project Areas

D.

Hazard-Exposure-Sensitivity & Vulnerability Ranking/Scoring

118. A summary of the vulnerability ranking performed on a subcomponent vis-à-vis identified hazard level in the earlier section is listed
below
Table 14: Summary Table of Vulnerability Ranking for Sub-project Components
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119. Note, the scoring at Sub-Project level for the identified hazard and pertinent exposure
level/risk is assigned based on the empirical scale below:
(i)
(ii)
(iii)
(iv)
(v)
E.

Low (L)
Low to Medium (L-M)
Medium (M)
Medium – High (M-H)
High (H)

:
:
:
:
:

1;
1.5;
2;
2.5; and
3

Overall Project Ranking

120. Vulnerability Assessment performed at various sub-project areas indicates the below
listed ranking on an overall basis duly considering the climactic hazards evaluated:
Overall Project Level Categorization of Sub-projects
(i)
(ii)
(iii)
(iv)
(v)

JUWSIP Ranchi Phase II.A
JUWSIP Ranchi Intake Phase II.C
JUWSIP Hussainabad Water Supply
JUWSIP Medininagar Water Supply
JUWSIP Jhumri Telaiya Water Supply

: Medium
: Medium
: Low to Medium
: Medium
: Medium
: Medium

121. The climate change risks posed to JUWSIP subcomponents presented above. The
distribution pipeline networks are most susceptible to floods from heavy rainfall events. This
increased rainfall can lead to valve chambers to flood disrupting operations and maintenance
works; and prolonged flooding may lead to subsoil, movement due to weight, and can damage
the pipeline infrastructure. Adaptation and management (non-structural) measures are presented
in Section 6.
122. While not a climate change related parameter, earthquakes can cause havoc to buried
water supply infrastructure, particular in areas with alluvial soil as in Hussainabad, Medininager
and Jhumri Telaiya. Alluvial Soil is vulnerable to liquefaction and lateral spreading, resulting in
large-scale destruction of water supply infrastructure. Adaptation measures are proposed in
Section 6.

VI.
A.

PROPOSED MANAGEMENT ACTIONS

General Structural Adaptation Measures and Recommendations

123. From the sections above, it can be concluded that water supply projects involve a process
with a plethora of various infrastructure, at the different stages. They are interactions of complex
systems operating with one another in an integrated manner, to coalesce into one large system.
In JUWSIP’s case, this includes a system comprising of water intakes, raw water rising mains,
WTPs, clear water rising mains, pumping stations, ESR and GLSRs and distribution networks,
working together with the objective of reducing NRW and providing reliable service delivery to
various DMAs and households.
124. However, the climate risk faced by each subcomponent of the JUWSIP may not be
uniform. As Section 5 above illustrates, each subcomponent may be at risk to a climate variable
in different ways, depending on the component’s exposure and sensitivity to that variable.
Therefore, the proposed adaptation and management measures below provides
recommendations for each component of the project to help mitigate the impacts of extreme
natural hazard events outlined in Section 4.
125. The following adaptation measures have been considered at the detailed engineering
design stage and incorporated accordingly for implementation and are listed below:
1.

Enhancing Pipeline Joints

126. As mentioned in Section 4.2 (Floods) JUWSIP’s proposed underground distribution
pipelines may be susceptible to breaking due to floods in Ranchi, Jhumri Telaiya, Hussainabad
and Medininagar. The effect of lateral spreading of the soil, as a result of stagnant flood waters,
can be very destructive to infrastructure assets underground. As expected, pipeline network
failures occur at their weakest points – at the joints. In the event there are major or minor cracks
along the pipeline, the volume of physical losses increases, and the objective of reliable water
supply is lost.
127. This CRVA proposes flexible expansion joints comprising of two ball joints, separated by
an expansion joint. This protects both the pipeline network (distribution lines) and the connections
from differential movement in the ground which can be a result of by seismic activity (resulting in
liquefaction or lateral spreading of the ground), soil subsidence and subsoil movement as a result
of surface water load resulting from floods. Furthermore, made of ductile iron, the expansion joint
is self-restrained which enables the pipes to limit expansion travel, eliminating the need for
external tie rods. Furthermore, the joints move within their constrained limits, and not any further,
which maintains the structure integrity of the entire line. Figure 10 below displays a rendition of
how the flexible expansion joint behaves in the event of ground movement. Furthermore, Figure
11 shows the degree of pipe deflection allowed by the flexible expansion joints 33.

33

Consultations with representatives from EBAA Iron, Samsun Makina Sanayi Inc, and Saint-Gobain PAM
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Figure 10: Rendition of Flexible Expansion Joints

Source: EBAA Iron

Figure 11: Allowable Pipeline Deflection of Flexible Expansion Joints

Source: EBAA Iron

2.

128. From discussions with JUWSIP’s hydraulic engineers it was determined that the

existing pipeline design allows for a 5 to 7-degree deflection; the proposed flexible expansion
joints allow for up to a 20-degree pipeline deflection threshold (Figure 11), to enhance pipeline
stability in the event of extreme events such as floods in the Project Towns. Furthermore, the end
connections of the flexible expansion joints use flanged joints, which is compatible with the MS
and DI jointing methods currently being proposed in the project design.
129. Consultations with industry professionals yielded that there would be no need to include
the flexible expansion joints between every pipe in the distribution network, rather inclusion of the
flexible expansion joints in 80% of the length of the pipeline networks would adequately enhance
line and network stability.
130. The use flexible expansion joint is a proven ‘technology’ and is widely considered industry
best practice, as it is being deployed in earthquake zones in the west coast of the United States
and in New Zealand to name a few. By adopting the flexible expansion joint into JUWSIP’s
pipeline network, it will also be opportunity for technology transfer to a DMC to take place.
Appendix A includes the adaptation cost of including flexible joints in the selected JUWSIP
subcomponents.
2. The Use of Instrumentation Control and Automation, including SCADA
System in Ranchi
131. Modern water distribution facilities use instrumentation controls and automation, including
a SCADA systems for efficient operation. These systems enable operators to remotely monitor
real-time measurements of reservoir levels, water main pressures, pump flow rates, position of
valves, electricity consumption and other key operational data. Furthermore, instrumentation and
automation systems allow for remote control and operation of pumps and valves and other
network operational features. For example, the automated system can sound an alarm at the
central control center if problems in the water system arises (in the case of SCADA). Moreover,
the automation allows for the operator, JUIDCO in this case, to maintain historical records of
operational parameters, which may assist in operating at optimum efficiency levels in daily
operations, thereby assisting in JUIDCO’s demand side management initiatives and help
conserve water.
132. JUIDCO is proposing to install instrumentation controls and automation systems in the
WTPs in Hussainabad, Medininagar, and Jhumri Telaiya, including Programmable Logic
Controller (PLC), Screens and cables, and monitoring systems. However, in the proposed Ranchi
WTP and pumphouses, a SCADA system is being proposed. During times of low rainfall, demand
side management will be critical in ensuring minimal water wastage. These automated systems
(including SCADA) will allow JUIDCO to allocate the optimal volume of water to where it is
required the most at any given time, enhancing the overall efficiency of the system in all the
subcomponents under JUWSIP.
3. Inclusion of filter backwash water recycling in proposed water treatment
plants
133. The CRVA recommends to include filter backwash water recycle as part of the their rapid
sand filtration systems to help the State of Jharkhand to conserve water. The existing WTPs in
Jharkhand do not use rapid filters with backwash recycle. While the rapid filters require more
frequent cleaning, they in fact reduce water consumption using backwash water recycling. The
backwash water volume is 3% of the treatment plants’ flow, which would have otherwise been
drawn from either ground or surface water sources. This water will allow JUIDCO to positively
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contribute to the State’s water conservation efforts, which will be particularly beneficial during
periods of low precipitation.
4. Use of flow meters and appurtenances in all Project Towns’ water
distribution networks
134. The CRVA recommends the use of ancillary infrastructure such as flow meters and
appurtenances for optimal service delivery during low and high precipitation events. Furthermore,
the use of these ancillary infrastructure will also help the operation of water distribution systems
achieve the NRW goals of JUWSIP and JUIDCO’s as a whole. These were considered
cumulatively for JUWSIP as a whole. The cumulative cost of this intervention, for all Project Towns
will be USD 0.250 million.
B. Recommended Climate Risk Management Measures for JUWSIP (non-structural)
1.

Institutional capacity development on non-structural climate change
adaptation/mitigation interventions

135. This CRVA recommends various capacity building activities including conducting
community and institutional seminars, workshops, meetings, to raise awareness of water
management, water conservation and potential climate risks) through engagement of various
consultants and experts.
2. Ensuring Emergency Contract Provisions with Chemical Vendors and
Suppliers are in Place to Ensure Continued WTP Operation After Extreme
Weather Events
136. Natural hazard events can cause major disruptions to supply chain networks, resulting in
shortages of supplies. For the water treatment assets under JUWSIP to maintain service delivery
immediately after a natural disaster event, adequate supplies of chemicals - needed as inputs in
the treatment process - should be stocked. The PMU can ensure that there are emergency
contract provisions in place at each of the WTPs in order to not cause service disruptions.
137. Furthermore, storage tanks of the chemicals may also be at risk of being damaged in the
flood events. In the event tanks are not safely secured may be washed away, or ruptured, resulting
in leaks that may contaminate JUWSIP assets as well as the environment. Accordingly, adequate
foundational strength of chemical storage tanks should be ensured.
3.

Ensuring Water Quality Monitoring at WTPs in case of Flooding

138. During flood events, raw water entering the WTP may contain higher contaminant loads
or increased turbidity. Accordingly, WTP personnel should be able to monitor the quality of raw
water entering the WTP and be able to to adjust the treatment process as required (for example
adjust residence times, adjust chemical addition as necessary etc). However, instrumentations
and electrical wirings in WTPs may be compromised after floods, and water quality monitoring
may not be possible, posing a threat to public health. This CRVA recommends portable, handheld
water testing equipment as a backup to mounted water quality testing equipment which may not
be operable during a flood event.
C.

Ranchi II.A : Recommended Adaptation Measures
1.

Ranchi II.A: Expansion Joints Along Distribution Network

139. Table 15 below shows the adaptation cost for integrating flexible expansion joints into the
Ranchi’s distribution network’s project design (Ranchi II.A). The indicative cost of the flexible
expansion joint depends on the diameter of the pipeline. This CRVA proposes to use expansion
joints only for the larger diameter pipes, i.e. 300mm, 350mm, 400mm and 450mm.
140. JUWSIP Project Management Consultant , along with industry experts, confirmed it was
that flexible expansion joints would only be required to be installed in the larger diameter pipes,
and not in the piping network of the distribution feeders.
141. In the event of pipeline damage to smaller diameter pipes (100mm to 250mm), locating,
accessing and repairing the damage would not be very challenging, as is the case with larger
diameter pipes. As such, the benefits of including flexible expansion joints would not outweigh its
costs if they were to be included in smaller distribution feeder pipelines.
142. It is important to note that only sections of the distribution network that is proposed under
JUWSIP was considered for installation of the flexible expansion joints.
Table 15: Adaptation Cost of Flexible Expansion Joints in Ranchi II.A
Incremental Adaptation Cost for Installing Flexible Expansion Joints to 300mm to 450mm
Diameter Pipes in the Distribution Network
Scenario
Total Cost ($)
80% of 300mm to 450mm Diameter Pipes in
Network
1,330,000

Source: DPR for pipeline details; EBAA Iron, Samsun Makina Sanayi Inc, Saint-Gobain PAM for cost estimates

143. The total adaptation cost for integrating this into 80% of Ranchi Distribution network’s
project will be $1.33 million. Please see Appendix A for details.
2. Ensuring Critical Equipment in the Proposed WTP is Protected from Floods
144. In the event of WTP inundation, flood waters may wash out open filter beds and tanks,
damage electromechanical equipment (of the coagulators and flocculators), cause significant
damage to electrical power controls, deposit debris on site and carry contaminants into the
treatment process.
145. Furthermore, contaminated flood waters may alter the chemistry of the surface water
source, and present treatment challenges to KWA while operating during a flood. As an example,
required residence times may be increased to achieve safe water quality standards after a flood,
owing to increased water turbidity levels and potential contaminants in the flood waters.
146. The Climate Change Consultant ensured that all proposed equipment and circuitry and
designs were above flood levels. Table 16 below confirms that the current design has made
allowances for possible floods.
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Table 16: Ranchi 213 MLD WTP Flood - Resilience Confirmation

3. Ranchi II A Use of SCADA Systems
147. The Ranchi II.A SCADA system will comprise of one or more field data interface devices,
known as remote terminal units (RTU), connected to field sensing instruments, local control
switchboxes and valve actuators. The SCADA system will also comprise of a communications
system which transfers data between the RTUs and the central host computer server known as
the master terminal unit (MTU).

148. The RTUs are the ‘observatory’ units of the SCADA system. Pressure meters, flow meters,
and water level meters and the like will provide useful data on how the distribution system in
Ranchi is performing. Electronic valve actuators and motor control switchboards will allow for the
remote automation of the water distribution process.
149. Operator terminals are connected to the MTU by a computer network so that data can be
displayed on screens. Computer programs called Programmable Logic Controllers (PLC’s) will
provide the functionality to monitor and control the remotely located field data interface devices.
Ultimately, JUIDCP will be provided graphically the various components of the water distribution
network.
150. JUWSIP is proposing to install a new SCADA system across all pumphouses and WTPs.
The proposed SCADA system under the project is to record the following parameters: 34
•
•
•
•
•
•

Water level in the pump wet well
Suction and discharge pressures across each pump
Start and stop time of each pump
Run time for each pump
Flow rate exiting the pump station
Voltage and current at the pump station switchboard

151. From the DPR, the instrumentation controls and automation for SCADA for Ranchi II.A is
about USD 0.745 million. This includes all instrumentation for the entire network including WTP,
pumphouses, and reservoirs.
4

Ranchi II. A Filter Backwash Water Recycling

152. As noted earlier, existing WTPs in Jharkhand do not use rapid filters with backwash
recycle. However, the proposed Ranchi II.A 213 MLD WTP will include backwash water recycle
as part of its rapid sand filtration system. The backwash water volume is 3% of the proposed
treatment plant’s flow, which would have otherwise been drawn from either ground or surface
water sources. The cost of this intervention will be USD 0.256 million.
D. Ranchi II.C : Recommended Adaptation Measures
153. Flooding can pose threats to source water intake structures, such as the intake and pump
house under JUWSIP Ranchi intake Phase II Package C. Flood waters can clog intake structures
them with excess silt/debris or by physically damaging them with debris. Furthermore, flood
waters that enter the intake may impact downstream water treatment processes by containing
increased contaminant loads and turbidity.
154. According to the DPR, structurally, the intake at Ranchi II.C is sound and is well above
the local HFL and can withstand forces from floating debris from floods. As such, there are no
climate risk to the intake itself.
1.
34

Hussainabad: Recommended Adaptation Measures

JUWSIP Feasibility Study/DPR
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a.

Hussainabad: Expansion Joints Along Distribution Network.

155. Table 17 below shows the adaptation cost for integrating flexible expansion joints into the
Hussainabad distribution network’s project design. The indicative cost of the flexible expansion
joint depends on the diameter of the pipeline. This CRVA proposes to use expansion joints only
for the larger diameter pipes, i.e. 300mm, 350mm, 400mm and 450mm. Note, that since
Hussainabad is in Earthquake Zone III (moderate damage), the CRVA considers installing flexible
expansion joints in a maximum of 50% of the distribution network as recommended.
Table 17: Adaptation Cost of Flexible Expansion Joints in Hussainabad
Incremental Adaptation Cost for Installing Flexible Expansion Joints to 300mm, to 450mm
Diameter Pipes in the HUSSAINABAD Distribution Network
Scenario
Total Cost ($)
80% of 300mm to 450mm Diameter Pipes in Network
830,000

Source: DPR for pipeline details; EBAA Iron, Samsun Makina Sanayi Inc, Saint-Gobain PAM for cost estimates

156. The total adaptation cost for integrating this into the Hussainabad Distribution network’s
project design is $0.830 million, with 80% adaption.
b.

Hussainabad: Instrumentation Controls and Automation

157. The Hussainabad subcomponent will not use SCADA for the entire system, rather the
proposed WTP will include instrumentation controls and automation such as PLC, Screens and
cables, and monitoring systems, handheld monitoring devices. These will enhance the operational
efficiency of the system and facilitate to allocate the optimal volume of water to where it is required
the most at any given time to reach optimum service levels. The cost of including this will be USD
0.058 million.
c.

Hussainabad: Filter Backwash Water Recycling

158. Proposed 9.5 MLD WTP will include backwash water recycle as part of its rapid sand
filtration system. The cost of this will be USD 0.030 million.
2. Medininagar: Recommended Adaptation Measures
a.

Medininagar: Expansion Joints Along Distribution Network

159. Table 18 below shows the adaptation cost for integrating flexible expansion joints into the
Medininagar distribution network’s project design. The indicative cost of the flexible expansion
joint depends on the diameter of the pipeline. This CRVA proposes to use expansion joints only
for the larger diameter pipes, i.e. 300mm, 350mm, 400mm and 450mm. The CRVA considers
installing flexible expansion joints in a maximum of 50% of the distribution network.
Table 18: Adaptation Cost of Flexible Expansion Joints in Medininagar
Incremental Adaptation Cost for Installing Flexible Expansion Joints to 300mm to 450mm
Diameter Pipes in the MEDININAGAR Distribution Network
Scenario
Total Cost ($)
80% of 300mm to 450mm Diameter Pipes in Network

1,220,000

Source: DPR for pipeline details; EBAA Iron, Samsun Makina Sanayi Inc, Saint-Gobain PAM for cost estimates

160. The total adaptation cost for integrating this into the Medininagar Distribution network’s
project design is $1.22 million, with 80% adoption.
b.

Medininagar: Instrumentation Controls and Automation

161. The Medininagar subcomponent will not use SCADA for the entire system, rather the
proposed WTP will include instrumentation controls and automation such as PLC, Screens and
cables, and monitoring systems, handheld monitoring devices. These will enhance the operational
efficiency of the system and facilitate to allocate the optimal volume of water to where it is required
the most at any given time to reach optimum service levels. The cost of including this will be USD
0.653 million.
c.
Medininagar: Filter Backwash Water Recycling
162. Proposed Medininagar 17 MLD WTP will include backwash water recycle as part of its
rapid sand filtration system. The cost of this will be USD 0.040 million.
3. Jhumri Telaiya: Recommended Adaptation Measures
a.

Jhumri Telaiya: Expansion Joints Along Distribution Network

163. Table 19 below shows the adaptation cost for integrating flexible expansion joints into the
Jhumri Telaiya distribution network’s project design. The indicative cost of the flexible expansion
joint depends on the diameter of the pipeline. This CRVA proposes to use expansion joints only
for the larger diameter pipes, i.e. 300mm to 700mm. Note, that since Jhumri Telaiya is in
Earthquake Zone III (moderate damage), the CRVA considers installing flexible expansion joints
in a maximum of 50% of the distribution network.
Table 19: Adaptation Cost of Flexible Expansion Joints in Jhumri Telaiya
Incremental Adaptation Cost for Installing Flexible Expansion Joints to 300mm to 700mm
Diameter Pipes in the JHUMRI TELAIYA Distribution Network
Scenario
Total Cost ($)
80% of 300mm to 700mm Diameter Pipes in Network

1,150,000

164. The total adaptation cost for integrating this into the Medininagar Distribution network’s
project design is $1.15 million, with 80% adoption.
b.
Jhumri Telaiya: Instrumentation Controls and Automation
165. The Jhumri Telaiya subcomponent will not use SCADA for the entire system, rather the
proposed WTP will include instrumentation controls and automation such as PLC, Screens and
cables, and monitoring systems, handheld monitoring devices. These will enhance the operational
efficiency of the system and facilitate to allocate the optimal volume of water to where it is required
the most at any given time to reach optimum service levels. The cost of including this will be USD
0.280 million.
c.
Jhumri Telaiya: Filter Backwash Water Recycling
166. Proposed Jhumri Telaiya 35.5 MLD WTP will include backwash water recycle as part of
its rapid sand filtration system. The cost of this will be USD 0.067 million.
4. JUWSIP: Proposed Climate Adaptation Measures within the Project Design
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a.

Design items

167. Climate resilience and sustainable service delivery requires incorporation of proposed
adaptation measures into project’s capital works, as well as collaboration between agencies and
entities. This section outlines the approach towards achieving adaptation outcomes that can be
sustainable and effective for the JUWSIP. Table 20 below lists the proposed climate change
adaptation measures integrated within the JUWSIP’s project design for long term impact
mitigation.
Table 20: Climate Change Adaptation Measures within the JUWSIP

Adaptation Activity
1. Integrating flexible
expansion joints
between individual
pipes of the
distribution
network.

This is proposed for
Ranchi II.A,
Hussainabad,
Medininagar, and
Jhumri Telaiya.

2. Instrumentation
control and
automation systems
(PLC, Screens and
cables, and
monitoring systems,
handheld monitoring
devices, etc.)
including SCADA
system for Ranchi

Target Climate Risk

Flood Hazard :
Ranchi II.A
Flooding along
distribution pipeline paths
can result in heavy
concentrations of surface
water that causes shear
stresses and results in
pipeline deflection,
ultimately damaging
buried water
infrastructure, like buried
distribution pipelines.
The transmission lines in
Ranchi IIA use Raw
water and clear water
rising mains and are
protected from this risk.
However, the distribution
pipeline network is buried
in its entirety and can
face the risk of flood
damage, and it is
therefore recommended
to include expansion
joints allowing greater
pipe deflection.
Low Precipitation
During times of low
rainfall, demand side
management will be
critical in ensuring
minimal water wastage.

Estimated
Adaptation Costs
($ million)
Ranchi:
million

$1.33

Hussainabad:
$0.83 million
Medininagar:
$1.22 million
Jhumri Telaiya:
$1.15 million
Total (4 Project
locations): $4.53
million + 10%
installation cost =
$4.98 million
The above costs
are based on
pipeline length
mentioned in DPR
and Bill of
Quantities and are
to be approved by
JUIDCO before
start of
construction.
Ranchi IIA:
$0.745 million
Hussainabad:
$0.058 million
Medininagar:
$0.653 million
Jhumri Telaiya:

Adaptation Finance
Justification

JUWSIP Project Towns are
prone to flooding and are
expected to experience further
increase in rainfall in the future.
According to some climate
projections, annual rainfall will
increase 27% in the 2050s, but
the increase in heavy rainfall
can be up to 33% more in the
2050s. Furthermore, Ranchi
has recently experienced major
floods in 2008 and 2011.
The current project design
proposes flanged jointing for
Ductile Iron (DI) pipes in the
proposed distribution pipeline
network. The degree of pipe
deflection these joints offer is
about 5-degrees to 7.5
degrees. The flexible joints
offer up to 20 degrees of pipe
deflection.
The CRVA is recommending
including the flexible expansion
joints for 80% of the networks
to provide more stability to the
distribution networks in the
event of flooding.
Instrumentation and
automation will enhance the
operational efficiency of the
system and facilitate to allocate
the optimal volume of water to
where it is required the most at
any given time to reach
optimum service levels.

Adaptation Activity

Target Climate Risk

Estimated
Adaptation Costs
($ million)
$0.280 million

Adaptation Finance
Justification

Total: $1.74
million
3. Backwash water
recycle - The
proposed WTPs
include backwash
water recycle as part
of their rapid sand
filtration system.

Low Precipitation
Filter backwash water
recycle will help to
conserve water.

Ranchi IIA: 213
MLD WTP
backwash
recycling system:
$0.256 million
Hussainabad: 9.5
MLD WTP
backwash
recycling system:
$0.030 million
Medininagar: 17
MLD WTP
backwash
recycling system:
$0.040 million

Existing WTPs in Jharkhand do
not use rapid filters with
backwash recycle. While the
rapid filters require more
frequent cleaning, they in fact
reduce water consumption
using
backwash
water
recycling. The backwash water
volume is 3% of the treatment
plants’ flow, which would have
otherwise been drawn from
either ground or surface water
sources.

Jhumri Telaiya:
35.5 MLD WTP
backwash
recycling system:
$0.067 million
Total: $0.393
million
4. Use of Flow
Meters and
appurtenances

Low or High
Precipitation

Cumulative of all
project towns:
$0.25 million.
Total: $0.25
million

5. Institutional
capacity
development on
non-structural
climate change
adaptation/mitigation
interventions and
raising community
awareness on water
conservation and
volumetric-tariff that
incentivizes water
conservation

All Climate-related Risks

Total: $0.185
million

These ancillary infrastructure
help in operation of water
distribution system to achieve
the non-revenue water (NRW)
goals.
The activities include
conducting community and
institutional seminars,
workshops, meetings, etc. (to
raise awareness of water
management, water
conservation and potential
climate risks) through
engagement of various
consultants and experts.
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Adaptation Activity

Target Climate Risk

6. Ensuring
Emergency Contract
Provisions with
Chemical Suppliers
are in Place to
Ensure Continued
WTP Operation After
Natural Hazard
Events

Floods/ Natural Hazards

7. Ensuring
Continued Water
Quality Monitoring
at WTPs in case of
Flooding

Natural hazard events
can cause major
disruptions to supply
chain networks, resulting
in shortages of supplies.
For the water treatment
assets under JUWSIP to
maintain service delivery
immediately after a
natural disaster event,
adequate supplies of
chemicals - needed as
inputs in the treatment
process - should be
stocked. The PMU can
ensure that there are
emergency contracts in
place with chemical
supplier at each of the
WTPs in order to not
cause service
disruptions.
Floods
During flood events, raw
water entering the WTP
may contain higher
contaminant loads or
increased turbidity.
Accordingly, WTP
personnel should be able
to monitor the quality of
raw water entering the
WTP and should be able
to adjust the treatment
process as required (for
example adjust residence
times, adjust chemical
addition as necessary
etc).
However, instrumentation
and electrical wirings in
WTPs may be
compromised after
floods, and water quality
monitoring may not be
possible, posing a threat
to public health. This
CRVA recommends
portable, handheld water
testing equipment as a

Estimated
Adaptation Costs
($ million)
Negligible

Negligible

Adaptation Finance
Justification

Adaptation Activity

Target Climate Risk
backup to mounted water
quality testing equipment
which may not be
operable during a flood
event.

Estimated
Adaptation Costs
($ million)

Adaptation Finance
Justification

5. Climate Mitigation Measures within the Project
168. The climate mitigation benefits resulting from the project include the use of energy efficient
pumps to meet the water conveyance requirements from the water sources to the WTPs; and
from the WTPs to convey treated water to the elevated service reservoirs, underground reservoirs
and ground level service reservoirs. In total, 45 efficient pumps will be replaced/ installed.
Greenhouse Gas (GHG) emission reductions and cost.
169. Reduction of physical losses in the water distribution system by average 20% through
rehabilitation will increase overall efficiency of the various systems under JUWSIP. Accordingly,
the project will yield energy savings due to reduction in energy consumption resulting from
increased system efficiency. The energy savings is estimated to be 6,690 megawatt-hour per
year, and the GHG emissions reduction is about 4,500 tCO2e per year.
VII.

CLIMATE FINANCE

A. Adaptation Financing
170. The adaptation financing includes measures to enhance distribution pipeline stability
under Ranchi II.A, Hussainabad, Medininagar and Jhumri Telaiya, instrumentation controls and
automation (including SCADA for Ranchi II.A); the inclusion of filter backwash water recycling for
all proposed WTPs under JUWSIP; and the use of flow meters and appurtenances. Furthermore,
the JUWSIP includes non-structural adaptation measures to enhance institutional capacities on
non-structural climate change adaptation/mitigation interventions, including raising community
awareness on water conservation and volumetric-tariff that incentivizes water conservation.
171. Ranchi, Hussainabad, Medininagar and Jhumri Telaiya are prone to flooding and are
expected to experience further increase in rainfall in the future. According to some climate
projections, annual rainfall will increase 27% in the 2050s, but the increase in heavy rainfall can
be up to 33% more in the 2050s. Furthermore, Jharkhand has recently experienced major floods
in 2008 and 2011. Flooding along the Project Towns’ distribution pipeline networks’ path can
result in heavy concentrations of surface water that causes shear stresses which may result in
pipeline deflection, ultimately damaging buried water infrastructure, like buried distribution
pipelines.
172. The adaptation financing for flexible expansion joints is $4.53 million. However there is a
10% installation cost of $0.453 million, which must be included. As a result, the total adaptation
financing for flexible expansion joints is $4.98 million.
173.

The total cost of instrumentation controls and automation for Hussainabad, Medininagar
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and Jhumri Telaiya; and the cost of the SCADA system for Ranchi II.A is $1.74 million.
174. JUWSIP has introduced the use of filter backwash water recycling to JUIDCO. As
mentioned above, this water-conserving intervention was not a part of JUIDCO’s existing filtration
systems. The total cost of including this will be $0.393 million.
175. The introduction of ancillary infrastructure such as flow meters and appurtenances will
help in the operation of water distribution systems to achieve the NRW goals. For all Project
Towns, the cost of this intervention will be $0.25 million.
176. JUWSIP will also provide valuable capacity enhancing trainings and seminars to raise
awareness about climate change adaptation, water conservation etc. These trainings will be
conducted by experts and consultants. The cost of this will be $0.185 million.
177.

The total adaptation cost for JUWSIP will be $7.548 million.

B. Mitigation Financing
178. As noted above, JUWSIP’s climate change mitigation benefits will principally be attributed
to the use of efficient pumps. The grid emission factor reflects the weighted average CO2
emissions per unit of net electricity generation of power plants servicing the grid, which will supply
electricity to the pumping stations. India’s Eastern Grid, which serves the State of Jharkhand, is
dominated by electricity produced from coal, gas and diesel power systems. 35
179. The energy savings due to the use of such pumps is estimated to 6,150 MWh per year
and using a grid emission factor of 673 gCO2/kWh 36, the GHG savings is estimated to be 4,140
tCO2e per year. The use of energy efficient pumps will result in energy consumption savings,
which in turn will reduce carbon emissions.
180. The total cost for 45 energy efficient pumps in under JUWSIP is $2.40 million, including a
5% installation cost. ADB will finance 80.6% of this mitigation cost i.e. $1.93 million. The efficient
pump costs the Project Towns’ Detailed Project Reports’ (DPR) Bill of Quantity Annexures were
used to estimate the climate mitigation costs from JUWSIP. 37
181. The reduction of physical losses by 20% through water distribution pipeline rehabilitation
will result increased system efficiency, which in turn will result in energy savings and GHG
emission reductions. At present, only about 15% of the population in Ranchi, and 10% of the
population in Hussainabad, Medininagar, and Jhumri Telaiya are being serviced through piped
water supply.
182. The design of the new system is targeted to extend water supply to the entire town.
Furthermore, the pipeline rehabilitation will result in significant savings in energy cost. The energy
savings is estimated to be 6,690 megawatt-hour per year, and the corresponding GHG emissions
reductions is about 4,500 tCO2e per year. The cost of the portion of the pipeline that will reduce
physical losses to 20%, and enhance existing system efficiency, resulting in energy savings is
$3.24 million.
Central Electricity Authority of India; www.cea.nic.in
Using the International Financial Institutions Technical Working Group’s (IFI TWG) harmonized grid emission factor
for India.
37 Detailed Project Reports: Ranchi II.A, Hussainabad, Medininagar and Jhumri Telaiya
35
36

183. The total mitigation cost for JUWSIP is $5.64 million. The total climate finance (adaptation
and mitigation) contribution for JUWSIP is $ 13.188 million.
VIII.
A.

STAKEHOLDER CONSULTATION AND GROUND VALIDATION

Ground Validation

184. Given the COVID 19 travel restrictions, site visits were not possible. However, through
web-based platforms such as online video and voice calls, the consultant was able to informally
consult on various aspects of the project with JUIDCO engineers, and field staff and the ground.
The CRVA Consultant found overwhelming support from engineers, and field staff for the
proposed adaptation measures presented in Section 6. They were particularly intrigued by the
flexible expansion joints. It was a novel concept to them, but they were keen to learn more about
it. They welcomed innovative solutions, and JUIDCO noted that if successful, they would like to
share their experience with various other ULBs which are developing their own water supply
infrastructure.
185. Through these remote interactions, the CRVA consultant asked representatives on the
ground about the general view of the project from local residents and stakeholders (shop keepers,
small business owners etc) in the project sites. There appeared to be strong support for the
Project from stakeholders as they welcomed the prospect of getting piped water connections to
their homes.
1.

Public Awareness and Participation

186. The population living in flood prone areas should be well informed and be involved in any
decision-making process. Relevant authorities must identify flood prone areas and convey to the
public the identified areas, in order for stakeholders to make informed decisions. It is important
for the public, particularly the poor who do not readily have access to information, to know the
potential flood levels under different scenarios, in order to enhance their disaster preparedness
in the event of flood events.
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Appendix A: Incremental Adaptation Cost for Subprojects
JUWSIP Ranchi II.A :

JUWSIP Medininagar:
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JUWSIP Jhumri Telaiya:

Appendix B: FAO Baseline for Ranchi
Location: "RANCHI",647,23.43,"N.L.",85.40," 01"
Days Month Max T
degC

Min T
deg C

Humidity
%

Wind
km/d

Sunshine

Radn
CLIMWAT
MJ/m2/d Eto mm/d

CLIMWA
P mm
T Eto mm/
month

Peff mm

31

Jan

23.6

9.9

54.5

60.5

7.7

15.32

2.28

70.7

24.0

23.1

28.
25

Feb

25.9

12.2

45.6

77.8

8.44

18.3

3.13

88.4

32.0

30.4

31

Mar

31.2

16.7

33.1

86.4

8.79

21.07

4.31

133.6

33.0

31.3

30

Apr

35.9

21.1

30.9

103.7

9.05

23.02

5.55

166.5

28.0

26.8

31

May

37.9

24

35.2

112.3

8.43

22.64

6.19

191.9

47.0

43.5

30

Jun

34.2

23.9

60.8

121

3.73

15.64

4.43

132.9

205.0

137.8

31

Jul

29.1

22.6

84.8

112.3

1.95

12.87

3

93.0

367.0

161.7

31

Aug

28.9

22.4

84.4

103.7

1.9

12.41

2.82

87.4

355.0

160.5

30

Sep

29.2

21.9

81.8

77.8

4.1

14.75

3.14

94.2

258.0

150.8

31

Oct

28.5

18.5

67.9

60.5

7.21

17.36

3.44

106.6

107.0

88.7

30

Nov

25.7

13

56.1

60.5

8.34

16.61

2.85

85.5

15.0

14.6

31

Dec

23.7

9.9

53.6

60.5

8.39

15.43

2.32

71.9

4.0

4.0
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Appendix C: Baseline Catchment Rainfall and Runoff
Medininagar
a) Monthly average temperature, 5-yr moving average temperature, rainfall (bars) and
evapotranspiration (dashed line)

b) Monthly rainfall (blue) and estimated runoff (grey)

Hussainabad
a) Monthly average temperature, 5-yr moving average temperature, rainfall (bars) and
evapotranspiration (dashed line)

b) Monthly rainfall (blue) and estimated runoff (grey)
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Appendix D: Climate Change Scenarios
Monthly Precipitation Uplifts for Jharkhand State for the 2050s, using CMIP5 and UK Met
Office Models
Model Name

Jan

Feb

Mar

April

May

June

July

Aug

Sept

Oct

Nov

Dec

HadGEM3-GC3.05-r001i1p00000

24%

36%

11%

102%

12%

-24%

27%

32%

14%

159%

54%

4%

HadGEM3-GC3.05-r001i1p00605

-14%

54%

24%

20%

11%

3%

18%

32%

-1%

51%

69%

-18%

HadGEM3-GC3.05-r001i1p00834

62%

26%

72%

9%

28%

-16%

0%

62%

16%

4%

53%

36%

HadGEM3-GC3.05-r001i1p01113

2%

29%

23%

33%

94%

37%

14%

47%

67%

126%

74%

-53%

HadGEM3-GC3.05-r001i1p01554

28%

23%

-12%

37%

24%

27%

4%

21%

14%

2%

-6%

1%

HadGEM3-GC3.05-r001i1p01649

4%

50%

42%

58%

25%

-16%

1%

-1%

14%

4%

76%

-15%

HadGEM3-GC3.05-r001i1p01843

72%

41%

-27%

2%

96%

-18%

1%

20%

43%

38%

154%

-39%

HadGEM3-GC3.05-r001i1p01935

3%

28%

19%

29%

64%

-14%

18%

32%

96%

60%

6%

8%

HadGEM3-GC3.05-r001i1p02123

11%

6%

120%

28%

20%

43%

16%

20%

52%

69%

44%

-12%

HadGEM3-GC3.05-r001i1p02242

24%

48%

16%

-20%

-5%

7%

17%

27%

36%

78%

10%

23%

HadGEM3-GC3.05-r001i1p02305

39%

29%

56%

42%

109%

-32%

2%

5%

31%

-20%

10%

-10%

HadGEM3-GC3.05-r001i1p02335

-11%

-17%

60%

86%

111%

-8%

14%

29%

39%

42%

-18%

-3%

HadGEM3-GC3.05-r001i1p02491

-41%

-3%

36%

61%

32%

2%

31%

46%

52%

77%

96%

11%

HadGEM3-GC3.05-r001i1p02832

19%

51%

51%

115%

72%

-28%

-1%

10%

1%

9%

106%

36%

HadGEM3-GC3.05-r001i1p02868

14%

88%

13%

-6%

95%

-68%

23%

39%

29%

-22%

-18%

24%

bcc-csm1-1-r1i1p1

-7%

84%

13%

17%

92%

61%

37%

14%

63%

50%

21%

9%

CCSM4-r1i1p1

-53%

-22%

-51%

39%

18%

4%

4%

4%

5%

-1%

-20%

-46%

CESM1-BGC-r1i1p1

52%

-28%

1%

-15%

26%

10%

-5%

2%

8%

27%

18%

19%

CanESM2-r1i1p1

11%

18%

14%

37%

-34%

-28%

-4%

1%

14%

35%

9%

-24%

CMCC-CM-r1i1p1

20%

-13%

-45%

127%

166%

2%

15%

24%

48%

31%

-9%

-55%

CNRM-CM5-r1i1p1

2%

83%

0%

5%

24%

15%

-1%

5%

1%

24%

55%

19%

ACCESS1-3-r1i1p1

1%

-10%

22%

-13%

-14%

111%

26%

-8%

18%

33%

19%

8%

HadGEM2-ES-r1i1p1

26%

18%

1%

18%

9%

-29%

15%

6%

30%

124%

14%

-2%

IPSL-CM5A-MR-r1i1p1

-58%

-7%

-10%

-12%

-14%

27%

22%

10%

37%

8%

-11%

-38%

MPI-ESM-MR-r1i1p1

8%

57%

42%

43%

0%

-21%

-15%

0%

-5%

4%

35%

-23%

MRI-CGCM3-r1i1p1

39%

63%

15%

-24%

35%

154%

4%

1%

26%

20%

-2%

-9%

GFDL-ESM2G-r1i1p1

99%

49%

1310%

64%

-33%

-18%

-14%

6%

-12%

-18%

137%

173%

Average

14%

29%

67%

33%

39%

7%

10%

18%

27%

38%

36%

1%

25th percentile

1%

2%

1%

4%

10%

-20%

1%

5%

11%

4%

2%

-20%

75th percentile

27%

51%

42%

51%

82%

21%

18%

30%

41%

55%

62%

15%

Monthly Temperature Uplifts for Jharkhand State for the 2050s, using CMIP5 and UK Met
Office Models
Model Name

Jan

Feb

Mar

April

May

June

July

August

Sept

Oct

Nov

Dec

HadGEM3-GC3.05-r001i1p00000 3.6

3.1

2.9

2.3

2.7

3.0

2.1

2.0

3.0

3.1

3.2

3.3

HadGEM3-GC3.05-r001i1p00605 3.1

2.8

3.0

2.7

2.8

3.0

2.1

2.0

3.1

3.4

3.0

2.9

HadGEM3-GC3.05-r001i1p00834 3.2

3.2

3.2

3.1

2.8

3.4

3.4

2.6

3.5

3.9

3.5

3.3

HadGEM3-GC3.05-r001i1p01113 3.0

3.3

2.9

3.1

3.0

3.1

2.9

2.7

3.2

3.4

3.3

2.9

HadGEM3-GC3.05-r001i1p01554 3.3

2.8

2.9

2.5

2.6

2.7

2.7

2.3

2.4

3.2

3.4

3.1

HadGEM3-GC3.05-r001i1p01649 3.9

3.3

2.8

3.0

2.9

3.6

2.8

2.7

2.7

3.1

3.4

3.1

HadGEM3-GC3.05-r001i1p01843 3.1

3.1

3.0

2.9

2.5

3.3

3.2

2.4

2.6

3.1

3.2

2.9

HadGEM3-GC3.05-r001i1p01935 2.7

2.8

2.7

2.6

2.3

2.9

2.3

2.0

2.0

2.8

2.6

2.8

HadGEM3-GC3.05-r001i1p02123 3.7

4.0

3.8

3.4

3.4

3.0

2.8

2.7

2.7

3.7

3.8

3.9

HadGEM3-GC3.05-r001i1p02242 3.3

3.2

3.0

3.0

2.9

3.1

2.1

2.0

2.1

2.9

3.1

2.9

HadGEM3-GC3.05-r001i1p02305 3.4

3.2

3.0

2.9

2.7

3.1

3.3

3.1

3.4

3.2

3.3

3.5

HadGEM3-GC3.05-r001i1p02335 3.0

3.0

2.9

2.1

2.2

2.7

2.5

1.6

2.2

2.6

2.5

2.5

HadGEM3-GC3.05-r001i1p02491 3.4

3.1

3.0

2.9

2.8

3.0

2.4

2.2

2.4

2.9

3.3

3.2

HadGEM3-GC3.05-r001i1p02832 3.4

3.1

3.1

2.9

2.7

3.6

3.1

2.9

3.2

3.6

3.8

3.2

HadGEM3-GC3.05-r001i1p02868 3.2

3.0

3.0

3.1

2.7

3.3

2.4

2.0

2.5

3.1

3.4

3.2

bcc-csm1-1-r1i1p1

1.8

1.8

1.4

2.1

1.8

1.2

0.6

1.1

0.6

1.2

1.7

1.8

CCSM4-r1i1p1

2.9

2.8

3.6

3.0

2.1

2.6

2.0

1.8

1.7

2.2

2.8

2.4

CESM1-BGC-r1i1p1

1.7

1.8

2.1

2.5

2.3

1.9

2.0

1.4

1.5

1.6

1.6

1.6

CanESM2-r1i1p1

3.6

2.2

2.6

2.2

3.6

4.5

2.9

2.5

2.7

2.3

2.4

2.4

CMCC-CM-r1i1p1

2.7

3.1

2.9

2.5

2.5

2.3

2.2

1.8

1.2

1.7

2.1

2.5

CNRM-CM5-r1i1p1

0.5

1.4

1.7

2.0

1.7

1.3

1.1

1.3

1.4

1.9

1.8

1.3

ACCESS1-3-r1i1p1

2.0

1.4

1.2

2.0

2.2

1.4

1.8

2.2

2.3

1.7

1.6

2.1

HadGEM2-ES-r1i1p1

3.0

2.1

2.4

3.1

2.4

2.4

2.0

1.9

2.2

3.2

2.6

1.8

IPSL-CM5A-MR-r1i1p1

2.6

2.4

3.0

3.1

2.8

2.3

2.4

2.3

2.3

2.4

2.5

2.3

MPI-ESM-MR-r1i1p1

2.8

2.6

2.7

2.3

2.8

2.8

2.5

2.2

2.0

2.8

3.1

2.9

MRI-CGCM3-r1i1p1

1.5

1.9

2.2

2.3

2.0

1.6

1.3

1.6

1.4

1.2

1.5

1.5

GFDL-ESM2G-r1i1p1

1.8

1.3

2.3

1.8

2.2

2.2

2.0

1.6

1.5

1.7

2.1

2.2

Average

2.8

2.7

2.7

2.7

2.6

2.7

2.3

2.1

2.3

2.7

2.8

2.7

25th percentile

2.6

2.1

2.5

2.3

2.2

2.3

2.0

1.8

1.8

2.0

2.3

2.2

75th percentile

3.4

3.1

3.0

3.0

2.8

3.1

2.8

2.4

2.7

3.2

3.3

3.2
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Appendix E: Data Model Sources
Company/

Climate
Factory
data)

Organisation

Data
(CMIP5

UK Met Office 60km
global
model
(UK
Climate
Projections
2018)

NASA
Earth
Exchange
(NEX)
(CMIP5 data
statistically downscaled)

KMNI (CMIP5 data)

CatchX (baseline reanalysis data)

Contact details

https://theclimatedatafactor
y. com/

https://catalogue.ceda.ac.u
k/
uuid/97bc0c622a24489aa1
0 5f5b8a8efa3f0

https://nex.nasa.gov/nex/

https://climexp.knmi.nl/star
t.
cgi?id=someone@somew
he re

https://ewgis.org/catchx-global/

Dataset

CMIP5 model runs
- raw model output
for temperature and
precipitation
- bias-adjusted
for precipitation

The UKCP18 dataset
- Selected
CMIP5
model runs
- 15 runs of the Met
Office
HadGEM3GC3.05 model
with
'perturbed
physics'
differentiating them

The NEX Global Daily
Downscaled
Climate
Projections
(NEXGDDP)
Selected
CMIP5
models downscaled and
bias- adjusted. Available
for RCP45 and RCP85

This is a multi-model
single member ensemble
for the RX1day rainfall
indicator for the Jharkhand
Region.
Available for RCP4.5
and RCP8.5

The
datasets
used
are:
HydroSHEDS
(catchments),
MSWEP (precipitation), ESA-CCI
(landcover), eartH2Observe (mean,
min
and
max
runoff
and
evapotranspiration from a multimodel ensemble, and temperature),
and the Global Runoff Data Centre
(river gauge locations)

Access date

November 2019

August 2019

This
dataset
was
unavailable for this study
due to the server storing
the NEX-GDDP dataset
having issues and not
allowing
international
access to data.

Oct-19

Oct-19

Their website allows for
searching of different
variables and predefined
spatial extents of gridded
country data and single
grid cell data for specific
cities

The global monthly 60km
data set was downloaded
from the CEDA archive for
in house processing

N/A

County level data is
provided in a netcdf
format, and city level data
is provided in CSV format

All data was provided in
a netcdf format

N/A

Method
abstract data

File format

to

Data was downloaded from the
CatchX - Catchment Water
Explorer App

.txt

CSV. For each project town

Company/
Organisation
Variables
and
scenarios

Climate
Factory
data)

Data
(CMIP5

UK Met Office 60km
global
model
(UK
Climate
Projections
2018)

Variables used in this report, Variables used in this report,
- Precipitation
- Precipitation
- Near
surface
- Near
surface
average temperature
average temperature
- Only RCP85 was available
- RCP45 and RCP85
was available for both
variables

NASA
Earth
Exchange
(NEX)
(CMIP5 data
statistically downscaled)

KMNI (CMIP5 data)

N/A

RX1day rainfall indicator
for RCP4.5 and RCP8.5

CatchX (baseline reanalysis data)

Data accessed

- Country level monthly
data for India
- City level daily data for
Ranchi, Jharkhand. Raw
temperature data were
used and precipitation was
provided as bias-adjusted
using
an
advanced
quantile
mapping
technique developed by
the Climate Data Factory
and
other
climate
scientists.

The entire global data set

N/A

Data accessed for the
region of Jharkhand for
1850-2100

Data accessed for each of the 6
projects towns; Ranchi, Dumka,
Medininagar, Mango, Jugsalai,
Hussainabad for the years 1990
to 2014.

Data processing

- Country level data for
India was reduced to a
rectangle box bounding
Jharkhand State. Each grid
cell was processed to
produce change factors,
followed by a spatial
average.
- City level data was
processed
to
change
factors for the single grid
cell provided.

The global data was
reduced to a rectangle
bounding
box
around
Jharkhand.
This
was
approximately similar to the
bounding box for the
Climate
Data
Factory
data,but may not be exactly
the same due to differences
in grid cell sizes.
Each grid cell was
processed to produce
change factors, followed
by a spatial average.

N/A

The data was loaded into
two excel documents,
one for each RCP
scenario.
The data had was split into
2 dumps (1850-2005 and
2006-2100) for each
different model which
were each in a different
sheet

Data was put into a single
excel spreadsheet.
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Company/Organ
isati on

Climate
Factory
data)

Data
(CMIP5

Analyses
performed

- The
country
level
monthly data and change
factors were summarised
to indicate annual change
in average temperature
and total precipitation
change. These changes
were
plotted
on
a
scatterplot chart along
with the same data types
from the MetOffice data.
- The city level data was
processed to produced
annual
maxima
precipitation and annual
average
temperature
changes. These were
plotted on a scatterplot.

UK Met Office 60km
global
model
(UK
Climate
Projections
2018)

NASA
Earth
Exchange
(NEX)
(CMIP5 data
statistically downscaled)

KMNI (CMIP5 data)

CatchX (baseline reanalysis data)

- The processed data
were summarised to
indicate annual change
in average temperature
and total precipitation
change. These changes
were plotted on a
scatterplot chart along
with the same data types
from the Climate Data
Factory data.
- The
monthly
precipitation data were
collated into seasons,
pre-monsoon, monsoon,
and
winter
(MAM,
JJASO, and NDJF
respectively). These were
analysed to indicate the
maximum
in-season
change and the total
overall change. All the
model runs (HadGEM3
and CMIP5)
were presented on a
box- plot to show the
ensemble distribution.

N/A

The percentage change
was calculated between
the baseline (1976-2005)
and two periods (20362065 and 2066-2095) for
RCP4.5 and
RXP8.5
and
a
precautionary uplift based
on the ensemble was
calculated for the two time
periods

The data was used to create a
number of graphs showing
water balance information for
each of the project towns.

