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ABSTRACT

A small percentage of the earth’s water is available as freshwater, out of which less than 1% is available
for humans and can be used as a source of drinking water. Freshwater in lakes, rivers, and groundwater
aquifers provide great values to the society. However, as a result of the human activities such as
urbanization, climate change effects etc., these resources are being overexploited and are becoming
polluted. Even though many water protection laws are enforced in many parts of the world and are
included as one of the main goals in UN’s SDG plans, water protection is complicated as it involves
numerous stakeholders and thus many competing interests. Furthermore, the protection of water sources
are typically based on the quality of the water from a drinking water perspective (i.e. the quality of
water that is used as a source drinking water source). There is typically a lack of consideration given to
the additional services provided by these surface water and groundwater ecosystems. There are
numerous ongoing research studies that have been undertaken in order to identify and map ecosystem
services. For example, the Millennium Ecosystem Assessment (MEA), The Economics of Ecosystems
and Biodiversity (TEEB) and the Common International Classification of Ecosystem Services (CICES)
frameworks are well known for evaluating ecosystem services. However, it is a tedious process to apply
these Ecosystem Services frameworks for each drinking water source. With the intension of making the
assessment easier and specifically tailored to drinking water source, Gartner et al. (2022) developed a
region-specific water system service (WSS) list. The aim of this study was to apply the concept of water
system service (WSS) list developed to Gartner et al. (2022) to two case study sites in India to see how
the list can be adapted to other regions. In addition, the identified ecosystem services was integrated
into a risk assessment of the drinking water sources.

In the results section WSS list, hazard list and risk assessment matrix for both the case study sites are
presented. One new ecosystem service was identified for surface water ecosystem apart from WSS list.
However, the results clearly illustrates that the WSS list can be transferred to other case study sites
irrespective of geographical location and it provides an overview, and guidance on how to protect the
drinking water sources.

Key words: ecosystem services, ES-frameworks, water system services, drinking water, risk

management, risk assessment, hazard identification, water protective measures
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Introduction

In this chapter, topic of the thesis is introduced. It describes the background and motives for the

thesis topic. Aims and objectives are also presented in this chapter.

Background

Access to safe water is necessary worldwide and requires everyone’s efforts. It is incredibly
important to ensure that safe water is available to everyone as it plays a major role in for human
health and the development of a communities. Only 3% of the earth’s water is freshwater, out of
which less than 1% can be used as a source for drinking water (DW) [1]. Freshwater ecosystems
and groundwater ecosystems around the world are undergoing rapid changes due to increase in
population and human interference with these resources. According to United Nations' UN-Water
2021 progress report, 21% of the water basins are experiencing changes in surface water covered
area due to various reasons like flooding, drying up of surface water bodies etc. [2]. In many
parts of the world, fresh water is increasingly threatened due to its open accessibility and the lack
of legislation protecting it. Furthermore, humans are overusing groundwater and depleting

groundwater levels unsustainably in many parts of the world [3].

Water protection is complicated since it affects a number of different stakeholders such as
communities, government body, farmers etc, and competing interests typically exists.
Furthermore, legal and regulatory frameworks can complicate the coordination of water
management practices around the world [4]. Water resources and therefore water management
are also challenged by uncertainty in global environmental change such as floods, drought,
climate change etc., [5]. To effectively address these challenges, water management strategies
must be developed collaboratively among all stakeholders, and despite all these complexities,

source water is still protected only according to drinking water requirements.

Protecting drinking water sources can, for example, reduce the risk of exposing them to.
However, protective measures may also provide other ecosystem benefits to biotic and abiotic
components which are typically not accounted for. Protecting these biotic and abiotic
components may be of great values and should thus be considered in combination with the source
water protection and the contributions provided by these components to human well-being can
be defined as ecosystem services (ES) [6]. There is misconception that water quality is a final
ecosystem service [7]. Water quality, however contributes to variety of ecosystem services, from
food to human health. A major obstacle to the mapping these ecosystem services into decision

making processes of water management is due to lack of data and generalized framework [8,9].
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Globally, different initiatives has been taken to identify and map the different ecosystem services
nature provides to human well-being. Millennium Ecosystem Assessment's (MEA) ecosystem
services (ES) framework represented a breakthrough in evaluating ecosystem services [10].
Later, The Economics of Ecosystems and Biodiversity (TEEB) presented a framework for
capitalizing on biodiversity and analysing ecosystem risks in business [Error! Reference source
not found.]. Using MEA's and TEEB's frameworks, the Common International Classification of
Ecosystem Services (CICES) designed a revised ES framework that provides a more

comprehensive assessment of ecosystem services (both biotic and abiotic) [11].

Even though there have been a few studies providing some guidance on how to practically
identify and include ES while working on regional source water protections [13], linking the ES-
framework to each of the water protection site would be tedious and time-consuming process,
therefore it should be made easier, cost-effective and specially tailored to drinking water sources
[9]. For this purpose, Gartner et.al (2022) have developed a region-specific water system service
list for the Swedish region and have demonstrated that it is feasible for drinking water source [6].
However, there is a need of applying the list to regions outside Sweden to evaluate if additional

services should be added.

Aim and objectives

The overall aim of this study is to apply the concept of water system services introduced by
Gartner et al.(2022), to two case study sites in India in an attempt to identify how the list may be
complemented and adapted to other regions. Additionally, the study aims to integrate the

identified water system service list into the a risk assessment for the studied case study sites.

Specific objectives are to:
a) ldentify two suitable case study sites in India (one groundwater source and one surface
water source).
b) Perform a water system service assessment for the case study sites.
¢) Identify missing water system services for the studied sites by cross-checking with CICES.
d) Identify hazards for both the case study sites and perform a risk assessment.
e) Identify and evaluate possible water protective measures.
f) Evaluate the list’s applicability to other region besides Sweden for which it was originally

developed.
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Structure of work

In this study, the list of water system service list developed by Gartner et.al (2022) is applied in
case studies in other parts of the world to identify how the list can be adapted to other regions.
For this purpose, 2 case study sites in India were identified. The choice of India was mainly based
on the aim to find a region that differs to Swedish with respect to both natural conditions and
human activities. In terms of diversity, India is recognized as one of the world’s most
megadiverse country with about 45,000 plant species and about 91,000 animal species [14]. As
a result, 2 different case study sites are identified in the northern part of India to carry out the

studies. Detailed description of these sites is provided in section 3.1 and 3.2.

The second part of the study focuses on identification of hazards along the entire drinking water
supply chain, i.e. from catchment to consumer, and to assess the risk. This is done in order to
incorporate identified water system services (WSS) into risk assessment of DW. The World
Health Organization has concluded that the most effective way to guarantee safe water to
consumers is not by testing only the final product, but rather by assessing the entire process from
catchment to consumer [15]. In India, mainly end product assessment is applied by analysing the
final drinking water quality [16]. Therefore, a combined hazard identification and risk assessment
is performed for all identified water system services, including drinking water supply. The final
part of the study includes an identification and recommendation of water protective measures

based on risk assessment results.

Limitations

As both the case study sites are in India, the data has been remotely obtained through various
technical papers, news articles, research on the case study sites and through Google maps. This
might alter the precision of the results. Furthermore, the groundwater source case is located in
between forest areas, and there is no information available on the location of contaminated areas.

This affects the uncertainties related to the risk assessment results.
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Theoretical Background

In this chapter, the theoretical background to some of the key concepts which are applied in this
study are presented, i.e., ecosystem services (ES), ES-frameworks, water system services, hazards

and risk assessment.

Eco system services

From the fresh air we obtain from plants to the microbes that help us with our waste degradation,
there are many benefits humans obtain from nature. These are referred to as 'ECOSYSTEM
SERVICES'. They are very much essential for human well-being and forms a major part of
healthy ecosystems. Even though there have been discussions about ecosystem services for a
long time, it is gaining popularity in recent times because it provides a means to show the benefits
nature provides to humans. Initially MEA classified them into four categories: Provisioning
services, regulating services, cultural services and supporting services [10]. The cascade model
in CICES emphasizes the relation between ecosystem function, ecosystem, its connection with
human well-being and defines ecosystem services as “the contributions that ecosystems make to
human well-being” [11]. It follows a hierarchy to classify the ecosystem services and services
are classified as provisioning services, regulating services (e.g., prevention of subsidence,
climate regulation) and cultural services (e.g., aesthetic experience, recreation, entertainment).
Provisioning services are goods that people can obtain directly from ecosystems, and these
include services like food, water etc. A regulating service is one that a person can obtain through
regulation of ecosystem process, and these include services like prevention of subsidence, climate
regulation etc. Cultural services are non-material services such as entertainment, aesthetic
experience, recreation etc. CICES does not recognize supporting ecosystem services such as soil
formation, nutrient cycling etc. since they see them as foundation upon which all other ecosystem
services rest. Using a forest as an example, provisioning services include timber, fruits, animals
etc., which can be directly obtained from the forest, regulating services include climate
regulation, water purification etc., and cultural services include aesthetic experiences, recreation

etc. In this study, CICES' eco system service classification is used.

ES-frameworks

To systematically map ES, extensive work has been done on defining appropriate frameworks to
facilitate assessment. “Ecosystem and Human Well-being”, the first product launched in 2001 by
Millennium Ecosystem Assessment, developed the ES-framework by focusing on how

ecosystems altered by human beings are affecting people and their future [10]. It also focuses on
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identifying and evaluating policy and management options to sustain ecosystem services, by
collaborating with scientists and policy makers [10]. A detailed methodology is included for
assessing and measuring the services, which includes indicators and metrices. The framework
mainly focuses on the social and economic aspects of ecosystem services and helps evaluate

ecosystem services by their contribution to human well-being.

Then, The Economics of Ecosystems and Biodiversity (TEEB) was launched in 2007 by United
Nations Environment Programme (UNEP) to help decision-makers identify the benefits that
ecosystems provide by adding economic value [Error! Reference source not found.]. A major
focus of the framework was on the economic value of ecosystem services and cost of their
degradation. By adding value to ecosystem services, it provides comprehensive analysis of their
benefits and costs. Many economic evaluation techniques such as cost-benefit analysis, market

evaluation is included in the framework which helps in decision-making process.

Later, the Common International Classification of Eco-System Services (CICES) was developed
in 2013 by European Environment Agency to provide a common naming and classification
system to evaluate final ecosystem services [11]. The framework provides a standardized way to
evaluate ecosystem services across different sectors and disciplines which facilitates in
communication and understanding. It mainly focuses on providing a common framework to

assess ecosystem services, rather than evaluating their economic and social values.

In general, the MEA, TEEB and CICES frameworks help in assessing and valuing the
relationship between ecosystems and human well-being but each one has different focus and

approach.

Water system services

UN Water identifies 'lack of data’ as one of the main barriers to properly manage ecosystems
(i.e., freshwater, surface water, and frozen water) and their services. Despite the increase in
interest in the topic, there have been very few studies that are centred on evaluating ecosystem
services by water bodies. Although there are few studies focusing on ecosystem services
assessment of surface water [13,17] and groundwater ecosystems [18], it is imperative to have a
region-specific list for more detailed study of the ecosystem services within that area. With this
motive and with the aim of focusing on ecosystem services assessment of drinking water sources,
Gartner et al. (2022) developed a region-specific list of water system services [6], which helps

users in identifying services provided by drinking water sources. In their studies, water system
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services (WSS) are built on the concept of ES and they define WSS as “the aspects of drinking

water sources utilized to produce human well-being”.

Water system services list is derived from CICES list. WSS list follows the same hierarchy as
CICES list with sections (provisioning, regulating, and cultural services), division, group, class,
examples, clauses (Table 1) and the list provides a list of ecosystem services specially tailored to
drinking water systems (water system services) with fewer service classes, groups, and divisions.
Only relevant service classes are included in the list of services. For instance, the marine
ecosystem service class and rainwater service class are not included as they are do not directly
fall under drinking water sources. Furthermore, abiotic and biotic classes are merged if they have
similarities. For example, pest control incl. invasive species and disease control services are
merged as they offer similar services. Table 1 shows an excerpt of provisioning service from the
WSS list which is similar to CICES list except ‘Water clause’ is used instead of ‘Ecological

clause’ as WSS list is tailored specifically to drinking water sources [6].

Table 1. Excerpt of provisioning service from the WSS list.

Section Division Group | Code used Class Examples of Water clause Use clause
in CICES Services
v51
Provisioning | Biomass | Food 1.1.2.1, Cultivated - Crayfish, Nature’s ...that can be
service (aquatic) 1.1.4.1 plants or char, eel, contribution to the harvested
animals rainbow trout, | growth of and used as
steel head organisms in raw material
trout, salmon aquaculture for the
production
of food

While other ecosystem services frameworks such as CICES, MEA and TEEB encompass on
border range of ecosystem services, the WSS-list is more focused on services related to water
sources used for drinking water supply. Additionally, the WSS-list includes more detailed and

specific services related to drinking water sources which are not included in other frameworks.

Risk management

The overall aim of risk management is to assess, monitor, review, record, and report potential
risks that could have negative impact on a project/organization. It is an iterative process which
includes Risk analysis, Risk evaluation and Risk reduction/control [19]. Figure 1 represents the
structure of the risk management process as described by International Electrotechnical
Commission (IEC). However, the structure and content of risk management process may vary

with the objective of different process/projects.
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Figure 1. Outline of Risk management. (IEC, 1995)

Risk analysis is the first step in risk management. Scope of the project is defined as the first
step of the risk analysis and then the hazards are identified, and risk is estimated. The second
step of the project is Risk evaluation, in which the risks are evaluated to decide if the risk is
acceptable or unacceptable. Acceptable risks are dropped and will not be considered further but
need to be monitored for future consequences. Unacceptable risks will be evaluated, and
alternatives for how to reduce the risk will be decided in the third and final step of the risk
management, which is Risk reduction/control. The final step of the risk management includes
decision making, implementation and monitoring of the implemented measures. In general, risk
management helps identify and manage risks in systematic and structured manner. This study
focuses primarily on risk assessment. Risk reduction measures are not designed or monitored
as part of this study but are suggested within the results section of the study based on the results

of the risk assessment.

Risk assessment is a part of the risk management process which involves Risk analysis and Risk
evaluation. As mentioned earlier, risk analysis involves hazard identification and risk
estimation. To understand hazard identification and risk estimation, it is imperative to first

understand, what a hazard is and what a risk is?

A hazard is often defined as a “process, phenomenon or human activity that may cause loss of
life, injury, or other health impacts, property damage, social and economic disruption or
environmental degradation.” [20]. A hazard towards drinking water source can be a hazardous
substance which can cause adverse changes in water quality and thus threaten safety of water
supply [21,22]. Often, a hazardous substance is defined as a “biological, chemical, physical or
radiological agent that has the potential to cause the harms” [19]. Hazardous substances towards

drinking water source can be human pathogenic micro-organisms, chemicals, radiological



agents, or physical particles. And the process by which these hazardous substances might be
introduced to water bodies is called ‘Hazardous event’ [22]. Example for hazardous event can
be, heavy rainfall, pipe failure, car accidents etc. Hazardous substance can be induced to water
bodies by one hazardous event or by combination of several hazardous event or by multiple
hazardous event. For example, microorganisms can get into water bodies by human faces which
is washed up by heavy rain or it can also reach the water body by failure of sewage network. It
is also important to note that there are other types of hazards or activities associated with
drinking water supply, such as a lack of water supply, which implies that not only water quality
but also water quantity is considered as a hazard. Depending on how often and how severe the

hazardous event is, probability and consequence can be assessed to determine the risk.

During risk analysis process, it is important to identify potential hazards. Hazard identification
is “the process of recognizing that the hazard exists and defining its character” [19], which in
this study is identifying and mapping the hazards within the groundwater and surface water
catchment area. As mentioned earlier type of hazards vary with the scope of the study. For
example, the hazards concerning the workplace might not be same with the hazards concerning
the chemical industry. Hence, different hazard identification database has been developed. In
this study the TECHNEAU hazard database is used, as it provides extensive checklist of
potential hazards of technical, environmental, and human origin for the entire drinking water

supply systems [23].

Risk can be defined as “the likelihood of identified hazards causing harm in exposed
populations in a specified timeframe, including the magnitude of that harm and/or the
consequences.” [23]. Characterizing the risk is the first step in risk estimation, which involves
assessment of likelihood, evaluation of consequence, and then determining the risk level for
identified potential hazards. A detailed process of risk estimation and evaluation along with the

formulas used is explained in the later part of the study.



3 Case Study Sites

In this chapter, the case study sites are introduced. The location, hydrology, hydrogeology,
geology, geography of both the case study sites are described in this section. There is also a
description of laws/guideline for drinking water protection with respect to both the case study sites.

The main findings from other studies on the case study sites are also presented within this section.

3.1 Bohal Spring (GW source)

Bohal Spring is located at an elevation of 1648m at the foothills of Dhauladhar range in Western
Himalaya [24] (Figure 2). Administratively it falls under Palampur Municipal Council (PMC)
which comes under Kangra district in Himachal Pradesh, India. It is used as a major drinking
water source for Palampur town which is located downstream and the surrounding Bohal village.
The average temperature around the study site is about 17°C. Bohal Spring is trapped through a
spring box and pipeline network (Figure 2), and it discharges at a rate of 235 Ipm [24]. The

quality of the water fulfills the quality standards of Indian drinking water standards.

Figure 2. Location of Bohal spring. It is located at the foothills of Dhauladhar range. (Image source -
Extracted (from 25, 24, and google map) and modified. Location of Bohal spring is not to precession)

The Bohal Spring is categorized as depression spring and the geology of Bohal catchment is
characterized by loose unconsolidated fragments like gravel, boulders and cobblers which are
deposited over phyllites [24]. In the studies by Neha Bhavi et al. [24], they presented the
detailed hydrogeology of the case study site which is presented in Figure 3. Figure 3 shows the

recharge area for the Bohal Spring and the location of the of the 2 fracture zones near the Bohal



3.2

Spring which are dipping at 130-310° and 30-210°. Topographical slope is around 25-50% and
the region is prone to soil erosion [24].

Google Earth

Figure 3. Recharge area and hydrogeology of Bohal catchment. (Image source - 24)

To manage the Bohal catchment area, a 20-year forest management plan was drafted under
Palampur Water Governance Initiative (PWGI) in 2009-10 with the Bohal-Odi Village Forest
Development Society [26]. Under this initiative, a payment for ecosystem service (PES) model
is followed by Palampur Municipal Council (PMC), where they pay 10,000 Rupee annually to
the villagers surrounding the Bohal Spring to maintain the Bohal catchment area against grazing,
indiscriminate lopping etc. Furthermore, there is complete ban on extraction in the Bohal spring
recharge zone and certain part of the recharge zone is classifies as ‘Protected forest’ to ensure

that long term drinking water is provided to the stakeholders [26].

Bohal Spring was selected as a case study site for groundwater ecosystem assessment as payment
for ecosystem services (PES) model has been implemented in the spring shed area and there is
good data availability. Furthermore, there has been studies accounting the ecosystem services
from Bohal Spring shed area using TEEB’s ES-framework [Error! Reference source not

found.], which can be used as a reference to compare with WSS’s ES-framework.

The Dal Lake (SW source)

The Dal Lake is in Srinagar city of Jammu and Kashmir, which lies between 34°18°N to 74°91E
ata mean altitude of 1583 m above mean sea level [27] (Figure 4). It falls under state government
of Jammu and Kashmir and is maintained by Lakes and Waterways Development Authority
(LAWDA), government of Jammu & Kashmir. It is called “Jewel in the crown” due to its

magnificent beauty and is the major tourist attraction in Srinagar city (Figure 5). The lake is used
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for commercial fishing, vegetable harvesting and as a source of drinking water (about 170.34

million liters per day) [28].
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Figure 4. Location of the Dal Lake. It is located in Srinagar city of Jammu and Kashmlr (Image source
- extracted from 29, 30, 31, & 32)

Figure 5. Scenic view of Dal Lake with house boats and mountains. (Image source - 33)

The Dal Lake is the second largest lake in Jammu and Kashmir with an area of about 24 km?
which comprises of 4 basins namely Hazratbal basin, Nishat basin, Gagrabal basin and Nigeen

basin (Figure 6).
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Figure 6. Schematic map of the Dal Lake showing locations of DW extraction points and 4 basins.
(Image source: Extracted and modified from World Lake database [27], approximate location of DW
extraction point have been added by the author.)

Historical theories suggest that the lake was formed in Pleistocene period from a post-glacial
lake [34]. The Dal Lake has varied topography and is spread over an area of 333km?. Telbal-
Dachigam is the largest sub-water shed (~230km?) from the north through which contributes
to about 60-70% of the lakes’ inflow [35]. Boutkol, Telbal, Pishpaw and Meerakshah are the
other small creeks which feeds the lake along with some contributions from groundwater [36].
It is a multi-basin lake with two outlets Dalgate and Amir Khan Nallah which connects River

Jhelum and Anchar lake respectively [37].

Although there are no special laws enforced especially for drinking water protection purpose,
there are other legislative and institutional measures enforced to protect the lake environment
in general. “Save Dal Project” was launched in 1997, under which 500 crore rupee (~
5,54,07543 EUR) was sanctioned to save the lake [38]. Lake and Waterways Development
Authority (LAWDA) and the State Disaster Response Force (SDRF) are working together to
keeps the weeds in check under this mission. Under “Conservation and Management of Dal”
program restoration and rehabilitation programs are implemented at various phases by
Government of India’s National Lake conservation plan [38]. The government of Jammu and
Kashmir has also imposed fine and imprisonment policy for any activities which leads to
pollution of the lake. Along with these laws there are many other NGO’s and independent

organizations working in order to protect the Dal Lake from anthropogenic activities.
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Despite all the laws and measures the quality of the lake is still degrading day to day. The lake
is of significant importance to Srinagar city and thus it is important to map the ecosystem
services the lake provides. It is also important to carry out a risk assessment. Being in the heart
of the city, there are many studies on the Dal Lake focusing on different aspects which provides
good amount of data required for this study. Therefore, the Dal Lake was chosen as a case

study site for the surface water assessment.
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4 Methodology

This chapter gives an overview of the methods used to carry out the Water System Service

assessment, and to identify the hazards associated with the study sites. It also presents how the risk

assessment was performed.

4.1

4.2

421

Water system service assessment

The WSS-list is used to identify services of both the case study sites. The complete Water System
Service (WSS) list is presented in Appendix A (Table AAL, AA2, AA3).

The ecosystem services are identified from various data sources as listed in Table 2. Identified
ecosystem service is checked off the list by providing at least one example with respect to each
case study site. These examples are first verified with CICES’s example list, to ensure that all
ecosystem services are included. The service classes are excluded if there are no relevant

examples available with respect to the case study sites.

Table 2. List of data sources used to identify WSS.

Sl. no List of data sources
1. Research papers

2. Articles

3. Technical papers

4. Media reports

5. Google images

Risk assessment based on water system services

Integration of water system services into risk assessment is done in three steps. The first step is
identifying and characterizing the hazard/hazardous event which is important for risk analysis.
The next step is risk estimation, where the risk posed by each hazard is estimated. The last step
is evaluation of the water protection measure to mitigate the risks.

In the hazard identification, only the hazards related to the water sources are identified. A
checklist is used to identify the hazards. Based on the scope of the study qualitative analysis is

carried out. The same procedure is implied for both the case study sites.

Hazard identification

For identifying hazards, the TECHNEAU hazard database was used. TECHNEAU hazard
database is a tool used to identify potential hazards associated with water supply systems, it has

12 sub-systems [39]. In this study, 4 sub-systems were used: 1. Surface water catchment, 2.
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4.2.2

Surface water intake and transport, 3. Ground water catchment, and 4. Ground water abstraction

and transport.

Hazards relevant to the case study sites are checked off the TECHNEAU database list. The data
sources used for hazard identification are same as the ones used for WSS assessment (see Table
2). The list contains description of hazard sources and specific threat from hazardous event, if
any. The definitions of the different types of hazards and consequence to sub-systems is
mentioned in Table 3. All types of hazards associated with the water supply mentioned in Table

3 are being considered in hazard identification process.

Table 3. Definitions of type of hazard and consequence to sub-system applied in TECHNEAU
data base.

Type of Hazard: Biolog.: biological

Chemic.: chemical

Rad./ phys.: radiological or physical (including turbidity)
Unavail.: insufficient availability of water supplied to
customers

Safety: safety to personnel

External damage: external damage to third parties,
including liability

Consequence to sub- Description of potential consequences of the hazard to

system: other sub-systems at firstly and the consumer secondly.

The hazard identification is an iterative process; the entire process should be repeated with any
newly identified hazards in the future. The entire process was conducted remotely as both the

case study sites are in India.

Risk estimation

The World Health Organization (WHQO) promotes a risk-based approach as the most protective
means of ensuring acceptable drinking water supply to end users [23]. This includes
understanding the scope, prioritizing the risks, ensuring the approximate risk reducing measures
are taken to control the risks. WHO suggests calculating risk priority score for each identified

hazard as part of a Water Safety Plan [15].

There are several ways to calculate the risk priority scores. In this study the risk (R) posed by
hazard (i) on a water system service (WSS) (j) is calculated by the equation 1 [6].

Rij =li - vi- G (1)
where l; is the likelihood of the hazard source (i) causing potential threat to water source, vi is
the vulnerability of the water source to respective hazards i, cji is the consequence severity to

WSS j from the hazard i. The likelihood (I) and vulnerability (v) are considered independent of
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WSS, and thus only one | and v scoring for each hazard. The variables likelihood () and
vulnerability (v) were score from 1-5, while the variable consequence severity (c) was scored
from 1-5. The descriptions of the likelihood (1), vulnerability (v) and consequence severity (c)
were adopted from the study by Gértner et.al (2022) which were initially adopted from WHO’s

Water Safety Plan manual [23] and is explained in detail in Table 4.

Table 4. Description and respective score values of the values of the variables likelihood (1),
vulnerability (v), and consequence severity (c). (Reference — 6, 23)

Variable Score | Description

Likelihood Most unlikely 1 Very uncommon event - probably will never occur

0} Unlikely 2 The event may not occur
Foreseeable 3 The event could occur
Likely 4 The event has happened before and can probably occur again
Almost certain 5 A very common event, occurs regularly

Vulnerability | Insignificant 1 Water source is barely vulnerable to a hazardous event

(v) Low 2 The water source has a very good ability to withstand the effects of the hazardous event
Moderate 3 The water source has a good ability to withstand the effects of the hazardous event
High 4 The water source has very little ability to withstand the effects of the hazardous event
Extreme 5 The water source cannot withstand the effects of the hazardous event

Consequence | No consequences 0 WSS will in no manner be affected if the hazardous event occurs

severity (c) Insignificant 1 Insignificant potential to cause harm to WSS
Minor 2 Potential to cause minor discomfort to WSS
Moderate 3 Potential to cause a moderate impact on WSS (no long-term consequences)
Major 4 Potential to cause a major negative impact on WSS (incl. long-term consequences)
Catastrophic 5 Potential to cause a catastrophic negative impact on WSS (incl. long-term

consequences)

The total risk from the hazard (R;) is calculated by the sum of risk by hazard (i) on all the WSS
(m), as

Ri=XjL Rij =Xt li vi ~¢ji )
Also the total risk posed by a WSS (R;) is calculated by summation of all the hazards (n) a WSS
(j) is exposed to, as

Rj=Xit1 Rij = Xt by ~v - ¢jj 3)
To have an overview of percentage contribution of total risk from the hazard Ri. Sum of risk by
hazard (i) on all WSS (m) is divided by total sum of all the hazard (n) on all the WSS (m), as

- - H T.rl R' j
% Contribution to overall risk = ZZ—“Z; - ()
i=1 "Vij

As the last step of risk estimation, risk is divided into 4 categories in order to facilitate the
identification of the hazards (i) which pose high risk to WSS (j) (i.e, Rij, risk posed by a hazard

i ona WSS j) and to evaluate risk priority score. The risk categories are shown in Figure 7.

Medium to
high risk:
Figure 7. The risk categories with limits and colour coordinate.

Extremely

No risk: 0 high risk:

Low risk: 1-40 41-100 >100
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4.2.3

The process of risk estimation is same for both the case study sites with respective hazards and
WSS.

Water protective measures for risk reduction

In section 4.2.2, we identify the potential source of harm and estimated the risk they pose. This
provides a basis for identifying appropriate water protective measures to reduce the risk to
different water system services. For example, eutrophication in the lake is caused by many
factors like sewage overflow, overfishing etc. Risk estimation helps in calculating the risk
scores for sewage overflow and overfishing. Based on the highest risk score, protective
measures such as installation of barriers and/or implementation of stricter regulations for
fishing can be implemented to minimize the risk. In addition, as already mentioned, generally
in India the end-of-pipe approach is used to treat the water, which is not effective. So, risk

estimation also helps in identifying risks at all stages of the waters path.

The hazards (i) causing the overall highest risk (i.e., 271, R;;) or the hazards posing the highest
risk to one or a selected number of services is identified in section 4.2.2. The WSS with the
highest 3.7, R;; is also identified in above section (i.e. 4.2.2). Once the most important hazards
or services are identified, the effect of water protective measures on the likelihood and
consequence and therefore the potential risk reduction can be calculated using equation 5,
AR;; = Rojj — Ryqj ®)

where R;; is the initial risk before the water protective measures is implemented and Ry;; is
the risk after the water protective measures k (where k>0) is assumed to be implemented. The
identified water protective measures are reviewed remotely with the data which have been
available on the case study sites. The motivation for the implementation of the identified risk

reduction measures is presented in the results section.
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5 Results

In this chapter, the results of risk assessment based on water system services along with
identified water protective measures are presented. Furthermore, a detailed description of the
results for the objectives which are mentioned in chapter 1.2 are presented in specific sections
as mentioned below. Chapter 5.1 is related to objectives b and ¢, and chapter 5.2 is related to

objectives d, e and f.

Identified water system services list

The WSS identified for the groundwater source and the surface water sources using the WSS

list developed by Gartner et. al (2022), are presented in sections 5.1.1. and 5.1.2.

5.1.1 WSS list of Bohal Spring — GW source

For the Bohal Spring, totally eight services were identified. The services were identified from
all the sections, i.e, 4 Provisioning services , 2 Regulating services, and 2 Cultural services. The
list of services for the groundwater source with service class and at least one example is
presented in Table 5. A more detailed list of services along with data source are listed in Table
AA4 in Appendix A.

The water from Bohal Spring fulfils the daily drinking water demand to 907 households, 168
commercial entities and 78 public owners which are located in Palampur Municipal Council
[40]. Municipal drinking water (DW) is considered as one of the most important services. Part
of the water is stored in a spring box to create a reserve that can be used to supply water to

domestic livestock or irrigation.

Table 5. Identified service class with one example each for Bohal Spring (GW source).

Cultural Services

Provisioning Services

Regulating Services

Identified Service
class with example

Municipal and Private
water supply for humans
E.g., Municipal DW
supply

Prevention of subsidence
E.g., Spring helps in
maintaining water table
level

Scientific investigation,
creation of traditional
ecological knowledge,
education, training
E.g., Implementation of
PES model in its
catchment

Drinking water for
animals

E.g., Water used for
domestic livestock’s

Regulation of local
temperature and humidity
E.g., Regulates surrounding
temperature and humidity

Aesthetic experiences
E.g., Looking at the
scenic beauty around the
spring

Reserve water source
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E.g., Water is tapped in
Spring box

Water used as a material
E.g., Water used in dairy

5.1.2 WSS list of the Dal Lake — SW source

For the Dal Lake, located in the heart of the city, a large number of water system services were
identified. Total twenty seven services were identified, 12 Provisioning services, 11 Regulating
services and 4 Cultural services. In Table 6, the identified services for the Dal Lake are listed
with at least one example. A more detailed list of services with description and other examples

are presented in Table AA5 in Appendix A.

A key service from the lake is the ‘Municipal DW supply’, where 170.34 million litres per day
(MLD) is drawn from the lake to fulfil the drinking water demand of Srinagar city. Also, the
lake is home for a group of shikara riders (people who row the boat) called ‘Hanji Community’
who use and maintain several services which are listed in Table 6 e.g., Floating gardens —which
are used to produce vegetables are maintained by the shikara riders, they are involved in fishing,
they help in transportation within the lake etc. These group of community carry out their living
on the lake inside the house boats, hence the service class “Water used as foundation for floating
population” was added to the WSS list. It is added under ‘Provisioning Services’ in the study,
as water is assumed to be material and the material ecosystem outputs people obtain from the
nature are thus placed under Provisioning services [11]. The added service class ‘Water as
foundation for floating population” was searched in all three major ES list, i.e., CICES’s ES
list, TEEB’s ES list and MEA’s ES list. It was then added as a service class with suitable
description and example from the case study site. A detailed description of section, division,

group and class for the added service are listed in Table AAG in the Appendix A.

Table 6. Identified service class with one example each for the Dal Lake (SW source).

Provisioning Services

Regulating Services

Cultural Services

Cultivated plants or animals
E.g., Vegetable farming

Through dilution
E.g., Diluting untreated sewage

Aesthetic experiences
E.g., Houseboat stays

Wild plants or animals
E.g., Presence of zoo planktons
and algae

Through living processes
E.g., Organic elements dumped into
the lake

Scientific investigation, creation of
traditional ecological knowledge,
education, training

E.g., Investigations on macrophytes

Fibers and other materials from
cultivated plants or animals
E.g., Trees which are used as
timber

Through filtration
E.g., Purification of air by floating
gardens and forest cover

Activities Promoting health,
recuperation or enjoyment through
active, immersive, passive or
observational interactions.

E.g., Swimming etc.

Fibers and other materials from
wild plants or animals
E.g., Weeds used as compost

Through sequestration
E.g., Azollo sp (macrophytes) helps in
Co? sequestration

Religious, sacred, or symbolic
meaning
E.g., Presence of lotus plants

Cultivated plants or animals as
an energy source

Through storage or accumulation
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E.g., Trees used as fuel wood

E.g., Plastic and metal waste is
dumped into the lake

Wild plants or animals as an
Identified energy source .
Service class E.g., Macrophytes has potential

; biofuel production capacity
with example

Flood Protection
E.g., Excess water of Jhelum River
flows into the Dal Lake

Municipal and private water
supply, for humans
E.g., Municipal DW supply

Pollination and spreading of seeds by
water

E.g., Some red algae reproduce by
spores

Drinking water for animals
E.g., Domestic animals DW
supply

Fire protection
E.g., Presence of wetlands

Irrigation
E.g., Irrigation for farms

Maintaining Populations and habitats
E.g., Potential gene pool conservation

Water source as a material
E.g., Washing clothes

Controlling the chemical quality of
freshwater
E.g., Presence of macrophytes

Water as a mean for
transportation

E.g., Shikra riders use boats for
local transport

Regulation of local temperature and
humidity
E.g., Regulates temperature

Water used as foundation for
floating population

E.g., People living on
houseboats

Risk assessment

The first step in the risk assessment is the hazard identification, which is presented in section
5.2.1. In the next step the identified hazards are scored against each WSS to obtain arisk priority
score, which is presented in section 5.2.2. In section 5.2.3, the resulting risk priority score after

implementation of water protection measures are presented.

Identified hazards

Identified hazards for the Bohal Spring — GW source

Using the TECHNEAU hazard data base, totally five hazards were identified in the recharge
area contributing to the ground water source. The area of contribution includes the uphill area
where the recharge of the spring occurs and the area surrounding the spring where infiltration

occurs.

Table 7 presents the list of hazards which were identified for the Bohal Spring source. As seen
in Table 7, the major contribution to the hazard sources is from the anthropogenic activities and
a small contribution is from the wildlife activities. Another important observation from Table
7 is that the hazard source ‘Water tank’ is both a service as well as a hazard, which implies a
service which is useful for the mankind can also be a hazard source. Furthermore, the hazards

identified are also based on future consequences e.g, the hazard source ‘Water tank’ does not
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pose any risk in the present scenario, but can provoke risk if there is any breakage to the

structure or due to repair works in the future.

Table 7. Identifies hazard sources for Bohal spring source with hazardous event description.

Hazardous event Hazard sources TECHNEAU - database
reference no.
Leaching of contamination by built Water tank 2.1.3
constructions
Agriculture runoff and leach-out Chemical fertilizers and 217
containing fertilizers, sludge, herbicides, pesticides used in agriculture
etc. fields
Manure spread or cattle in the zone Livestock grazing in the zone = 2.1.8
Contamination by forestry activities, wild Wild life activities, bird pest, | 2.2.11
life activities, natural fowls, dead leaf litter and natural fowls
animals, bird pest (flu)...
Groundwater aquifer is not sufficiently Not sufficiently fed due to 2.1.13
fed or water is abstracted by others overgrazing, leaf fodder
extraction

A more detailed description of hazards with data source, specific threat and potential
consequences is presented in Table BB1 in the Appendix B.

5.2.1.2 Identified hazards for the Dal Lake — SW source

The Dal Lake can be said to be in the centre of anthropogenic activities as it is located in the
heart of the city. From the area of contribution for the Dal Lake, totally fourteen hazards were
identified from the TECHNEAU hazard data base. This area includes the catchment of the lake,
the surface area of the lake and the area along the periphery of the lake. An area up to 500m

along the periphery of the lake was considered.

Table 8 presents the list of hazards which were identified for the Dal Lake. As seen in Table 8,
most of the hazards are associated with human activities and a little contribution is from the
natural phenomena (e.g. silt and sedimentation deposition). Like the Bohal Spring source, the
Dal Lake also has many hazards which are caused by water system services e.g., Latrine deposit
from the houseboat is caused by the humans when utilizing WSS “Water used as foundation for

floating population’.
All the hazard sources listed for the Dal Lake are for the present situation. No assumption is

made for the future scenarios as it was difficult to anticipate the future hazards sources due to

the location of the Dal Lake. But the list has to be updated for future studies on the site.
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Table 8. Identified hazard sources for the Dal Lake with hazardous event description.

Hazardous Event Hazard sources TECHNEAU database
reference no.
Industrial discharge of biological matter = Discharge from sewage 111
treatment plants
Emissions during accidents (fire or Emission during accidents 113
explosions) e.g. industrial accidents or
forest fire
Traffic accidents with ships, trains, Road accidents and houseboat 114
vehicles and planes accidents
Toxic chemicals from air deposits or air | Air pollution from STP’s and 1.15
pollution vehicle exhausts
Emissions and leakage, oil spills House boats fuel leakage, oil 1.1.7
(MTBE) by shipping or traffic from cleaning companies
Latrines deposits from boats, etc. House boats domestic waste 1.1.9
Intensive fishery, fish farming, massive Unregular fishing and massive 1.1.10
fish death fish death
Sewer overflows due to rainfalls or Sewer overflows due to lack of 1.1.12
failures efficiency
Erosion into catchment with release of Silt and sedimentation deposition = 1.1.14
soil, sand or contaminants
Disposal of manure Manure usage in floating farm 1.1.19
Runoff from agriculture and urban Agriculture runoff 1.1.20
green areas containing fertilizers, sludge,
herbicides, etc
Discharge of treated wastewater Discharge of treated wastewater | 1.1.22
from STP’s
Birds droppings or animals allowed to Bird dropping and animal waste 1.1.25
Cross a protection zone
Algae blooms (mostly during summer Use of fertilizers and pesticides 1.1.26
month’s)

A detailed description of hazard sources with data source and specific threat is listed in Table
BB2 in Appendix B.

5.2.2 Risk estimation

5.2.2.1 Risk assessment matrix for the Bohal Spring

The outcome of the risk assessment of the hazards of Bohal Spring’s WSS is presented in the form
of a risk assessment matrix (see Figure 8). The complete description of likelihood (l), vulnerability
(v) and consequence (c) scoring for all the hazards are presented in Table CC1 in Appendix C.
The total risk a WSS is exposed to and the total risk posed by the hazard to all the services were

calculated using the methods described in chapter 4.2.2 (Equations 2 & 3).
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Figure 8. Risk assessment matrix corresponding the hazard sources and their impacts on WSS for Bohal
spring source. Contribution of each hazard source to overall risk is represented by the bar chart on
right.

The hazard source Less recharge contributes most to the overall risk score, followed by the hazard
source Agriculture runoff. The hazard source Less recharge has highest contribution, as the water
quantity is an important factor to deliver all the water system services in case of the Bohal Spring.
As mentioned by Uniyal et al. [40], a PES model is implemented in the recharge area to mitigate
this hazard source, but the results from the PES model is not considered while calculating the risk
score of the hazard source on the water system services. The total risk score will be reduced if the

results are considered.

The services Municipal DW supply and DW for animals has the highest total risk scores compared
to the other services, followed by the service Reserve water source. Whereas the service Prevention
of subsidence and Springs regulating local temperature and humidity has the least risk score from
all the hazards, as they are not affected by the quality of the water and the service is delivered even

though the water quality is deteriorated.

5.2.2.2 Risk assessment matrix for the Dal Lake

Figure 9 contrasts the risk assessment matrix of the Dal Lake which corresponds to the hazard
sources and their impacts on water system services. The same procedure of risk calculations
mentioned in the section 5.2.2.1. were followed for the Dal Lake’s total risk calculations. A
detailed list (Table CC2) of hazard with description of specific threats from the hazards is listed in
Appendix B. The list also contains descriptions for the variables I, v and ¢ for each hazard with

respect to WSS.
The hazard source Traffic accidents with vehicles and boat accidents has the highest score for the

total risk posed by the hazard to all the services, followed by the hazard source Intensive fishery

and massive fish death. The hazard source Intensive fishery and massive fish death is combination
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of 2 hazard sources. As this hazard source is ranked the second highest, both the hazards were
separated and the risks were calculated. The results from this separation were the same, as the
hazard source Intensive fishery affected only one WSS i.e., Maintaining populations and habitats,
so they were together considered as single hazard source. All the hazard sources except one hazard
source (i.e., silt deposition due to erosion) affect the quantity of the water. Which implies that the
water of the Dal lake is over exploited due to anthropogenic activities. The calculations are done
without considering any water protective laws or measures which are already at enforce in the Dal

Lake area.
Like the Bohal Spring, the Dal lake also has the services Municipal DW supply and Drinking water

for Domestic animals the highest risk scores from all the hazard sources among other services. And

the service Mediation of toxic substances and nuisance through accumulation the least risk score.
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Figure 9. Risk assessment matrix corresponding the hazard sources and their impacts on WSS for the

Dal Lake.
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Hazard sources

Industrial discharge of
biological matter
Emissions during boat
accidents

Traffic accidents with
vehicles and boats

Toxic chemicals from air
deposits

Oil spills from car
company and road
accidents and lekage from
house boats

Latrines deposits from
boats

Intensive fishery and
massive fish death

Sewage overflow

Silt deposition due to
erosion

Disposal of manure

Fertilizers and herbicides
runoff from agriculture

Discharge of treated

wastewater

Bird droppings and animal
waste

Algae blooms

5.3 Risk reduction / control
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Figure 10. The bar chart indicating contribution of each hazard source to overall risk.

In this section, possible water protection measures that can be used to reduce or control the existing

risks associated with Bohal spring and Dal lake water sources are presented and evaluated.

5.3.1 Water protective measures

The hazards which has the highest risk score and the services exposed to most of the hazards were
identified in section 5.2.1. Water protective measure can be implemented to any one of these or
both of these, i.e., the focus can be to mitigate the hazard with highest risk score or to protect the
service which is important. Even though the focus of this study is on drinking water, the hazard
source which posed highest risk to all the WSS were given importance to evaluate the water
protective measures. This helps in analysing the effectiveness of water protective measures and to
see the relationship between the hazard sources and the water system services. All the water

protective measures were identified through brainstorming.

5.3.1.1 Water protective measures identified for the Bohal Spring

For the Bohal Spring, hazard sources Less recharge and Agriculture runoff posed high risk to
majority of the water system services. Figure 11 shows the water protective measures which were

identified for these two hazards.
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For the hazard source Less recharge, 3 water protective measures were identified as shown in
Figure 11. The hazard source Less recharge is associated with reduced recharge due to extensive
fodder extraction and over exploitation on the vegetation cover from livestock grazing activity.
This hazard source can be mitigated by (a) imposing rules on fodder extraction and livestock
grazing in the zone of recharge or (b) by pumping the water externally to maintain the ground
water table. The final selection of the most suitable water protective measures depends on the
decision makers’ aim and objectives as well as available financial and other resources. But both
the water protective measures reduces the risk score as seen in Figure 11. The total risk is reduced
by 62.5% (250/400) after implementing risk reducing measures, which is less than half of the

original risk score.

Also, for the hazard source Agriculture runoff , 3 water protective measures were identified (see
Figure 11). The main risk from the Agriculture runoff is that there is a possibility that the
chemicals and fertilizers flow out of the agriculture area or gets infiltrated into the groundwater.
This hazard can be mitigated by practicing crop rotation so that the soil is rotated adequately and
the soil health is maintained. The other possible way is by digging trenches around the agriculture
field or by planting trees/shrubs along the periphery of the agriculture field boundary, so that no
soil is washed off the field and stays inside the boundary. Implementing these water protective
measures for the hazard source Agriculture runoff reduced the risk score by 60% (228/380), which

is also less than half of the original risk score (see Figure 11).

As there are numerous other water protective measures which can be implemented, care should be
taking in evaluating all the water protective measures by their practical applications and by

evaluating the socio-economic aspects of the stakeholders with respect to the aim of the project.

Hazards Water protective measures|

The water source has
very good ability to
withstand the effect of

* Restricting livestock Foresesible
£ Forese
grazing in recharge zone

Total risk, before Total risk, after

Percentage risk

Management Practices

degradation implimenting risk

reducing measures

implimenting risk

: reduction
reducing measures

Description

Agriculture runoff |- Digging trench around

2 4
the boundary

Score

Description hazardous event impli ing risk impli ing risk reduction (%)
Less recharge - Pumping water to reducing measures [reducing measures
maintain water table level 3 2
from nearest river Score
*Limiting the fodder Risk posed by a hazard towards a WSS
extraction Risk=1+v-c 400 150 62.5
s No protective soil layer;
+Applicat; f Agricultu a
PPASRIn QL AgTeiime Unlikely slow contaminant Total risk, before Total risk, after

Percentage risk

* By planting field buffers

(. planting shurbs and Risk posed by a hazard towards a WSS
i.e. planting shurbs an

trees along the boundary)

Risk =1+ v *c

380

152

60

Figure 11. Table showing the effect of water protective measures for the Bohal Spring. The risk
reduction is presented for the hazards posing the highest initial risk.
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5.3.1.2 Water protective measures identified for the Dal Lake

For the Dal Lake, hazard sources Traffic accidents from vehicles and boats and Intensive fishery
and massive fish death has high risk score values. The water protective measures identified for
both the hazards are shown in Figure 12. The water protective measures identified for Intensive
fishery and massive fish death also reduced the risk from the hazard source Sewage overflow.

Therefore the partial risk reduction score is also calculated for the hazard source Sewage overflow.

Three risk reducing measures were identified for the hazard source Traffic accidents from vehicles
and boats as seen in Figure 12. The major risk from the traffic accidents is the leakage of oil from
the vehicles, which is harmful for living beings. The identified risk reducing measure, Replacing
the old and damaged boats is concerned with the vehicles within the lake i.e., boats, and other two
other measures are concerned with vehicles outside the lake i.e., cars and heavy duty vehicles. By
implementing the measure Replacing the old and damaged boats, the chances of boat accidents
within the lake will be reduced. With the other two options, the movement of heavy duty vehicles
will be restricted so that no major accident occurs in the zone of protection and the speed of the
vehicles will be reduced which in turn reduces the chances of road accidents. All the three water
protective measures together reduces the risk score by 50% (670/1340) of the original risk score

values.

Three water protective measures were also identified to the second highest risk scoring hazard
source Intensive fishery and massive fish death. The major cause for this hazard source is reduced
dissolved oxygen (DO) level, which is due to increase is nutrient intake and irregular fishing. This
can be mitigated by regulating the fishery permits and; either by restricting the intake of nutrients
into the lake or by aerating the lake. The implementation of these measures reduces the risk score
by 50% (568/1136) of the original risk score value as seen in Figure 12.

As mentioned earlier, implementation of the risk reduction measures for the hazard source
Intensive fishery and massive fish death, also applies for the hazard source Sewage overflow. As
seen in Figure 12 the total risk score of the hazard source Sewage overflow is also reduced by 40%
(420/1050).
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Hazards

Water protective measures

Cannot withstand the
effect of hazardous

Replacing the old and Description Unlikely .
damaged boats event; No protective
— Total Risk, before Total Risk, after Percentage risk
- impli ing Risk implimeting Risk n’.duclinf('ﬂ
lnsta_lhng SPMd_ h'fﬂkﬂs ‘.md reducing measures | reducingmeasures "
Traffic accidents from adding speed limits to drive |
vehicles and boats on the roads surrounding the
lake 4 5|
Restricting the movement on Risk posed by a hazard towards a WSS,
heavy duty vehicles on the Risk=1+v
roads surrounding the lake mirvee
1340 670 50|
Direct exposure; Very
Enforcing better regulations § . . little ability to withstand
for fishery permits | ocnption Ay the effect of Hazardous
event
Reducing the nutirent Total Risk, before Total Risk, after Percentage risk
loading to the lake, eg, taking implimenting Risk | implimetingRisk reduction
Intensive fishery and care of untreated waste that reducing measures | reducing measures
massive fish death enters the lake, treating the [Score
sewage before it enters the
lake (improving the drainage
system)
2 4
Aerating the lake artificially Risk posed by a hazard towards a WSS,
to provide sufficient O2. Risk =1+ v *c|
1136 568 50|
Has good ability to
ithstand the effects of
Description Forseeable ::” ;n r.-el ,('c s
azardous event in Total Risk, before | Total Risk,after | o0 .
smaller amounts implimentingRisk | implimetingRisk reduclsi?m
Improving the drainage reducing measures reducing measures
Sewage overflow system and treating the 5 3 3
waste before it reaches lake ore
Risk posed by a hazard towards a WSS
Risk=1+*v *c
1050 630 40|

Figure 12. Table showing the effect of water protective measures for the Dal Lake. The risk reduction
is presented for the hazards posing the highest initial risk.
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6 Discussion

The overall aim of this study is to apply the concept of water system services introduced by
Gartner et al.(2022), to two case study sites in India in an attempt to identify how the list may be
complemented and adapted to other regions. Additionally, the study aims to integrate the

identified water system service list into the a risk assessment for the studied case study sites.

Specific objectives are to:
a) ldentify two suitable case study sites in India (one groundwater source and one surface
water source).
b) Perform a water system service assessment for the case study sites.
¢) ldentify missing water system services for the studied sites by cross-checking with CICES.
d) Identify hazards for both the case study sites and perform a risk assessment.
e) ldentify and evaluate possible water protective measures.
f) Evaluate the list’s applicability to other region besides Sweden for which it was originally

developed.

6.1 Insights from WSS list application to case study sites

The overall aim of the study was to integrate the concept of water system services introduced by Gartner
et al. (2022) to two case study sites in India to evaluate the applicability and identify how the list may
be complemented and adapted to other regions. The case study applications showed that the WSS list
is applicable not only to Swedish region which it was developed for. Hence, the list can be transferred
to other case study sites irrespective of their geographical location. For Bohal Spring, no newly
discovered ecosystem services were found outside the WSS list. For the Dal Lake, only one unidentified
ecosystem service was found outside the WSS list. This clearly demonstrates that the WSS list can be
transferred to other case study sites without any modifications. However, the area must be thoroughly
examined in order to identify any ecosystem services that may not be included in the WSS list. This is
to ensure that all the ecosystem services are identified and can be added to the list. Furthermore, the
application of the WSS list can be enhanced by incorporating a wide range of stakeholders in the WSS
identification process. By including local communities, policy makers, decision makers, and
practitioners, and others, a variety of perspectives can be taken into consideration. For example,
decision makers may not understand the region’s ecosystem services, while local communities have a
deeper understanding of regional ecosystems. It is important to apply the WSS list to more sites to

potentially identify more missing services.

30



The results of the WSS assessments in the case studies indicate that surface water provides more
ecosystem services than groundwater. This implies that surface water is more visible and accessible
than groundwater which makes it easier for us to access and benefit from. For example, surface water
can be used for fishing, recreational purposes etc., while groundwater can’t be used for such purposes
but can be used as a source of drinking water or to maintain subsidence etc. Even though both play a
crucial role in sustaining ecosystems, surface water is more exploited due to its accessibility.
Furthermore, groundwater also feed into the surface water sources so it a crucial part of hydrogeological

cycle.

As discussed earlier, a major challenge in linking research on ecosystem services to human well-being
is lack of data and generalized framework to link ecosystem benefits and human well-being in a cost-
effective and time-effective manner [8, 9]. The findings from the WSS assessment indicates that,
regardless of geographical location, the WSS list developed by Gartner et al. (2022) can identify all
ecosystem services related to drinking water sources and can be used as a generalized framework to

assess ecosystem services linked with drinking water sources.

6.2 On linking WSS list to risk assessment of drinking water

Hazard identification was carried out as a first step when assessing the risk and the results from the
hazard identification plays a crucial role. By evaluating the risk the hazards pose, we can ensure the
safety of the drinking water provided to the consumer by mitigating the risks from the catchment to the
tap and not on end product testing [15]. Hazard identification is done using the TECHNEAU hazard
data base, which was very effective in mapping potential hazards or risk that could impact drinking
water safety and quality. As the TECHNEAU hazard database is easily accessible and provides a
comprehensive coverage of potential hazards, it can be used as an efficient tool to gather information
on hazards. It could also be completed within a reasonable timeframe, and it is reasonable to assume to

be a cost-effective approach.

With respect to second aim of the study, which was to integrate WSS list into risk assessment of drinking
water, the results from the risk assessment matrix shows that the identified WSS list can be effectively
integrated into hazards from the source water supply (i.e., surface water and groundwater). The risks
estimated by means of the risk assessment matrix supports source water management by enabling an
assessment and presentation of the likelihood, vulnerability and consequence of the hazard. The results
from the Bohal case study site and the Dal Lake site illustrates that the hazards associated with the
highest risk score poses a threat to almost all the ecosystem services and the hazards with the lowest
risk only poses a threat to a limited number of services. Also, few services like Prevention of subsidence

and Spring regulating local temperature and humidity (for groundwater source), Mediation of toxic
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substance and nuisance through accumulation and Fire protection (for surface water source) is affected
by only few hazards. This shows that the risk assessment matrix provides a visual representation of the
risk estimation process and contributes majorly to the decision making process. The results from risk
assessment matric can either be used to identify management and mitigation option for each hazard or

for each service.

By applying the risk mitigation measures to the hazards with high risk priority scores for the Bohal
spring and the Dal Lake, the total risk score was reduced to more than half of the previous scores (60%
and 62.5% for the Bohal springs, 50% for the Dal Lake) as mentioned in chapter 5.3.1. Implementation
of the risk reducing measures helps in reducing the likelihood and impact of the adverse effects which
can affect water sources. In the case of the Dal Lake, the risk mitigation measures for Intensive fishery
and massive fish death also reduced total risk score of the hazard source Sewage overflow (by 40%).
This result illustrates that most of the hazard sources are interlinked with one another and with the
proper risk mitigation measure the risk scores of the interlinked hazard sources can be reduced which

in turn can reduce the treatment cost of the water.
It should be noted that the risk assessment was carried out based on existing hazards in case study sites.

If the case study sites undergo development in future, then the risk assessment matrix should be updated

based on a new hazard identification and a new assessment of the likelihood consequence etc.
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7 Conclusions and Recommendations

The WSS list provides a clear illustration of the services a water source offers in addition to meeting
the drinking water needs of society. By mapping the services, it facilitates the policy makers to
incorporate the decisions to protect the ecosystem services which in turn can improve the water quality
and accessibility. By integrating the WSS into a risk assessment it is possible to ensure a reliable and
sustainable water supply for human beings and the ecosystems. Different priorities affect decision
making process, and water protection always has synergies between various stakeholders. It is important
to expand the water management process beyond conventional methods by incorporating ecosystem

service frameworks like the WSS list as part of developing, for example, water safety plans.

In this study, ecosystem services are only assessed on a regional scale and global benefits such as carbon
sequestration, global climate regulation, regulation on the impact of climate change etc., so the services
offered cannot be adequately appreciated as they have additional benefits which are not considered in
this study. Furthermore, in order to calculate risk scores, all the services were treated equally. This can
be improvised by giving different weightage to the services. Another way is to perform a multi-criteria
decision analysis (MCDA) which makes it possible to consider different stakeholder perspectives’ and
include criteria related to environmental, social and economic aspects while scoring hazards.
Furthermore, a cost-benefit analysis can be performed for the suggested water protective measures to

analyse the costs and benefits of measures to all in society.
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8 Appendix

8.1 Appendix A — Water System Service list

N . . ... that can be harvested and used as
1121,1141 | Cultivated plants or animals Crayfish, char, eel, rainbow trout, steelhead | Nature's contribution to the growth of | /L o ierial for the production of
trout, organisms in aquaculture ... food
Food
Perch, pike, zander, rainbow trout, char, roe | Parts of the standing biomass of .. that can be harvested and used as
1151,1.161 | Wild plants or animals from fish non-cultivated aquatic organismsand | raw material for the production of
Watercress their outputs ... food
1122,1142 xﬁnﬁ:ﬂ‘;‘mmu or Jewelry with fish scales as ad Nature's contribution o the growth.of ;;&ﬁé‘&i?’mnuéu"ﬁn'ﬁ“ ®
_ animals & naq o purposes
E Material ) -
R Fibers and other materials Jewelry with fish scales as adornment Parts of the standing biomass of - -~ that can be harvested and used as
£ 1152,1.162 from wild plants or animals Reed for roofs and crafts or as food for non-cultivated aquatic organisms and | raw material for non-nutritional
g P animals their outputs ... purposes
8 11231143 | Cultivated plantsor Reed canary grass for biofuel (fuel pellets) | Nature's contribution to the growth of | .. that can be harvested and used as
R i as an energy source Biogas from aquaculture waste organisms in aquaculture ... a source of energy
Energy
. Parts of the standing biomass of
1153,1163 | ‘i plants or animals as an Wild reed for heating Itivated aquatic organisms and | - thatcan be harvested and used a2
energy their outputs ... energy
. 12.1.1,1212, . . Wild animals that we can use for breeding . X . X -A-ﬂ!ﬂ!ﬂnbeu?e?wmnn' hm,
Genetic 12131221, Genetic material from all Plants, fungi, or algae that we can use for Genetic material and information from | develop new varieties or establish a
Material 12221223 organisms breeding aquatic organisms ... . new population, or that can be used
k . in gene synthesis
Municipal water supply
- thlewamrin_c]\epu‘blicsupplysy:m ‘ ) ... that id f drinki
; Water for 4211,4221 Water supply for humans Lo::;l.e]::wr using private wells Surface water bodies or aquifers ... water su;ply ioer: mans of drinking
Mineral water

Table AAL. List of Provisioning services from water system service list [6].

Water source for wild animals i inki
4211,4221 | Drinking water for animals Wiater source for livestock Surface water bodies or aquifers... ‘;;h‘:‘:‘ugp"l’;ﬁ“?’“’t"fd““"‘"s
Potable water system if an existing source
cannot be used i
own description | Reserve water sources Potable water system in the future (e.g., if Surface water bodies or aquifers ... . "'f @B‘P‘:;m’::;‘;mufme
the demand increases)
Land irrigated by controlled flooding . .
- i . s ... that provide water which can be
4212,4222 ation Irrigated temporary grass land, cereals, Surface water bodies or aquifers ... L irgdon
Irig potatoes, sugar beet, etc used for irrigation
‘n':fn"' for Water for washing (in industrial processes)
. used . Water for sanitation
purpose u?'am:in\w or Water for mortar o ... that provide water which can be
4212,4222 | Othertype of inpu Water used as a transport medium in Surface water bodies or aquifers... | used as other types of input into
production and heating or cooling systems, e.g., in industrial production and consumption
consumption facilities
Water as a material for fire extinguishing
. Potential and kinetic energy in water that .
4213 Surface water in can be used in hydropower to produce The flow of wateron land ..... - that can be converted to electrical
hydropower electricity or mechanical energy
Hot water and steam from (typically deep
boreholes) that can be used for the Hot water and steam from the - that can be used as an energy
4325 Geothermal energy . e € subsurface of the earth
E production of electricity and heating urkace source
own description | Groundwater and surface Groundwater source heat pump N ... that provide water at useful
based on4.2.23 | water as an energy source District cooling and heating Sarface water bodies or aquifers ... temperatures.
iption ‘Water as storage of heat and aquifers, :-K- hﬁ(&}::‘t‘damln?in Surf ter bodi . ... that provide a source for storage
oumeesenp coolness facilities {Arlanda airport) ace water bodies or aquifers.... | (1ot or coolness
Water o Wate of Water bodies as a waterway for ships that . tex which canbe
ater for - T as a means Fi surf ter bodi inter . . ... that provide water which can
transport own description transportation hmrm;ﬂw‘ €5 as winter ways | - Surface water bodies or aquifers ... . used a5 2 mode of ransport
KR Surface water bodies or . -
E " ... that provid
é% Ei forming input to the functioning of seﬂ-'lmp © provisioning
kL other natural systems . ..

Table AAL. cont. [6].
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Table AA2. List of Regulating services from water system service list [6].

Denitrification
Biofilm in infiltration ponds Transformation, fixing, and storage of |yt vyikicate harmful effeets o
E g:;‘i 2112, living p Biological degradation of organic 2nrganicﬂ:inmﬁr:fmhﬂaneand fuce the costs of di by other
Mediation of 1. substances (petroleum products, lucing the impact of odors by means
E waste, toxic chlorinated solvents) aquatic organisms ...
¢ substances, and Treated wastewater discharged from a o , -
2 wastewater treatment plant into a The reduction in the concentrationof | ... that mitigates harmful effects or
i 5111 Through dilution surface water body for an effluent organic or inorganic substances by reduce the costs of disposal by other
£ dilution mixing in freshwater. . . means
3 Mediation through filtration of waste,
= i Surface water bodies filter ai toxins, and other nuisances, by
5113 hrough filtration W ut i N ... that le
'§- pollution chemical and physical processes of can protect peop!
water, ...
% Mediation through sequestration of
. Nutrient adation horus waste, toxins, and other nuisances by
H 5113 Through sequestration a“ )‘*&T ation (phospl chemical and physical water | -~ thatcan protect people
3 i
k- - -
g De g of open-p .
£ o in order to prevent acid mine drainage Medut;"“w ng; nd
Through ge or v accum waste, 3
E 5113 : akion EI! Udden) pathogenedn | other ik by chemical and .. that can protect peaple
£ asurface water body physical water processes, ...
= N "
Visually covering the open pit
-cast) with water and Other types of water-related -
21235121 Through other i )::’,, antificiallake, open pit | Mediation of environmental o that can educe or miligate
(open-cast) mining lakes (e.g., Udden) | conditions ...
The regulation in the loss of material, ... that can protect people from
3‘5 2211 Erosion contral Stableswfan-vnte-rlevelme.g,: by virtue of the characteristics of erosion and mitigates or prevents
k] H z Regulation of o prevent landslides in Gota Alv river aquatic ecosystems or by abiotic water | potential erosion damage to human
§ E baseline flows Reed characteristics, ... use, health, or safety
2 and extreme
}%'ﬁ events The regulation of water flows, by ... that can protect people from
e 2213,5212 | Flood protection Surface water bodies receive excess | virtue of the characteristics of aquatic | flooding and mitigates or prevents
Q_E ’ water and provide flood protection ecosystems or by abiotic water potential flooding damage to human
characteristics, ... use, health, or safety

Table AA2. cont. [6].

) ) The regulation of water flows, by ... that can protect people from
own descripti £ subsid m?‘?"""“bﬂdm“b! virtue of the characteristics of aquatic | subsidence and mitigates or prevents
based on5.2.1.2 : o astable ¥ or by abiotic water potential subsidence damage to

level characteristics, ... human use, health, or safety
A surface water body that retains The regulation of water flows, by ... that can protect people from
own description . water and is able to release it slow] virtue of the characteristics of aquatic | drought and mitigates or prevents
Drou, tion
based on2.2.13 ght attenus G leaves the subsurf; ¥ or by abiotic water potential drought damage to human
via springs and wetland: istics, ... use, health, or safety
The reduction in the incidence,
Rivers or other surface water bodies as | intensity or speed of fire spread by mdl;l:;;:nmmp::gleﬁmr::;!
2215 Fire protection a physical barrier against fires (fire virtue of the presence of aquatic Enqugemh\fmanuse!:m:m]m or
protection belt) organisms and the presence of water 4
in the landscape, ...
Seeds of aquatic (macrophytes) and waber-e dispersal ... that maintains or increases the
Pollination and spreading non-aquatic plants that are dispersed m a:?dl.he ferﬁlim;‘mnf abundance and /or diversity of
eevcle 2221,2222 of seeds by water by water ) WP;P::::]"‘HE e organisms that are important to
L ey Non-aquatic plants: e.g., water mint 4 people in use or non-use terms
habitat and gene
pool protection The presence of ecological conditions
Maintaining populations E&;rﬁwﬂg"?d?mw (usually habitats) and abiotic .. that are important to people in
2224 and habitats F A conditions necessary for sustaining use or non-use terms
for spawning sea trout) . A N
populations of aquatic organisms .. .
’ Regulation of pathogens and parasites | L1 eouction, carried outby aquatic | -y brevent or reduce the output
Pest and disease b N . H, and biological and water interactions or by of food, material their
2231,2232 Pest and disease control y (aquatic) organisms, pH, an the of water bodies, of the material or energy, or
contzel UV-light presence " cultural importance
g incidence of organisms ... mpo
Maintaining Controlling the chemical Managed aquifer recharge Maintenance of the chemical condition | * 5y enables human use, health,
ter conditions | 2251 ity of freshwater Living p the | o by aquatic or safety
water con quality wa already acceptable water quality ar by abiotic water characteristics, . ..
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Table AA2. cont. [6].

Llh sedimenh that accumulate
matter are long-term
links for carbon (spenﬂnlly for boreal
and northern lakes)

Carbon sequenndou in rivers (there

Regulation of the concentrations of
gases in the af and

.. that have an impact on global

2261,5213 Regulation of global climate is little knowledge about the entire mediation of gaseous flows by aquatic climate or oceans or offer protection
process) ) ecosystems or the water itself, .. . topeople
Al heri Groundwater as a carbon sink
i Methane release from surface water
Lake breezes (movement of cool air
from across the surface water body Mediation of ambient atmospheric
toward the land, altering the conditions (including micro and
2262,5221 Regulation of local temperature in regions close to the mesoscale climates) such as local . that affect people’s living
temperature and humidity water body) temperature and humidity, by virtue mndmwdl-bdn&ormmfoﬂ
Frost occurrences in proximity to big of“mdwucw
lakes and abiotic water conditions,
Springs
]
b 'EB Surface water bodies or aquifers
E_%a fomﬂn;inputw&eiwxﬁomngof .. that provide regulating services
g- R other natural systems . .

Table AA3. List of Cultural services from water system service list [6].

Activities promoting Tourism and recreation through
Physical ::f health, recuperation, or fishing, swimming, nature The abiotic or biophysical - that enable active, or passive,
experien 31.1.1,3.1.12, | enjoyment through watching, cave tourism, skating, | characteristics of water or the physlcalaml experiential
interactions and skii
i with the natural | 6111 active, immersive, skiing N lities of aquatic organisms or such as use,
L envi t passive, or observational Tourism and r 8! ecosy I enjoyment, view, or observation
= E virorment interactions canoeing, sailing, etc.
"5‘ : Scientific i vesugahm fentific e The abiotic or biophysical
i Outdoor education and or blophys 3
'g 3121,3122, ion of traditi ; characteristics of water or the - .:':t are &'f ’;:"d i m‘:fl{:lll-
E 6.1.2.1 knowledge, education, Springs used for envil 1 jualities of aquatic org; d:lel t s
g training monitoriny ecosystems ... . ¥
FE | ntellectualana &
P representative Historical understanding through,
!é i n ons e.g., agricultural landscapes, The abiotic or biophysical
L with natural 3123,6121 Culture or heritage historical activities, e.g., log chammmhm of water or the . ..ﬂut mntnbute to cultural
g environment driving and historical artifacts, jualities of aquatic org heritage or historical knowledge
E eg, water mills ecosystems ...
g g The abiotic or biophysical
y characteristics of water or the .. that are appreciated for their
E 31.24,6121 Aesthetic experiences Sites of great beauty P ticorganisms or | ink beauty
ecosystems ..
o .. that have symbolic or
§ g g spiritual importance such as
' - . . i ized by people for
The abiotic or biophysical bemg rocognizec by A
§ £3 Spiritual 3211,3212, | Religious, sacred, or Sacred s characteristics of wateror the | helf cultural, Wstorical, ot iconic
-3 . 6.21.1 symbolic meaning Springs lities of aquatic araciar and fhat are as
g symbolic, and ecosvstems b emblems or signifiers of some
jg" other ¥s! kind, or being deemed to have
interactions sacred or religious significance
E g with the natural for people
> t - -
£3 environment 'Dleablnr&carbl.ophysnca] ..._ﬂntpruwdemaheﬂal or
. e subject matter that can be
Entertainment or Possibility for tics of water or the . .
E 3213,6211 resentation eni tvia di media lities of aquatic . communicated to others via
- rep Joymen " o & diﬁ‘mnt media for amusement or
4 ecosystems .., :

Table AA3. cont. [6].

c otle o The abiotic or biophysical . that people seek to preserve
N teristics | 3-22-1,3222, | Existence, bequest, or Exi: of species, landscaf ristics of water or the beause of d\dr non-utilitarian
Hiathavea 6.22.1 option value elements, etc. lities of aq'uluc ‘ganisms or to others
ecosystelm and fulure gmeraﬂons
non-use value
£ Surfaoe water bodies or aquifers
§_5 g input to the functi .. that provide cultural services
§' g of other natural systems ...
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Table AA4. Provisioning services list for Bohal Spring source

Sl Division Group Class Important Services in the case study Data source
no for case
study?
1 Municipal and Palampur Municipality Committee | [40, 24]
private water depends on the spring to fulfil
Water for | supply, for \/ drinking water need to Palampur.
drinking | humans And is also used as source of DW
for Bohal village
2 Drinking \/ Dairy and live stocks animals ( [40]
Water water for sheep’s and goats)
animals
3 Reserve water \/ Spring water is tapped in spring [24]
source box
4 Water for | Water used as \/ Used in dairy [40]
non- a material e.g.
drinking process water
purpose
Table AA4. cont. Regulating services list for Bohal Spring source
Sl Division Group Class Important Services in the case study Data source
no for case
study?
1 Regulation of | Prevention of \/ Spring helps in prevention of [41]
Regulation | baseline subsidence subsidence by maintaining
of physical, | flows and water table level
chemical, extreme
biological events
2 conditions Atmospheric | Regulation \/ Spring regulates the [42]
composition of local surrounding temperature and
and temperature humidity
conditions and humidity
Table AA4. cont. Cultural services list for Bohal Spring source
Sl Division Group Class Important Services in the case study | Data
no for case source
study?
1 Scientific \/ Many research for payment | [40]
Direct, In-situ investigation, of ecosystem services
and outdoor Intellectual and | creation of (PES) model which is
interactions that | representative traditional implemented in Bohal
depend on interactions ecological water shed area
presence in the | with natural knowledge,
environmental environment education,
setting training
2 Aesthetic \/ Looking at the scenic [40]
experiences beauty around the spring
Table AA5. Provisioning services list for the Dal Lake
Sl. | Division Group Class Important Services in the case study | Data
no for case source
study?
1 Cultivated \/ Vegetables (tomatoes, [43, 44]
plants or capsicum, chillies, cabbage,
animals turnips, gaourds, cucumber,
lotus stalk, duck potatoes)
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Fruits (watermelon, water
chestnuts & lotus fruit)
Commercial fishing
(common carp, mirror

Food carps, kashir gad, ali gad,
chiriv, theta gurun)
2 Wild plants or \/ Zooplanktons which [28, 44]
animals depends on macrophytes,
phytoplankton’s & benthos
(chironomus, tubifles),
algae which can be used for
production of food
3 Fibers and \/ The willow and poplar tree | [44]
other materials plantation used as timber
from cultivated
plants or
animals
4 Biomass Fibers and \/ Weeds used as compost for | [28, 43]
(aquatic) Material other materials the gardens, water lily’s
from wild petioles and leaves are used
plants or as fodder for cattle’s
animals
5 Cultivated \/ The willow and poplar tree | [44]
plants or plantation used as fuel
animals as an wood
Energy energy source
6 Wild plants or \/ Has the potential of biofuel | [45]
animals as an production (Azolla spp,
energy source macrophytes)
7 Water for Municipal and \/ Drinking water purposes [28, 43]
drinking private water (on average about 45
supply, for million gallons per day
humans (MGD))
8 Drinking water \/ Domestic animals which [43]
for animals are kept by people in farms
on Dal lake
9 Water Water for non- Irrigation \/ Irrigation for floating [46]
drinking pupose gardens and woody
vegetation
10 Water used a \/ Washing clothes [47]
material, e.g.
process water
11 Water for Water as a \/ Shikara (specialized boat [43]
transport mean for used for local transport
transportation within the Dal lake)
12 Water as Water used as \/ People living on floating [44]
foundation foundation for house boats which is on the
floating water
population
Table AAS5. cont. Regulating services list for the Dal Lake
Sl. | Division Group Class Important Services in the case study | Data
no for case source
study?
1 Through Organic elements is [36]
living dumped into the lake
processes untreated
2 Through \/ Untreated sewage, [46]
Transformation dilution pesticides and chemicals
3 | of biochemical | Mediation of Through v Purification of air by [43, 44]
or physical waste, toxic filtration floating gardens and forest

cover
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4 inputs to substances and | Through \/ Presence of macrophytes, [36]
ecosystems nuisances sequestration mainly Azolla sp, which

helps in Co2 sequestration

5 Through \/ Plastic and metal waste [36, 37]

storage or
accumulation

6 Flood \/ Excess water of Jhelum [43]

protection river flows into Dal lake
Regulation of during flood.
7 baseline flows Fire protection \/ Presence of Wet lands [48]
and extreme around lake acts as a
events barrier for the forest fire to
reach the houses on the
other side and vice versa.

8 Pollination \/ Some red algae reproduce | [49]
Regulation of and spreading by spores which are carried
physical, Lifecycle of seeds by by water currents
chemical, maintenance, water

9 | biological habitat and gene | Maintaining \/ Potential gene pool [50, 51]
conditions pool protection | populations conservation for S. niger

and habitats fishery, home for
migratory birds, natural
habitat of many species.

10 Maintaining Controlling \/ Presence of Macrophytes [35]

water the chemical
conditions quality of
freshwater

11 Atmospheric Regulation of \/ Regulates temperature [52]

composition local
and conditions temperature
and humidity
Table AA5. cont. Cultural services list for the Dal Lake.

Sl. | Division Group Class Important Services in the case Data

no for case study source

study?

1 Physical and Activities \/ Swimming, skiing, bird [43,51]
Direct, in-situ experiential promoting watching, angling
and outdoor interactions health,
interactions that | with natural recuperation
depend on environment or enjoyment
presence in the through
environmental active,
setting immersive,

passive or
observational
interactions

2 Intellectual and | Scientific \/ Investigations on [35, 48]

representative investigation, Macrophytes, wetlands,
interactions creation of algae, voluntary
with natural traditional conservation activities
environment ecological

knowledge,

education,

training

3 Aesthetic \/ House boat stay to [43]

experiences experience natural beauty

4 Indirect, Spiritual, Religious, \/ Presence of lotus plants [44]
remote, often symbolic and sacred or
indoor other symbolic
interactions that | interactions meaning
do not require with natural

presence in the

environment
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environmental
setting

Table AAG. Added service class, with description of division, group, class, example , water clause and

use clause.
Division Group Class Example of Water clauses Use clauses
services
Water Water as Water used as -People carrying | Surface water ...that serves as a
foundation foundation for out their living bodies.. foundation for

floating
population

on floating house
boats

floating
population
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8.2 Appendix B — Hazard identification

Table BB1. List of identified potential hazard source for Bohal spring according to TECHNEAU hazard

database
Hazard Referen | Hazardous event | Type of | Potential Presentin | Data Hazard Specific
ce hazard | consequences | the study | source source threat
area?
Contamin | 2.1.3 Leaching of Biol., Contaminated v [40] Water Potential
ation of contaminants by Chemic. | water tank breakage
aquifers built constructions (chemicals) of water
(e.g. landfills tanks or
using waste or repair
contaminated works in
ground, future
dumpsites, traffic
facilities,
installations for
handling, storage
and deposition of
waste materials or
excavation
residues, etc.)
217 Agricultural Biol., Contaminated v [40] Chemical
runoff and leach- Chemic. | water fertilizers
out containing (pathogens, and
fertilizers, sludge, chemicals) pesticides
herbicides, etc.
2.18 Manure spread or | Biol,, Contaminated v [40] Livestock
cattle in the zone Chemic. | water (sheep,
(pathogens). goat and
Nutrient load cattle) &
in organic
water. manure
2111 Contamination by | Biol., Contaminated v Google | Wild life
forestry activities, | Chemic. | water maps activities
wild life (pathogens, (Goral,
activities, natural chemicals) Barking
fowls, dead deer,
animals, bird pest Sambar,
(flu)... Wild pig),
bird pest,
natural
fowls,
Leaf litter
Shortage 2.1.13 Groundwater Unavail | Unavailability v [40] Not
of aquifer is not ability of raw water sufficientl
groundwat sufficiently fed or y fed due
er water is abstracted to
resources by others Overgrazi
ng, Leaf
fodder
extraction
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Table BB2. List of identified potential hazard source for the Dal Lake according to TECHNEAU hazard

database
Hazard Reference Hazardous Type of | Potential Present | Data Hazard Specific
event Hazard | Consequences in the source source threat
study
area?

112 Industrial Biol. Contaminated v [28] Sewage Discharge
discharge of water (pathogens) treatment of untreated
biological plants sewage
matter (STP’s)

(Habak
STP,
Hazratbal
STP, Laam
STP,
Contaminat Nallah
ion of Ameer
catchment Khan STP)
zone 113 Emissions Chemic. Contaminated v [53] Emissions
during water (chemicals) during
accidents (fire accidents
or explosions)
e.g. industrial
accidents or
forest fire

114 Traffic Biol., Contaminated v [53] Road Accidents
accidents with Chemic., | water (chemicals) accidents of
ships, trains, Rad/phys vehicles
vehicles and . and
planes Unavaila houseboat

bility, accidents
Safety

1.15 Toxic Chemic., | Contaminated v Google Air
chemicals from | Rad/phys | water (chemicals) maps pollution
air deposits or " from STP’s
air pollution Unavaila and

bility exhausts
from
vehicles

117 Emissions and Biol., Contaminated v Google Trafficand | Road
leakage, oil Chemic. water (pathogens, maps car accidents
spills (MTBE) chemicals) cleaning and
by shipping or shops along | overflow
traffic the by car wash

periphery company
of the Lake,

house boats

fuel

leakage

1.1.9 Latrines Biol., Contaminated v [44] Discharge
deposits from Chemic. water (pathogens, from house
boats, etc. chemicals). boats

Nutrient load in
water

1.1.10 Intensive Biol., Contaminated v [54] Fish death
fishery, fish Chemic. water (pathogens, due to
farming, chemicals) decrease in
massive fish Oxygen
death level and

introductio
n of bread
variety of
fishes like
carp and
unregular
fishing

1.1.12 Sewer Biol., Contaminated v [51] Sewage
overflows due Chemic. water (pathogens, overflows
to rainfalls or chemicals). due to lack
failures Insufficient raw of

water efficiency
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1.1.14 Erosion into Chemic., | Contaminated [51] Silt and
catchment with Unavaila | water (chemicals) sedimentati
release of soil, bility on
sand or deposition
contaminants

1.1.19 Disposal of Biol., Contaminated [44] Manure
manure Chemic. water (pathogens, usage in

nutrient load, floating
pharmaceuticals) farm

1.1.20 Runoff from Biol., Contaminated [51] Agriculture
agriculture and Chemic. water (pathogens, runoff
urban green chemicals,
areas containing nutrient load)
fertilizers,
sludge,
herbicides, etc

1.1.22 Discharges of Biol., Contaminated [28] Sewage
treated Chemic. water (pathogens, treatment
wastewater chemicals, plants

nutrient load) (STP's)
discharge
(Habak
STP,
Hazratbal
STP, Laam
STP,
Nallah
Ameer
Khan STP)
Contaminat | 1.1.25 Birds droppings | Biol. Contaminated [44, 51] Bird
ion of or animals water (pathogens) droppings
reservoir allowed to cross and animal
a protection waste
zone

1.1.26 Algae blooms Biol., Contaminated [44] Use of
(mostly during Chemic. water (algae, fertilizers
summer chemicals, and
month's) nutrient load) pesticides
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8.3 Appendix C — Risk Estimation

Provisional Services

Regulating Services

Cultunal Services
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Figure CCL. Risk assessment matrix with detailed list of hazards and specific threats from the hazards
for Bohal spring source. The table also presents comprehensive description of consequence (c) scoring.

44



Provisiana] Servies Repulatingervics _ Cultmal Semices:
% 3 : ] c H 3 i = [ > [ = B ] 3 2 El
] H 2 H £ £ & ar - . H v} i e 5 : 3 3 5 ) r' i 3 2 3
i H ! « . & :. z ] i i
k- ¢ £ 3 & Y 2 : 2 B O E: | H# W | if | &3 H Bl E | R | E B | 2 #
B 3 5 1 E R H H = = i 3 Y = | skE H H = EH 3 e si | 2 i i
== : =5 3 R I z hol =Sy e oz g oy prct] 2 i o s 22 = Es i) =5 Z
4 £ i 5 # e = ] B = £ gl i g | £ ] = = s 5 |2 ] £
= i i i = £ £ T i W ey i sk B v 2 5 s o I foniE | 82 i -
= = o =2 I E H = = iTE 28 S Fro | it g t £ 3 = Fd w wig ] 1]
H B -] = ] £ B H . = B £ w £ ] :
= ) B E i & # R i sE | T [3ER H H £ |3 = E fim E] i 5
Ve H ¢ u 3 3 [ 3 H 3 e = & i - = = % - H
Hazands waum_mﬂu:.a__ Likelibod | Valsenbiliy Asesmest of unsequenee severity faral idenified WSS
Modeate  [Modeate Short-am, Los
Late e X Sheet emy i [N Jsmalefani [suliten
fporaem fmorim [arim Shottem [tottem  [Shrtem [Shtdem [Shoebem [duetsumpisant [ RS mTE T i verell st b irar = il P S
DenmshD0kd | Decitin A e * |ontmates, |onustain,  fontmtin, ntsotaten, fomazmstin, (omtaniatin, (antashutin, fooniuson, [oburwse  [sousdmn [PERECE g [rossepne asﬁrsi e [faanspe |2 o coses [osepmeas [WEE T [l frodom [Nomsepee | gl
mopripadt fmepried fodemtenmpec | nodenlenpect [maprivpad  [modmtemped |mapriged  fmsprepet  fquitys el Pkl o i o ” gt di . =) pkssant i
? ? ) oo s Wi e ™ § ey —— pesibyy
e D0k |beD0kvd | . ueto kDO Jodor land ot
mton  fequmsation pepuition bazardtoall
semies
sare H 3 q [ 3 4 3 q 3 [ 4 2 1 1 2 H 3 3| 9 3 1) 1 3 3 b 2 2 1
4 B 5 B 5 « 3 il 6 E E E E 5 5| 5 1) 5 5| 5 3 A N ol um
L Siortlem  (Short-lem ssort-lam e Shecttem  [Stortem  [Shorttem Jshot-tem.
Shotem Sttt Shortem . . E——
. Ve |omsmpotin: |ammpatpr, [P fantammat [ e Shortem Mo mapeedlet Minar ontamation e Mo mnsgunce | mataiatin; |ontamatee; |anametion o o St |comtamition,
Ly d . o o Mincr fquiy  |iquiy J{ quaity [Minor Minet 1y |ostamiazt  [Modeate Tolal risk|
cawed dungBort | Desrpeion inar d i ds e di . T . |cominde ' |Nenequene [No casaquene T Mo consequence . = —
s duetoporsen duelo nzsen deelopowek. [duelonosen. [modeateigud ﬂﬁhﬂa pi onclore figatie|ogudin |, gy [fgiiin el vl I O ot ety
3 ¥ 2ardioa
— e e 2y e lavty sty ki lskeiniy i
? - .
sare E H 1 9 1 H 3 3 H 1 1 U bl 1 1) 3 3 H 1 3 1 1 E
Inzaehabakityand
lim depost
- 1 1 5 1 1 8 | | 1 1t it 1| 18 1| 0 u 3 | 1| 3 [l 8 18 a1
S i He———— odzate I odente kel [l |
Rosdnuafiof el [P % ouemnr  (Maprinpaat | -7 o lattnpe  [atutopc  [Pontsure | walerbanms . irpact kg | sy e [vzar R = Jantaziane [ Madete
Foad ool 2 - meringactza [mior ipuctao nsgafiant i . i quuky heprenzot ——
sitanasChrde | Derptin onaniates; |7 lipataodna Jlorae [ PR g i gt aotaniatin; [ecpbidets [sausien [ ” o prsneat R e e e opeaadl  [Noansuna [ oS e e et | gy
npl [ i P TR el 2 i ebs ek vt i3 amiallo dariabite | [ bt peputon | e
i T e = = & sl = s P ° haraofirg [ : pasibyy
i - e gt klplnts . iocmey, [ Piarni.
s .
semies
sare 15 q 3 1 4 1 H 5 H 4 g 1 1 3 2 3 3| 9 1 1) 1 q 3 1 3 3 1 E
Splof pskun s
W pos by 2 hazend ovardsa 1S3 } | | | - | | | -
el 0 B 2 B 4 0 10 10| i) # “ 2 # [ 4 &) 0 1| [J @ 5 i) 1 a [ 1) al 1)
<hvg
irar ruldien
: Modeateingac . w‘“_uu_HE odese e \discirpact e rosguens [, —
Indstilshaot | Deopeim  [Amcumn dlodes o e sty |ty ol naqune [fngeatie  [ulihbebse POEE |y s [Noanequne o oo B Jongmumey [SPETEEE gy e |
byt witetand guinin  [dgradetin [ betshudat  fdgmdatonod én =5 . H P ey N e
- eni s posmete = = = o min  [emasi; gadatin ———
* T focus durag swiming
Tak e et =
donts [
sare 3 3 3 3 1 1 3 3 3 1 [ 3 1 1 1 [l 1) 1 b H 1 3 [l E
mzﬁm_.__ﬁgﬁ 45| & 0 ! 3 | & 5] It I & 3 u ) ] [ | 3 [ 0 [l £l 3| [
= e
Lcag-tem gt Potatilis i dle e erle et Modete
No peetativesad N kit T N N __ [t [Mior [Mnar . [N consequence [consequenie duete N |semaleffect i
' [entenpari; Pl e e e e i p—— —
Pt [EDTERE [y R gatiiract; |sgatreinpact |igendingon  [Bcpabledeets [scussdt - [duet inpeure A T k] TR ] p—— ) [ o Tolalisk
§ Cannet wtbsandtie] T i3 A ipacin T g ik odanen [PPENL fptin  [¥ " o dangen yA gradation  [heniabintie predbya
et e s and rey [y rrsat ] il | |5 usidiy gmﬁ foes heaa b g Mazardioall
i ants : i ‘ equmstin indsitming =]
sare 3 q [ 3 4 1 3 5 3| B 3 bl ! 3 1 3 3| 1 1) 1 3 3 [ 3 2 1 E
Unbumel gssand ol
s T peadly s el ara | N N N — . - - — - . y N - — y - y N
- 0 B I “@ El 5 7 ) ) 5 E £ I El 5 5| 0 # 1) E 5| 5| 1| 5 a0 % T
I - Toamte Niodente | T ToEr " =
e - omaepene 18 i i e o e |y sy L puaall T i S
) . iy 7 S waie oy i s [t ; J
onbmmeEofmn | ey |a o enction. o doeto it it b Pt i o urpksent fedasths ind boomepne P08 |y doe adig it enmntil | s e | Tl
Lutshes Modmaleingact [imact pimad osdn nelo et [oairg il o o . ) HAEp T [l 0 4 mplsrt [P g pesedbyal
pact g ours % e s odour o nucr muanpyles i e et Mocirate pomssihe oy gntogenr [P |mkar s [M48 Tazariioall
~ o mtrint badng Pesb| i e [y gt e Jaksnemal il —— i
bz . el i
,HH.;:E..E sare 5 g 3 3 0 2 1 3 1 [ E 2 1 1 3 2 3 3| 9 3 H 9 3 3 E 3 2 2 3
bzt bad (K] s s 0 5 El 5 ) i) El E E £ I El 5 5 0 5 1) 0 5 5| # 5 a % ) 5
Modeateingac ‘ - Modematediatto [ S ettt
[ 7 | aguier [ ot (odmteinped
CIA—— - [ — istoretised [R50 e reerted [Evmsamouns oo frgaeinpuc Joetontaed Jietordaed [t reto | S— o [ il TR P Tolalisk
Ao Teclim d * |dsmagalplnt haatentsiaby [T lateilheby [fndmafae [smomaand [pnizare  [ochminh Jlocdmick Jugesan fopmen . o cnegne [oanseaz | \ avinming acits 1™ psant [amrosiahindes a
miakand ! 3 i — badzg -
e hoymd otsand s — Erem— R — e — oso " e e | Jobur s [pantgrowth [ baadtoal
Mot dek ke e I FEES lietatcvabe semin|
sare 4 4 3 3 3 3 3 3 ! H 3 g 1 1 3 3 3 3| [l 1) 1 3| 3 1 3 2 1 E
ik daric T gty iz owards |
- “ # [ # 4 ; & 0 i i ! E 4 4 u | [l 1) 1 H 4| R 3 R R I

f consequence (c) scoring.
45

th detailed list of hazards and specific threats from the hazards
description o

X wi

for the Dal lake. The table also presents comprehensive

Figure CC2. Risk assessment matr



M
ol Modente  [1ace Micinget mulelni
Has pued by el Modzteings s opacalal el . ) itgand gy
y poodiblly dig osazns Moderste i Morinpac  antamiant Modmeimact| 115
Natrnbshacs iin | Amsgmun [dihedist A e TR s i il e sy M T B Tl e ey S i e il
Fp——— L piatlls \grdton P et olitonash (ol foplsnt | G e notrimt xiake vl T o aigalbibons. i T prsedlyy
ERE e e e fomes g i Jodeur odors dog) oy it [todytae el B _H” F—— hazariteall
3 i~ udingor ] sy to e — L etaicvabe servies
s
deetonatal
Vil soteiation | Sare HH i d 3 q E 0 I 3 ) 3 B 3 3 E 3 3 [ 3 H E 4 1 2 E 1 3 3
TR ey T T . . . 7 " . - " . . " . - " . - .
Metltoity o « 5 Y 4 3 0 E 7 Fl 5 @ El 5 1) 5 I 0 % 3 ! al E El E: El 3 T
i HH_ " Marirpac ik 8
diconort e [ 200 o T e lhebis \edaateatet [Magedit . Micediotin " - g .
Reluad ndegarnd " . Camot idsandthel" : T N o |l R ermsd vty [ |, usequencs e (secomuisted . et areitakes (1 dereet i populio | . it jle FRUEIRG | foulk
’ Deoprin | Licy ey — rimisand |mttmtsand  fodfeivdind [opmweh  [lnnoaen . I o o anepene o onseece o coneeee duetad el v i
g ik offodng dirtalesat | . utzmisand ; o asan ogac |t usplant  [wihatutha [\ nsptiaal [rueidueta posityto peily
. londtin [cadiin e e iticnd pp— et teguunt ledarduets  [afcbdant
S D dac| nomsenaalt | Jof daten Jodoar than ergasic e [ depesiion |ty e © | hazanitaal]
eifi  |odtin [l doetas i zpusiate [pesball
osin undien . |t wetlads Jdagnant vatr H serviees
(entin s
Sare [ H 2 H E b E 2 i 2 3 1 1 2 1 E 9 9 3 [ 1 i 2 I 0 E 1 E i
[ e
1 [ 1) 1 [ 0 [ 1 « n 1 1 [ 0 “ 0 r 1) 0 f 1) 4 1
Tesepe
wﬂ“n_ - ] —
ModtlBd o tien  fomammato S [Mosasqua [0 o uint P | ameess ontit pomenie Mot e Jonkis Tl
duetaatint TR | thebpact Jteta eeto nsgaiiant (et bodng o DO ke pe— ou
Decpin kdyr " antariutia; [nnatte  |colanmatin [pstieelaten ) S S— ) o [Fomnmpuns Jppuiion e fualsines : i oz i
anamiutins sdng Do 0P P Sarinpad iy s [wplasr lmpact om0 | memopiytes L 00 |durgemate [P [Rngons [ poeedbya
i D0k mal|=r=r ol L e Jodeur ot Hm_n_na”ﬂ tpeste  [whihhksin - .___HE__ .__..m_u... badig:Mice {upi Hﬂx " hazurteall
Dipusfemur bieratme agto lcatareatin o akalobon  |equesatin retinds et iy
s
Sare 4 [ 3| 3 E 4 | 0 3| B 1 B 1| B 1 1 3 3 [ 3 1 [ B 3 1 E 1 3 3
ol o by huzardhonardsa WS
u o N n 14 0 u 1§ o 18 o 6 g u u 0 2 16 i | 1t 18 1t o u il
Bkelr g
Modete L
it tem Morimpac 1t Polmtal
odeslempud | g, [Pl el Shot e Mapripac;  [Mieiet,  [Meorimpaai [Mieeigeai i s e [ — Aialsbisto Pl e [\ T e v
| dueto toxakal - | murent |walzmmation. [Nocesuane | ~ = . - jun i i contaminant Jon bées N
" Mince it ol T (T uty Jeta eeto ety et i o DO e ifethe  [todersel  [Inspnant Ee— Tl
Tokigelbbons | e |t [ e [beiss ! e ! I i ’ pp— b populion duc albors : vz lopuaten e
- 1ot Tpucd ottt [fothasad  [igutin  [dgudtie  [uglen fopean [neopetie ——— omisin [predos = ledes [P by
D0leafcts natie  [toposbeinii fokelph | i el DO Jrgsvater rplasert i
" ol [ERTRE (TR = osns Jdiur oo itoongane [noties [lkpesb [whih e et todrytie T hadagMiee piappa] SR
s eetsta  |afalbbors i aky 4 osie ¥
g ko sdog [T — etnds ! et =
atterath
f 3 3 E 3 E 0 I q 3 9 B 2 E 3 3 [ 3 2 1 3 3 H E 1 E 3
Bekposbyahuza | |
5 [ Y 5 E 0 E 4 E El E El 0 1) 5 [ 0 % 5 5 E ) i 3 [ #
Moderete
Shoramte; . y
- Shatbm - P e BN I el ) \adeteinpact . .
Shor- lamelfet s et [ M s . srizaypl i antaniant e
— nsgudint ¥ atebenmes  [duets e10 growth et = |dima oo st et Te——_ -
it tan e = Modeute I i il METSTRYY RRE o oo [ e llsbos  |lempaature  (fnobngetiat - Jpoucs 3 .
! ° rpac ; oiitws [mplan fophet  [pomen : it g 1 ! = lpodos [plomsaltess
hareito s [sevizsaply pacton - et o [ ldurgewar [Msdmle  [harardsnoces  Jurpasant
" S ithes Jadour oo erpeature lonmen pomolsall [ldrytse  temperature iom [ arasdteal
sevizsapply [nthesater . aky s [mignall fode ¥ it
¥ ¥ land nutrist erpenalure bams wetliads T
-~y e et g sy
Sare g 1 3 3 3 1 0 H 3 1 3 1 Y 3 1 3 1 [ 3 1 E 4 3 3 £ 1 1 3
Pa— P
El E i) | 1 0 E % E El E n £l [ El 1 I £l x E 1) 3 E ! x 1) E 1
kelrg
< [shot-temeiet, [Short-temef; Msprinpac; ~ [Mafeinpet:
. lgniant [ e T il T L g insgrsine  [lagnfiant  [nnfiast i A— - :
Cussesand sl lrractpts  [psdepeead  [mpaciShan [ et fipuciSiot. |sgutheirpac |rpatieigea [rmadShoc [ frgact; ipac: epactShor- [pacihor [irpatShar gt Shar . uc ot firact S gt Shor- — oo JapatShor- i
pr———— e R ldspeeelenn  [avmbeieetbas [t el iom ud opuar  [mplan fopesdt fen am = en T meoy [t cmpne: | B comepe im i P T s, b e fane
Ibéuetbuseli |dietenthe  Jontamiutia |7 ontammation Jorturiatia (pathegen  fpatiogm  [aatanmation fodow Jadour oo | matammation | matamation antaniation Joraritia |cotemsstin p Hﬂ p posci by
TPE——— qualty o teesspsan [ampen cntampation {ntamiuten el
s series
o
San 1 1 b 1 1 I q 1 1 1 1 [ 0 1 1 E 1 3
oo bya huzardtonar
! 0f 1 Il 0 1 0 u I 0 0 U n 1 0 0 i) ! 1 E 1) 3
ok
Mageipud: Modete B Mieimedcn
Pest Majeeler nsgnifiant insgrdiant oty dete Modene “
. o L [Manelaton . Mapripat; [Cssese [Modeteimges hisovirgac: [ pact: . i o Mapregate
E.on..__pnd,u Deciptn ortoample | et [Eiheandtia ”_,__H..Es_ ettt fimbdets fromes [P0 gl [P DerasiN0 Iu.“..xux Eanna “_Hn%_ [ TTSNT N PR FTARY — ) footbert | miots | i
Te el of Dy pen{ i L bomes  [tociyandies [mamerag [P Jodeur " haspotatalto [TF41° | ) ki ol dorael Jrergsoae [isdmte  facivtis Ll diy|
it hesvet pusteandtis |7 g ot oo P ateriae  [todytie i . P pes
T - idpnss i pod  Jquky ryet hazand bl
Apivns deradatin =
San 3 1 3 d E q E 0 I q 3 B 1 [ £ 3 3 1 3 H E 4 3 3 E 5 3 4
« 3 “ 3| 0 i 3 ) U 2| % 3 % 3 1 3 H u n ) # F u i 4 e
=__.:_w_mu.mw__w Ee 311 El i w i 7 m i 351 ] sl s 31 st I ) i i 154 | I 13 al n i o

46

Figure CC2. cont.



10
11

12

References

Water Facts - Worldwide Water Supply | ARWEC| CCAO | Area Offices | California-Great Basin |
Bureau of Reclamation. (n.d.). Retrieved March 8, 2023. [CrossRef]

Summary Progress Update 2021: SDG 6 — water and sanitation for all | UN-Water. (n.d.).
Retrieved December 3, 2022. [CrossRef]

Gleeson, T., Wada, Y., Bierkens, M. F. P., & van Beek, L. P. H. (2012). Water balance of global
aquifers revealed by groundwater footprint. Nature 2012 488:7410, 488(7410), 197-200.
[CrossRef]

Salman, S. M. A., & Bradlow, D. D. (2006). Regulatory Frameworks for Water Resources
Management : A Comparative Study. Regulatory Frameworks for Water Resources Management.
[CrossRef]

Kundzewicz, Z. W., Krysanova, V., Benestad, R. E., Hov, Piniewski, M., & Otto, I. M. (2018).
Uncertainty in climate change impacts on water resources. Environmental Science & Policy, 79, 1-
8. [CrossRef]

Gértner, N., Lindhe, A., & Wabhtra, J. (2022). Integrating Ecosystem Services into Risk
Assessments for Drinking Water Protection. Water (Switzerland), 8, 14. [CrossRef]

Keeler, B. L., Polasky, S., Brauman, K. A., Johnson, K. A., Finlay, J. C., O’Neille, A., Kovacs, K.,
& Dalzell, B. (2012). Linking water quality and well-being for improved assessment and valuation
of ecosystem services. Proceedings of the National Academy of Sciences of the United States of
America, 109(45), 18619-18624. [CrossRef]

Guerry, A. D., Polasky, S., Lubchenco, J., Chaplin-Kramer, R., Daily, G. C., Griffin, R,
Ruckelshaus, M., Bateman, I. J., Duraiappah, A., Elmqvist, T., Feldman, M. W., Folke, C.,
Hoekstra, J., Kareiva, P. M., Keeler, B. L., Li, S., McKenzie, E., Ouyang, Z., Reyers, B., ... Vira,
B. (2015). Natural capital and ecosystem services informing decisions: From promise to
practice. Proceedings of the National Academy of Sciences, 112(24), 7348-7355. [CrossRef]
Olander, L., Polasky, S., Kagan, J. S., Johnston, R. J., Wainger, L., Saah, D., Maguire, L., Boyd, J.,
& Yoskowitz, D. (2017). So you want your research to be relevant? Building the bridge between
ecosystem services research and practice. Ecosystem Services, 26, 170-182. [CrossRef]
Millennium Ecosystem Assessment. (n.d.). Retrieved December 1, 2022, from [CrossRef]

Home - The Economics of Ecosystems and Biodiversity. (n.d.). Retrieved December 1, 2022, from
[CrossRef]

Haines-Young, R., & Potschin-Young, M. B. (2018). Revision of the Common International
Classification for Ecosystem Services (CICES V5.1): A Policy Brief. One Ecosystem 3: E27108, 3,

e27108. [CrossRef]

47


https://www.usbr.gov/mp/arwec/water-facts-ww-water-sup.html
https://www.unwater.org/publications/summary-progress-update-2021-sdg-6-water-and-sanitation-all
https://doi.org/10.1038/nature11295
https://doi.org/10.1596/978-0-8213-6519-9
https://doi.org/10.1016/J.ENVSCI.2017.10.008
https://doi.org/10.3390/w14081180
https://doi.org/10.1073/PNAS.1215991109/SUPPL_FILE/PNAS.201215991SI.PDF
https://doi.org/10.1073/PNAS.1503751112
https://doi.org/10.1016/J.ECOSER.2017.06.003
https://millenniumassessment.org/en/Framework.html
https://teebweb.org/
https://doi.org/10.3897/ONEECO.3.E27108

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

Zhiyun, O., Tonggian, Z., Xiaoke, W., & Hong, M. (2004). Ecosystem services analyses and
valuation of China terrestrial surface water system. Acta Ecologica Sinica, 24(10), 2091-2099.
[CrossRef]

Singh, R. (n.d.). THE ECONOMICS OF ECOSYSTEMS AND BIODIVERSITY INDIA INITIATIVE
INTERIM REPORT WORKING DOCUMENT.

WHO. (2017). Guidelines for drinking-water quality, 4th edition, incorporating the 1st addendum.
[CrossRef]

Singh, A. K., Gupta, V. K., Sharma, B., Singla, B., Kaur, P., & Walia, G. (2015). What are we
drinking? Assessment of water quality in an urban city of Punjab, India. Journal of Family Medicine
and Primary Care, 4(4), 514. [CrossRef]

Maes, J., Liquete, C., Teller, A., Erhard, M., Paracchini, M. L., Barredo, J. I., Grizzetti, B., Cardoso,
A., Somma, F., Petersen, J. E., Meiner, A., Gelabert, E. R., Zal, N., Kristensen, P., Bastrup-Birk,
A., Biala, K., Piroddi, C., Egoh, B., Degeorges, P., Lavalle, C. (2016). An indicator framework for
assessing ecosystem services in support of the EU Biodiversity Strategy to 2020. Ecosystem
Services, 17, 14-23. [CrossRef]

Hérivaux, C., & Grémont, M. (2019). Valuing a diversity of ecosystem services: The way forward
to protect strategic groundwater resources for the future? Ecosystem Services, 35, 184-193.
[CrossRef]

ISO 31000:2018; Risk management: Guidelines. ISO: Geneva, Switzerland, 2018.

Hazard definition and classification review (Technical Report) | UNDRR. (n.d.). Retrieved
December 12, 2022. [CrossRef]

Handling of substances hazardous to water | BMUV. (n.d.). Retrieved February 28, 2023.
[CrossRef]

WHO Europe. (2022). A field guide to improving small drinking-water supplies: water safety
planning for rural communities. [CrossRef]

Davison, A., Howard, G., Stevens, M., Callan, P., Fewtrell, L., Deere, D., Barram, J., Water safety
plans: Managing drinking-water quality from catchment to consumer, WHO/SDE/WSH/05.06.
Geneva, Switzerland.

Bhave, N., Thorve, B., Patil, S., & Kulkarni, H. (2018). Hydrogeological study in four Forest
Ecosystem Services demonstration sites of Himachal Pradesh. [CrossRef]

File:Kangra in Himachal Pradesh (India).svg - Wikimedia Commons. (n.d.). Retrieved February
22, 2023. [CrossRef]

Kovacs, E. K., Kumar, C., Agarwal, C., Adams, W. M., Hope, R. A., & Vira, B. (2016). The politics
of negotiation and implementation: A reciprocal water access agreement in the Himalayan foothills,
India. Ecology and Society, 21(2). [CrossRef]

Dal lake | Dal Lake | World Lake Database - ILEC. (n.d.). Retrieved December 7, 2022. [CrossRef]

48


https://europepmc.org/article/cba/534955
http://www.who.int/water_sanitation_health/publications/drinking-water-quality-guidelines-4-including-1st-addendum/en/
https://doi.org/10.4103/2249-4863.174267
https://doi.org/10.1016/J.ECOSER.2015.10.023
https://doi.org/10.1016/J.ECOSER.2018.12.011
https://www.undrr.org/publication/hazard-definition-and-classification-review-technical-report
https://www.bmuv.de/en/topics/water-resources-waste/water-management/handling-of-substances-hazardous-to-water
http://www.euro.who.int/pubrequest
https://www.researchgate.net/publication/336580517_Hydrogeological_study_in_four_Forest_Ecosystem_Services_demonstration_sites_of_Himachal_Pradesh
https://commons.wikimedia.org/wiki/File:Kangra_in_Himachal_Pradesh_%28India%29.svg
https://doi.org/10.5751/ES-08462-210237
https://wldb.ilec.or.jp/Display/html/3555

28

29

30

31

32

33

34

35

36

37

38
39

40

41

42

43

Himalaya, K., Shabir, I., Khanday, A., Romshoo, S. A., Jehangir, A., Sahay, Arvind, & Chauhan,
Prakash. (n.d.). Environmetric and GIS techniques for hydrochemical characterization of the Dal
lake, Kashmir Himalaya, India. Stochastic Environmental Research and Risk Assessment, 32.
[CrossRef]

Maps of India - Office Location Map in India, Mapping Digiworld Pvt Ltd Location Map. (n.d.).
Retrieved February 22, 2023. [CrossRef]

Jammu and Kashmir District Map | Map, Kashmir map, Geography map. (n.d.). Retrieved February
22, 2023. [CrossRef]

Murtaza, K. O., Rather, A., Lateef, Z., Shah, V., & Kuchhay, N. (2015). Journal of Geography and
Regional Planning Geospatial mapping of Srinagar City. 8(6), 157-165. [CrossRef]

Dal Lake and the Floating market (Kashmir) — Travel with Ramanand. (n.d.). Retrieved February
22, 2023. [CrossRef]

Dal Lake - Drishti IAS. (n.d.). Retrieved February 14, 2023. [CrossRef]

Dal Lake: The Heart of Srinagar | Kashmirica. (n.d.). Retrieved December 7, 2022. [CrossRef]
Rather, I. A., Abdul, & Dar, Q. (2020). Assessing the impact of land use and land cover dynamics
on water quality of Dal Lake, NW Himalaya, India. Applied Water Science, 1, 3. [CrossRef]
Kumar, R., Parvaze, S., Huda, M. B., & Allaie, S. P. (2022). The changing water quality of lakes—
a case study of Dal Lake, Kashmir Valley. Environmental Monitoring and Assessment, 194(3).
[CrossRef]

Chowdary, V. M., Yatindranath, Kar, S., & Adiga, S. (2004). Modelling of non-point source
pollution in a watershed using remote sensing and GIS. Journal of the Indian Society of Remote
Sensing, 32(1), 59-73. [CrossRef]

Conservation of Dal Lake - Environment Notes. (n.d.). Retrieved April 13, 2023. [CrossRef]
Hoven, T. van den., & Kazner, Christian. (2009). TECHNEAU ; Safe drinking water from source
to tap - state-of-art and perspectives. [CrossRef]

Uniyal, A., Uniyal, S. K., & Rawat, G. S. (n.d.). Making ecosystem services approach operational:
Experiences from Dhauladhar Range, Western Himalaya. Ambio, 49. [CrossRef]

Assessment, U. E. N. C. for E. (2009). Sea level change, sea water intrusion, and coastal land
subsidence. Marine Geo-Hazards in China, 587-656. [CrossRef]

Kaandorp, V. P., Doornenbal, P. J., Kooi, H., Peter Broers, H., & de Louw, P. G. B. (2019).
Temperature buffering by groundwater in ecologically valuable lowland streams under current and
future climate conditions. Journal of Hydrology X, 3, 100031. [CrossRef]

Wani, M. H., Baba, S. H., Yousuf, S., Mir, S. A., & Shaheen, F. A. (2013). Economic valuation and
sustainability of Dal lake ecosystem in Jammu and Kashmir. Environmental Science and
Engineering, 0, 95-118. [CrossRef]

49


https://doi.org/10.1007/s00477-018-1581-6
https://www.mapsofindia.com/maps/india/office-location-india.html
https://in.pinterest.com/pin/587156870146100541/
http://www.academicjournals.org/JGRP
https://ramanand.in/2019/09/13/dal-lake-and-the-floating-market-kashmir/
https://www.drishtiias.com/daily-updates/daily-news-analysis/dal-lake
https://www.kashmirica.com/blog/dal-lake/
https://doi.org/10.1007/s13201-020-01300-5
https://doi.org/10.1007/s10661-022-09869-x
https://www.researchgate.net/publication/235945604_Modeling_the_non-point_source_pollution_load_in_an_urban_watershed_using_remote_sensing_and_GIS_a_case_study_of_Dal_Lake
https://prepp.in/news/e-492-conservation-of-dal-lake-environment-notes
https://books.google.se/books?hl=en&lr=&id=JxxImvr9GtYC&oi=fnd&pg=PA217&dq=TECHNEAU+database&ots=RsOPY0XVdK&sig=bxCHS4ulrPQO03RxAkD8Nea6Zwc&redir_esc=y#v=onepage&q=TECHNEAU%20database&f=false
https://doi.org/10.1007/s13280-020-01332-w
https://doi.org/10.1016/B978-0-12-812726-1.00014-0
https://doi.org/10.1016/J.HYDROA.2019.100031
https://doi.org/10.1007/978-3-642-36143-2_7

44

45

46

47

48

49

50

51

52

53

54

Fazal, S., & Amin, A. (2012). Hanjis Activities and Its Impact on Dal Lake and Its Environs (A
Case Study of Srinagar City, India). [CrossRef]

Hamdan, H. Z., & Houri, A. F. (2022). CO2 sequestration by propagation of the fast-growing Azolla
spp. Environmental Science and Pollution Research International, 29(12), 16912-16924.
[CrossRef]

Rather, Z. A., Sharma, P., & Dar, N. A. (2022). Macrophytes and their Nutrient content analysis- a
study of Dal Lake, Kashmir. Sustainability and Biodiversity Conservation, 1(1), 12-24. [CrossRef]
Local Life at Dal Lake, Kashmir, India Editorial Stock Photo - Image of heaven, famous: 78812803.
(n.d.). Retrieved March 14, 2023. [CrossRef]

Shah, S. A., & Islam, Md. S. (2021). Recreational benefits of wetlands: a survey on the Dal Lake
in Jammu and Kashmir of India. International Hospitality Review. [CrossRef]

Transeau, E. N. (1916). The Periodicity of Freshwater Algae. American Journal of Botany, 3(3),
121. [CrossRef]

Hussain, S., Farooz Ahmad Bhat, I., Mudasir Magsood, H., Sc, F., Masood ul Hassan Balkhi, I.,
Ishrat Majid, I., Mohd Najar, A., Correspondence Shafat Hussain, 1., Ahmad Bhat, F., ul Hassan
Balkhi, M., & Majid, 1. (2018). Present status of breeding biology of Schizothorax niger in Dal
Lake Kashmir. ~ 930 ~ Journal of Entomology and Zoology Studies, 6(6).

Khan, M. A. (2015). Dal lake of Kashmir: Problems, prospects and perspectives. International
Journal of Multidisciplinary Research and Development, 2(2), 462—4609.

Great Lakes Literacy, Principle Three — The Lakes influence local and regional weather and
climate - MSU Extension. (n.d.). Retrieved March 14, 2023. [CrossRef]

Srinagar Houseboat Fire, Dal Lake Accident: 11-Year-Old Girl Dies After Houseboat Catches Fire
In Srinagar’s Dal lake. (n.d.). Retrieved March 15, 2023. [CrossRef]

The ills that plague the Dal — Kashmir Reader. (n.d.). Retrieved March 15, 2023. [CrossRef]

50


https://www.researchgate.net/publication/283360246_Hanjis_Activities_and_Its_Impact_on_Dal_Lake_and_Its_Environs_A_Case_Study_of_Srinagar_City_India
https://doi.org/10.1007/S11356-021-16986-6
https://doi.org/10.5281/ZENODO.7112001
https://www.dreamstime.com/editorial-stock-photo-local-life-dal-lake-kashmir-india-woman-washing-clothes-boat-image78812803
https://doi.org/10.1108/IHR-03-2021-0018
https://doi.org/10.2307/2435203
https://www.canr.msu.edu/news/great_lakes_literacy_principle_three_the_lakes_influence_local_and_regional
https://www.ndtv.com/india-news/srinagar-houseboat-fire-dal-lake-accident-11-year-old-girl-dies-after-houseboat-catches-fire-in-srinagars-dal-lake-3014868
https://kashmirreader.com/2021/04/09/the-ills-that-plague-the-dal/

DEPARTMENT OF ARCHITECTURE AND CIVIL ENGINEERING
DIVISION OF INFRASTRUCTURE AND ENVIRONMENTAL ENGINEERING

CHALMERS UNIVERSITY OF TECHNOLOGY

Gothenburg, Sweden 2023
www.chalmers.se

CHALMERS

UNIVERSITY OF TECHNOLOGY

51



	1 Introduction
	1.1  Background
	1.2 Aim and objectives
	1.3 Structure of work
	1.4 Limitations

	2 Theoretical Background
	2.1  Eco system services
	2.2  ES-frameworks
	2.3  Water system services
	2.4  Risk management

	3 Case Study Sites
	3.1  Bohal Spring (GW source)
	3.2  The Dal Lake (SW source)

	4 Methodology
	4.1  Water system service assessment
	4.2  Risk assessment based on water system services
	4.2.1 Hazard identification
	4.2.2 Risk estimation
	4.2.3 Water protective measures for risk reduction


	5 Results
	5.1  Identified water system services list
	5.1.1 WSS list of Bohal Spring – GW source
	5.1.2 WSS list of  the Dal Lake – SW source

	5.2  Risk assessment
	5.2.1 Identified hazards
	5.2.1.1  Identified hazards for the Bohal Spring – GW source
	5.2.1.2 Identified hazards for the Dal Lake – SW source

	5.2.2 Risk estimation
	5.2.2.1 Risk assessment matrix for the Bohal Spring
	5.2.2.2 Risk assessment matrix for the Dal Lake


	5.3 Risk reduction / control
	5.3.1 Water protective measures
	5.3.1.1 Water protective measures identified for the Bohal Spring
	5.3.1.2 Water protective measures identified for the Dal Lake



	6 Discussion
	6.1 Insights from WSS list application to case study sites
	6.2 On linking WSS list to risk assessment of drinking water

	7 Conclusions and Recommendations
	8 Appendix
	8.1 Appendix A – Water System Service list
	8.2 Appendix B – Hazard identification
	8.3 Appendix C – Risk Estimation

	9 References

