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Chennai, a typically large city in south India, with a growing population faces
climate change related serious threats to the already growing water scarcity. The aims of
this study were: to describe climatic variations, to analyse the supply- and demand-side
policies and adaptation strategies and to provide recommendations based on this analysis.

Mixed- method and accidental sampling method were used for data collection.
The data show that, even with 700mm and 1100mm of annual rainfall, Chennai still has
water shortages. The water demand is 900 ml/d for the urban domestic sector
(households), while there is only 700 to 730 ml/d supplied. The survey results implied
that an increase in water use efficiency is much needed. Although, Chennai has 100%
pipe connections, water supply is intermittent. Eighty-seven percent (87%) of
respondents reported concerns about sporadic supply, low quality and poor service.
Respondents notified that purchase water for drinking and cooking adds to their
household expense, and is on average 2% of their salary. The water price is 6 to 10 paisa
per litre (for usage over 10KL), at an incremental rate. This raises major concerns
regarding the fair pricing of water, as 821/d is the per capita use.

The study concludes that Chennai has a potential water crisis due to climatic
extremes and persistent insecurities. Respondent households have reported quality and
service related issues. Demand management through conservation efficiency needs to be
enhanced. There is need to enhance control of project management, with planning and
implementations, as there are many project failures on record. The policies and programs
need strengthening in order to manage supply.

The adaptation programs recommended for Chennai are the 3 R’s (reduce, reuse
and recycle), training and workshops, inventory of resources, and surveys of actual use
(households). The major policies include efforts to rework and renovate water tanks,
ponds and traditional tanks, and improve quality through monitoring stations and simple
measures for implementation of Rainwater harvesting (RWH), or Artificial Recharge
(AR). In addition, the strategy of using closed conduits to convey water to households,
the rehabilitation of traditional tanks, and selective supply hours on several days of the
month will improve conservation and improve water security in Chennai.



CHAPTERS
1. INTRODUCTION

1.1. Water: An Invaluable Source

The shortage of clean water is a threat to global water security and a cause for
concern in many urban cities. Urban regions are likely to suffer shortage due to their
geographical locations, growing population and conflicting water demands. Unmet
expectations, poor policy management, increasing demands, migration and
overexploitation are the major cause of water security concerns in urban
communities (European Commission, 2013). To compound the effects, climate change
related water crises impact the society, environment and economy. The impacts of
climate change on water resources are more profoundly felt due to the vitality of these
resources for human survival. Extreme climatic change renders water security concerns
more complex, and necessitates immediate actions to manage resources.

Actions required for urban cities need to focus upon resource scarcity and
socioeconomic concerns along with steps to proactively manage and sustain water
resources. Improved water management techniques and planning are required, now and in
the future (European Commission, 2013). The Global Water Partnership (GWP), a major
think tank for environmental issues, adaptation, mitigation and management, indicates the
impacts of climate change worsening. The focus of think tanks such as the UN, GWP,
and IWA in drought prone regions is on mitigation. However, most urban regions must
actively plan mitigation as well as adaptation simultaneously.

Ironically, while water resources are abundant, freshwater resources are
inadequate to meet the demands of the 7.2 billion people on the earth. While seawater
is abundantly available its saline content makes it impossible to use for drinking purposes,
unless desalinated. Only about 2.5 percent of the 1.4 billion cu km of water available on
the earth is fresh (2.5 % of the total available water resources) and fit for consumption.
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Figure 1 shows the bigger picture of the total water content of the globe, the total
freshwater content, and the percent of accessible freshwater. Surface water sources make
up 0.4%, groundwater sources make up about 25.6%, and ice caps/ glaciers make up 74%
of the total available freshwater content of 2.5%.

The total amount of water measured in 2003 was about 1.4 billion cu km, while
the total content of renewable water is about 41,000 cu km every year (Kumar,
2003; Rola, 2004; Johnson, 2006; GWP, 2008; (Intergovernmental Panel on Climate
Change (IPCC) 2008); GWP, 2009; Gleick, 2010) (See Appendix I for Charts). The
global populace check indicates that the current population is 7.24 billion, and increasing
daily. This implies an increase in water demand. Water scarcity is often the consequence
of increased population, over extraction, waste and high consumption.

Water Crisis: The water crisis can be looked at as water stress or shortage due to
climate change, pollution, governance or population growth (Iglesias, 2010). The water
crisis is also defined as a situation in which security of supply is compromised due to
shortage, drought or flood events etc. (Mileham, 2010). The water resource crisis is then
related to availability, affordability, allocation, and access. These factors are influenced
by droughts, floods and supply- demand policies (IWA & WWC, 2012).

Furthermore, scarcity also indicates a gap in the supply and demand of water
(World Water Council, 2005). Das (2007) concurs that stress and shortage can be
measured by an increased dependence on alternative water sources of supply or through
interstate water imports. Water stress indicators, as per the United Nations Assessment,
are denoted as the ratio of withdrawal to the availability (World Water Council, 2006).
Most countries have similar water stress levels, and the WWC signposts that a country
with 40% use or withdrawal will be water stressed (World Water Council, 2005). The
author however did not indicate if 40% use is cumulative or annual. Cumulative or
otherwise, 40% remains a large amount that can potentially cause insecurity.



Despite technological and funding enhancements, the strategies to improve supply
have not successfully helped in creating security. European countries, for example, with
all their technologies and policy enhancements are still vulnerable and require new
strategies to adapt to climate change (IWA and WWC, 2012). Successful adaptation
methods require both supply enhancements and demand related conservation practices. A
good example is droughts in Spain; the region needed further changes in use efficiency
and conservation management, with household contributions to effect positive alterations.
This reflected conservation during drought seasons [Mileham, 2010, Iglesias, 2010].

Another vulnerable region requiring proper adaptation strategies is California.
California has several enhancements and many desalination and hydro projects in place.
However, there is still discontent with regards to water. Droughts impact california in a
major way. There are a number of policies (car wash, lawn watering and expending water
for luxury purposes) that reflect water stress during drought seasons (EPA, 2012).

Policy schemes for droughts and floods require vulnerability and adaptation
action (V & A) (Mariappan, 2013; Mildhem, 2010; Nathan, 1998; Liu.L, 2007). Thus,
these examples appropriately illustrate that the impact of climate change is felt
everywhere, with no region being fully secure despite policy enhancements or
technologies. The impact of reduced water availability is felt through stress and shortage
that subtly alters the environment, social lifestyle, economical condition, entrenched
poverty and ecological balance. Variations in climate can cause droughts and floods that
in turn cause stress and scarcity or pollute water to reduce quality.

Over-extraction of water resources, especially, ground source creates water stress,
and eventually the situation will demand more supply, with need for alternative source
options. As ground and surface water resources are easily accessible either through wells
and pumps or directly, contamination and consumption of unmetered amounts is
convenient (Intergovernmental Panel on Climate Change (IPCC) 2008). This would mean
scarcity and stress related demand would push over-extraction and the effects would be
compounded by climate change. Thus, with the available sources, it is necessary to
increase water security and to adapt to climate change extremes.

1.2. Water Security and Climate Change

The water supply system in any location is intricately linked to the water cycle,
which is the balance of precipitation, temperatures and evaporation level (Iglesias, 2010).
Iglesias, (2010) indicates that a water crisis situation arises due to major water
insecurities. Water security is the availability, accessibility, affordability and allocation of
sufficient good and clean water for people. Climate change causes acute imbalances in
water resources both on land and at sea.

The temperatures on land and sea maintain the delicate balance of precipitation
and evaporation of water. Often times, stress and scarcity are by-products of floods and
droughts. Property, environment and human lives are lost due to extreme flood events.
According to the EPA (2012) warmer temperatures increase evaporation rates while
drying certain parts and effecting increases in precipitation in other regions. This is also
indicated in the report by IPCC (2008).



The global increase in temperature (this decade) is 0.5 degrees higher than the
average warming between the years 1960 and 1990. The EPA (2012) marks a rapid
increase in temperatures up until the year 2000, as established by the four major climate-
change-monitoring institutions. The temperature records are based on the average spatial
differences among stations. Temperature changes can impact rainfall and sea
temperatures, effecting increase in droughts or floods.

Temperature rise also denotes an increase in surface or soil water evaporation (i.e.
reducing surface resources). This increases demand for water to support population.
Hence, temperature and precipitation changes increase rainwater during storms or
cyclones. The evaporation may increase, but it does not denote surge in rains equally over
all regions. Thus, this demonstrates that the water cycle is distorted and uneven to a
certain extent (IPCC, 1997) (Intergovernmental Panel on Climate Change (IPCC) , 2008).
This is called climate related water crisis.

1.2.1. Understanding Climate Change and Adaptation

Change in climate is constant, and the intensity of impacts is measured depending
upon the physical- geography and the topography of the region. The reason that climate
needs to be studied is to identify alternations in the natural system and the alterations in
the chemical compositions of atmosphere due to Greenhouse Gases (GHG). The
influence of GHG, chemical factors etc., create uncertainties that show amplified effects
on climate. These concepts led to the discovery of global warming.
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Figure 2 indicates the global temperatures for 2 billion years and up until 2000.
The increase in temperature is not constant during Triassic or Jurassic periods and the
highest is in the current period (the last 10,000 years). If there is further climb in
temperatures there will be changes in the environment, especially the water resources.
Hence, temperature change can play a large role in warming and reduction of water



resources due to increased evaporation. Increase in evaporation does not denote equally
distributed rains; it can rain in regions adjacent or the winds can carry it further away.

The temperature increase dictates an increase in the rate of evaporation, varying
over time and physiography. The IPCC also predicts an increase in future temperatures of
less than 3 degrees Celsius when compared to the 1990 levels, thereby increasing rains
and runoffs. The runoffs increase due to precipitation and the infiltration decreases with
the duration, intensity and frequency of rainfall (IPCC, 1997). The combination of
rainfall and the evapotranspiration, i.e. the sum of evaporation and plant transpiration
from surface, defines the level of water availability in the ground.

1.2.2. Defining Floods and Droughts

Droughts' are defined as the absence of precipitation over a period of time (IPCC,
2007). For example, Yemen has rainfall below 100 mm per year and NW Rajasthan
rainfall is below 50 mm. But many regions also face droughts due to overuse, uneven
distribution and excessive demand increase, while having a good level of rainfall and
reasonable temperatures (IPCC, 2007). Onsets of droughts are often very slow and, it is
hard to understand the cycle.

Droughts are otherwise called scarcity of water supply. It is a complex physical
and social spread of water shortage. Drought has no perfect definition, it can be defined
as a shortage of water due to various factors affecting the supply system, i.e., atmospheric,
meteorological, social etc. It is a differential phenomenon often affecting areas of one
state differently. They do occur with prior warnings or signs, as it is slow but intensifies
with time, unlike floods. Drought is often a product of mass events within the
environment, without a defined start or an end.

Floods are defined as the overflow of local water bodies or increased water flow
on a large scale during heavy rains, usually damaging the locality and the environment in
the process. A good example is the NE Kolkata floods that happen due to overflowing
river tributaries. Different reactions to climate change all amounts to a crisis situation and
impact water security (Treut & Somerville, 2007). Likewise several regions of South East
Asia and South Asia have experienced dreadful floods.

1.2.3. Impacts of Extreme Climate

South Asia is endowed with vast amounts of water resources, but due to the
changes in spatial and temporal factors this is gradually dwindling. In South Asia, about
60% of the land area is used for agriculture and over 50% of these areas are irrigated,
water resources are drawn in high amounts (Anand, 2007). At present, there are countries
in South Asian that face water scarcities (with 200mm of rain), amplifying water
insecurity. This signifies future water shortages at an acute level. Hence, climate change
can produce a cascade of problems at multiple segments of the environment, society or
economy of a country (Anand, 2007).

! (See Appendix I for types of droughts and floods).



The impacts in some regions are harmful and others beneficial. According to the
UNICEF report the temporal variability is high and this is well debated, discussed and
proven by the GWP, IPCC and UN. For example Assam in India receives 450 inches of
annual rainfall, if all of the rains were divided equally then there would be well over 5000
m3 of water available sources to meet demands per capita (UN, 2009). However, the
spread of precipitation is differential and spatial, often times uneven.

Sea level rise is often the case where water flooding and heavy rainfall occurs.
The increased mean sea level by about 1.75mm each year between the years 1950 and
2000 induces the retreat of glaciers, reduction of water flows during dry seasons,
decreases in rainfall, and increases in oceanic temperatures (NASA, 2000). Trapped solar
energy drives the hydrological cycle; hence, it intensifies the cycle, the rainfall and the
extreme events. Sea level rise is widely discussed, and also is a concern for many coastal
cities and islands such as San Francisco, Manila, Chennai, Pondicherry, Taiwan, Islands
of Indonesia etc.

A range of published evidence indicates that the damage caused by droughts and
floods is likely to take a negative turn over time, and being prepared is imperative for
sustaining resources and human survival (BBC Network Report, 2011/ 2010; Asian
Development Bank, 2003; Balgis, 2010; IPCC, 1997).

Table 1 Impacts of Climate Change Worldwide

North America | Reduced snow in the West

Increased frequency and intensity of heat waves in cities

Reduced yield of rain fed crops - only up to 20% yield

Latin America | Replacement of tropical forest by Savannah in Eastern Amazonia

Significant biodiversity loss through extinction

Changes in water availability for utilization - low availability

Europe Frequent flooding of inland and coastal regions - Increase in flash floods

Sea level rise

Glacial melts in mountainous regions

Reduced snow cover

Loss of biodiversity

Africa Water stress will impact 75 to 250 million by 2020

Reduced yield of rain fed crops/ agricultural produce by up to 50%

Overall reduction of agricultural production and access to food

Asia Major reduction in freshwater availability - projected to decline all over Asia by 2050

Increased coastal flooding - during monsoons and storms

Increased death and disease - related to droughts and floods

Increase in drying / droughts - increase in drying index percent

Source: Compiled from IPCC, 2009

Table 1 indicates that Africa and Asia are the Regions most likely affected by
droughts. Researches indicate that there may be 50 million refugees by 2020, hit and
affected by severe droughts in South Africa (IPCC, 2009). On the other hand socio
economic droughts are on the rise in both regions, adding to the pre-existent stress.



On the other hand, floods are predicted to worsen. For example, Bangladesh may
experience 5 % increase in floods by the next decade. Table 1 indicates that Asia and
Africa may experience increase in coastal flooding during cyclones, storms or monsoons.

Droughts, floods, and sea level rise are the major outcomes relevant to this study.
These are major outcomes of extreme climate that most often result in loss of property,
death, insecurity and environmental degradation. The only means to combat this is
adaptation and mitigation. Adaptation is the key to being prepared for climatic extremes.

1.2.4. Overview of Adaptation

Adaptation planning have been achieved in water system planning and
management, and yet there are many cases where water management for flood and
drought, protection of drinking water and sanitation are inadequate to meet demand (IWA
& WWC, 2012). According to the World Water Congress the only solution to water
management is quick and proactive action that can secure sources and sustain them. To
secure sources, policy interventions must handle pollution, increased population, climate
change and misgoverned systems (IWA & WWC, 2012). A good approach to manage
resources will enable security and efficiently administer policy responses to future
climatic extremes.

According to the EPA, (2012) each region must have a strategic plan in order to
implement mitigation and adaptation programs. A variety of adaptation strategies were
used to control water stress and manage water in Europe, the US and other regions of the
globe. Demand, through conservation, management, and utility, and service management
are the major strategies used by several researchers as examples of successful adaptation
strategies. The corresponding list of researches include: Amell, (2004); Bakker & Allen,
(2012); Balgis, (2010); Iglesias, (2010); Cook C. B., (2012); EPA- SDWA, (2012);
European Commission, (2013); GWP, (2008); Government of South Africa, (2013).
These studies signify that the demand management requires efficient supply for regions
without supply source. The technology has improved the level of supply, alternate source
and quality of water.

The major approach in recent implementations across US, EU, Asia etc., that is
gaining force is the IWRM approach. While there is no specific definition for IWRM, the
approach is self-explanatory, as it integrates the policy interventions for security,
governance and inter-sectoral benefits to mainly improve supply and demand (IWA &
WWC, 2012). Water management in Asia is political and sensitive, and requires
institution specific outreach. Communication, knowledge spread and specific media are
important and relevant at various spatial scales of the policy process.

Current GWP research indicates that multiple sectors and multilateral approaches
are integrated for attaining success in development and implementation of policies for the
water environment (GWP, 2011), IWA & WWC, 2012). The major problems affecting
Asia are water shortages, inefficient use, inadequate quality and sanitation, water-logging,
saline intrusions, lack of use- efficiency, inadequate maintenance, lack of zoning, lack of
training and pollution through waste, chemicals etc., (Iglesias, 2010). Hence, in order to
manage water during and after floods or droughts and improve water security, adaptation
and mitigation are vital.



Policy Adaptation: Given these problems, water policy changes are essential for
management and enforcements, they act like a buffer system, maintaining a balance and
managing resources while aiming to cause positive changes towards security. A policy
implemented will have varied responses according to the level of enforcement or the
level of commitment to find solutions. The solutions must include societal participation
and adaptation of policy.

Adaptation is a slow process. The strength of the policy depends on enforcements
and local acceptability, and level of adaptation. The government can enforce policy but in
a democratic country, with corruption it becomes harder to understand if policy
acceptance will be successful. In a country like India, the water use policy has drawn
more attention but the policies are weakened due to low positive response (Lakshmi &
Ramalingam, 2012) (Srinivasan V., 2008). The society’s response is crucial for a policy
decision towards a goal for it to achieve success. Hence, social acceptance, awareness
and education are elements that are vital for the study of community response. For
example, in California when there is drought, watering lawns is prohibited unless they
have sprinkler systems in place, and the timings for use are also specified (EPA, 2012)
(CA. Gov, 2008). The “polluter pays” policy makes for an effective reinforcement, in this
case. Not everyone adopted the policy instantly but it is re-enforced a number of times
with fines, so that most communities have sprinkler systems installed in California.
Hence, re-enforcement of policy will enable policy success. Every policy change affects
positive changes within the community and the environment depending on how well it is
accepted and re-enforced by the administrative bodies.

Mainstreaming adaptation incorporates calculated adaptation planning,
institutional change, investment in data collection, newer technologies and modifications
of present infrastructures, and more consideration to disaster preparedness and hazard
management.

Water Management: There are three sides to water management, water
administration and utility management, and supply and demand side management.

Certain administrative programs for adaptation include upgrading customer
advisories (for the user), improving utility measures, reducing water loss, surveying and
provisioning effectual informatics, practical approach and goal setting for future
management, enhancing education and creating awareness, improving local participation
and managing grievances and feedback (GWP, 2011). Ground water extraction, pricing,
fines within the regulatory system, staff regulations, and code of conduct for the public
and administrative boards make up the major policies within the administrative system
for utility management.

The supply side policies, programs, and projects incorporate enhancement and
renovation of supply infrastructures, maintenance of quality and amendment of policies
to include strategies i.e., allocation, zoning, source maintenance, quality control etc.
Major distribution related adaptation strategies are: inspect and renovate pipelines,
maintain valves and sumps, improve service for setup of RWH and AR equipment,
renovate supply infrastructures (including dams and canals), install and maintain transfer
conduits and increase supply through desalination plants.



The demand side includes all the policies, programs, and projects to improve the
demand related technologies and policies, i.e., conservation, pricing, pipelines and
metering etc. (SOPAC, 2013).

The water resource management is like any other management system; it is often
flawed and failing. A few of the above mentioned studies indicate that water management
systems in the respective countries require change and re-enforcement. Likewise India,
China and South Africa are in the midst of introducing new technologies, administrative
measures and conservation techniques in order to improve their adaptability.
Administrators use strategies to create and implement policies to manage water to create
security and adapt to stress factors.

Although, there is need to meet the requirements of demand on the water table, it
is equally essential to consider the overall aspect, people, environment, economic
conditions and climate. Consideration given to the impacts of climate on water security
and on the environmental sustainability is vital while planning for adaptation (GWP,
2011), (UN-Water, 2006). Thus, the overall supply-demand management establish
foundation for adaptation societal response. It depends on the strength of supply demand
policies and how they are enforced. Hence, supply-demand management does have a
great impact on adaptation policy success.

1.3. Water Supply and Demand System and Management

Supply System and Management: Water supply network is a system of planned
hydrologic and hydraulic components providing supply to users. Water supply network
consists of raw water, purification, pressurizing elements, storage, distribution networks,
sewer mains, drainage system and other infrastructures (UNEP, 2012). Water abstraction
and raw water transportation is done from surface sources or ground water sources. The
water is transferred from lakes to storage facilities (reservoirs, dams, water towers, tanks,
pressure vessels, residential water storage) and then purified to remove pollutants.

Most distribution systems are zoned for management purposes. The major factors
determining the zones are hydraulics, water purification and measurement of quality
upstream, population density and historical divisions. Pipe networks distribute water to
houses, commercial establishments and institutions. Most Asian communities now
operate a stand—alone distribution system (UNEP, 2012). Policies, programs and projects
are used to manage and maintain the supply system, including abstraction, treatment, and
distribution networks.

Quality Management: Quality management is vital to prevent disease and
chemical poisoning in humans. The WHO is an agency of the UN that works to provide
medical assistance and improve environmental heath (specifically relevant to this
research: quality of water resources) (UNEP, 2012). The main function in water quality
management is the setting of standards, which will be made by the government. The
quality standards of an abstracted source are with respect to local needs, international
standards and the potential use. The major WHO guiding principles for management of
water quality and pollution are: 1) Prevent pollution rather than treating symptoms of
pollution, 2) Precautionary principle for clean water, 3) Polluter-pays principle, 4) Set



realistic standards and regulations, 5) Balance economic and regulatory instruments, 6)
Establish mechanisms for cross-sectoral integration, 7) Encourage participatory approach,
and 8) Open access to information on water pollution. WHO or EPA standards are the
main measure against which water is treated and measured. EPA has several regulatory
and policy guidelines, the quality standards include treatment and clarification and
pollution control of drinking water. Usual components of water treatment consist of
physical, bacteriological and inorganic material i.e., clarification, percolation,
disinfection/ cleansing of organic matter. Water treatment is maintenance of a level of
quality good for human consumption. Pressure system is used to transfer water up a
pump for treatment or distribution.

Distribution Management: The United Nations Report on Integrated Approach
for Water Resource Management (2012) indicates that efficient distribution management
includes quality, distribution and usage management. Monitoring solutions to manage
water quality is through monitoring turbidity, pH, electrical conductance, dissolved O2
and other measures (UNEP, 2012). Quality monitoring requires evaluation of properties
and infrastructures such as dams, rivers, lakes etc. Metering, chemical and bacteriological
quality monitoring, GIS and remote sensing are major devices used. Monitoring
distribution system includes flow, pressure, leakage detection, and water levels. Usage
monitoring includes meter reading, control of gardens and pressure. Household and
residential complexes have individual meters, quality testing, and control of valves and
pipelines.

Major aspects of supply, quality and distribution management relevant to this
research, are pipelines, metering and pressure gauge assessments, quality testing
(physical, chemical and bacteriological), use monitoring, and evaluation of distribution
networks.

Demand System and Management: Demand management is management of
total abstracted water from source using measures to reduce waste and improve efficient
use. Elements of demand management include tariffs, retrofitting, awareness and
education, consumption and extraction, reuse, local and national policy change,
infrastructures, conservation and pricing, technologies, and customer advisory.

Consumption and Extraction: The UN-Water, (2006) projects lower availability
of renewable sources for urban populations around the world. Demand for water is an
important factor that is influenced by the increased population growth.

Population growth is the major source of concern, as it brings about increase in
water withdrawal and consumption. The global water demand differs for each region and
by sectoral usage, scale of usage and population (Norman et. al., 2010). The current
global population stands at 7,101,636,805 and the total amount of water consumed this
year is 836,680 billion litres as on March 3™ 2013 (Worldometer, 2013). The world
population increased to 2.8 billion in 1955, then to 5.3 in 1990, today it is at 7.1 billion
and the future projection is set to be about 9.1 billion (Kumar, 2003, Worldometer, 2013).
The global population growth is 80 million per year. The level of water consumption
varies every year due to changes in lifestyle, production of biofuel, energy demands,
increasing population demand, sanitary and health requirements. The demand for water,
according to Worldometer (2013) is estimated to be about 64 billion cu meters every year
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(1 cu m = 1,0001). This increase in water demand is attributed to the increasing
population across the globe, especially in urban centres of the world (Norman et. al.,
2010). Thus, an increase in population and lifestyle change equals the increase in demand.
Water consumption is influenced by water availability, which in turn depends on climate
change.

Demand is measured by the total consumption. Both extraction and consumption
are not the same, extraction is the total water abstracted from source and consumption is
the actual use. The actual use does not include water losses or evaporation. For example:
India, MENA, Middle East, South America, Mexico etc., all have less than 1000 cu.m
(m3) per person per year (p.p p.yr), which means that the average each person can
consume 1000 cu m (m3) per year, while withdrawals are much more than 1000 cu m per
year per person.

Relevant to this research, India has net groundwater level of about 396 b cm and
development is about 61%. India uses less than 500 cu m (p.p p.yr) while abstracting
more than 600 to 700 cu m (UN Water, 2006). This goes to show that the actual use is not
equal to actual withdrawal, either the extracted water is in storage or contaminated or lost
during transport. Within households withdrawal is in excess. The exact amount consumed
by households is always a little more than they require. There is also a certain percentage
of wastage during water extraction. A certain percentage of the wastewater returns to the
source or soil through natural or manmade mechanisms such as pipes and drains. The
extra water is not always wasted, households store water for the rest of the week.

1.3.1. Rain Water Harvesting

The rainwater harvesting (RWH) technique is an old form of water harvesting and
storing for immediate requirements of a household. The Figure 3 indicates how a
rainwater harvesting installation is done for a single unit. The same can be modified for
more than one unit of houses in a row or as an apartment block.

LI
LI |

Figure 3 Simple Rain Water Harvesting Structures
Source:http://www.medindia.net/news/Interviews/Rain-Water-Harvesting-35311-1.htm

This is the simplest form of RWH used in many Asian countries at present, as
shown in Figure 3. RWH allows conservation, storage of water while reducing water
runoffs into the sea. Most Asian countries have a problem of extensive run off while the
population is thirsty for water resources. RWH effectively provides a solution for this
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problem. Rainwater is the vital supply of water and, hence harvesting rainwater is a very
effective supply-demand strategy.

1.3.2. Desalination Technology

Desalination is becoming one of the major options to resolving water scarcity in
coastal cities with severe water stress. Desalination is the process of extracting potable
water from existing seawater or from brackish water (James, 1974). There are currently
13869 desalination plants around the globe (UN 2009). Of those, about 59% are run on
‘Reverse Osmosis’ (RO) process, which is said to provide about 9790 MG/D of water.
Other technologies used include MSF, MED, ED, and other (Hybrids), which
respectively supply 27%, 9%, 4% and 1% of global water (Krishna, 1989). It is now the
most efficient and effective method of providing water to cities that lack resources or
cannot rely on the existent ones.

Urban cities require an alternate source due to increased dependence on ground
water and imported sources. Cities that have experienced aquifer drops between 10 to 50
meters include Mexico City, Bangkok, Manila, Beijing, Shanghai and Chennai (UN,
2009). This indicates that alternate sources are necessary for urban cities to quench their
thirst. The major drawback in implementing desalination is cost; for example a 485
million-litre plant and equipment will cost between USD 1.5 and 1.8 billion. However,
overlooking costs, a 100mld plant can provide minimal amounts of water to over 1
million households. Thus, desalination is a possible infrastructural improvement to the
supply-demand management strategies.

1.3.3. Conservation: Pricing and practices

Water suppliers have many options for pricing supply allocation. Consumption
can be metered or unmetered; especially in Asia unmetered, non-revenue water
consumption is high. Most suppliers use a flat rate, often monthly, for piped water supply.
Generally, flat rates are zero marginal pricing. This happens when monthly charges for
consumption are not linked to actual consumption; households can use resources until
their own fringe benefits of consumption become zero. However flat rates do not provide
incentives for conservation. Subsidising prices for water also does not help in water
saving. Water savings improve with metered consumption. Regions like Washington D.C.
have reported saving with metered billing. If use is metered, suppliers can charge
differently based on revenue and water saving options. Under constant pricing all levels
of consumption are charged the same unit price.

Sophisticated pricing structures include seasonal and block pricing. Increasing
block pricing usually is related to the quantity consumed. When higher quantities are
consumed the marginal price increases and this results in lower consumption (and more
water conservation). Decreasing block pricing (opposite of increasing block pricing) does
not generate a positive trade-off but is used for industrial bulk supply. Decreasing block
pricing usually has negative consequences in the long run as use will drive prices lower
while increasing water use. The economic cost of block pricing can be severe. Seasonal
pricing is used as an economic instrument to generate revenue and improve savings. In
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the summer months water demand peaks and hence prices are higher, and in the winter
months the demand is at the lowest and so are the prices. The opportunity cost of water
consumption is higher. With metering the prices produce effective saving and efficiently
collect revenue for actual consumption based on demand.

Price structures also affect a household’s ability to gain access to water. If prices
are high, chances are that people under the poverty line do not get access to clean water.
The UN and FAO, (2007) indicated that “one in three people face water shortage”. To
conserve water and improve water saving, GWP (2009) research indicates that water
security can be achieved through provision of water at an affordable cost. Households at
every economic level need to be able to access water and pricing structures can assist in
that. Most Asian countries do not charge an incremental rate per consumption, they
subsidise costs and charge an incremental rate only after a certain level of consumption is
achieved. This pricing system makes water affordable (basic requirements about 15KL of
water per household per every billing cycle as in Indian water pricing), but for aesthetics
and luxury, the charge is higher.

1.3.4. Education and Policy Goal Setting

Setting national and state level goals for water security is an important feature that
can be a guideline for water users, policy makers and other stakeholders.

The Millennium Development Goals address several water scarcity problems, and
have set standards for achievement to increase accessibility, equitability, increase quality
etc., which are yet to be achieved (UNICEF & WHO, 2000). The MDG’s list and priority
indicates that there are several levels of droughts, as some societies face more stress due
to scarcity than do others.

In the report by UN (2007), the author suggests that education is a major issue
that today’s communities face. Many urban communities do not understand the impacts
of climate change and the required actions from every household needed amplify the
positive effects of adaptation strategies (IWA and WWC, 2012) (Olmos, 2001). Several
studies by the SOPAC and the UN have stressed the fact that education will allow easier
communication, efficient policy goal setting and smoother adaptation for a community
(SOPAC, 2013; UN - Water Final Report, n.d; UN - Special Summit on Water, 2012).

The UN (2007) describes several levels of scarcity that are absolute, life
threatening, seasonal, on- going, cyclical and temporary. The causal effect that these have
on the society and environment is very apparent, and can be addressed by carefully
planning adaptation. Organizations such as WHO, UN or GWP have come up with
adaptation strategies while conventions such as RIO or Rio + 20, or the Copenhagen
conventions, have also contributed by creating a focus path by setting specific goals for
various countries to follow. This has helped countries work towards a goal without
deviations, but the outcome is related to the like-mindedness of political and policy
leaders in acting towards these goals. Governance is therefore an equally important
aspect in driving climate change adaptation efficiently.

1.4. Urban Water Governance and Leadership
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Urban water governance in Asian cities such as Manila, Yangon, Colombo, or
Chennai, is becoming tougher due to increasing insecurity of supply. Governance is the
process and the institutions through which decisions are made (Heiland, 2009). These
processes include the range of political, organizational and administrative functions used
to implement decisions, and the fact that decision makers are held accountable. The
elements of water governance approach for example in the Fiji islands is based on a
building block concept, which includes: consultation, policy, legislation, awareness,
planning, expertise, information, organization, and responsibility. As governance is
complex and customised for various regions, each of the elements requires proper
understanding to make good decisions based on the political and institutional footing of
policy options, in order for these to benefit the economy, environment and society.

Altering policies and managing the structure of an organization is time consuming
and dependent on political power and leadership, opportunities and in this case capacity
to govern water. The capacity to govern reflects the level of competence within the
society and the ability to implement effective water policies, laws, institutions,
regulations and compliance. Without good and clear policy, it is difficult to develop
coherent rules and regulations. Without a clear legal structure, it is difficult to operate
institutions on compliance and enforcement.

Good governance provides effective water management strategies. Governance
does not have a set pattern of a guidebook to follow, it is about achieving a balance
within the system with both strengths and weaknesses are looked at and reformed, where
necessary (Heiland, 2009). The scope of governance includes the five elements of policy,
legislation, coordination, organization and information (Heiland, 2009). These key
elements identify developments in other elements such as planning, expertise, awareness
and responsibility. A coordination committee reviews and advises the government on
managing water resources and policy to improve or develop new water policies in most
cases (IWA and WWC, 2012). The water policies include the ownership and water rights,
which will improve management and organization efficiency. Clearly defined ownership
allows pricing, distribution, information sharing and training, in an efficient manner. The
organization indicates the structure of management and the role of government in
managing and allocating resources (Heiland, 2009). To manage and allocate resources,
supply, demand and quality management are very important as they incorporate the
majority of the water insecurities.

1.5. Methods of Study

Context: This study focused on understanding the current supply-demand
situation, policies and programs to evaluate if Chennai is currently water secure and
climate ready. This will add value to the already existent research and also provide policy
makers with the unique views of the local residents within water stressed regions for
future policy implementation.

This research identifies climatic variations in Chennai (past and present), while
examining the local supply and demand status to understand if Chennai is able to adapt
smoothly and handle water crisis through implementation of new policies, enforcements
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of existing policies, management of supply and demand, satisfaction among people and
good governance. The research encompasses investigation of stress, security and
potential changes in population, climate, governance and quality of sources.

1.5.1. Research Problem

Is Chennai’s water management climate ready? More specifically, are water
policy, programs and projects able to promote water security in Chennai given the threats
of climate change?

The following questions help answer the above research problem:

1. What are the climatic variations found in Chennai (within the last century)?

2. What are the major water supply and demand policies and adaptation strategies that
aim to promote water security?

1.5.2. Objectives of the Study

Key objectives: The following are the list of objectives that are required to
complete the study:

1) Identify and describe the climatic trends (for the last century, as decadal climate change
indicates a general trend of droughts and floods) and identify any future projections.

2) Analyze the policy interventions and adaptation strategies within a supply- demand
continuum to promote water security in the light of climatic variations.

3) Describe the level of water security and the overall readiness for climate change impacts.

4) Provide policy recommendation and adaptation strategies to promote water security given
the threats of climate change.

1.5.3. Phases of the Study

This dissertation studies the water stress and security of Chennai in various phases.
Phase one is to understand the climatic conditions and variations. Phase two is to
examine water supply and demand levels and water policy interventions. Phase three is to
survey and analyse with phase one and two to understand the regions’ ability to adapt to
climate change.

To complete these phases, an investigation of water systems and management,
programs and projects, and IWRM tool is required. The research literature allows
comprehensive understanding of supply and demand factors, water security, quality,
quantity, people’s participation, projects, policies and programs for supply and demand,
management, different approaches to management and governance and the adaptation
strategies that could be potentially used for urban water management.

1.5.4. Data Collection

This study uses interview and questionnaire style collection, with a mixed
approach and stratified accidental sampling to obtain data. Data through surveys of
households were collected first through stratifying accidental samples in an orderly
manner to create a sample frame, and then sampling 10% to identify ideal locality based
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on response frequency, income levels and water issues. Then data was collected using the
accidental sampling method to identify the actual sample households (100 per region). By
factoring- in the local population and individual communities within the populated areas,
one to two communities from five key regions were selected for the interviews of
households in Chennai. The focus was on fast urbanizing regions of Chennai, where there
is development and large masses of poor people. The information collected comprises of
key-informant interviews, household surveys and open-ended interviews within local
communities and the fishermen communities in the coastal sides.

Observation involved taking extensive notes during interviews and moving
around town taking photographs of local water stress issues, rains, roads, pavements,
water tanks, homes in the locality where interviews were conducted. The Minjur plant
site, reservoirs and water issues of communities within Chennai were also observed and
photographed. Secondary data included official documents collected during interviews
with the analyst, management staff and desalination project head, other electronic
journals and literatures relating to this study.

1.5.5. Research Significance

The current state of water supply-demand policies and management needs
improvement. A potential drought can cause chaos in Chennai such as decreased demand
satisfaction, reduced water quality and increased water-poor within the city. This research
allows the potential threats to be recognized and the survey results aid in the analysis,
encompassing all current policy interventions and suggest changes for the future.

This study will contribute to the growing knowledge and information network
thereby enhancing policy studies. The significant approaches will also stem other new
innovative studies on Chennai water resources. This research is fairly unique and socially
innovative will add value to the current policy makers’ reads in terms of household
perspectives, local participation level assessments and major policy changes required to
keep scarcity in check and mitigate climate change adaptation smoothly.

1.6.  Area of Study: Chennai

Chennai is both a district and a metropolitan city in the Southern Indian state of
Tamil Nadu. Chennai metropolitan city is part of the Chennai district, which occupies
about 40% of the city by land area. Chennai’s sectoral division is shown in Table 7.
Among the sectors listed here, sectors that are majorly water starved include some
regions of North Chennai, and some regions of Southwest Chennai (based on pilot
household interviews and surveys conducted in Chennai in January 2010). The
metropolitan city of Chennai is itself part of a larger Chennai Metropolitan Area, which
includes some urban areas and villages outside of the city. In addition to Chennai
metropolitan city, the jurisdiction of the Chennai Metropolitan Water Supply and Sewage
Board (CMWSSB) extends to urban outlying regions of about 164.6 sq. km, and rural
regions covering about 142 sq. km. The urban outlying areas are called Adjacent Urban
Areas (AUA), and the rural regions are called Distant Urban Areas (DUA) (CMWSSB
n.d.).
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Chennai is surrounded inland by Kanchipuram and Thiruvalluvar districts.
Chennai’s sectoral division is shown in Table 3 and Figure 4, indicating regions of North
Chennai and some of South West, which are majorly water starved (pilot surveys
conducted in Chennai in Jan 2010). Chennai is considered as the metropolitan area,
which comprises of the city and its urban outlying regions of about 164.6 Sq. m and the
rural regions covering about 142 Sq. m. The urban outlying areas are: the Adjacent Urban
Area (AUA) and the rural regions are: the Distant Urban Area (DUA).

Table 2 Chennai Sectoral Division

North Chennai and Northwest

Ennore, Perambur, Purasavakkam, Ambattur, Aynavaram, Vadapalani, Thiruvottiyur, Tondoapet etc.

South Chennai and Southwest

Adayar, K. K. Nagar, Meenambakkam, Mylapore, Anna Nagar, Kilpauk, Porur, Tambaram,
Saidapet, Tyagaraya Nagar, Thiruvanmyur Velachery, Kotturpuram etc.

Central Chennai and East

Egmore, George Town, Numgambakkam, Royapettah, Triplicane etc.

Source: Data collection, 2011
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Figure 4 Chennai Metropolitan and City Map
Source: Maps of India 2011

The Chennai Metropolitan Area is the fourth most populous metropolitan area in
India, after Mumbai, Kolkata and Delhi. 45% of the population is urban. The population
growth of Chennai and adjacent regions is rapid. The population was about 7.5 million
(in the Metropolitan Area; approximately 5.5 million in the city area) as of 2010. Chennai
district is the 27" most populated of the 640 districts of India. The population density of
the district is about 27,000 inhabitants per sq. km, and the growth was measured at about
7.8% over a decade (measured between 2001 and 2011) (TWAD 2010 — 2011). Other
districts in Tamil Nadu state, like Madurai and Coimbatore, have populations only one
fifth the size of Chennai’s.

1.7.  Organization of this Thesis

The thesis is arranged as follows: The focus of the current chapter (1) was on
introducing the issues studied, the background and the basic research focus. Chapter two
(2) focuses on the background research and literature on water security, urban water
issues, impacts of climate on water resources, supply — demand systems, climate change
adaptation and derivation of the methodology and framework (see Appendix for
Conceptual Framework) for this study. Methods include the elements and procedures
used for research, the functional points and the idiosyncrasies in conveying the research
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and the methods of analysis. Chapter three (3) is on methodology and research design.
Chapter four (4) focuses on an in-depth study of supply, distribution and institutional
management, and demand and demand management for Chennai. This chapter includes
the study of sources, supply modes and methods, points of access and policy management.
Chapter five (5) concentrates on the water administration and policies. Chapter six (6)
focuses on current and future climatic variations and the water security of Chennai.
Chapter seven (7) consists of recommendations and conclusions based on the literature
and the results of this study.
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2. CLIMATE CHANGE AND WATER SECURITY: REVIEW OF LITERATURES
2.1. Introduction

Managing water crisis such as droughts, floods, water poverty, scarcity etc., has
become a global challenge for humankind (further explained in 2.3). Climate change
amplifies scarcity and insecurities, making it hard for policy makers and administrators to
manage supply and demand (GWP, 2011). Droughts and floods intensify these
difficulties and the impact it has on society, the economy and environment. Hence,
achieving water security and adapting to climate change is imperative, as it impacts lives,
and major activities such as production and manufacturing within a community and
environment.

Water security is the integration of water resources and management (among all
sectors) to make clean water available, accessible and affordable in supply, for present
and future generations. Thus, reducing water poverty, fragmenting water management,
spreading knowledge and information, thereby increasing standards of living, represents
water security (GWP, 2009). The major factors that sway water security are population,
pollution, governance and climate change (Iglesias, 2010).

Statistics indicate that Asian countries have a combination of water scarcity and
droughts that impact humankind. Nearly one billion people face water shortage and lack
access to safe drinking water; the worst areas are MENA, South France, Spain, Middle
East and Asia (except Siberia) (Cook C. B., 2012). Aquifer reduction is seen, several
meters every year. Mexico City, Bangkok city and Lima are showing a 10m-drop in
aquifers. Megacities across the world are experiencing fresh surface and ground water
depletion (Back & King, 2009). Countries depend on ground water for agricultural
irrigation; 10 % of the globe depends on ground water for food production and the rate at
which the extraction happens. It is suggested that many countries will not have ground
water for food production. China, USA, Yemen, Middle East, Sub Saharan Africa and
India are some regions where ground water is heavily utilized and often times over-
abstracted (UN, 2009).

About 3 billion people lack access to sanitation (Bakker & Allen, 2012) (Cook C.
B., 2012). 7 million die of water related ailments worldwide and one third of all deaths
are related to water borne diseases or contaminants in developing countries. In 1999
UNEP suggested water related deaths are high, a child dies every 8 seconds around the
globe (UNICEF & WHO, 2012) (UNDESA, 2005 - 2010) (UN - Water Final Report, n.d),
(World Health Organization (WHO), 2007) (Magturo, Rosete, & Relox, 2006).

Transportation of water from one region to another causes contamination and
waste. European cities lose up to 40% of the water during transport due to pipe damage
or leaks. New York City also has loss due to the old system of supply and population
expulsion in the city hindering the policy makers from managing supply (WWF), 2011).
Regions in Bangladesh, Philippines and Thailand have 50% water loss due to an overall
water distribution issue. Middle Eastern regions like Jordan and Yemen have water
scarcity so high that they do not have much water to lose (WWF, 2011).
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Many surface water sources are polluted and it is through serious initiatives that
some of them are restored / still preserved (The World Bank, 2013; Liu.L, 2007). Cities
also face salt-water intrusion and contamination of fresh water resources (UNEP, 2000).
Some cities like New York or London have an old sewer and waste system that impacts
the clean water supply due to sewer mixing.

Major rivers from the Yellow river to the Colorado River are drying up. Several
Asian rivers have dried up and this has caused water imports and immigration to other
regions. Lakes/ rivers/ ponds are vulnerable as they are on the surface and are susceptible
to climate and contamination. 20% of European lakes are wasted and dry (Global
Monitoring for Environment and Security (GMES), 2013). Europe has 71 river basins
and 16000 lakes. 20 % or more of these sources are vulnerable. For example, the Volga
River that is drying is a major concern to communities and ecologists. The current
prediction is that these lakes will be in a poor state by 2015. GMES indicates that a drop
of contaminant can pollute the waters for years. It is common knowledge that some of the
pollutants have a half-life of 10,000 years (GMES, 2013).

Urban waters diverted into agriculture and industries have a big impact on the
population as they affect the quality and quantity of supply (EPA, 2012; EPA - SDWA,
2012). The Aral Sea is a good example of the water distribution and allocation issue,
which led to contamination of sources, thereby creating problems for the locals (Owen,
2000). Aral Sea has suffered decrease in water level from the 1960’s onwards for 60 plus
years. The diversion of the river caused loss of balance in evaporation and inflow into the
sea, which led to reduction of water levels.

The MENA region faces geographic and climatic related influences on water
resources and holds less than 1% of fresh water reserve and, hence, there is scarcity
(Nimah, 2008). Currently, all countries in MENA are considered water scarce with less
than the standard (WHO level), less than 1000 cu m per capita of supply. 1000 cu m per
capita is the amount declared by the UN and WHO as the basic requirement for drinking
and cooking per person. Urban centres of MENA are impacted less than the rural centres,
due to urban dependence on rural regions for extra supply to support the growing
population, and this decreases supply. World Bank supports the fact that countries that
have excess water currently will eventually face drought or flood related water insecurity
(World Bank, 2013). For example, Latin America holds 31% of the world’s fresh water
resources, and has an exceptional governance management system (World Bank, 2013).
Currently, climate change is considered to be the biggest threat to this available water
resource. From the Amazon basin to the Andes glaciers, the region is rich in water
resources and plays an extensive role in the region’s development. Around 70 million
people in urban centres have set a good example of good governance and management,
quoted in many journals and articles or research (World Bank, 2013). The World Bank,
(2013) article indicates that there are arid and semi arid regions in South America that
face the threat of severe drought and thereby face water scarcity. The wastewater
treatment is at 20% in Latin America, and the rest of it is allowed to runoff into the river
and sea, increasing pollution in the process. Latin America depends on improving
governance practices, increasing stakeholder inputs and preparing adaptation strategies
for potential climate change.
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The IPCC (2007) report indicated that the monsoons in Asia and South East Asia
bring lower and lower rains to the region due to changes in rainfall patterns due to
weakening of the monsoons. It predicts a change in the glacial melt during the dry season
and in-turn change in the level of river flows. Rivers like Ganges, Cauvery etc., which are
already seasonal will become even more so due to increase in the demands. The UN
projections for 2030 are that the population in India is likely to rise to by 4.6 million.
This will increase the food requirements, industrial production requirements and the
domestic water requirements (UN, 2009). It is indicated in WRG, (2009) that the demand
will exceed supply by about 50% by the year 2030.

Floods also impact regions severely. A few flood events that stand out are
Bangladesh, Indonesia, East coast of India etc., causing damage to health and property. A
qualitative study in Bangladesh indicated that there were 918 flood related deaths in 1998
(Rashid, 2000). Siddique, (1991), indicated that 6% of all deaths recorded in 1998 were
due to floods directly. This report indicated that community health and water quality were
affected due to direct impact from unclean water. Similarly, several deaths were also
recordedin the period between 1988 and 1994 in Georgia, Missouri and Puerto Rico in
the US. The studies indicated that the number of deaths due to low water quality was
more than 25. Additional Sources: (GWP, 2008; Gleick, 2010; Groisman, Pavel Ya,
2010; IWA and WWC, 2012; Loftus, 2011; GWP, 2009; GWP, 2008; GWP and INBO,
2009).

2.2.  Understanding Integrated Water Resources Management

IWRM is the participatory and planning tool that promotes coordinated
development and management of water resources. This framework is used for managing
resources and developing water facilities. It can be also called as the process to ensure
sustainable development, equal allocation and monitoring of resource use in order to
balance social, environmental and economic needs, while ensuring political equilibrium
and water security for the present day and future generations (GWP, 2011; GWP, 2009).
IWRM aims to maximize economic and social welfare without compromising
sustainability, i.e., the viable management of resources that leads to water security (GWP,
2009).

2.2.1. TWRM: A Tool for Adaptation

As established by literatures, water sources are of vital to humans and these
resources are scarce or on the verge of becoming scarce in most regions of the globe.
Managing resources to create security, the safe keep of water, is essential in driving the
sustainability lever. Managing water requires cooperation, time, efforts, knowledge and
expertise. According to literatures by UN, GWP etc., tutorials and educative materials are
provided to expand the international knowledge base (UN Cap-Net, 2011). The vastness
and knowledge of water security leaves researchers focusing on isolated concepts (in
depth) or viewing horizontal macro expanse with less depth to it. A holistic approach is
required to maintain allocation, sustainable development, availability, affordability and
efficient monitoring for water uses within the social, environmental and economic goals.
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IWRM is widely celebrated for its success in efficiently managing water resources at all
levels (GWP, 2011).

2.2.1.1. IWRM: A Tool for Management

Water resource administrators have been used to dealing with monthly and annual
alterations in weather patterns. In regions where the climatic events are likely to get
aggressive, a new and socially innovative approach is required. To initiate a proactive
adaptation policy it is necessary to look at the building blocks for a sound water
management system to manage resources.

The climatic extremes and the future threats need a strong adaptation technique
that allows multi-sectoral consideration in response to the water security problems. The
appropriate response is to understand the productive and non-productive uses of water.
All industries, agricultural activities, domestic uses, ecosystem uses need to be in the list
of consideration given (UN Cap-Net, 2011). A good management approach, in this case
would, for example, look at water for domestic purposes and other use opportunity values,
while taking into consideration the wastewater reuse and the prevention of pollution of
local water sources. Since, issues such as droughts, floods, saline intrusions and sea level
increase are visible in many countries, it is necessary to adapt and manage available
resources.

The agricultural, hydropower, industry, domestic and ecosystem use guide
policies in response to severity of climatic events. Policies also guide selection of
appropriate responses and interventions, set goals, examine implementation options and
accomplish the set responses in an efficient manner. The policy will enable adaptation
and “no regret” policy interventions will be useful due to the ambiguities involved with
climatic conditions.

A “no regret policy” also called as adaptive response, otherwise referred to as the
interventions that facilitate change, can be altered slightly to be in step with the changes
in climate and is dynamic to the requirements of the situation. Hence, this dynamic
response is a win-win policy, which contributes towards benefits regardless of the
changes in climate (UN Cap-Net, 2011).

A policy response also needs to prioritize and balance the technical and non-
technical interventions. Technical interventions include infrastructures such as dams,
floodwalls and desalination etc. Non-technical interventions include improvement of
institutions, facilitating knowledge spread, human resources to build capacity in order to
research and adapt to the impacts of climate change. Good examples of non-technical
interventions include emergency preparedness, knowledge spreading through tutorials
and workshops etc. The go-between for the technical and non-technical response is the
financial information of the project. The response is selected based on the financial
availability and support.

IWRM, hence, is a holistic and conceptual framework to secure equitable
allocation, sustainable development and monitoring water use efficiently for the social,
economic and environmental goals. This conceptual framework guides the goals towards
sustainable management and development. It facilitates people to be able to look at
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practices in a macro level rather than independent micro level actions. It makes people
change their attitudes and practices toward a macro level concern. This approach
introduces a decentralized democracy within the management system, besides
implementing low-level decision making to include stakeholders.

The IWRM approach incorporates all water sources, all interests, all stakeholders,
all administrative levels, all disciplines and sustainability of sources. This approach also
allows multiple goal setting and not just sectoral-based approach. This approach also
does not focus only on a single water body or source; instead it focuses on a wide span of
watercourses. The UN Cap-Net (2011) notifies that IWRM widens the scope of
traditional perspectives to integrate the “participatory multi stake holder decision
making” identified from the GWP tutorials on IWRM and Climate Change adaptation.

The Dublin Management Principles (1992) is the principle behind the GWP’s
IWRM approach.

Box 1: Dublin Principles and Water Management

Ideologies

Water is finite, susceptible to reduction and vital for all biota, requires
management through integrated method.

Water resources development and administration should use the
participatory approach, involving stakeholders.

Women play a large role in the provision, management and conservation of
water.

Water has a monetary value and needs recognition, relative to the
affordability and equity criteria.

Key Concepts: Integrated water resources management, suggesting an inter-
sectoral approach, including of all stakeholders, all physical aspects of water
resources and sustainability and environmental considerations

Sustainable development, is the sound socioeconomic development that
safeguards the supply base for future generations

Importance for demand-driven and demand-oriented approaches

Decision making at the lowest possible level

Source: GWP, 2011, UN Cap-Net, (2011).
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1) Principle 1 indicates that fresh water is finite and vulnerable resource, essential
to sustain life, development and the environment. 2) Principle 2 indicates that water
development and management should be based on participatory approach, involving
users, planners and policy makers at all levels. 3) Principle 3 indicates that women play a
central part in the provision, management and safeguarding of water. The women in the
household run many families in Asia and the problems faced by the household are better
understood by the women in-charge of the management of water resources (UN Cap-Net,
2011). Women collect water, cook, clean up and also manage the rationing of water
resource within the house efficiently. 4) Principle 4 indicates that water has an economic
value in all its competing uses and should be recognized as an economic good as well as
a social good (GWP, 2009; UN Cap-Net, 2011). The idea and concepts behind the
principle can be used as a guide while applying the Integrated Water Resource
Management approach within any area.

The policies for IWRM within the supply- demand context properly will require a
national level reinforcement. Some of the major issues recognized are:

1. Environmental policy to include IWRM within a supply and demand
context properly will require a national level commitment and reinforcement.
2. Clean water is not just a resource, but also a requirement for human

existence, and hence a human right. It is needed for the survival of economy and ecology.

3. National development requires proper planning along with long- term
goals. Setting goals help policy makers look at possible issues and research solutions to
secure water resources in a more sustainable manner.

4. Policy and research needs to be made transparent for people to increase
awareness and participation.

5. Projects and programs should be based on knowledge and awareness, i.e.,
policy, hydrology and technology.

6. The consequences and results need to be measured accurately and there
should be room for improvements in the system.

7. Public participation is vital and should be made mandatory for policy
adaptation.

8. The costs, expenses and fund use and availability should be made
available for public and accounted for in full.

0. Environmental decisions should not be made based on political necessity.

10. Inspection for all reports and project sites needs to be recorded and
submitted to authorities and made available to the public.

11. Training sessions and community meetings need to be made mandatory

for the whole community.

(UN Cap-Net, 2011; GWP, 2011; GWP, 2008; GWP and INBO, 2009; Norman,
Bakker, Cook, Dunn, & Allen, 2010; UN and FAO, 2007; WHO (Quality Guidelines),
20006)

Water security measures in Indian water management systems are very complex
and hard to decipher given the lack of complete data sources, lack of accuracy in
collected data sources and other political contextual understanding behind the system.
Can IWRM help address climate change in Chennai? The query can be answered after a
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set of theory to practice is available. The wide span of IWRM approaches are available
with various tools and instruments used to deal with access to water, allocation and
protecting the ecosystem and, thereby preserving a healthy watershed for generations to
come. This is the one solution to adapt to the changing climate and water crisis situations.

2.2.1.2. Implementation of IWRM

According to the GWP, IWRM focus is on enabling environment through suitable
policies, regulation and involvement of people, institutional framework for
implementation of policies, practices and legislative changes, and management
instruments that are usually required by the institutions to make decisions and implement
policies. The general framework for IWRM by the GWP is as shown in the figure 5.
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Figure 5 Framework for IWRM

Source: http://www.gwp.org/en/The-Challenge/What-is-IWRM/IWRM-pillars/

The implementation of IWRM is a one-shot approach, which relies on
participatory approach. Most regions have sectoral divisions within governments and
international institutions or agencies that do not allow cross cutting, holistic and resource
management approaches to be implemented efficiently due to lack of participation, lack
of integration of issues, stock take of resources and efficient management and good
governance.

IWRM should be a process that needs to be referred to as a long-term approach
rather than a one-shot approach for it to be dynamic in providing solutions for future and
fast moving changes. A change is constant and shifts the water development and the
system of management to be unsustainable, and this necessitates IWRM. This approach
does not have a start or a finish, it is a continuous approach that allows acceptance of
changes and provides alterations to fit with the changes.

Capacity building is very important for the IWRM and integrating programs and
organization of governance and government structures is a challenge. The other
challenges are: poverty, environmental management planning is difficult, considering the
old-school way of finding solutions when presented with problems in most developing
countries. When technical and organizational issues are addressed, implementing IWRM
becomes easy.

The talks during the fourth national policy indicated the nations’ water status. The
US faces several challenges and potentially several more in the decades to come. Future
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holds several floods, droughts and other threats to water quality and quantity along with
loss of wetlands and flood plains.

The water resource infrastructure in the US is aging and requires restoration and
renewal. There would be large financial losses if the infrastructures fall apart and collapse.
The future drought and flood severity and frequency may increase and weaken the health
and stability of the ecosystems within the country. Within the research context the
AWRA 4™ National Policy discourse indicates that the water quality cannot be managed
differently to the quantity, integrated management is required. Similarly, water resource
management cannot be divorced from land management. Resources need to be
safeguarded and protected to manage inflow, outflow and run- offs and quality.
According to the AWRA sponsored policy discourse, it is clear that water resource
cannot be managed and secured if there is no understanding of the water system. In
conclusion the report suggests that a holistic approach is required to water and the
implementation of IWRM, as the resources need dynamic management and countries
with potential climatic threats require efficient and quick action.

Since the 1992 RIO International conference on water and environment and the
Dublin Principles, all governments were called to assess their capacity to implement the
IWRM. The only problem is that it needs to be more dynamic and on hands in most
countries as the water resources, community, and changes in climate are active and
interconnected. Similarly, in 2002, the World Summit on Sustainable Development in
Johannesburg called for all countries to implement the INRM and assess their carrying
capacity. The 2010 initiative identified the IWRM, as the vital part of sustainable water
resource management, should be so for most other countries trying to secure their water
resources. In addition, the national collaboration for U.S.A. identifies the IWRM as the
way to plan and manage public water for the community. The major things suggested by
this collaboration are 1) the need for appropriate federal support to help states handle the
water problems through collaborative planning, creating bolstered support using tools and
the IWRM framework; 2) the region needs to take initiative to make IWRM more
understandable to plan and manage water resources within a community, and 3) all levels
of government need to improve water resource management by reshaping and
restructuring and in addition, need to increase public participation for IWRM.

From all the viewpoints assimilated the IWRM lacks a proper definition and the
measures to monitor regional implementations. There is clear lack of guidance for those
projects’ planning and implementation. The 2010 National collaboration in the US
recognizes all the issues and is committed to improving the status of IWRM.

The GWP indicates that the IWRM can be improved and managed using the
internal and integral components such as management techniques i.e., the management of
water at a basin or watershed level. This includes integrated land, upstream, downstream,
ground, surface and coastal waters. The technique is to maintain a balance in supply
while conducting assessments on surface, ground water supplies, assessing the balances,
introducing, reinforcing or altering the wastewater reuse and understanding the impacts
of distribution and use.
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Demand management is a critical issue, as the pricing, utility value, technologies
and management are affected. A key part is to strategically plan the cost recovery,
implement policies for water efficient technologies and to decentralize management.

Equitable access is a major issue within water communities as the water wars are
usually associated with securing sources for all. The effective support for water users is
through associations, improving access for minority groups and consideration given to
the third Dublin Principle — gender issue.

Quality norms are equally vital for IWRM. The system needs to have policies
related to quality norms and standards and market regulations. A good example for this
implementation is the “polluter- pays” policy, which literally means that the polluter such
as they may be, industry, should pay a price for polluting the water resources. This policy
is very good to keep pollution to a minimal level, as most people in developing countries
do not wish to pay. Polluter pays requires strong base for implementation, for example,
among other Asian countries that do not have strong regulations attached to policies;
India has increased corruption and blatant dis- regard for the regulations or the
environmental cause. Hence, this policy may or may not function well here. As
mentioned it requires strong enforcement and leadership.

Political contexts also play a very big role in Asian countries unlike the U.S.A.
where management may be decentralized but the issue comes first and does not use
political interests as a major deciding factor. The socialists, the republicans, the
communist or the democrats need to realize that natural resource management is
something that cannot be ignored, regardless of war or other issues at hand. The GWP,
(2012), recommends the cross-sectoral integration, which is used as an administrative
tool for people, food, nature, and industry using environmental, institutional and
management.
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Figure 6 IWRM Cross- Sectoral Integration
Source: http://www.gwp.org/Global/The%20Challenge/IWRM%20and%?20sub-sectors.jpg

The GWP recommends the IWRM to be as shown in the figure 6. The inter-
sectoral approach to making decisions will allow smooth water management for all
sectors. It i1s where authority for managing resources becomes responsible for the
resource and user requirement. It employs users and the participation of locals in this
process of decision-making.
The successful policies will have:
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Table 3 Major Successful Policies

1) Consolidation of institutes that collect information improves forecast capacity, plan
projects and adapts to current and projected future climate changes and improves long-
term pliability.

2) Improve integration of land and water resource administration interventions and
actions that allow multi-sectoral view of water use, conservation and securing resources.
Interventions also take into account adaptation capacity and securing water resources
with a “no regret” approach of action.

3) Frameworks for climate change adaptation at all levels from projects to
communities and river basins to nations.

Source: GWP, 2009

There is need for sound science and best practices as foundation for adaptation
decisions; also for improving and sharing knowledge and building comprehensive and
sustainable data collection and monitoring systems. IWRM requires prioritization and
balance between “soft” interventions and ‘“hard” interventions, balancing the social
equity, the economic efficiency and the environmental sustainability, preference given for
marginal changes rather than fundamental changes in development paths, and drought
and flood zoning and planning. Hard and soft interventions basically are policy and
technological interventions, respectively.

These aspects provide more flexibility for policy makers, locals and other
stakeholders in managing water resources appropriately. Setting priorities for hard
interventions and soft interventions are very important as the required funding, strategies,
and approaches are striated within the community. The second aspect involves managing
society, economy and environment in a sustainable manner. Essentially, this would mean
integrating the interests of the environment, the society and the economy, while making
policy decisions and management choices. The third aspect is to opt for smaller
alterations instead of larger and more complex changes. This aspect is preferred, as the
society functions in a certain way and fundamental changes may not be easily adopted in
an efficient manner. The last aspect looked at is the flood and drought zoning and
planning. Climate change impacts on water and other related sectors are synchronously
analysed to achieve the policy and strategy goals. Efforts achieved based on this will be
an integrated solution for water security.

2.2.1.3. Significance of IWRM for Chennai

To redefine IWRM for Chennai, it is a participatory and planning tool, used for
managing resources and developing water facilities. This tool is used to balance social,
environmental and economic needs, while ensuring security for both present day and
future generations (GWP 2009, 2011). The IWRM approach is significant for the water-
poor or water stressed regions of Chennai due to the segments examined: access,
availability, affordability, efficient allocation, and water policies. Given the current status

29




of the supply system, this study identifies the climatic influences and the potential
changes in future and signifies the current insecurity and inability to cope with future
climatic variations in Chennai. The study looks at the climatic trends and threats,
potential flood and drought proneness, policy responses and recommendations for the
future of Chennai.

2.3. Climate Change: Causes and Impacts of Droughts and Floods

The arid and semiarid regions around the world face drought related water
security problems, such as exploitation, misuse, lack of coordinated management etc.
Floods may also severely impact, causing damage to health and property (See Appendix I
for Types of Droughts and Floods).

IPCC (2009), denoted the global warming with antheropogenic events to induced
droughts in the Arid and Semiarid regions of the Middle East and UAE. It is not possible
to pinpoint the relationship, anthropogenic climate change to the drought events. A report
by the National Oceanic and Atmospheric Administration indicated that the droughts are
not all climate change related (Shahrzad, 2012). Between 1902 and 2010, a study by
Martin Hoerling (2006, 2009) signified only half the droughts can be directly attributed to
GHG or climatic conditions as the intensity of droughts in different regions is affected by
natural variability.

Major causes of droughts are supply and climate related (Dey, 2011). The supply
related causes are physical distance and non availability of surfacewater, decrease in
storage levels due to lack/reduction of rains, and inaccessibility of resource due to
contamination (intentional and unintentional). The climate related causes are mainly due
to the link between rainfall and surface temperatures, oceanic and atmospheric circulation
and soil moisture retention.

Dey (2011) and Ramasy (2007) indicated the patterns of droughts in Bangladesh
and the causes of increased risk. Climatic extremes and their impacts include: Higher
maximum temperatures (heat waves and hot days) causing increase in illness, crop
disease and failure, energy demand and heat stress. Increase in summer drying causes
decrease in water resources quality and quantity, for ground water sources (due to over
abstraction), surface water (due to reduced rains), crop harvest etc. Increased minumum
temperatures (cold waves and fewer cold days) causes an increase in disease vectors and
some crop damage. High precipitation increases soil erosion, flood events, loss of
nutrients and property damage. Monsoon variability, higher variability in precipitation,
can cause extended dry spells throught the season (Dey, 2011; Ramasy, 2007).

The impacts of droughts vary with region and resources and the intensity of the
impact depends on response and adaptation success. For example, drought in Syria is
blamed on climate change and manmade desertification. Syrian drought in 2001 was
intensified due to lack of proper policy management and mismanaged water practices.
World Bank warned the government to secure food supply and to reduce ground water
use for cotton production. This message was received but not acted upon. With energy
and water subsidized by the state, the production was increased. This resulted in heavy
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drought and large movement of people to outskirts, signifying a protest. This mitigation
aggravated the pecuniary due to inflow of people from Iraq and Palestine.

Drought hit Syria again from 2006 to 2010, harming the soil/ land, food and water
security, and people. This led to the migration of 1 million people, mainly farmers. The
country’s regime again overlooked the possible water scarcity in the event of drought.
The management largely focused on economic and technology related development
policies. Further drought induced migration instigated volatility within the region
(Shahrzad, 2012).

The frequency of droughts has increased in Syria in the last decade, whereas only
six droughts were recorded there between 1990 and 2005. The precipitation levels during
this period were sized down to one third of the norm. The communities were satisfied
with secondary water resources and subsidiaries. The most recent drought was a true
anomaly and the average precipitation was lower than any of the other drought seasons.
These are lessons and warnings for the grander catalyst that climate change will become a
disaster in a region already under the strains of cultural polarity, political repression, and
economic inequity, if signs and warnings go unheeded.

Droughts affect several countries in the MENA region, Middle East and South
Asia. The hardest hit areas were India, Afghanistan, Iran and Pakistan (Shahrzad, 2012).
But the drought situation was more critical in Afghanistan and Pakistan, where millions
of people were/ are still at risk but fewer resources are available (Shahrzad, 2012). These
regions requested for aid from large organizations during the time of drought. According
to Shahrzad, (2012), requests for aid and funds are the initial signs of weak management.
This is a clear indicator that the country is unable to handle crisis in a self-sufficient
manner.

As explained by Sowers and Weinthal (2010), based on the climate index between
1950 and 2003, there are more and more dust storms, increasing summer temperatures
and decreasing winter temperatures, varied rainfall with severe flash floods and
landslides and an increase in the frequency of drought years. All this has amounted to
empty dams, dry catchments and an overall decrease in the water table.

Historically, India has had agricultural famines brought on by drought. The first
recorded drought was in 976 AD where agricultural crops failed heavily and thousands of
people died. Similarly in 1876 to 77 about 5- 6 million died in India, mainly in South
India and in 1942 about 2 million died in Bengal. More recently, in 1965 and 1970 many
crop failures caused 3 million or more deaths. In the year 1970 many organizations and
local governments felt the need for external aid as crop failures were large and the
general feeling was that India would not be able to produce enough to support the
population. In 2009, there were small drought like symptoms in various regions coupled
with 23% shortfall in rain (Indian Institute of Tropical Meteorology, 2011).
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Table 4 History of Drought in India (1800 — 2010)

Period Drought Years No. of Droughts
1801 — 1830 1801, 1804, 1806, 1812, 1819, 1825 6
1831 - 1860 1832, 1833,1837,1853, 1860 5
1861 — 1890 1862, 1866, 1868, 1873, 1877, 1883 6
1891 -1920 1891, 1897, 1899, 1901, 1904, 1905, 1907, 1911, 1918, 1920 10
1921 -1950 1939, 1941 2
1951 - 1980 1951, 1965, 1966, 1971, 1972, 1974, 1979 7
1981 -2010 1982, 1987, 2002, 2004, 2009 5

Source: Indian Institute of Tropical Meteorology, (2011) Compiled from www.editoria.u-
tokyo.ac.jp.

The Government of India mobilized aid in relief efforts to several regions during
the years between 2000 and 2004, as a way of managing the droughts. This was the worst
drought in a century in India, which affected 130 - 200 million people, nearly 15 percent
of its entire population in 1987 (Shahrzad, 2012). Monsoon failure and reduced rainfall
affected 12 states in India, mainly Tamil Nadu, West Bengal, Kerala, Rajasthan,
Karnataka, Bihar, Orissa, Madhya Pradesh (Indian Institute of Tropical Meteorology,
2011).

The highest number of droughts recorded was in the years between 1891 and
1920. The frequency of droughts in the last 2 to 3 decades is the second lowest (see Table
5). But even though the statistics read that there has actually been a decrease in drought
years in India, it is not safe to assume that there are no possibilities of future droughts that
hit the high mark beyond the numbers shown in the years 1891 — 1920 (Indian Institute of
Tropical Meteorology, 2011).

Floods are often related to tropical storm, rains and tsunami that bring in
excessive amounts of water flooding the land areas, causing damage to agricultural land,
property and human lives. The causes of floods are due to heavy rains. However,
inundation may also be due to water surge linked with a cyclone, a Tsunami or a high tide.
Non-climate related direct causes are dam failure, leaks in storage facilities etc., which
can be indirectly related to earthquakes. Flood events depend on spatial distribution,
intensity and frequency of rains over a region. The intensity of flooding also depends on
the capacity of the watercourse to allow runoff. The condition of storage facilities or
dams also affects the intensity (Kelman, 2001).

Flooding events is the number two factor causing global deaths; especially in the
US flooding is the number one cause of property damage. Great floods in U.S.A.
occurred in 1993 along the Mississippi River. This flood caused damage of 20 million
acres of land area in nine states. This was the greatest flood in North America, caused by
slow storm surge and thunderstorms (Weiner, 1996). Similarly, several deaths were also
recorded in the period between 1988 and 1994 in Georgia, Missouri and Puerto Rico in
the US.
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The floods events in Bangladesh in 1988 caused 6% deaths in the year (directly
impacts individual lives) (Siddique, 1991). The records indicated that the health of people
was affected due to direct impact from unclean water. The studies showed that the
number of deaths due to quality and drowning was over 25 people, headcount. A
qualitative study in Bangladesh indicated that there were 918 flood related deaths in 1998
(Rashid, 2000). Likewise in Netherlands, 1863 deaths were reported without any analysis.
These incidents show that the floods impact health, water quality and environment
(Centres for Disease control and Prevention (CDC), 1993; Propin-Ferjomil & Crispin,
2002; Yale, et al., 2003; Spencer & Myer,, 2007; Duke, et al., 1994). They also impact
people and their lives. The instances where drowning was reported as well as ailments
due to the impacts on water quality are also significant in many regions, especially
Bangladesh. The impact may be slight, mild or severe but the effect on even a single
person needs to be acted upon so it does not grow to be uncontrolled the next time.

Combined with global warming and the unpredictable weather patterns being
forecasted, the stress on water resources is amplified. Today, several countries have
recognized this and are taking initiatives to adapt to the situations in an efficient manner.
Many institutions such as the Global Water Partnerships, World Water Council, United
Nations, International Water Congress, World Resources Institute (WRI) and IWMI have
commenced works to implement Integrated Water Resource Management (IWRM). The
chief concerns for integrated water management are securing and sustaining water
resources. To sustain resources it is imperative to secure them. Sustainable development
is the viable management of resources including, access, availability, affordability and
allocation- efficiency (key water security elements) (GWP, 2009). Urban governance,
supply-demand management and adaptation planning are major aspects indicated by the
GWP, as the major methods to achieving smoother adaptation.

2.4. Need for Good Water Governance

Good governance and careful planning for policy measures is required to handle
this crisis. Governance for water includes proper access to available resources, equal
allocation and affordability (Anand, 2007).

Globally, multilateral frameworks have been used to manage and create strategies so far.
These strategies have been unsuccessful in South Asian countries. For example, the first instance
of aquifer management through a ground water Act for agricultural production in India failed
(Anand, 2007). On the other hand, in those unilateral strategies that have shared treaties, water
initiatives function well, within limitations. The issues with unilateral strategies focus on regional
tensions and political influences (Sowers and Weinthal, 2010). In addition, the Global Water
Partnership (GWP) insinuates that the chances of other strategies becoming successful are slim
due to issues relating to the multitudes of approaches within the state and sectors (GWP, 2011). A
nexus is required for various sectors for the strategies to function well and provide benefits. The
IWRM adaptation tool is used to manage resources without involving conflicts of any kind.

The IWRM is a significant approach for the water-poor regions of Chennai. Background
information on the climate change impacts on water resources, flood or drought proneness,
security issues and adaptation strategies.

2.4.1. Urban Governance for Water Security
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Scarcity is a pressing issue in Asia that is compounded by the change in climate.
“Water is unclean or dirty and mixed with sewerage or muddy” (Janardhanan, 2011)
Water for Asian society is so scarce that many indicate “It is quite normal to get 3 hours
of water in the morning, which we need to go out and collect from a lorry”. These are
different voices from the group of people interviewed for investigations conducted in
2011/12 (Janardhanan, 2011; Siddhanti, 2011). Good governance aids in securing and
sustaining water resources within a region, to be precise it pilots ‘the boat’ in a particular
direction.

Urban water governance is defined by the political, social, economic and
administrative system that are in place. It directly or indirectly influences use,
development, management and conveyance of water services. This system is also
influenced by decisions from other sectors. For example, the Canadian water policy
report written by Norman et. al, (2010) advocates water governance for water
management. This study defines the term "water governance" as the decision making
process through which water is managed. This covers an entire range of processes
involved with the water supply system.

In Canada the changes came about due to events such as water contamination in
Walkerton (Ontario) and North Battleford (Saskatchewan) that increased the need to
secure water sources. Similarly, compounded impacts of climate change and scarcity
influence water policy and practices. A new governance framework was developed to
address these issues (Norman et. al., 2010). The new watershed legislation, regulatory
frameworks and water assessment practices are a part of the changes in practices and
approaches. The report by Normal et. al. (2010) uses water security as an overall term
that emerges from various concepts such as quality maintenance and access to quantity.
Similarly, many other developed nations improved their practices and approaches. The
developing nations, on the other hand have a tough time altering their schemes due to
political pressures, unavailability of resources and poor governance.

The last 20 years has brought radical changes to the water system across the world.
Asian countries are just realizing a subtle change in climate causing catastrophic results
(World Ecology Report, 2008). China and South Asia are among the more affected
regions due to population growth and pollution of sources (UNICEF & WHO, 2000). In
places like America, Japan, Paris etc., drinking from the tap is an indication of how clean
the water is, while in Asian and African countries, drinking out of the tap provides surety
of water borne diseases. Hence, developing clean water, 24 * 7, supply and separating
sewerage from water denotes progress in quality and quantity of supply and success of
achieving goals set out by the national policy makers. Moreover, progress will be a
catalyst for improvement of public health (UNICEF & WHO, 2000; GWP, 2012; IWA,
2012). Good governance and adaptive strategies are the key to handling water resources
for the future of uncertain climatic variations. Additionally, the state and the players
involved in decision making contribute to the large slice of the water governance and
management issues, and in some cases also induce insecurity.

To govern is to allow policy, actions and legislatures of the state, organization and
citizens, i.e. how the society organizes itself and its implementation to find solutions to
current problems related to environment, society and economy. The major idea that good
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governance promotes is the stability of society, operating at a household, village,
province, and state, national and international level, where target actions are implemented.
However what is needed is simple focus on achievable goals, and efficient fund
management with coherent communication to the public so as to enhance public
involvement to induce smooth adaptation to crisis situation.

The indicators of water governance are public sector management, efficiency and
effectiveness, participation, consensus orientation, law, development framework,
accountability, transparency and information, responsiveness, and equity and strategic
vision (UN Water, 2006; Dunn & Bakker, 2009) Among all the indicators of good water
governance are the key aspects to look at are accountability, transparency, participation,
information, effectiveness, and the policy and rule of law. Good governance is the rule of
law, which encompasses political freedom and stability, judicial effectiveness, media
independence, bureaucratic efficiency, economic management etc., to enhance the
capacity to achieve goals.

Furthermore, Water governance is the collection of institutional controls that
allow smooth plug-ins and set tenures for policies in place. Each policy can last only until
its usefulness wears off. When policy hinders development, there is change to best suit
the situation at that point. Allocating, developing and managing are the three elements of
resource management that occur in cycle. Governance incorporates management to help
maintain stability of the system, water system in this case. Governance and Management
help maintain the quality and quantity of the water resources. The scope of management
includes mapping, directing and the official use of funds. The intrinsic vulnerability of an
aquifer can be mapped using information on soil, geology, water table depth etc.

Management of water most often involves risk assessment, examining costs, and
stakeholder knowledge sharing, understanding social water use, behaviour and adaptation
levels and implementing appropriate policies.

1. To assess the risk factor for contamination such as application of fertilizer and
sudden release via spills or other risks;

2. Cost to replace water supply or the public health care system for sick people.

The progress of the implementations can be monitored though analysis of process
indicators, outcomes and then impacts to check the path of governance and the targets to
be achieved.

Water security plays a prominent role in the balance between the social, economic
and ecological system. It also demands maintenance of the water system within the
climate change context and integrates it to other systems, so as to avoid friction between
targets and its pro- active implementations (Dunn & Bakker, 2009). GWP identified five
(5) elements of water security. 1) The overall security indicating the sustainable access
to water resources for households; 2) The extent of availability of sources for all
purposes, especially agriculture as it is the major activity in Asia; 3) The percentage of
renewable water resources available in excess of environmental water requirement; 4)
The extent to which countries cushion water stress due to climatic variations and the
storage capacity to support the buffer system; and 5) The independence of the system, i.e.
the capacity to handle crisis despite the changing environment, climate, economy and
society (Lautze & Manthrithilake, 2012).
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Insecurity condition is an issue widely debated without outcomes or achievable
solutions for urban developing nations. The major actions required for management and
policy decisions are:

1. Monitor and identify issues within supply, demand or distribution. Quality
control every week, supply status and source extraction and distribution and demand
management issues within the current water system;

2. Implement proper pricing, price conservation and tariffs for household
(HH) usage. Balanced pricing and proper tariffs for usage is required;
3. Implement new technologies, development facilities and services.

Desalination, RWH and artificial and other such technologies are vital for management of
water resources;

4. Implement conservation techniques to improve water saving. Control of
extraction and usage is needed as the water saving improves with it;

5. Improve training and education of locals and staff. Workshops and
training camps are much needed for urban poor to understand circumstances and issues;

6. Build networks to improve staff skills and competencies for repair and
maintenance. Improving competency of staff will prevent extensive leakage in pipes,
tanks, and other water storage structures;

7. Improve existing conservation and structures. Rainwater harvesting, water
saving HH techniques are needed to improve security and reduce stress;

8. Manage and prioritize fund allocations. Fund allocations for specific
problems and infrastructures will improve efficiency and help policy makers prioritize
decisions;

9. Enforce policies and fines extensively. Fine should be increased to make

people more responsible about usage of water;

10. Promote water security through media. Involve TV, pamphlets and
advertisements through magazines and newspapers to make people aware of issues and
potential solutions;

11.  Improve or implement good feedback mechanisms; and

12. Customize all policy, plans and projects in a region, geography, culture
and environment specific manner. Micro-manage issues within each zone to
decentralized management. For example, Japan has decentralized the management
system, with pilot testing and the EU has centralized large land area management system.
Each physiography responds differently to certain interventions. The advantages of
having decentralized management is that, it can be customized to fit the geography,
culture and water body within the region, while the centralized management allows for
the actions to be uniform and therefore, easily implementable into the water system.

Sources: (Back & King, 2009; EPA, 2012; Fernandez, 2012; GWP, 2008; GWP,
2009; GWP and INBO, 2009; IWA and WWC, 2012; Mildhem, 2010; Shamir & Howard,
2012)

Water management requires proper understanding of the water system and the fit
between goals should be friction free (the goals should not counter act against each other),
have reliable indicators that consider current and past trends and have good feedback
mechanisms within the system.
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The challenges of water security are predominantly clear, especially in Asia,
Africa and China, in both urban cities and islands. The activism of social and
environmental institutions do not focus on poverty differences, climate and water use but
look at the impact of water risks through climatic variations alone. The status quo is
debated and, both supported and rejected by the political power and policy makers.
Societies in Asia take clean water for granted and users do not understand the intrinsic
value of water. With urbanization of large cities the environmental management suffers a
block, due to changes in the consumption pattern, the quantity of consumption, the
funding requirements to produce more or implement new infrastructures and the
maintenance of quality. In urban areas, households with high income possess the ability
to obtain access to a satisfactory amount of water. Some enjoy bulk deliveries at
reasonable prices. Meanwhile, within the same region, low-income households have less
than 20 litres of water or no access to water for primary necessities. These issues can be
addressed only by good policies, institutional approaches and infrastructures.

2.5. Approaches for Adaptation And Policy Implementation

2.5.1. Land, Water and Climate Approach

Land, water and climate approach to ‘manage land use and water resources for
societal needs’ was first raised in a study by United Nations, in the year 2000. This study
assessed the water for society and ecosystem for the 21 century. The main approach
used (by the UN, 2000), was to understand the kind of social institutional arrangements
needed for the future of water and the management of potential crisis by looking at trade-
offs between water and land use. The major idea conveyed (UN, 2000) is the introduction
of institutional changes that allow good and swift policy decisions and treat social,
economic and environmental purposes in an orderly manner within the regulatory
framework.

The array of problems faced by households and other users have grown and
doubled within a space of ten years. Water withdrawals from nature are due to climate
change and increased population requirements that change the level of water flow into
lakes, rivers or inland water bodies, changes ground water recharge levels, increase water
availability for the society and reduce the biotic existence of soil and water ecosystems (if
freshwater is withdrawn at an alarming rate).

Very often the relationship between land use and water resource use is overlooked.
This leads to a plethora of issues; research indicates that land use has impacts on the flow
strictures (UN, 2000). Increase in demand on the source makes the resource vulnerable to
changes and, hence it is imperative to use it in the best possible, efficient and satisfying
way. The trade-off made to the use pattern and the withdrawal will indicate changes in
large scale.

The purpose of the research conducted on water resource management by GWP
and UN is to understand how to secure water resources while getting good policy
responses; i.e. being prepared to handle any kind of potential water crisis. Management
under stress needs a strong institution that can cope with an array of problems with
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multilateral management. The UN (2000) study identifies three types of water scarcity:
climate related, soil water, demographic and use related scarcity. Demographic and use
related scarcity is the blue water scarcity, while the societal scarcity is the green water
scarcity. The compromises made between blue and green waters flow denotes
unavoidable impacts.

2.5.2. Water Supply and Demand Management

Many challenges to water security and management of supply have appeared in
the last few decades, a few over centuries. The techniques used to adapt to water
resources, globally, at the advent of approaching extreme shifts in climate, can be an
interesting story to tell and know. The recent development of urban facilities and the
increase in demand for water create stress, which undermines the equitable management
of water. However, new techniques show ways to draw water out of aquifers without
depleting existing resources. Water supply and demand side tools discussed in this
section are to enhance the research on Chennai and provide valid and successful
adaptation techniques.

Supply-side management includes status of source, estimation of demand, source
extraction, wastewater and sanitation measures, quality control, community participation,
maintenance and operation, training and education, supply methods, technological
implementations, transportation of water, partnership and networks, water-aid for supply
and supply policy implementations.

The demand side management includes consumption patterns, per capita use and
use efficiency, efficiency and cost effectiveness, non-price and price conservation, tariffs,
pipelines and metering, leak detection, repairs and maintenance, development of demand
networks (to build skills and spread knowledge), dependence on alternative sources and
policy implementations. Supply and demand side elements were compiled from (GWP,
2009, 2011 & 2012; IWA, 2010, 2011 & 2012; UN, 2009 & 2012; UN Cap-Net, 2011/
2012). The distribution management includes large scale piping, metering, valve
monitoring, flow and direction of supply, infrastructures, corrosion, leaks, repairs and
maintenance, awareness, communication, training, education and pressure monitoring.

2.5.2.1. Supply-side Adaptation Strategies and Issues

To combat floods and desertification it is essential that the supply related policies
are made with proper information regarding climatic conditions, facilities, alternative
sources, and pollution. A water body inventory is required initially, while also collecting
information on the security, conditions, occurrences of droughts or floods, habitants and
activities, industries/ agricultural activities in order to improve water security (GWP,
2009).

Desertification has affected 250 million people directly and over 1 billion people
are potentially at risk due to crisis that could ensue from droughts or lack of rain
(Mileham, 2010). The example of drought in China shows the required adaptation
measures relating to supply side management (Shilong, 2010). The demand for water in
urban cities in China is expected to cross over 400 % by 2030 compared to the demand in
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2000’s, and population growth and adverse climate change will also add to this issue
(Shilong, 2010). Water resources will reduce in quantity, freshwater will be contaminated
due to floodwater and resources in general will be overexploited due to increase in
population. Climate change in China has also caused changes in the water table of the
region. Over the past decade the water levels in the Yellow, Huajhe and Liaohe Rivers of
N China have been visibly reduced. On the other hand rivers in S china are flooded and
water body content has increased considerably (Shilong, 2010). The occurrences of
intense climate change, influences scientific reasoning through opposite responses to
events i.e., cooling instead of warming or floods instead of drying or reduced snowmelts
in S China.

Water facility developments in urban cities have allowed wells and tubes to
access ground water sources to sustain populations. The wells got dry very soon due to
overuse. A good example is the investigation conducted as part of this study on Vellore in
Tamil Nadu, where development in the semi urban Vellore city and other urbanized
centres within the district was supported by 150,000 wells that are now dry due to
overexploitation. About 20 percent of these wells were constructed within the last decade.
The ground water reserves are dry, the urban centres in Vellore are dying, and the
populations are moving out of these cities to seek homes in other regions. To improve
conditions the Vellore Water Board introduced schemes to reduce facilities development
and acquire water from adjacent districts.

Pollution will destroy ground and surface waters in the coastal cities that are
highly populated. Water pollution affects health of the communities and also the
livelihood of fishermen. Local pollution is due to domestic use and industrial pollutions.
The discourse by UN ESCAP, (2010), indicates that most developing and developed
countries will adopt the Polluter Pays Policy. This is because the costs are internalized
and privatized. Technology and management with low cost centralized and decentralized
treatment will benefit the urban regions. Polluted and wasted water needs to be centrally
treated and the costs of treatment can be recovered by selling water from treated sources
(UN ESCAP, 2010). UN, (2009), indicates that the water treatment facilities can cost a
lot to implement.

2.5.2.2. Quality of Sources

A watershed can be contaminated through intentional actions or by accident.
Intentional contamination is one of the most serious problems that can cause ill health. It
is important to act rapidly and efficiently to protect public health. Literature suggests that
the current death rates caused due to water related contamination issues are as high as
304,047 globally (Worldometer, 2013). According to geoscience information from F.A.O.
and the WHO, there are deaths happening every 8 seconds around the globe due to water
related disorders.

Evidence suggests that over five million children die every year due to illness
caused by environmental dilapidation. To a large extent the water they drink, where they
live, learn and play also plays a large role in how this affects the health of a child. The
second most common cause, Diarrhoea accounts for 12 % of global deaths (about 1.3
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million deaths) per year. Diarrhoea is a result of consuming dirty water or food. Besides
this, malaria kills more than a million children each year, Dengue Haemorrhage kills
about ten thousand every year and Japanese encephalitis kills about 8000 per year. When
a threat is perceived, it is critical to act instantly and efficiently or grave impacts bring
calamitous results, especially for the poor. WHO (2007) indicates that time and again
water has a direct or indirect relationship with poverty, governance, climate, power,
agriculture, education and society (culture) etc., and this equals the sustainability of life.
Hence, efficient water management is crucial, and to realize that, understanding the water
systems is vital.

The WHO prescribes basic practices for administrative systems to maintain and
improve quality of their water bodies: 1) Training of staff on water health; 2)
Maintenance of clean water body by removal of TSD and solid wastes; 3)
Communicating information to users and holding workshops; and 4) Testing water bodies
and aquifers for pollutants (chemical and bacterial kind).

The WHO water analysts indicate that chemically it is impossible to find absolute
purity in water. It is also considered good to have some minerals in drinking water.
Purification is very expensive and it is not often economically practicable. Hence, many
countries only purify water to the basic level required by the WHO (WHO (quality
guidelines), (2006).

Water in any form needs purification as: 1) Rainwater picks up gases from the
atmosphere while falling through to land. Rainwater absorbs nitrogen, carbon-di-oxide,
and rare gases, sweep particles, salt and radioactive fall outs etc.; 2) River and Surface
runoff water flows through land, and hence picks up minerals, bacteria, salt and natural
and synthetic fertilizers; 3) Lake and pond water contain low dissolved oxygen, iron and
manganese, H2S, increase in Carbon-di-oxide and also has a reduced pH; and 4) Ground
water absorbs decomposed and degradable organic matter, oxygen and carbon-di-oxide,
with lowered pH, soil minerals and iron and manganese. It is important to improve
quality of water through a 3- day quality filtration according to the Japanese water
management board (interview with Japanese water officials) (WHO, 2006).

The quality standards of WHO in 1983 — 1984 and in 1993 — 1997, were
published in the first and second editions of the Guidelines for Drinking Water Quality.
Further development was seen though a revision of the version of International Standards
(WHO, 2006), replacing the old series with new series, taking into account the important
events of the past two decades. The recent editions further develops approache and
information from earlier versions on bacterial, chemical and other water pollutants. These
are quality standards that need to be maintained. The major quality concerns are waste
disposal, brine disposal or chemical disposal into water resources. This may create major
environmental crisis.

Global water quality is not standardized as many regions still have high levels of
contamination and pollution, including communities within developed nations. A good
example for this is the Walkertown issue in Canada. There is clarity in many regions that
water stress is due to poorer water quality and unavailable affordable and accessible
supplies. These issues are compounded by climate change impacts on water resources.
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These are factors that result in water insecurities. Many water management approaches
do not link water quality and quantity, for human and ecosystem stability.

The quality of water from underground sources is very good in general. Ground
sources do not require extensive treatment, and are often used as drinking water sources
after treatment. On the other hand, surface sources need 3-day treatment and open access
to offset increases in domestic and animal waste in the water body.

India travel health identifies that water quality in India is severely lacking (Cook,
2013). While external opinions remain sceptical, the BIS indicated that in 1983 there
were 1230 million people without safe drinking water in India and now this number has
reduced due to revision of water supply to specific areas. The revisions were formulated
with help from International Standard for Drinking Water by WHO, 1984 Geneva,
Manual of standards, Indian Council of Medial Research 1971, Delhi and Manual (third
revision), Ministry of Urban Development, 1989, Delhi. Now the tenth five- year plan is
documented. The plan includes IWRM with solid and liquid waste management ((UN -
Water Final Report, n.d), (BIS - Indian Water Quality, 2009)). Thus, improvement in
water quality requires active decisions and adaptive measures in India, especially with
regard to the future uncertain conditions.

2.5.2.3. Dependence on Desalination

IWA’s director Paul Reiter predicts a population increase by 1 million every week and
that water professionals need to reconsider water sourcing and management. A Water Congress in
Korea - stress the need for research and development and uptake of new water management
options. The need to change the traditional approach to supply and distribution method is
increasing. Global water’s stable supply, quality, drainage, wastewater, recycle, reuse, and other
facets of water management are concerns dealt with on a daily basis by various countries (IWA
Water Congress Korea, 2012).

The speaker for the World Water Congress (WWC) and Exhibition illustrates that the
population increase, globally, will be phenomenal. The projected numbers indicate that in the
next 40 years, the population in urban centres alone will increase from 2.9 billion to 6.3 billion.
This is equivalent of creating a new city every week similar to that of Beirut, Kuala Lumpur or
Prague. This is stressed on as increase in water demand goes hand-in-hand with population
increase.

In short the WWC wants the world to change its approaches to provide sustainable water
supply. The WWC advocates the use of new technologies to improve supply. The major impact
of increased population presents a problem for people under the poverty line and on top provide
access to increasing number of people who come into cities. Hence, sustainable options need to
be adopted.

Desalination is considered to be one of the most sustainable options for large urban cities
located on the coasts. Busan is a city in Korea that is set to launch the world’s largest desalination
project reverse osmosis plant. The water produced by this plant will be double the standards of all
the other plants, for water treatment and quality. The benefits of saltwater reverse osmosis include
treatment, renewable water resources and can be used in regions where long-term water stress due
to climate change can be dealt with efficiently. Although the RO requires multiple steps to
produce water it is considered safe and efficient.
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Figure 7 Global Water Demand
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Figure 7 shows multiple uses for various years, and indicates that the water
demand has increased over the years. The future water solutions of arid environments
may lie in the desalination of sea or brackish water, rainwater harvesting or the recycling
of wastewater. In short, in urban areas including China and India, the demand for water
has reached an unprecedented level where the urban populations are not supported by the
natural reserves and the countries are seeking alternative means to attain security (WHO
(Quality Guidelines), 2006).

2.5.3. Distribution Management

Water supply through various mediums is an integral part of the distribution
system. The major elements defining the distribution system fall under institutions,
organizational structures and project operations management of the water supply. The
distribution system itself consists of pipes, valves, service lines, meters, pumping stations,
storage, pressure tanks and fire hydrants. Efficient operation in order to supply water via
the distribution network is known as the distribution system function.

The major functions of distribution involve: excavation of trenches to install
shoring, maintenance of pipes, valves, pumps and equipment, installation of tap and
connections to mains, meter reading, detection and repair, identification of hazards to the
environment, along with records and maps, and control of cross connection/ illegal
withdrawal or Non Revenue Water (NRW) etc. One properly allows for easy provision of
information, enhanced complaint handling and progression of rules for safety and
management. Consequently, the supply of water will be smooth if the distribution units
are handled in an efficient manner. Added to the focal issues is Climate Change. Climate
change may induce reductions or increases in water flow through the distribution
channels, it may also cause damage to the system during extreme events such as tsunami
and hurricanes/ cyclones and it induces water insecurities and management issues (EPA -
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SDWA, 2012) (IPCC, 1997) (Heiland, 2009) (Mildhem, 2010) (Anand P. B., Right to
water and access to water: an assessment, 2007).

2.5.4. Demand-side Tools for Adaptation

Demand increase in all sectors is expected, yet many policies are skewed towards
increasing supply rather than managing demand or conserving water. This is achieved by
increases in infrastructure, developing national and international transfers, and increased
use of groundwater. The quantity supplied needs to remain at a constant level while
demand needs to be managed to suit existent supply. This was strongly supported by
GWP in their water demand management research, the Mediterranean Experience, in the
year 2012 (Thivet & Fernandez, 2012). This research indicates that the major aims of
IWRM for water demand management should stabilize water demand, reduce losses,
misuse, increase value added per cu m of consumption, endorse IWRM for surface and
ground water resources, achieve MDG’s, promote education, cooperation, sustainability
and participation (Thivet & Fernandez, 2012).

The demand side management for the present study looks at elements such as
quantity, circulation of resources for activities, consumption, water use practices, water
loss and wastage (Thivet & Fernandez, 2012). The other issues include leak, water-waste,
runoff and pollution. Leaks in pipes and tubes occur while extracting and after extraction.
GWP (2012) indicates that management of water waste during supply is a much needed
aspect of demand management. Leaks, pressure, repairs and enforcement of policies are
vital aspects of technical demand management. Water is wasted washing, car cleaning,
running water tap while doing laundary or washing dishes is also part of water use and
conservation.

2.54.1. Quantity of Supply

Quantity is always measured and found to be deficient in most Asian, African and
Oceania regions. The ground water requires development of water facilities such as: bore
wells, tubes and sumps to extract water out while surface water resources can be directly
extracted with vessels.

Water quantity refers to the total amount of water resources available and ready
for supply. Some important facts about water supply and demand extricated from the
World Resource Institute, WHO and United Nations (UNICEF & WHO, 2012) are the
significance of the source of water supply, which comes from circulated water and used
by humans, but there is no fresh source added or created. About 35% of the agricultural
withdrawals are unsustainable. Water production loss is high and mainly due to leakage,
theft and inadequate billing practices up to 50% in developing countries and 30% in
developed nations (UNICEF & WHO, 2012). Similarly, Krishna (1989) indicates that
developing countries keenly feel the lack of water resources and will be soon be unable to
meet industrial, urban and rural water requirements. Eventually all countries will need to
face water scarcity issues such as lack of water to help meet demands of population
growth and, the water scheduling and rationing or restrictions on water supply during the
day. Water policy and politics require change to bring control, balance the imbalanced in
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its efforts to achieve water security and climate change adaptation to handle crisis.
Industrial withdrawals are expected to increase as well. Hence, the demand for water is
increasing. The source is the constant that has been iterative and unchanged from the
natural reserves. Since the 20" century, the global population has tripled and the water
use has also become six fold higher comparatively. Tools of water demand management
are technical, economic, regulation, planning and training and awareness.

2.54.2. Planning, Training and Awareness Tools

Coordination and planning are major tools that are used to enable all stakeholders.
These are the vital aspects that drive water demand to be more stable and secure, and
work locally and nationally. Local planning is vital within a centralized or de-centralized
frame, depending on the area of interest being a catchment, aquifer, basin or a sub basin
urban ward. The following are important aspects that are necessary for any water
management unit to understand: 1) Appropriate boundaries are needed with stakeholders
to monitor, mediate and plan the usage, policy and status of resources; and 2) Water
agencies need to understand that their ability to know user behaviour, to be aware of user
needs, to maintain a level of transparency, and to control and be the regulatory experts,
establishes their cogency in management of water.

Planning also requires knowledge about water resource and availability. This is an
essential tool to assess the water balance. To manage urban waters, researches indicate
that the more people get involved personally, the more effective and collective
management becomes. Two good examples of planning and coordination for basin or
urban water management are Morocco and France. Both countries have adapted a
coordinated participatory approach with user involvement in the decision. Evidence
shows that this has helped adaptation and demand management. Water saving and water
pricing tools have become very effective in this region due to extensive public
involvement (Thivet & Fernandez, 2012). However, urban regions like Algeria and
Tunisia have issues related to the effective establishment of planning tools and
participatory approaches. The asynchronous political drive to improve the decision
makers makes it harder for this region to enable effective use of planning tools. The
difficulties that these regions experience are based on ineffective integration,
decentralization and coordination. Thus each region requires careful planning and
communication in an effective manner to successfully implement planning and
coordination as a tool.

2.5.4.3. Economic Evaluations and Tools

Economic evaluations, according to GWP, suggest that water demand
management is more viable and cost effective in urban centres. GWP research conducted
a cross comparison of cost effectiveness among ten countries. The results of the study
indicated that when yield is low the effective demand management strategy that was
viable was leak reduction within the distribution units. Furthermore, demand is a
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constantly increasing factor and the solution to control overuse is to provide less water at
a higher price. This effectively controls the users and reduces overuse. The cost
effectiveness of water demand management includes direct and indirect costs. This
roughly includes water saving from distribution equipment (households), leak repairs
within drinking water mains, pricing water, restoration of groundwater, pumped supply,
desalination plants (if any), general reduction of leaks (residential), and rainwater harvest.
Thus, the SWP study indicates that the cost effectiveness ratios measures contribute to
water saving and help secure water for future users.

The developing nations often face water shortage without resources to handle
crisis. The developed countries, on the other hand, are able to pull in funds to research
water technologies and reinstate new policies for water management to overcome stress
or scarcity related problems. However, unlike the developed countries the
underdeveloped countries have issues besides the scarcity, which impact on the local
policies, water research and technology use (Das, 2007). Costs for infrastructural
implementations are high, for example a desalination plant can cost 9 billion (Tamim,
2006). The price of water supplied from a desalination plant will be very high. The urban
poor may not be able to afford an increase in water prices.

The major economic tools used in urban water management are pricing, quotas,
subsidies and taxes. These tools effectively help reduce water loss or water-waste. They
create incentive and prompt positive consumption related actions. Price structures are not
being modified to create water saving. Morocco for example has a progressive charge or
incremental block pricing that is based on volume. This reduces water waste compared to
their special rate where annual rate was MAD 30/ year. The new rates charged were a
little more than double MAD 30 to MAD 72/ year (Thivet and Fernandez, 2012). There
was also a 3.5% increase in price rates for industrial use. Researchers used pricing to
determine scarcity in Morocco. If water resources are scarce, raised prices will not help
conserve or save water, but will be an indicator of water scarcity. Demand is vulnerable
to price increase, as drinking water is essential. This is when alternative resources such as
underground water use, network distribution of untreated water for domestic activities
and rainwater harvest become more viable to households/ consumers.

There are millions, as UN and WHO suggests, without access to clean water
resources. The public supplies in most countries range between USD 0.15 cents to USD 5
dollars for 1-meter cube of water. Increasing prices of public supply is considered an
issue as many more water poor HH will be created due to affordability. If water were
priced as a commodity and an economic resource (for which demand is high), then most
people would not be able to afford even 40 litres of water (Butler & Ali Memon, 2006).
Author indicates that US pricing structures are decreasing block, increasing block,
uniform, flat fee and seasonal. The water suppliers have many structures of pricing
(Tortajada & Joshi, 2007). A variety of issues affect the price. The underlying issues such
as: corruption, lack of information, illiteracy, lack of awareness, avoidable social stigma
etc., also need to be addressed in order to price resource correctly. Authors, Tortajada &
Joshi, (2007) indicate that water consumption is priced in a increamental manner, a usage
of 180 Ipcd per capita consumption is billed high. While US and other Asian states also
price in an incremental manner, the billing and billing cycle is different. US uses price
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conservation methods as well as increased tariffs for public sources. But sources indicate
that out of 230 countries, only 116 have actually changed prices of public sources. Hence,
indicating that most countries are aware but are not ready to increase price of sources. To
manage water prices and infrastructure costs, the governments have hence introduced the
public private partnerships (PPP).

Thus, economic tools play an important role and can be catastrophic, if national
interests, policies and user incomes/ poverty levels are not considered.

2.5.44. Public Private Partnerships for Projects

The PPP concept has not functioned well in various countries. Several instances
of improperly implemented PPP serve as a guide for future implementations. The Dar es
Salaam water system in Tanzania, Stockton Municipal Water Utilities in California and
the Hamilton Wentworth water system also were well-known PPP disasters [Canadian
Dimension Magazine, 2006, Eurodad, 2008, Global Water Intelligence (GWI), 2003),
GWI, 2003]. According to the Canadian Dimension Magazine, citizens suffered through
disastrous privatization of water and wastewater treatment. The issues started when
Phillips in 1994 took up a contract to complete a wastewater treatment plant (The
Hamilton Wentworth Water and Wastewater Treatment Plant). There was waste and
sewerage flowing into the harbor. The environment was effected due sewer mixing with
sea and flooding. Similarly, the Tanzanian water privatization project was a disastrous
proceeding. The deal increased prices with little improvement to the supply and
allocation. This made accessibility harder and the poor suffered though lack of water. The
struggle increased as the poverty-ridden region needed to rapidly improve water
allocation, in order to provide for the poor.

Thus, this indicates that PPP needs to be implemented with all care. The
environmental impact and the social benefits need to be completely considered and, not
just from a fully investment point of view.

2.54.5. Per capita Use and Domestic Conservation Practices

Domestic demand is estimated from just the residential use per capita. The
residential needs as shown in the table require at least a minimum of 40 — 60 litres (in
rural India) and 70 to 90 (in urban India). The use includes washing, bathing, flushing,
washing / cleaning the house, washing utensils, cooking and drinking. Most important are
the cooking, drinking, showering and washing utensils (WHO, 2006).

Table 5 Household Water Requirements in India

Description Amount in Litres/ day
1 Drinking 5
2 Cooking 5
3 Washing Utensils 10
4 Cleaning the house 10
5 Flush 20
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6 Laundry 20

7 Shower 55

Source: Compiled from Punmia, 2011

Domestic activities including the domestic animal water need are accounted for in
the structure but the Table 6 only indicates the households with 5 members or less per
day. The numbers in the table 6 denote the requirement per head per day. This breakup
may reflect the maximum water requirement for an individual.

Most affected are urban Asia and Africa, as the sustainable development in these
regions is lagging and large amounts of natural resources are misused and over 5 million
die due to water related illnesses (UNDESA, 2005 - 2010) (UNICEF & WHO, 2012).
Quality of water is as important as the quantity supplied. The wastewater, if not disposed
in a proper manner, will contaminate one third of the global fresh water reserves by the
year 2050. Industrial waste and contamination within urban populations can also degrade
the quality of water. The paper “The top 10 of the dirty thirty”, indicates the state of
urban populations that have dirty water running through the cities and the worst pollution
levels (gathered from the interview). Urban populations living below poverty line suffer
the most as they are not able to access water resources at an affordable price and the
government allocated water does not necessarily “reach” them. Chennai is considered to
be one of the 10 dirty thirty cities with highly polluted river, Coovum that runs through
the heart of the city. Many low-income workers of Chennai live along the edges of the
river accessing the dirty river’s water for domestic use. The supply of water for the
demand needs to be clean. Contaminated drinking water systems can cause ailments or
even death.

2.5.4.6. Use Efficiency: Supply and Use Efficiency

The UN (2000) indicates that the administrators and control actors need to be
aware of the trade-offs and the resulting impacts. The study clearly states that the end-
use needs to be efficient. However, the end- use efficiency is relative to the person
utilizing water, the quantity and the purpose i.e., is societally related.

Changes in land use pattern are a functional aspect, whereby the source use and
value is looked at while integrating use restrictions to influence water saving. The major
aspect that stands out is the “more use per drop” concept, which tightens water use, and
the initiation of it in the society will mean that water use efficiency increases. For
example, when a 25 litre bucket of water is withdrawn through a pipe (connected to the
source), there is the necessity to know how the water is going to be used and how much
of it can be saved for other use. If plates need to be washed then HH need to identify the
best possible method, with 30% or more water left in the bucket from bathing. Hence,
efficiency is relative to use and this can be determined by a trial and error method. The
remedy is “to get more” through technology. The “to get more” notion induced a wave of
engineering efforts to bring in the necessary technology, as the main way of adapting to
scarcity (UN, 2000).
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The other argument the author makes is to point out that water use is subject to
climate and population expansion, which cannot be controlled. The other issue signified
is the accumulation of overall ecosystem degradation and global warming effecting low
supply. Within a conventional approach, the concepts looked at mainly relate to
agricultural use and the food production area, within the conventional approach. Whereas,
UN, 2000, gave water security a new approach for the 21* century. The new approach
looks at and discusses all aspects of conventional approaches that could potentially be
useful in solving the issue. Handling crisis situations can be hard but integrating all the
approaches may still be a solution towards water security.

2.54.7. Consumption Patterns

The use or consumption pattern is based on social and economic factors including
population, physiographic and climatic features. Asian communities have class- based,
political and uneven distribution management that influences the ability to get easy
access to water in a certain area.

The figures and facts show that, access to water resources is subject to various
factors, the development level, the income level or the GNP, the population, the
environmental reserves, the climatic extremes and the social pressures (UN Water, 2006),
(United Nations - Special Summit on Water, 2012). In developing countries, the low-
income users get less than 10 — 40 litres per day, while the per capita daily use in high-
income areas is 100 to 400 litres per day per household (UN Water, 2006). Income levels
often add discrimination to depravation; the physical availability and climatic extremes
play a vital role in enabling access to people. Affordability is important because it
enables access to water resources, despite the climate, social lifestyle or physical
availability. For example, in Asia, many communities buy water in bulk and share it.
People who do not pay do not receive water and hence, affordability plays a large role in
water security.

The amount withdrawn is not the same as the amount consumed. The global
annual withdrawal of fresh water in 1995 was 3790 Km3 and in the year 2000 it was
4430 km3 (Grid-ARENDAL, 2008). On the other hand the consumption levels varied
from 2,070 Km3 in 1995 to 2,304 Km3 in 2000, 61 percent and 52 percent respectively
(Grid-ARENDAL, 2008). The future global water withdrawal is expected to be higher
than the consumption rate, which in turn will increase with global development and
growth (GWP, 2011; UNEP, 2009; GRID — ARENDAL, 2008). The annual growth is
projected to be about 12% while total withdrawal is expected to be about 5240 Km3. In
2007, the global fresh water withdrawal was at 57%, while the Asian water withdrawal
was 70% of capacity. In future, a growth in the annual global water withdrawal is
predicted to be about 10 to 12% per decade (GWP, 2011; UNEP, 2009; GRID —
ARENDAL, 2008). Consumption is expected to growth at a slower rate than indicated in
the past. The consumption rates between 1995 and 2000 have not increased very much
and this is due to the reduction of rainfall, increase in population and mismanagement of
resources. Consumption and withdrawal rates are as shown in Figure 2 (GRID -
ARENDAL, 2008). The overall global consumption rates will increase 1.33 times a year
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by 2025 (GRID - ARENDAL, 2008). Future decades indicate that African and Asian
withdrawal rates are intensive and the increase is expected to be about 1.5 times. While
an increase in withdrawals and consumption according to (GRID - ARENDAL, 2008), is
about 1.2 times.

Although, there is a huge demand on the water table, it is necessary to consider
the overall aspect and include the usage behaviour of people, the climatic conditions and
the physical availability of renewable resources.

2.5.4.8. Supply Demand Deficit

Supply and demand gaps and consumption levels make up most of the factors
influencing the security of a region. The figures GWP, (2011) & GRID - ARENDAL,
(2008) indicate the changes in supply for different river basins. The projections indicate
values for 1995 and 2025 where the absolute value is just the same, while distribution and
allocation is rearranged (GRID - ARENDAL, 2008). The uneven distribution of water
and human settlement continues to create problems due to development and increased use
of fresh water resources. The freshwater availability and accessibility reduces by the day
due to the growing uses. The denser the population the harder it will get to supply the
required amount. The increases in population also may indicate that the amount of water
requirement doubles or triples every few decades, in effect due to changing technology,
climate and requirements of daily life. The GWP (2011) and GRID — ARENDAL (2008)
indicate that below 1700 m3 per capita is understood as stress and anything below 1000
m3 per capita is considered as scarcity.

Countries like Somalia or Rwanda face water stress but they are not water scarce.
Kenya is a country also on the other hand that has been declared water scarce absolutely.
Shortage of water is the absolute level where the available water does not meet the basic
requirements (African Water, 2010). The factors affecting scarcity are different per
country and thus, minimum requirements are different. A country like Somalia faces
stress; this is not scarcity. On the other hand, parts of Asia have plenty of rain, yet do not
have enough water to satisfy demand. This scarcity is based on supply-demand
management. Countries like Kenya, Saudi Arabia etc., have been declared water scarce
absolutely due to physical lack of availability and extreme climatic conditions. Thus, the
difference in categorizing scarcity is based on climate change and trends in a particular
locality and availability of water (Groisman, 2010; Gleick, 2010).

Multi sectoral demand further reduces the water available for human consumption.
In addition, GRID — ARENDAL (2008) indicates that South India, Middle East, South
Africa, East Africa, North Africa, Australia, West and Central America, and a portion of
South America (Western region) are water scarce in the year 1995 and the illustration
indicates that the stress is going to increase by the year 2025 (GWP, 2011; UNEP, 2009;
GRID — ARENDAL, 2008). Stress and scarcity drives extraction levels.

The consumption and extraction levels of water per sector signify that the
agricultural sector uses much more than Industrial or domestic sectors (GRID —
ARENDAL, 2008). The interesting fact is that water withdrawal i.e. the extraction of
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water resources from source to supply to consumers, is not always the same as
consumption.

The increase in consumption is known, but the concern is on the difference
between amounts extracted and actual usage. With an increase in withdrawals/
consumption, comes an increase in water stress. The amount of water that is extracted can
be used, recycled, reused and returned to source. The extraction level indicates the
amount of water that can be drawn, with excess recycled or drained into the sea.
Arguably most findings indicate not all of the excess / surplus water goes back to the
source (GWP, 2011; UNEP, 2009). It is disposed into the sea or stored at the reservoir.
Water loss after extraction is often attributed to exploitation, loss of water through
evaporation (negligible amount), runoff into the sea or loss due to contamination after
extraction. Hence, water use management is needed to channel as much of the water
extracted back to the source.

The global water withdrawal to consumption levels indicates that the domestic
sectoral water extraction was on par with the consumption level in 1900’s, while in 1950
the extraction and consumption gap increased where the consumption became less than
50% of the extraction. Furthermore, consumption levels in 1975 and 2000 implied while
the extraction was very high consumption was still very low. There was only about 10 to
20 percent consumption of the extracted sources. According to the SWP, the predictions
for 2025 indicates a very high level of extraction, while consumption does increase but
will still be about 10 percent of the extraction level (GWP, 2011; UNEP, 2009; GRID —
ARENDAL, 2008) only.

Extraction level is based on water demand and it is very different per region.
Consequently, water needs and availability are different per region, topography,
population and sectoral requirement is variable rendering sectoral usage, scale of usage
and population. It is possible that water resources will become non-renewable in future
with the extent of use or abuse (Johnson, 2006; UNDESA, 2005; Groisman, 2010; Gleick,
2010). The need for luxuries has also increased over the years i.e. computers, water
recreations, sports etc., also require enormous amounts of water. Hence, changes in life
style have tremendous effects in the way water is consumed. The way water is consumed
also influences the water loss.

2.5.4.9. Water loss and Wastage

Water loss, waste and inefficient use of water is one of the major problems faced
by countries. Water loss for households is related to inefficient supply, bad governance,
distribution system, unfiting policy, lack of investment into water infractructures,
building institutions and supply and demand management (UN ESCAP, 2010).

In Asian countries 30 to 70 % of the drinking water is unaccounted for. Much of
the water accounted for is wasted by inefficient water use by households, industries and
agriculture. This is due to unenforced policy and uncorrected wastage and inefficient use
also creates issues that can impair the water system in an unreversable manner (UN
ESCAP, 2010).
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The poor pricing policies, which is considered unnecessary for the elite and
middle class, as they are able to spend money on water resource without any issues also
influences and aids the inefficient water use. The poor people need subsidised water
resources. They do not have access to piped water resources and also end up paying twice
or thrice more to buy water for drinking and cooking (UN ESCAP, 2010).

To minimize wastage of water and increase efficiency in water use pricing needs
to be done properly. The real cost of providing water includes service and the actual
production. To introduce pricing policies for water, the system needs to recognize the
basic needs for human existence and on the other hand, waste and inefficient use needs to
be charged individually and increasingly. This would be more ecofriendly and enforce
use efficiency among households in a community.

Progressive pricing policies would increase funding for the system. Financial
resources available can be invested rehabilatating and modernizing water infrastructures.
Moreover, funds secured through policies for pricing, allows room for investments on
water development and infrastructure. The government must in this case make efforts to
improve the water loss situation and lessen wastage, infrastructures and management.
Pricing for public and private society will reduce unaccounted water (unmetered water
supply) and wastage of resources, increase security and conservation and promote reuse.

The global utilities of water and the mismanagement list can be very long. A
balance can be maintained only through efficient use and bringing improvements to the
water management systems (van Hofwegen and Svendsen, 2000). Most available fresh
water sources are directed towards agriculture and food production processes and hence,
reduced water availability for other sectors will cause nexus of problems within various
sectors. The agriculture sector consumes more than 70% of the water supply, at a global
scale, while Industry consumes about 20 percent or more, leaving about 5 to 10 percent
for domestic use and other uses. Water shortage is always felt in many ways. Thus,
countries cannot claim that everybody has enough water supplied to them.

The demand for global agricultural needs will be doubled in the next 30 years,
while it is easier to realize water through ground water resources; it is becoming harder to
maintain recharge levels. Moreover, a vast quantity of water is used in making silicon
chips for computers and cell phones. A large amount of water goes towards power plants
and running the economy of the country. Today, there are factories, food-manufacturing
industries, and human domestic activities that require copious amounts of water. Books,
encyclopaedias, magazines, newspapers and public remain constant in noting an increase
in population versus an increase in demand for natural resources regardless of the
carrying capacities of the regions or the agro-climatic statuses. Multiple researches have
attempted to create models that increase water use efficiency and help the water poor as
an attempt to increase water security (EPA. 2012, GWP, 2011). With increasing demands
the probability is that any attempt to improve use would be futile. Future requirements
will include research on water security, identification of source, system, and several
small-scale pilot studies to determine need for centralized management and accelerated
enquiry on the system based issues. Water supply and demand balance is not optimal for
most regions in Asia. The research inadequacy lies in the comprehension of major issues
impeding proper policy interventions, to undesired policy responses. Integrated water
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management in Asia is a requirement, which can induce proper policy interventions to
secure and sustain water resources.
Table 6 Factors Affecting Demand Rate

Factors affecting Rate of Demand | Use and consumption level
Size and Type Smaller communities — smaller rate of use due to limited consumption
Standard of living Higher standard — higher demand and variation in use
Climate Hotter Climate — more water use for bathing
Colder climate — increased toilet flush use to prevent freezing of pipes
Quality of water Poor quality — lower amounts use
Pressure in supply Higher pressure — increased use
System of Supply 24 hour supply — more consumption
Sewerage Installation of sewerage — increases the water use
Metering Metered supplies — decrease the use
Water rates Increase in rate — decrease consumption
Age of community Older — decreased use as the communities are more stable
Pools Pools — increase use — improve conservation through storage
Lawn sprinkling Enforcement of sprinkler — decreases water use

Source: Punmia, 2011

Table 7 indicates certain factors that impact the water requirement. As the average
water consumption varies from one city to another, certain activities requiring water
needs to be planned properly. The figures vary between 50 to 150 litres per head in a
family for personal and drinking purposes while, cleaning, lawn watering, pools etc.,
entail new items on the list for water demand.

Pricing natural resources is a tricky if not impossible concept in developing
nations, due to the heavy subsidization of costs for the locals. Generally the water poor
and people below the poverty line are affected more than others. UN indicated that before
creating access it is necessary to understand affordability. For a community to be able to
afford the water service or resource, it is necessary to see if the unmetered water loss is
high. When unmetered water losses are high then it is clear that a portion of the
community is not able to buy water through metered source. The UN indicates that about
5% of monthly income is a high amount to be spending on water resources, for a family
living under the poverty line.

The US Environmental Protection Agency identified median income for
households and measured the level of compliance to water regulation. The weak
correlation to the income and the expense on water can only be detected when the water
costs are increased. Hence, this system of monitoring may not function well for a society
with subsidized water costs. If the US EPA measures the increase in non-metered water
use level against the percentage of income used for water expense, within the low income
a waste may be easier to detect.
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This study suggests that the median income household measure indicates if the
households are at a risk of being unable to afford water. Income, poverty areas, poverty
are the three indicators of affordability. On the other hand the study does not consider the
non-metered use of water resources. The argument is that, it could mean people with high
income use wells and other unmetered access points. A further survey must indicate the
point of access, use level, whether metered or not; it must also indicate household income
level and what percentage of the income is used on water.

The EPA compared the regions for water use and urban areas at economic risk
where the income level may not be a strict issue. The low-income areas that are highly
populated are at risk due to the percentage of the HH income spent on water being higher
than 5% of the total (EPA, 2012). The affordability analysis needs focus on the local
level water systems that are at risk. This means the urban poor must also be taken into
account. For example when there is economic crisis, like say inflation by 8%, the rich
will not be impacted so much as the poor, who find that drinking water prices are now
$10 USD rather than $9 USD, where their income ranges between $110 to $200 USD and
then have to spend the extra $0.8 USD to get water. Inflation and the increase in demand
increases the water stress to feed population and this is felt keenly in urban regions. The
costs of receiving services are also an important factor in affordability analysis. In
addition, the analysis should rely on specific data for water systems, costs involved, and
compliance costs, while also looking at issues such as poverty, water poor and the
availability (EPA, 2012).

Interventions in water system are needed to meet demands. The environment too
needs to be altered to fit the demands of locals. In order to be able to face challenges and
changes i.e. climate change, land use pattern change, deforestation, contamination of
water, endemic/ epidemic etc., policy is altered in such a way that the after effects of
interventions are minimal. The negative effects may be environmental, social or
economic or all three; the major impact is on the downstream water users.

2.6. Achieving Water Security Through Governance

Various civilizations right from the 4™ century BC have been managing resources
with techniques that were prudent to the changes happening during the time period and
when needed. Water resources have always been managed rather than just used and
hence, the globe is essentially just facing a turn of events in terms of availability of water
resources due to climate change rather than facing something new and unknown
(Huitema, et. al., 2009). A disciplined manner to approach water security would mean
gaining control of the anthropogenic activities that cause scarcity. UNEP, (2012),
indicates that the measures to improve security lay in the way anthropogenic
interventions are managed within the water system, to meet some or all of the social,
environmental and economic goals. Too many of the developed and developing
countries’ major interventions denote a societal change that may or may not be enforced
by the local authorities or policy makers.

The Urban Environmental Management approach deals with large cities’
management of water, waste, air quality, etc., to maintain a sustainable level of resources
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within the system?. Poverty is one of the causes of major environmental problems and
‘water poor’ among them will increase drastically due to their income levels,
affordability to pay for resources etc. Water poor generate allocation issues with the poor
versus rich dilemma within a large city. Although this approach contributes to the
generally water poor, it does not integrate other sectoral issues, decisions and changes,
which may lead to a probable unrest in the system. Major complaints for lack of water
come from the poor and the main causes are attributed to the poor governance, poor
management, poor enforcement, bribery, social stigmas, participation and manner of
adaptation (Huitema, et. al., 2009).

Elements of adaptive governance include: Accountability, Reliability,
Consistency, Legislation, Awareness, Information, Institution, Policy, Organization,
Expertize and Planning ((Huitema, et. al., 2009); (SOPAC, 2013)). Policy, awareness,
reliability and planning tools play a significant role in aiding adaptation and security.
Policy is defined as the proposed course of action. It can also be termed as the basic
principle that guides the governance and government. It is often formulated and enforced
by the same organization based on social, economic and environmental needs. The policy
making process is iterative or cyclical in nature with analysis of proposed action, review
of inclusions, impacts review, alternative options, feasibility of the project, approvals,
implementation and further analysis for improvement (SOPAC, 2013).

Policy proposals cannot be acted upon without proper thought or processing of
information. This phase is called the planning phase, which is very vital as it necessitates
careful thought, input, reliable sources, and accountability of managers, consistent
information, and expert handling (SOPAC, 2013).

Accountability reflects the answerability or the responsibility taken up by the
organization or the person in charge. The organization or the individual needs to show the
significance of the policy statements and the ability to take responsibility to complete the
task without a problem. In the event of crisis, this person or organization is able to take a
stand and lead. Leadership and political power use is also part of accountability. A
working definition of Accountability is the ability of the organization to lead and handle
problems in a responsible manner that is beneficial to the community, the economy and
the environment (SOPAC, 2013).

Expertise is defined as “the knowledge-ability” of the organization, the decision
makers, or the stakeholders. The availability of information, access to information also
plays a vital role in expertize (SOPAC, 2013).

Consistency is when there is consistent progress in management. The decision
makers need to have consistent information and need to make consistent progress with
every change in policy. Reliability is the ability of a community to relay dependable
information, decisions, expertise etc. For example, the decision maker needs to be relied
on for information, good decisions, and trustworthy evidence (SOPAC, 2013).

Awareness and Information: Awareness and information are entwined, as
awareness is created with information provided to the public. The RTI for Chennai, for

2 System here refers to the management body, ecosystem, actors and stakeholders good
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example is an excellent instance of providing information to the public. The RTI
essentially influences the authorities, the policymakers and the organization to post
relevant and vital information on the bulletin for perusal. Hence, it hopes to create
responsiveness, understanding and “knowledge-ability” within the society (SOPAC,
2013).

Legislation is the process of law making based on the proposed policy and plan of
action. Legislation is the process of enacting edicts by the legislative body. These edicts
are passed as bills within the legislative assembly. For example, the EPA’s Safe Drinking
Water Act (SDWA) ensures the quality of water. This law was passed in 1974 by the
congress to protect public health (EPA - SDWA, 2012). The American drinking water
SDWA sets the standards. The state, the localities, the communities and the suppliers
follow these standards as law (EPA - SDWA, 2012). These are regulated and managed by
the public health management bodies within the legislative system. The amended law
(amended in 1986) regulates the sources and the supplies. Rivers, lakes, etc., are all
managed under the same rule or institution.

Institution or organization refers to the body or establishing within the legislature,
the information, the communications, the bills, the proposals, the funding and the
development plans for policy. There are national, state and international organizations
within a country.

Governance is rather vague as it can be defined based on functional needs and the
considerable sources. The concept is defined for this research as the process through
which the actions are taken, monitored and changed within a system of interaction
between organization and legislature with an ability to create and implement policies for
the communities’ interests (Huitema, et. al., 2009).

There are a number of frameworks and approaches to achieve adaptive
governance. Within the IWRM an integration of the key approaches and frameworks will
benefit all the sectors and community.

2.6.1. Integrated Management Approaches

Integrated management approach is integrating different approaches to customize
the solutions for each region. It is important to understand that not all sectors face the
same issue, albeit it may relate to one impacting factor, but the results may vary. An
integrated approach combines conventional ways to create a better solution.

There are three ideas conveyed by UN (2000), relating to the conventional
approach. 1) The first is the domestic regulation of and withdrawal of water from source
and more intensive use of that water. Use needs to be restricted as the amount of use
required for industry, agriculture and domestic purposes can well mean that there is less
for nature and the ecosystem. This resulted in the improved access functionally within the
society. The develop-supply-use paradigm denotes that the quality and quantity of water
was fast degrading. 2) Land use, management and climate change determines the water
in-flow. Intensified production implies increase in consumption of natural resources.
Hence, less water is required to recharge aquifers. This means that there is specific divide
of the rainwater. 3) The societal efforts and the user are needed to manage water
intensively and also to manage facilities and service development. The major difficulties
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of coping with the available quantity, quality and vulnerability add to the cost of building
structures and the management of water conflicts between “end users”.  The
vulnerabilities are yet to be addressed by implementing policies that allow management
of foundations.

2.6.2. Domestic water management

Domestic Water Management is a good approach for water security at a
household, community, national and environmental level to create reliability of source,
resilience to disasters, and improvement of environment to enjoy healthy water sources
(GWP, 2011). Hence, the goal here is to achieve security within water scarce or stressed
regions, efficiently. The reduction of economic vulnerability also needs to be considered
as infrastructures and interventions are managed through the economic management
method to manage flow against time, where reliable flow of floods indicates a threshold
of permissible water level and maximum flow is the quantity that is surplus to the
allowed amount of water. Economic vulnerability will also impact society in the event of
droughts. Water shortage is experienced by all regions including Asia or the US,
depending on the drought management for availability, funding etc., (Stedman, 2012).
The US has faced water shortage since the mid 1990’s and the report indicates that about
1000 rural communities are impacted and in some cases security issues became worse
than in developing communities. The report, by UN (2007), describes several levels of
scarcity, namely: absolute, life threatening, seasonal, on going, cyclical and temporary.
To overcome these threats, the Millennium Development Goals address several water
scarcity problems and have set standards of achievement to increase accessibility,
equitability, quality etc., (Cook C. B., 2012; (UN - Water Final Report, n.d).

The domestic water management will also include plans for reduction of
degradation due to use of surface and ground water for human activities and domestic
wastes such as building, infrastructure etc. The conventional way of approaching water
resource focuses more on the amount and the flow towards water bodies in a centralized
manner. The problem with this approach is that no one community has the same water
issue as another, unless they share a river basin.

Surface and ground water are the direct access points for use. Ground water is
more easily accessed, as it is a point access rather than transportation from source
through pipes, which is the major means of water conveyance for urban societies. This
implies that ground water is more likely to be illegally exploited and freely available at
any location, as long as there is water available underground. It is very hard to meter or
charge ground water sources unless all the wells and tubes are accounted for.

Understanding threats to water resource that may be due to climate change or via
anthropogenic activities is vital, as these threats may impact the quality and accessible
quantity for the community. A good governance lesson from the US water policy is the
SECURE Act. The SECURE Water Act in the US includes a report prepared by the
reclamation fulfilments that address the elements of 9503, part (c), indicating that the
success to water management would require assessment of threats to the supply system,
improving knowledge level and mitigating adaptation for security (SECURE Water Act
Report to Congress, 2011). The short report includes the global change effects with
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respect to the quality of the water located in the river basin reclamation area; the impact
of global climate change; mitigations and adaptation strategies implemented with close
examination of each of the impacts; and survey and date assimilation by U.S Geological
Survey (USGS), National Oceanic and Atmospheric Administration (NOAA), U.S
Department of Agriculture (USDA), and/ or any of the state water resource agencies
(SECURE Water Act Report to Congress, 2011). The key issues as mentioned above are
brought out or highlighted by the population growth, unsustainable consumption patterns
and uncontrolled use and waste of water.

The water management included in this act reports on population, pollution,
governance and climatic variations. Most studies including carbon emission and water
security risks of extreme climatic events include regions that may potentially become
water stressed and eventually resource scarce. The Secure Act uses the governance
approach to understand issues and manage variations through adaptation strategies or
technological advancement.

2.7.  Adaptation to Climate Change

Adaptation includes methods and indicators that help deduce the best techniques
to handle climate change impacts and patterns of vulnerability, and how to build adaptive
capacity. The next step includes an improved system for mitigation of risks and then
mechanisms that are specific to the communities, including the poor. The adaptation also
involves looking into the finances of the state to handle risks specifically to manage
climate change related risks. A key to adapting includes systems of data sharing and
warning. The system of disaster reduction or prevention or fast recovery includes
programs and projects to educate, to increase technology and to manage schemes
efficiently. Especially, the risk management in water sector, particularly resilient
management approaches and adapted design and management for every focal point
within a region are vital. Focal points within every sector need to be understood and
managed. Some focal points are economic systems, diversification and local community
acceptance, appropriate levels of communication through experience sharing, policies
and migration levels. Finally, two important aspects include professionlism and networks
needed to hold the government, NGO’s and private sectors to use existing knowledge and
to devise good plans to implement to reduce risks or prevent further impacts. The second
would be activities that could promote practical and simple actions such as shared
perspectives in global issues, actions for a particular country and climate of the region in
response to the climate change with consensus.

Adaptation to climate change is often strained among the developed and
developing regions. Developing regions are stretched for resources and the growing
population in the countries disallows the poor access, and are left helpless and hapless.
The hurricane Katrina produced a lot of difficulties in the year 2005. From the years 1963
to 1992 there have been various impacts in different regions in Asia. There have been 130
floods and 6 droughts. The Americas had 35 floods and no droughts, Europe 10 floods
and no droughts, Africa 19 floods and 15 droughts, the Caribbean 2 floods and no
droughts, and the Pacific had 6 floods and no droughts. Due to these floods and droughts
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there have been famines in Asia and Africa alone while the rest of the world provided aid
to support them. Besides floods and droughts there are tropical cyclones, rainstorms,
earthquakes and landslides seen in the continents.

The issues including some that have historically been applied to developing
regions have been taken for granted and the scale now has been underestimated. For
example the intensity of typhoons may not be the same as it was in the past. Of course
there are a few regions that can claim climate change has always been impacting the
region with similar intensity every year or once in five years. This entirely depends on the
region being considered.

The poor are unable to respond to the climate change in anyway. They do not
have the power and neither do they have a voice. The poor do not have the privilege to
use natural resources or other resources, yet in turn they are blamed for all the issues
around the world. While the poor do contribute to the population growth, they are not the
sole cause.

Unexpected events such as earthquakes or tsunami give less time to prepare.
Responses to events have to be prearranged and are hence difficult if states just start to
recognize the importance of crisis management.

2.7.1. Case Studies and Major Strategies for Adaptation

The major adaptation strategies considered while combating climate change
related impacts are to increase income, education and technical skills, the public
availability of food, preparedness for disasters, and health and sustainable development.

Adaptation involves change is policy for certain aspects of water management:
public- private participation (PPP), quality, zoning, conservation, flood control and
management, land erosion, drought prone area development, monitoring projects,
distribution (inclusive of state and local), ground water development, drinking water
supply, irrigation (integration of water use and land use policies), resettlement and
rehabilitation, financial and physical sustainability, participatory approach, information
system, resource planning, institutional mechanism, allocation priorities, and project
planning.

Cases of Climatic Extremes and Successful Strategies:

According to Liu, (2007) analysis suggests that drought is related to the large-
scale changes in climate across the Indian and Pacific Oceans, including the recent La
Nifia, a weather phenomenon in the Eastern Pacific. Furthermore, a 2006 drought in
Southern China left about 520,000 people in water scarcity and caused a large amount of
crop spoilage. Liu (2007) states that drought affected the areas in mountainous Guangxi
region on China’s southern coast and nearly 102,000 hectares (254,000 acres) of crops
were damaged, causing a loss of more than 400 million RMB Yuan (US$50 million). The
worst drought hit China’s South- western city of Chongqing, situated along the upper
reaches of the Yangtze River. In 2006, between June 1% and August 14%, the whole
province had a rainfall level of about 287.1 mm, about 103 mm less than the median rate.
Within the 35 days from July 10" to August 13" the temperature rose to about 40 degrees,
13 degrees above normal, setting a modern temperature record (Liu, 2007). The financial
losses were huge, reaching to above 8 billion RMB Yuan (US$1.04 billion). Apart from
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the financial losses, there were about 8 million locals without continuous access to water
resources and 2 million hectares of farmland damaged. 18 million people felt the lack of
drinking water (Liu, 2007). This is a good example showing increase in temperature,
where management of water is a little skewed and requires a strong administration/
enforcement of policies. The solutions to such problems are yet to be simplified and
implemented in a successful manner. There were a number of sophisticated monitoring of
droughts and quality checks conducted in this region.

The drought in the Chongqing region raised climate change worries. Since then
stronger warming in the North is seen. China has measured and monitored this warming
through setup of 412 stations, and it is seen that the temperature has increased by about
1.2 mu degree C since the 1960’s (Liu, 2007). The last decade has had the seven warmest
years. The south of China is also warming, but at a slower rate. The winter warming as
indicated by the journal article is four times that of the summer warming. The Author
indicates IPCC projection that warming trends will continue, and will increase further up
to 5 mu Degree C. There will be impacts on the water and agricultural production (food
security) within populated cities in China. The contrast in increase of rainfall between N
and S China and E china indicates variation that is brought about by the East and Indian
Monsoons. Future projections, through a model, indicate that summer precipitation will
increase in certain regions up to 767% above the mm of rain noted in 2000 — 2006. This
model may not be accurate as to synoptic (cyclonic scale of rain and relative to high and
low pressure rains) and orographic rain, i.e. in relation to the position of the mountains.
This model may not be accurate in predicting the total rainfall itself that could possibly
be triggered by pollutants. China initiated the setup of 355 stations, which are to gauge
rainfall levels and also predict long-term trends. There is an overall decline in rain by
about 12 percent. This is due to the weakening of the Indian Monsoons signifying lower
rains also to the East Coast of India.

China faces major scientific problems and trends. Projections indicate that climate
change may cause havoc in the N and S regions of heavily populated cities of China.
China proposes to address this change through models that study the aerosol and
chemical effects on climate change, complete stock taking of land and atmosphere
processes, monitoring of water body conditions, enabling impact study on water
resources and designing and implementing cost effective adaptations that can be enforced
in an event of crisis, efficiently. The major concern is floods, as the rainfall level is
expected to supersede all other years’ rainfall measures. The risk increases due to the
population density of certain cities. China intends to monitor and measure levels
continuously, implement flood event planning and programs to help people during the
time, provide aid for flood and drought events (Liu 2007) (Shilong, 2010). The reduction
of rainfall and heat waves are seen in all part of China, except for Central China.

The Yangtze River basin that goes all the way to Vietnam has been researched
and recently the UN has indicated that there is a general increase in the number of rainy
days in the Southern region while the North and Northeast have low rains. The entire
country will experience severe oscillation of climate with drought/ scarcity, heat waves
and floods. Drought can be most severe in China as the source of water is reducing in
quantity; there is 3,000,000 km2 of dry regions in China, approximately. In the past,
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severe drought hit china in the 1960’s, late 1970’s, early 80’s, and the late 90’s (Liu
2007) (Shilong, 2010). The NW part of China is dry and arid. In the past these regions
have suffered lack of water and vegetation and surprisingly enough, the regions’ rainfall
level has improved and there is also increased vegetation as indicated by the author
(Shilong, 2010). The main investigation that China is undertaking is to understand the
trends and predict if there will be future droughts in this region. The results from the
climatic models denote that the future predictions are not really clear, and unpredictable
extremes may surface. The IPCC climatic model indicated that the NE will dry up and the
NW will have more rains and this will continue in the near future for China (Shilong,
2010). On the other hand Scenario B of the IPCC model indicates that the NE will not
face drought for very long (Shilong, 2010). This could be due to the extreme heating
cooling events bringing floods and droughts to parts of China, creating confusion in the
minds of scientists.

China needs a new adaptation strategy, which requires information and
knowledge spread and policy responses. The region also requires a study of past extreme
events and the pattern of these events over the last century. The research needs to analyse
the traits of events and impact and effect must be documented to plan for future, soil
moisture level measure, the regional responses to adverse climate change must be
understood and the extent and intensity of the hydrologic process impacting water bodies
must also be considered (Liu 2007). The major adaptation strategies that have proven
successful in other regions include the interception of rivers with dams and harvesting
synoptic scale water for direct access for domestic activities. The river basin is large, and
this means it can be channelled to create more water for the people in other parts of China
with tubes, pipes and trench channels during floods or heavy rainfalls. The actual run off
percentage may be higher than 80 and hence, there may be a threat of sea level rise for
the highly populated coastal cities of China. As the author (Liu 2007) denotes, the runoff
at Datong station measure indicates that is it is clearly induced by climate change and
action must be taken if the intensity of this rainfall may increase in the future.

The country description of an island is a place having no land boundaries, only
water. These characteristics are depicted in all of the Philippines, Japan, Malaysia and
Indonesia. The Philippines has three major islands Luzon, Visayas and Mindano, with a
population of 85.2 million in 2005. The Philippines climate would be termed as tropical
marine with dry seasons from December to May and wet seasons from June to December.
The annual temperatures range from 25 to 27 degrees Celsius and the regions suffer a
minimum of 20 tropical cyclones every year. The observed increase in annual maximum
temperatures is about 0.3 degree C between 1951 and 2006. The mean minimum
temperatures increased to about 0.8 degree C and this is between 1951 and 2006 as well.
This data depicts a three times increase compared to the annual maximum temperatures.
The Philippines faces flash floods, which occur in mountainous regions, typhoons across
the country, storms in coastal regions and volcanoes active in 17 regions and erupted five
times in the last 25 years in Kanlaon, Bulusan, Mayon, and Pinatubo. This region also
faces Tsunamis in coastal parts, 4 mts above sea level. The regions of Mindanao are
vulnerable in terms of going under the sea. Given that this region is volcanic it has also
has at least 5 earthquakes daily and there was one recorded in 1990 as the strongest in the
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region. Besides these issues the region is prone to droughts, El Nino in 1982 and 1989,
1990 and 1993 and 1994. To sum up the changes, there is natural resource degradation,
damage to urban environment such as water pollution and scarcity. There is also an
insufficient institutional capacity found in the region. Thus water pollution may be due to
weak enforcements, increase in domestic activities, agricultural land use patterns and
industrial activities. Hence, the issues come down to managing resources to last longer
and also to make it available and accessible to people during calamities. Climate can also
increase or initiate the spread of water borne diseases such as cholera, diarrhoea, typhoid
etc.

Methods and strategies used here are: Clean development projects by the UN
reduction in emissions of Carbon dioxide. Emission reduction is shown to be about
253919 tons of COs. These are some of the current mechanisms that are used to handle
climate change. Upon a close look at the mitigation section of the paper by the
Department of Environment and Natural Resources (DENR) of the Philippines, the
programs used for adaptation include the empowerment of people towards human
development with key stress on sustainable development, the sustainable management of
resources to alleviate poverty and pressures on the environment and the international
activities with less degradation of environmental resources. The projects on water include
management and control of tides, monitoring and advising people on high tides. Besides,
there are also several river rehabilitation projects to bring in enough pure water to the
regions. The health programs include information and production of safe water through
sanitation programs to local people. The metropolitan environmental improvement
program, the clean and green programs, ecological solid waste program, the
environmental management and pollution control and the safe water and sanitation
program comprise of the programs referred to above. The challenges observed for the
future of water and other resources include health problems, human resources allotment,
environmental degradation at a higher intensity, disparity in information access within the
population and finally knowledge gaps when compared to other countries Magturo,
(2006).

Spain is considered to be the most arid country in the EU, and water resource
management is an issue that is most contemplated for this area. The drought impacts on
water resources directly influence distributed. Spain's problem is with the governance of
water resources rather than the physical drought itself. Similarly, the MENA region of the
Middle East faces drought, reduction of water resources on a large scale. Yemen and
Sudan are on the receiving-end of scarcity with projections of increased rainfall with
predicted uncertainty. The resulting impacts are food insecurity, increased poverty, under
development, reduced water sanitation and supply etc. Under a sea level rise the areas of
Kuwait; Qatar, Libya, Tunisia, United Arab Emirates and Egypt are at risk of losing their
coastal regions to sea. The storm surges are the main threat to the regions that impact the
water systems, transport facilities, energy sector, tourism industry, beach facilities and
the waste network. The higher intensity and frequency of hot days will increase the
demand for energy and impact the power production.

A severe drought affected much of Southwest Asia between 1999 and 2003,
including Afghanistan, Pakistan, Kyrgyzstan, Iran, Iraq, Turkmenistan, Uzbekistan and
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some of Kazakhstan (Liu 2007). A persistent drought in Central and South West Asia has
affected close to 60 million people due to its multiple occurrences. Particularly impacted
sectors are agriculture, water resources and public health. In arid climates such as Oman,
for example, there is low rainfall and high temperatures and it has come to a point that
underground water sources are not enough. There is rapid development of cities,
agriculture, and industries. In general, coastal cities in the semi-arid tropic regions have
varied climatic conditions and related mechanisms for climate change adaptation. Water
in these regions has low quality due to salt intrusion into the local surface and ground
water sources.

As the conditions worsen, setting water policies and political play, the
policymaking becomes harder and more complicated. Hence, at various levels: the
national, state and local levels the different management styles do indicate what the micro
level effect would be on the water policy and implementations (Wagner et. al., 2010). An
integral part of water security is the human security and environmental balance that
brings about stability in handling climate change. Observations and the projections for
water resource and security often relate to climate change and its adaptations. Water
resources management and security will always involve politics, as the local and inter-
state wars on water resources, involvement of power when dealing with water policies
and the inclusion of economic benefits when it comes to highly corrupted societies and
highly developed societies (Wester, 2009). The foundations of water policy change and
managing climate change for water security depend on good governance. Governance
essentially includes politics, policy planning and implementations, institutional level
changes and social and cultural aspects. The complexity of the governance is clear when
looking at the policies, politics, diplomacy, the role of religions and the water resource
management within the policy expedient and technical frames.

Sirwaniya, a village in Surendranagar of Saurashtra, Gujarat, India a dry arid
region without water resources to extract, fights every morning for water. Every day at
dawn, there is a fight to obtain brackish water (Banerjee, 2012). This case is a good
example for lack of water due to less monsoon rains and, hence the drought. Gujarat’s
cotton growing district is now (2011) caught off guard, as the monsoons did not deliver
the rains it did in the last ten years. Gujarat’s well-wetted region is now in trouble due to
lack of monsoons. Since, cotton cannot be grown in the region; it is hard for locals to
survive. The desalination plant provides water to people. Despite the water sanitation and
management organization, the region does not get water from Narmada River. Sirwaniya,
gains from Vatavatchh an acutely water deprived region that converted scarcity into a
business by allowing those with storage tanks to get water for the poor and waterless at a
low cost of Rs. 100 or close to 1.80 dollars. Now Vatavatchh supplies water to regions
that do not have any water source. They use motored rickshaws to bring water to arid
regions of Gujarat. Rajkot’s water shortage also worries its residents due to water crisis;
they need water for processing livestock and milk supplies, which is the main revenue
source. Water source is still less due to the failure of adaptation steps (Banarjee, 2012).

Bangladesh is a low-lying country with 70% of its land surface 1 m above sea
level and most of the land is a flood plain (Ousmane, 2008). Monsoon climate brings
excess rain, which results in rivers flooding. During seasonal change snow melts from the
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mountains increases the flood in the region. Some reasons for this are lack of money and
depletion of resources. The tropical cyclones and hurricanes are common in the regions
close to the Bay of Bengal. This creates issues with growing floods and causes sea level
rise. Floods during 1998 in Bangladesh killed many and made many homeless. Besides
this, many died due to lack of clean water supply (Ousmane, 2008), which resulted in
spread of diseases such as cholera and typhoid. The good thing about flood is that when
floods occur the water loses its energy when it strikes land and deposits nutrients on land.
The soil becomes fertile and rich allowing growth of crops. The silt deposited on land
increases the land space. Bangladesh has responded to floods through aid programs and
workers for repair of damage. There are artificial embankments created so that the flow
capacity of rivers increases (Ousmane, 2008). Water and food protection within shelters,
emergency flood warning systems and dam constructions are the aid provided by the
national and local government.

On examining the current status of water in Karnataka, author Siddhanti (2011)
indicated that there was a very low level of access to water sources, 52% to be exact, in
the year 2009. This coupled with low storage levels and dependency on ground water
sources created a crisis situation. The solution proposed by the author is to look back in
the history of water management and gain vital knowledge on implementations and ideas
for future security of water. The system of water management according to Siddhanti in
2011 was good centuries ago. Some of these practices are still existent in several parts of
India.

Table 7 Common Urban Adaptation Techniques

Assessing water security and water systems within a region

Assessing the climatic variations and checking models for responses

Monitoring stations for floods and droughts and compare data

Initial assessment of current status of water within cities

Long term assessment through repeated evaluation — for risk of water quality and quantity becoming
degraded in the foreseeable future

Inspection and testing of water quality with WHO standards as a guide

Planning programs and projects to inform public and train them to handle extreme droughts

Equip governing bodies with people’s participation and research findings to make an informed
decision

Predict demand requirements and introduce efficient use of water within communities

Noting uncertain stress factors such as development and climate change

Examine cost effectiveness of programs

Properly allocate funds and account for it

Source: Compiled from Literatures

Siddhanti (2011) also feels that some of the practices, if adopted, would improve
the current system and allow efficient management to sustain for the future. The Adil
Shah and the other sultans were very efficient managers of resources (Siddhanti, 2011).
The excellent water management systems and the conservation techniques adopted during
that time may be the key to the future management in India, especially for many parts of
South India (See Table 8).
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2.8. Relevant Technologies and Policies for Supply

Asian countries have limited funding, resource and management power. Based on
the current status and works adapted from Europe, United Arab Emirates (U.A.E.), and
America, there are several recurring implementations for alternative supply sources.
According to the UN, besides household and commercial practices and regulatory control
on supply and demand, the most efficient alternative supply strategies that improve water
security and also help smooth adaptations to climatic impacts are: 1) rain water harvest,
2) restoration of existent or ancient implementations, 3) ground water recharge, and 4)
desalination.

2.8.1. Rain Water Harvesting

RWH is a very old technology that has been implemented both in ancient Rome,
Palestine and Greece, with special apparatus built. The extensive apparatus is to capture
rain for use in domestic household works. Most residences were built with cisterns that
allow conservation of water (TN RWH, 2011). This age old technique is implemented in
today’s world to bring about water security. Water harvesting reduces river overflows as
well as flooding within the city. If there are heavy rains close to 600 mm, residences can
capture a good chunk of the rainfall within the city. Besides extra water, there will be less
stagnant water on the roads, runoff will be smooth and the local government need not
seek to install technological facilities to improve water supply. The technological
installations usually bring social and environmental issues, besides the huge start up and
maintenances.

2.8.2. Restoration of Existent or Ancient Implementations

A case of management that was successful, as per the views of all key
administrators at TWAD, is the reconstruction and maintenance of the small areas of
stagnant water structures, called Ooranis (TWAD interviews, 2012). These traditional
ponds have proven to be a good water management system. The current project includes
the restoration of the ancient Ooranis and supply systems followed during ancient times.
These ponds were the main supply system in Tamil Nadu many centuries ago. The
constructions of these ponds were through the efforts of people over several phases to
maintain a steady flow of water runoffs. All of these ponds were well connected through
irrigation tanks: the kanmoi. In recent years, these ponds, due to neglect and dilapidation,
have collapsed and became functionally redundant, and reconstruction has proved to be
the best solution to provide water and improve water management in TN (TWAD
interviews, 2012). There have been various initiatives to improve the ponds under Rajiv
Gandhi’s National Drinking Water Mission (RGNDWM) by the Ministry of Rural
Development, Pradan Mantri Grameen Yojana (PMGY) and Accelerated Rural Water
Supply Programs (ARWSP). The schemes include the desalting of ponds, treatment of
catchment zones, clearing of the supply channel, endowment of filter media and
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providing draw well arrangements and fencing of ponds.’This scheme, ARWSP, coupled
with the rainwater-harvesting scheme has increased the surplus water levels in the water
table of several regions of Tamil Nadu, yet the water supply demand gap is increasing. A
pre-existent water scarcity issue coupled with climate change can further worsen
conditions within highly populated regions. Unfortunately, they do not have the
mechanism to install these structures due to the physiographic differences and also the
approvals to undertake such implementations within urban or semi urban regions.

2.8.3. Ground Water Recharge

The recharge of groundwater is a concept that is now given importance due to the
effects of reduction of water levels in the aquifers and the decrease in the soil moisture.
Some of the ancient water recharge systems used in various parts of the world such as
recharge pits, trenches, dug wells, hand pumps, recharge wells, recharge shafts etc.,
indicate the success stories of the past water harvest systems (UN, 2009; Chennai
Metropolitan Water Supply and Sewage Board, 2008; Weinthal, 2010). This indicates
that maintanence of currently available recharge, harvest and storage areas along with
renovation of past structures, will increase the water available and make it easily
accessable for people.

Reclamation of water can be done by recovery and retrieval through two means:
desalination and reuse of treated waste. Reuse of wastewater can be done by treating
water suitable to an extent that it is as good as or better than the naturally occurring water
used after treatment. This method can be used to artificially recharge the ground water. It
can also provide water for faucets, showers, cleaning, agricultural and industrial purposes,
in an efficient manner reducing the strain on the naturally available resources. Chennai
Metro Water defines desalination as the process through which saline or brackish water
may be rendered useful for drinking. Desalination is also otherwise referred to as
“Desalting”, as it was first named after the process. The common methods for
desalination are distillation, reverse osmosis, electro-dialysis, freezing and solar
evaporation.

2.9. Chapter Summary

Among all the approaches that the literature suggests, IWRM is the best due to
flexibility and framework adaptability to a region’s requirement. IWRM allows
assessment and policy analysis and adaptation planning for a region in an efficient
manner. Water governance literatures indicate that good governance shows the ability of
the region to manage resources and cope with climate change. The leadership abilities of
a region are reflected in policies that the system has implemented. Water security is a
significant concept, which is used to understand the availability, accessibility,
affordability and allocation of clean water equitably to all. Most countries have not
achieved perfect level of security. The aim of most regions is to adapt to climate change
and other problems through security of resources. Resource management within a supply

3 Data through informal brief of water resources and initiatives, while collecting information through interviews
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and demand continuum signifies that every element of supply and demand side
management carries weight in achieving water security. Supply side management
includes the source (status and quality) and distribution management. The demand side
management includes quantity of supply, dependence on desalination, tariffs and costs,
PPP’s, per capita use, use efficiency, consumption patterns, deficits, storm water drains,
water loss and wastage management. The local and national drought and flood control
policies that directly affect changes in the supply and demand side elements are
considered to be major adaptation strategies. Some of the most talked of adaptation
strategies are RWH, restoration of tanks and ancient structures, ground water recharge
mechanisms and desalination. The other strategies in consideration are pipeline
management, alternative supplies and adaptation planning and management. Literatures
suggest that a community is climate ready when awareness is high, adaptation is smooth,
mitigation is good, policy efforts, community efforts and participation and partnerships
for projects.
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3. RESEARCH DESIGN AND METHODOLOGY

3.1. Introduction to Methodology and Research Design

This study is descriptive and exploratory research that includes qualitative and
quantitative data. Briefly, the exploratory research encompasses investigating the
awareness and opinions of the selected respondents on water availability and access,
affordability, quality, conservation techniques, water governance and policy awareness.
The data obtained from qualitative interviews, targeting environmental management
personnel and the local community is used to gauge their standpoints on the policy
formulation and water supply system improvement and issues. Secondary data and
quantitative data are used for descriptive analysis. The combination of both analyses will
be used to identify past, present and future water management, security measures and
climate change adaptation strategies.

This chapter discusses the research methods and research design used. The
research methods were derived from various studies from GWP, the framework that was
established in relation to Chennai’s community, and responses from pilot study. IWRM is
the chosen as the conceptual framework, based on the GWP and UN research on river
basin or ecological approaches. It is clear from the literature that the IWRM framework is
flexible enough to fit in with various studies such as demand management or water flow
study or integrated river basin management. It is also ideal for a region with problems
related to the implementation of adaptation strategies, and hence is relevant for Chennai
(UN - Water Final Report, n.d) (GWP and INBO, 2009).

3.2. Research Design and Methods

An exploratory study with mixed methods and qualitative design, this research,
made use of a descriptive analytical framework to investigate water security and climate
change adaptation for Chennai. The study utilizes both qualitative and quantitative data to
convey the climatic variations over the last ten decades, showing: the policy changes, the
temperature variations, the wet day frequencies and the precipitation levels in this region.

The key area of focus was the need to achieve water security and smooth
adaptation in urban Chennai. Prior to identifying and analysing the local climate change
and strategies to adapt, the current water security and the local participation levels were
recognized, as it was imperative for this study.

The research made use of both primary and secondary data for analysis. The
primary data was collected through (1) observation, (2) survey/ questionnaires of local
communities, (3) open-ended interviews with ten households per region local fishermen,
and (4) interviews with the RWH management team, water analysts of TWAD,
verification calls to CMWBSS and interview with the environmental engineer of the
Minjur desalination project.

The secondary data included literatures from CMWSSB, TWAD, Internet and
news articles. The main literature on water security includes work on water and how
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various cities secure water, the policy effectiveness and the current state of drought and
flood management in different regions.

The research involves three steps to understand and successfully complete the
study. The primary step is review of literature and other documents related to the impacts
of climate change on water resources. The second step is to complete surveys and
interviews that are focused on water security, policy effectiveness, conservation
techniques, quality issues, policy awareness, transparency of policy decision making and
climate change impacts on water management.

Interviews with two key informants served as a guide to study issues faced by the
region and to analyse past and current water policies. The major data acquired were: (1)
the state, level and geography of the water resource, (2) programs and conservation
schemes, (3) climate data for over ten decades and (4) information on the policies that are
implemented recently. All documents and information collected were from the TWAD e-
documents, the Chennai Metro Water Board e-resources/ documents, the India Water
Portal and few preliminary household interviews.

Key elements for data collection: The key elements for data collection are based
on the major objectives of this study.

Table 8 Key Elements for Data Collection

Trends of climate change in Chennai, India

Water supply and demand in Chennai, India

Water quality and quantity supplied

The Policies, the projects and the implementations on Chennai’s a

Difficulties and problems identified related to adaptation in the water sector

The methods or measures that consumers take in response to climate change — conservation/ recycle/ reuse

Source: Compiled from Research Aim and Focus
Table 9 indicates the major data required for analytical purposes. It indicates the
elements for data collection for this investigation.

3.3. Background on Meteorological Data Set

Meteorological data is essential for water resource planning and research and it is
an arduous task for Indians to obtain this data. The whole data set is from 1901 to 2002
for any part of India is available for public access. The database used is the Climate
Research Unit (CRU) TS2.1 and is part of the Tyndall Centre for Climate Change
Research, School of Environmental Sciences of University of East Anglia in Norwich,
UK. The data has intercalated global monthly rain, temperatures, humidity, cloud cover,
etc. (on a 0.5 degree latitude-longitude grid).

3.3.1. Selection of the Study Area
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According to administrative conditions there are about ten areas in Chennai
Metro-water regions and the TWAD has control of 5 taluks and 55 revenue villages. The
five taluks include Purashawakam — Perambur; Fort — Tondiarpet; Egmore —
Nungambakkam; Mambalam — Guindy and Mylapore — Triplicane. To achieve the
objective of the study, five areas have been selected as the study area for this research.
Considering the population density, time availability and funds for research, it is
impossible to survey all regions extensively.

3.3.2. Sampling Method

The study used accidental and purposive sampling methods to get the required
information from government officials and water user - households, in two parts. The
first part includes surveys conducted on a sample basis and covered 10 to 12% of the
households in the study area with accidental sampling method. Based on the responses of
the first set, the rest of the 90 % were covered, based on middle class to low-income
regions. This was done to understand the local issues, to identify local views on water
security, to create profile for the middle class and poor water struggles. A good reason for
doing this was to help people who suffer water shortage on a day- to- day basis, they need
to observe their conservation methods, create policy awareness and most importantly
require water that is available, accessible, affordable and allocated properly, while on the
flip side, the rich community does not require the extra leverage.

The design of the sample is compiled in three stages. The first stage involved the
selection of sample blocks. The second stage focused on the selection of sample sections
within each block and the third stage is sample household selection from the section
within each block. The frame used in the sample selection process was based on
population density of each block/ region within Chennai. In line with questionnaires
survey, sample households were picked up through literature review on the water issues
within the study area.

3.3.2.1. Sample Groups and Sample Size

The selected groups were water user household and key-informants (Water
Officials). Water user groups included water users in Chennai (metered and non-metered
customers) and DUA (Chennai).

As a result of stratified sampling method, the following sample frame was used.
The two communities within each block were selected with an area section of at least 75
homes (a good number of households) are used as a sample for this study. Two blocks
from Chennai, falling within each of the five regions of Chennai regions are used as
sample households for surveys. After the initial set of surveys are done. One of the two
blocks is extensively, further, researched

The population density of each selected community within the study area is a sum
of 16,000 households per block (see Table 10 and Figure 8). The total spans of surveyed
households were 80,000 within Chennai, which were used as the “sample frame” for this
study. The initial sample indicated the level of poverty within the region and based on
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that, either a section both the blocks or one or the other were selected for further
surveying. A total of 500 surveys were collected in Chennai.

Trualiur

Jambaram
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Edrl, DeLorme, NAVTEQ, USGS, NGA 5=

Figure 8 Regions Selected for Sample Frame and Groups

Table 9 Required Sample Groups and Size in Chennai (ref. Figure 8)

Name of Block Total  Community | Total Respondents
(Shown in the map) Population (~) (Absolute number)
Initial Region I Sample I — Block 1 100 11

Initial Region I Sample I — Block 2 80 15

Initial Region II Sample I — Block 1 120 14

Initial Region II Sample I — Block 2 180 20

Initial Region III Sample I — Block 1 140 12

Initial Region III Sample I — Block 2 16,000 110

Initial Region IV Sample I — Block 1 15,100 100

Initial Region IV Sample I — Block 2 16,200 110

Initial Region V Sample I — Block 1 17,100 118

Initial Region V Sample I — Block 2 15,800 110

Source: Field survey 2011 and 2012
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Table 10 List of Key Informants

Department /Office Position #
TWAD Water Resource Data Centre Access to e-documents

Desalination IVRCL Office Chief Engineer 1
TWAD Office and RWH Engineer 2
Water quality division Water Analyst 2
Water Distribution Division Head 1
Disaster management Section head 1
Total 7

Source: Field survey 2011 and 2012

A Total number of households, five hundred (500) were selected (accidental
sampling) for survey for Chennai. An initial survey of 10 to 15 households within each
block of the regions were conducted and used as the initial selection basis for conducting
survey on a larger scale. After selection, the initially surveyed (72) household
respondents were approached per region through accidental sampling method for
discussion and questionnaires. However, after inspection the data and discussion
information from these questionnaires, five hundred (500) surveys could be utilized for
this study. The residual 120 surveys were vetoed, as most of them were unfinished and
inapposite.

3.3.3. Questionnaire Survey Process

Questionnaire included three parts. The first part asked about background
information. The second part was their water sources, water consumption, expenditures,
and quality of current water supply, RWH and awareness of water conservation. The
third part assessed the water expenses on extra requirements, RWH and billing.

The questionnaire interviews were carried out with several interviewers for
different regions and the help of TWAD office staff. Interviews were mostly conducted
on weekdays to increase the likelihood that officials would be available. Household
interviews were conducted on weekdays as well as weekends. When the head of
household could not be interviewed, one person who is over eighteen years old was
interviewed instead, to get the most accurate information for the household. If, for any
reason, a household could not provide information, the nearest house was chosen as
substitute.

Interviews with government officials water supply issues, water loss, drought
impacts, preparedness for future, the supply demand statistics, the information on lakes,
reservoirs and water catchment and the implementations and policy details were obtained
(See Table 11).
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3.3.4. Research Phases

The research design adapted for this study includes four phases. 1) Phase one
started with identification of research questions. The research questions were transformed
into objectives, i.e., phase one is chapter 1. 2) Phase two is the literature review, data
collection (primary and secondary information) i.e., chapters 2 and 3. 3) Phase three, the
final step, included a selection of analytical methods, which were employed to come up
with the discussion and conclusion of the results, as shown in chapters 4, 5 and 6. 4)
Finally, the findings from the analyses were translated into recommendations (in chapter
7 of this thesis) of water security policies for climate change adaptation in urban areas.

3.4. Data Processing and Analysis

All collected data were screened for accuracy. The primary data compiled from
the questionnaire was formatted using spreadsheets (Microsoft Excel). Simple statistics
like relative frequency mean and percentage were presented in tabular and graphical
forms through Microsoft Excel.

4. URBAN WATER SUPPLY DEMAND MANAGEMENT

4.1. Introduction

Urban water security is the reliable supply of good quality water that is available
and accessible to all at an affordable price (Mileham, 2010; Norman, et. al., 2010). Urban
water security is affected by the projected growth in population, lifestyle changes and
demographic structures (Gleick, 2010; Mildhem, 2010). Population growth translates into
growth in demand. Increase in demand and low water availability increases insecurity.
The insecurity is further compounded by climate change (CC) impact on water resources.

Mileham, (2010) denotes that above and beyond the acceptability, availability and
reliability, the capability of the governing body to ensure the access to affordable good
water resources is vital (Huitema, 2009; Cook, 2012).

IWRM is defined as the organized, purpose oriented process for regulating the
development and use of water resources (Smits et. al., 2005; Huitema, 2009; Lautze,
(2012). IWRM approach involves applying knowledge from various disciplines along
with feedback from stakeholders to frame and implement efficient, effective equitable
and environmentally sustainable solutions to water security issues. Shamir and Howard
(2012) signify that the major outcome of efficient management encompass economic
good, social acceptance and environmental protection, social equity, sustainability of
supply and political appropriateness. These aspects produce a sound and balanced policy
solution. IWRM approach helps decision makers improve water security for the domestic
sector, through both supply and demand management.

Supply Management: Supply management is defined by the IWA as the process
of identifying sources, acquiring rights to supply, creating access points, positioning the
supply distribution centres in order to induce fair supply and uniform allocation,
managing resources through schemes and maintain capacities and organizational
attributes in order to attain major strategic supply related goals (IWA and WWC, 2012).
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Water supply management can otherwise be defined as the administration of supply
schemes so as to make clean water available, accessible, and affordable in a reliable
manner for the present and the future in adequate quantities (GWP, 2011), (Bakker &
Allen, 2012). The supply management is a major aspect of water system that allows
management, updating, coordination, administration and organization of sources, status,
supply options, water-waste management, quality and treatment, policy, participation of
stakeholders, capital, operation, funds and costs (if any) (Balgis, 2010). The quality,
safety, and reliability of supply, mode of transportation, improvements are important
aspects that enhance smooth climate change adaptation. Likewise, supply — demand
management for Chennai is vital for adaptation to climate change in future.

Demand Management: Water demand management is defined as the policy
responses, the initiatives to regulate use efficiency and conservation, by the governing
body to effect changes in demand and usage (UN-HABITAT, 2006; Joshi, 2007). This is
needed to meet economic growth, social advancement and equity, environmental security,
resource security and sustainability and political acceptance (Shamir & Howard, 2012;
Olmstead, & Stavins, 2007). The policy response, specified here, is the implementations,
plans and programs initiated in order to find solutions for water related issues.

The demand management strategies are also referred to as the demand-side
management. The demand side management appropriates the technical and non-technical
aspects of water. The technical elements of demand management include metering,
zoning of the district (metered areas), energy audit, active and passive leak control, asset
management, repair and planned maintenance, alternative delivery options, consumer—
end conservation, pressure management and pipeline management (UN-HABITAT,
2006). The major non-technical aspects are the conservation techniques that includes
pricing, water restrictions, low use fixtures, education, training, advisory, information
communication and awareness 1.e., the tools of conservation (Joshi, 2007; Olmstead, &
Stavins, 2007). Water uses are many for each sector of the economy. The domestic sector
uses water for household consumption and commercial use.

Water conservation is approached as a non-price conservation technique in most
countries (Olmsted & Stavins, 2007). The preference for non-price conservation is high
compared to price conservation management. Demand management through pricing is
defined by Olmsted & Stavins (2007), as the conservation technique to aid water saving
in a more efficient manner. Similar to the preferences mentioned above, evidence
suggests that water managers in Asia too prefer non-price demand management to
conserve water. Since, significant sections of the population exist below poverty line and
increased prices will impede water accessibility. The water managers in Asia instead use
price increment technique (TWAD, 2011). For example In Tamil Nadu and Kerala up to
10 Kilo Litres (KL) costs about less than 0.50 US cents per litre and increases steeply for
use over 10 KL charged 1 US dollar or more per kilo- litre. Increasing prices through this
manner is efficient and will improve water use efficiency. There may be evidence to
suggest that use efficiency can be achieved through increase in pricing. But price
conservation may not be achieved in Asia as the consumers depend on low prices. The
non-price technique includes restrictions on particular extractions and use, low flow
fixtures and water supply restrictions (Olmstead, & Stavins, 2007).
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Water demand management also requires implementation of strategies for pricing,
conservation and the programs for engaging the public private sector. In Singapore water
is considered in terms of its economic value, in other words, it is an economic good. The
prices reflect the cost of production and reflect shortage (Joshi, 2007). The study in
Singapore by Joshi, (2007), examines the demand management within a conservation
framework, using public education, information and awareness and alternative supply.
The emphasis is on the non- price conservation techniques such as education and
information and awareness.

Similarly, Bakker & Allen, (2012) signify that public sector demand management
is highly reliant on the government, the feedback mechanism and the authorities in charge.
Furthermore, an active participatory approach is required for good governance (Ahmad,
2008). While, Ahmad (2008) indicates that water governance quality is influenced by the
transparency, the responsiveness, the reliability, the accountability and the competence. It
also is dependent on the local response and feedback. It is clear that the elements of
governance can be categorized into three main dimensions viz. leadership, accountability
and competence (Bakker & Allen, 2012). The governing bodies help strengthen the
elements of water security via policy adaptation and leadership capabilities. The progress
of water management depends on the quality of governance, i.e., resources management,
leadership ability and political regime (Heiland, 2009). In addition, the demand
management depends on the leadership abilities and adaptation capacities of an urban
region (UN ESCAP, 2010).

Based on the local acceptance and participation, the policy responses reflect a
region’s ability to adapt to climate change. The leadership capability is a major aspect of
water governance. For water governance to be effective the public agencies in particular
need to be open to new innovative responses in crisis situations (Bates, Kundzewicz, Wu,
& Palutikof, 2008). Author states that responsiveness improves when the public is well
informed and a feedback approach can be adopted within the decision- making process.
Demand satisfaction is achieved when good feedback mechanisms such as complaint
boxes or facilities such as training and workshops are in place. As the public feedback
notifies the decision makers of the current status and requirements, the decision makers
need only verify the shortcomings and long-term impacts of a technical or non-technical
policy decision. Besides this, the public awareness is improved with feedback and
training system. This increases awareness of issues strengthening the policy decisions.

Major demand policy decisions are made for issues such as faulty metering, low
conservation, low pressure in supply, damaged pipelines etc. The key decisions leading
towards proper water use efficiency and consumption, better conservation, subsidized
pricing and alternative delivery system are the major elements of demand management.
Thus is the definition of concepts and elements for governance leading to good demand
management to improve water security within the urban cities.

Chennai has intermittent water supply with a large supply — demand gap in the
domestic sector. Chennai’s major sources of water are external surface, well field and
rainwater. The current deficit in supply demand is around ~200 MLD. Optimizing water
supply is vital for urban Chennai, as the supply is diminishing and demand is increasing.
Results indicate that the supply policies and schemes (technical and non technical) are
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unstable, unreliable and unaccountable in terms of making water resources available,
accessible, affordable and fairly allotted for the people of Chennai.

Chennai’s focus until last decade was on supplies side management and, is
shifting to include demand side management. A section of this chapter looks at the
sources, status and major concerns for Chennai and supply policy response for future
climate change adaptation. The other section looks at demand side elements such as
pricing, conservation, leak detection, pressure, pipelines, and programs for engaging the
public private sector, and policies for adaptation.

4.1. Overview of Water Sources

The Surface Water Bodies:
The main surface sources are lakes/ reservoirs of Chennai are Cholavaram, Poondi and
Redhills. These three interconnected reservoirs are used to collect, store and supply water
to the Chennai region via the Kortalayar Nagari and Nandi rivers. The fourth lake is the
Chembarambakkam Lake, which is also a reservoir used to supply water to the city, but
only during drought years. The lakes supply a total of about 7412 Mcft of water.

The three rivers that flow through Chennai are

(1) The Coovum River (through the centre);

(2) Adayar River (to the south) and

(3) Kotalaiyar River (draining at Ennore shore).

The Buckingham canal is 4 km long links the two rivers within the city. The
Otteri Nullah is an east-west stream that runs through North Chennai and merges with the
Buckingham canal, a point called the Basin Bridge.

The Veeranam Project: The Veeranam Lake is located at 230 Km from Chennai.
This lake draws water from the Cauvery River (through tributaries: Bhavani and
Amaravathi) and provides drinking water to Chennai. The earlier version of the
Veeranam Lake project (1965- 1967) was a failure, as it did not produce the necessary
amount of water required. The current Veeranam Lake project in 2004 has managed to
reduce the level of interstate water purchase in Chennai. The lake can store about 1,465
M. Cft of water, but only stores about 320 M Cft of water (180 MLD) currently. The total
capacity is 1465 Mcu ft, with raw water pumped out at 20 Km distance and then treated
and pumped out at 8 km and then transported 200 Km.

The Krishna River Project: The Krishna River is located in Andhra Pradesh,
India North of Tamil Nadu State. Under an agreement with the neighbouring states, the
Telugu Ganga Project is to supply 1100 TMC per year from the Krishna River to meet
Chennai’s agricultural, industrial and domestic needs. The water received under the
Krishna Water Supply Scheme is in two stages, stage I and II conveying 400 and 530
MLD to Chembarambakkam Lake, respectively.

Ground Water Sources: The CMA, DUA and AUA regions get groundwater
from two main, sources the Araniyar- Koratalaiyar Basin (A-K Basin) and the South
Coastal Aquifer (SCA), as illustrated in Figure 9.
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Figure 9 Water Resources for Chennai

Source: CMWSSB
Figure 9 illustrated all ground and surface water sources available for Chennai.

The A-K Basin consists of well- fields and the SCA between Thiruvanmyur and
Muttukadu through to Mahabalipuram region on the outskirts of Chennai.

Desalination: Desalination technology is fast becoming an option for urban cities

in TN and other states; Chennai already has two plants with 100 MLD each. With the
increase in industrial usage, the water supply for the domestic sector is reduced in

Chennai.

Chennai also has 5 other small-scale desalination plants with capacities of less

than 15 MLD.

4.1.1. Water Supply Status

The supply status indicates that the total amount of supply is 730 million liters per

day MLD approximately (2011/12) and the total required is about 900 MLD. The
development of water supplies in Chennai evolved over the last 100 years, sharply
modernizing over the last two decades. The chief improvements were supplementing the
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delivery system with: increased quality control, piping and renovations of structures. The
source of water for Chennai is from Veeranam, Krishna, desalination and well fields
approximately totalling 1100 TMC. In addition, a recent request was made by
Government of Tamil Nadu (TN) to increase supply by 200 — 300 TMC’s (Lakshmi &
Ramalingam, 2012).

Observations of normal conditions in Chennai indicate that the current supply is
not enough; more water is required to satisfy HH requirements of Chennai. A walk
thought the streets of Chennai enables observation of various problems such as leaks,
sewer pipe leaks, tankers with people fighting over who gets water first, and few places
with ladies using hand pumps to draw water from bore wells. The demand for water is
very high and in general, water related conflicts among people do not happen unless
water shortage is acutely felt. Chennai’s problem is simple. There is lack of water to meet
demand and the demand management needs fine-tuning of policy.

The source of water can be private or public. Chennai metro water is the main
source of public water supply. However, there are other sources such as the private dug
wells and bore wells, private tankers and canned water. The private canned water
supplies are from intra and inter-state resources. The public well fields provide water
through main supply lines such as pipes and tankers within the city. Currently around 70
percent of the water provided to Chennai is now from the ground, reservoirs and lakes. It
is estimated that most of the remaining 30 percent of the consumption is from water
derived from ground sources.

Table 11 Water Profile of Chennai (1978 & 2010)

DETAILS 1978 2010

OPERATIONAL AREA 176 SQ.KM. 176 + 7.88 SQ.KM. Outskirts
Population 3 million (City) 5.5 million (City)

Water produced (Normal years) 240 MLD 760 MLD

Water Requirements ~300 MLD 730 MLD (~90 Ipcd)

Area covered with piped supply 80% 100%

Treatment capacity 182 MLD 1,398 MLD

Length of water mains 1,250 km. 2,930 km.

No. Of consumers (Recorded) 1,16,000 4,97,811

Distribution Stations 3 No. 16 Nos.

Source: CMWSSB, TWAD. (2011).

Chennai cannot meet demand from existing supply as: 1) the existing supply is
inadequate and significant portion of supply is from sources outside the city, 2) it is not
equally accessible to all, as the various regions have limited public supply and HH’s buy
water from private sources to meet demand, 3) the quality is questionable as surveys
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report impurities and, 4) the allocation of supply is not equal among urban and semi
urban areas (See Table 18).

The last decade supply and shortage indicated that in 2004 the supply was
measured to be 550 MLD and in 2011 the supply increased to 730 MLD.

The average supply per capita indicated by the HH surveys is 82 Ipcd and the
actual measure across the city was slightly over 90 Ipcd. While HH surveys indicated that
the slum areas receive only 30 Ipcd and the actual measure by CMWSSB and TWAD is
25 Ipcd, the slum areas in Chennai only receive so much.

Chennai's Water Sources and Capacity
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Figure 10 Water Supply Source and Capacity

Source: CMWSSB

The Figure 10 clearly indicates that the well fields, Veeranam, distant sources, the
Redhills make up the majority of the supply capacity. The sources are available for all
purposes, and the domestic sector only consumes 5 to 10 percent of the total available.
The 10 percent of the total is still inadequate for the domestic sector while 90 percent of
the total available source is inadequate for agriculture, commercial and industrial
purposes.

The following are some of the major changes to the supply system in Chennai:

1. Currently, the CMWSSB and TWAD supply 831 MLD’s (as of 2013),
with the 100 MLD from the new Nemelli desalination Project added to

supply.

2. The CMWSSB is now in the process of acquiring water from Poondi,
Tamaraipakkam (155 MLD), and Neyveli aquifer (75 MLD).
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3. The Chennai Metro Water Supply Board is digging 100 more wells to
expand the existing wellfields and develop water facilities for semi urban

regions.

4. In response to drought, the TWAD contracted 9000 or more lorries for
meeting domestic supply (currently on standby).

5. To repair and restore existing tanks and Ooranis, TWAD’s works (within

and outside) are in progress. The RWH department indicated that about
9000 tanks are under scrutiny. Right now about 5000 of them are in use
and the rest of them are not in use. It is indicated by (Sivakumar, 2013),
that these tanks would be reconstructed and 1400 new ones will be
constructed all over the city.

4.1.1. Mode of Conveyance

The conveyance modes involve transferring water from one region to another.
Trucks, aqueducts, pipelines and water cans are commonly used modes of conveyance
and distribution. Trucks are vehicles fitted with cisterns that are filled and moved from
one region to another within Chennai suburbs and rural areas not supplied by central
treatment facilities.

The Metropolitan Area government initiated pipe borne water supply to Chennai’s
residents 100 years ago. The city has 100% piping in Chennai and about 40 to 60% of the
rural pipelines are being used to support supply. Where the pipelines remain inadequate,
tankers are used to fill residential tanks. Over 1300 tanker trips are made per day
throughout Chennai.

Figure 11 depicts the type of lorry,* which delivers water to the city outskirts and
to the city. People use Kodams® to collect water and store it for the week, as supply is not
continuous, it is sporadic or weekly twice.

Figure 11 Chennai Water Supply via Tanker Lorries
Source: Photographed by the author during data collection, 2011

4 Lorry is a term used in India for large tankers delivering goods, in this case water.
> Kodams are vessels used to carry and store water — as depicted in the photograph.
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The region has 15,460 streets within the CMWSSB administration board; there
are 130 or more streets, which are not reached by the pipelines. To increase water
availability for such streets, improvements to channels of distribution are underway in
Chennai. Although, most streets are connected with pipelines, the mains do not get a 24
X 7 supply of water. For domestic purposes, TWAD has installed new India Mark-II
pipes in the city to meet the water requirements. This installation is important for
increasing the durability and the efficiency of the flow of water through the pipelines.

People below the poverty line use water supplied through tankers after. Several
high-income residents indicated that the tap or tanker water is bought for domestic
purposes (other than for drinking), whereas drinking water is bought every week
separately from a canned potable water supplier. Interviews indicate that the water used
for drinking is usually bought from mineral water companies. Water in cans used for
drinking is supplied entirely by private potable mineral water companies.

4.2. Water Supply Status

The current supply is not enough to support the population and it is unreliable due
to restricted availability, poor allocation, meagre accessibility, un-reasonable supply
hours, lack of customer advisory, communication and awareness, and education and
training etc.

4.2.1. Availability

The population of Chennai has tripled over the last four decades. Chennai urban
area has a population close to 8.7 million in 2011 and this has been steady growing. With
an increase in population, the number of settlements also has increased. Hence, the
supply requirements for Chennai are higher and further increasing the water requirements
for the domestic sector (as indicated by Table 13).

Table 12 Urban Populations in Chennai

2011 2001
Requirements  for  Domestic | Over 900 MLD 650 - 700 MLD
Sector
Total Urban Populations 8,696,010 (8.7 million) 6,560,242 (6.6 million)

Source: TWAD, Interview

Officials indicate that the ground sources are fast depleting and Chennai’s rain
retention is very low, about 80 percent of it drains into the sea. This indicates that the
water retention is low ground water table has reduced in Chennai. This is due to the fact
that not all residences have RWH installed due to unfavourable housing conditions.
Besides, the scheme to implement roadside RWH and AR was only partly successful, as
the installations were not uniformly adopted throughout Chennai. Observation suggests
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that the roadside pits for AR are not installed nor are proper drains to collect rain in an
efficient manner.

4.2.2. Accessibility and Allocation

The access to water for Chennai is mainly through direct in-house, outside tap,
storage tanks, metro water tank, common/ independent wells, community wells, and
private tankers. Chennai’s water board claims to have 100% city pipelines, yet many
streets have no piping and some that do, have no supply.

According to the Tamil Nadu Water Supply and Drainage Board (TWAD) there
are 130 or more streets without supply. The government provides residents the choice of
tank water, 300 trucks that make 1300 trips twice per week bearing water. This option is
available to all residents who have trouble gaining access to water. Thus there is some
amount of inaccessibility in Chennai, clearly requiring attention.

Table 13 Number of households and means of access to water supply

Sources Sample Households
Public

Direct in-house 83
Outside tap 102
Storage tank 37
Metro tanker 128
Private

Own well 4
Others well 5
Community well 9
Private tanker 132
Total 500

Source: Survey Results

Municipality abstracts about 20% of the total water for domestic purposes. Of the
20% certain zones get higher quantities compare to others. About 2 -5% percent of this is
lost either during transport or misuse. In the zones surveyed, many residents fight for

81



daily water needs. This is because water is not allocated evenly, some regions get 6 hours
and others get it once every two days via tankers.

When availability and access are poor it is a clear indication that the allocation is
uneven. Table 14 indicates the total available access points. The public supply is low in
direct-house when compare to the tankers and outside taps. Hence, the foray into
Chennai’s supply system indicates that the supply is poorly allocated.

4.2.3. Quality of Water Bodies

It is impossible to find absolute purity in tap water resources, especially in India.
A recent study, (Janardhanan, 2011), indicates that the groundwater sources have not
improved within the city. The surroundings of the reservoir are not kept clean. The
domestic, industrial or construction, residential, commercial and other activities and
subsequent wastes pollute the lakes and rivers. The water in Adayar and Coovum Rivers
is highly contaminated and is, at present unsafe to use for all domestic purposes. The
quality issues are as yet unresolved. The Coovum and Adayar Rivers are highly
contaminated with domestic waste, very saline due to saltwater intrusion from the Bay of
Bengal. Although the Coovam River can be desalinated, this river will continue to remain
saline, as there are sea inlets that allow saline intrusion. Observation indicated that the
smell of Coovum River is so revolting that people cover their noses before they reach the
River. This is partly due to regulation issues and due to the location of the slum regions,
where people do not have toilets or cloth washing facilities at home.

Several water quality reports in India have identified the presence of water bugs
effecting spread of disease. A good example is ‘The Super Bug Effect’ that is, at present,
an issue still being researched in New Delhi. Cases of New Delhi mettallo-beta-
lactamase-1 (NDM-1) have been reported found in 51 out of 151 sewage samples and
two water samples (The Hindu 2011b). This bug is transmitted easily among water bodies
and is also drug resistant. The transfer of plasmids is optimal at temperatures above 30
degrees, temperatures reached during the peak of summer in most parts of India. Several
news clips in India suggest that an increase in temperature increases the potential spread
of disease. There is a potential that such bugs could be transmitted into Chennai’s water
sources. Through exploration of the literature and TWAD documents it is clear that there
are at least three divisions of water management bodies that are working to improve these
rivers. Typical management entails disease control, water treatment, removing metals and
unwanted minerals from water making it safe for all purposes. An interview with a
Japanese local management team, conducted during the research, suggested that there is a
treatment method through which all regions of the world could maintain a high quality of
drinking water.®

The evidence presented in this study indicates that samples from Besant Nagar
and Santhome show that the Total Dissolved Solids have increase in groundwater sources
(within the last two years). Similarly, RA Puram and Mylapore are affected by the

®In an interview with the Beppu Water management team, the team manager described this treatment method as a three-day process,
wherein water is collected upstream (as it is purer) and treated on the first day for large impurities. Then, on the second and third days,
it is treated extensively for chemical and biological impurities.
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pollution (See Appendix I for comparison Charts, WHO standards). Hence, the sources
remain highly polluted and unregulated and, this is partly due to corroded pipelines.

Rainwater is acidic and comprises of gases from the atmosphere while falling
through to land in Chennai. Rainwater absorbs nitrogen, carbon-di-oxide, rare gases,
sweep particles, salt and radioactive fall outs etc. River and surface runoft water flows
through land to the sea. Water flowing into lakes and rivers contains minerals, bacteria,
salt and natural and synthetic fertilizers. In general, lake water contains low dissolved
oxygen, iron and manganese, H2S, increases in Carbon-di-oxide and also has a reduced
pH. Rainwater in Chennai collected in ponds and lakes are highly acidic with a low pH.
Seawater intrusion into these waters is also a common problem.

Groundwater also absorbs the decomposed and degradable organic matter, oxygen
and carbon-di-oxide, with lowered pH, soil minerals, iron and manganese.

A watershed can be contaminated through, intentional actions or by accident by
domestic or industrial means. It is common knowledge that the contaminated drinking
water systems can cause ailments or even death. Intentional contamination is one of the
most serious problems that can cause ill health. Acting rapidly and efficiently is
important to protect public health in Chennai, as it reduces the intensity of impact and
enhances the adaptability of a region to face quality issues in the future.

Tamil Nadu State Government report indicates that 5,574 water quality affected
habitations in the year 2004. During the year 2005 — 2006, a target of 7500 habitations
the Tamil Nadu State Government selected these habitations for survey and improvement.
Chennai City and out skirts is one among many to receive assistance and support for
water resource quality monitoring. About 500 habitations were affected areas where
Fluoride, Salinity, Nitrate, Iron were noted to be on the higher level of the scale.
Thiruvanmayur is among the 140 Iron affected area during the years 2010/ 2011. The
government aims to tackle all the quality related issues by the year 2012. The TWAD
officials indicated that the quality of water is fair, but they do not recommend drinking
water directly from the tap without treating or boiling it.

The most common water borne diseases mentioned were Diarrhoea, Typhoid,
Paratyphoid, Cholera, Dysentery, Protozoal, viral infections and Helminthic (worm)
ailment. These diseases are pathogenic and contaminate water through sewerage or
unsanitary toilets. All respondents have had water borne diseases at some point in their
life and, 70% (384 out of 548 respondents) of them indicated that they spend money on
water borne diseases in the last ten years, also indicated that they had sanitation issues
and store water for over 3 days.
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Figure 13 Requiring Further Improvements On Water

Figure 12 and 13 indicate that about 87% of the respondents have faced water
quality related problems at least once during the last 10 years and 91% feel the need for
improvement, respectively. This proves that Chennai has serious water quality issue.

4.2.4. Open Sewer Drains

One in 4 drains examined outside HH’s were open and the sewer water flows out
in the open. This indicates that the sewer mains are not managed well and quality of the
existent water resources may be poor. The poor sanitation is also indicated by the
responses. About 140 of the 500 said they were slightly affected and 200 of the 500
indicated that they were affected badly due to open sewer systems. The government
officials indicated that the sewer mains were well maintained, while the opposite was
observed during survey. Observation identified that sewer drain lids were left open or
half open in all the regions surveyed and hence, it is clear that maintenance is much
required. This issue requires attention in order to manage quality of water sources in
Chennai.
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4.2.5. Ground Water Abstraction

Interviews with the TWAD officials indicate that Chennai’s groundwater sources
have improved and the policy implementations are all successful. A closer look into the
situation through interviews and discussions with local residents in T Nagar, Minjur,
Purashawakkam Anna Nagar, Mylapore and Besant Nagar indicates that groundwater
extraction is high. The Poonamalle freshwater source in Chennai is largely exploited.
Janardhanan (2011) study indicates that there is illegal pumping and sales of freshwater
sources. The Joint Director of the Centre for Groundwater Sources, Sudhakar indicates
that: "In this area, large numbers of illegal groundwater pumping stations have sprung up
where, everyday, about 30-35 tanker loads are filled and sold in the city for Rs 750-Rs
1000 per tanker. Besant Nagar too has many water pumping stations besides hundreds of
bore wells in apartment complexes," (Janardhanan, 2011).

The major well fields are highly exploited and these well fields are also used for
sectors other than domestic. Besides keeping track of the number of wells, it is also very
hard to maintain record of how much well water is extracted, consumed or wasted in
these cases. “Currently, 40 million litres of water is drawn from Metro-water's wells in
Neyveli, Poondi, Thamaraipakkam and Minjur to augment the supply from reservoirs”
(Mariappan, 2013). Observation reveals that the wells were dug up between the years
2003 to 2005 to support extra sources, when Chennai faced drought and started relying
on well and tankers for supply.

4.2.6. Awareness, Information and Communication

Awareness of quality is low. This is due to the fact that the government does not
provide information and test results with the locals. The documents available currently
only indicate the quality measures and the available standards, while most regional
chemical, bacteriological and physical tests are not available. However, the fact remains
that most people are not well informed. Out of 500 survey respondents only 150 were
aware of the local water quality and the issues that are present and could appear in the
future. Out of 500, 100 HH were not aware of policy and about 400 HH were aware of
the policy.

The water quality awareness surveyed indicated that 150 HH were not sure of the
quality of the currently supplied sources. About 200 HH respondents were not aware of
the water research aspects and the new innovations found by TWAD, while 100 people
were not aware of technological changes and new infrastructures implemented in
Chennai. The respondents were not aware of the research and development but were
more aware of the new technologies implemented due to newspapers and other media
such as the television, flyers and posters.

4.2.7. Customer Advisory, Feedback and Response Mechanism

The customer advisory is the efficiency with which the personnel solve the
problems of local residents and give advice on installation, setup and other aspects (GWP,
2011). The current status indicates that among the survey respondents only 10 percent
knew customer advisory means and were aware that Chennai needed to enhance it.
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Many (50%) among the survey respondents believe that Chennai’s advisory
system has been the same for years and that no change is possible anytime soon. Among
the rest, 30 percent believe that they do not know if there is any customer advisory as it is
was unavailable when they sought it for installation of the RWH. This is not entirely true
as the CMWSSB and TWAD have pamphlets and information sheets as evidence for
RWH customer advisory, available on request. They also have personnel on call for
repair works. However, with respect to quality and other aspects there is no evidence of
good customer advisory, as there was no mention made of any media.

The response facility in Chennai’s supply system is slow and very unreliable. This
is understood because the TWAD board and the CMWSSB records a complaint about the
service or the source provision every day from at least a million people in Chennai. This
could mean that the feedback mechanism is every efficient but the response is very slow
and the quality of the service provided is very bad.

All 500 of the survey takers indicate that they do not believe that the service and
response mechanism is any faster than before. They in fact believe that a private plumber
or water installation service is more trust worthy than the government agent. This is
simply due to inefficiency and poor training. For example if a HH wants to repair their
drain and they complain today, the response is two weeks later and after the initial repairs
it still gives trouble. Surveys indicate that on average HH complain more than once in six
months and more frequently, if they have a major problem.

4.3. Chapter Summary and Analysis

Based on investigation, the following conclusions are drawn about water demand
management: Results suggest that water supply is irregular, unreliable and inadequate.
This is due to lack of availability and accessibility.

Chennai’s water availability is moderate due to rains and the sources but access is
low and, while affordability is high, the allocation is unstable. The quality of water is
generally low, as the water cannot be consumed directly from the tap due to bad quality.
The current policy implementations have not resulted in creating water security within
Chennai.

In addition a noteworthy point is that the water related data in Chennai is
generally inaccurate and unreliable, even though the data is collected from the
administrative authority in the region, there were discrepancies in data. Hence,
accountability and reliability is low. When data is inaccurate it leads to an assumption
that the stock of water resources and regional supply level is also skewed.

Due to the prevailing water shortage and poor management conditions in regions
like Purashawakkam, T. Nagar, Anna Nagar, Ennore, Tambaram and Ambattur, Chennai
is forced to make do with available data and create plans such as the 1997 Master Plan
which was on the basis of 2001 population and responses were based on 2021 projection
of the population that requires major alteration as the values projected for 2021. Hence,
the supply- demand gap is not resolved.

Availability needs to improve in order to improve access, to make water available
it needs to be of good quality and distributed equitably. Evidence, through surveys
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suggests that the water security in Chennai is poor. The interview responses and survey
results were contradictory; however it is clear that water scarcity issues and security
concerns exist in Chennai due to many voices from the communities. Evidence indicates
that the Chennai water boards are trying their best to reduce the issues and improve water
supply, there are certain obstacles that affect this, including policy strengths, schemes,
distribution issues, quality issues, customer advisory, awareness etc., as mentioned within
the supply concerns and policy response sections of this chapter.

The training and workshops and awareness, feedback and response are vital for
water supply management within Chennai. Moreover, policies are neither understood nor
conveyed by administrators to residents. About 30 % of the respondents required detailed
information to comprehend the situation to answer the survey sheet properly. This
indicated that the people do require workshops and training to understand water system,
supply, uses, conservation techniques and also quality to make an informed decision and
useful feedback. The awareness is low and hence the information and communication
section of the governance does not function well.

As of now the climate related water shortage occurs every 4 years due to lapse in
monsoons, this is strengthening by the year due to increased frequency of sudden
extremes climate change. There was a four-year period of frequent floods in Chennai and
the coastal sides of Tamil Nadu. The floods in East coast also affected millions of people
due to contamination of water. This is due to changing extremes of Climate. The increase
in floods creates penetration of saline water into the fresh sources and ground water
sources. This creates issues for people due to the zero utility value within households.
The salinity can be managed if the floods are channelled in a proper fashion. Road water
reuse after treatment is also an option for policy makers to consider. Managing floods
require proper quality control, which is not looked at in detail in this paper due to the
vastness of the topic.

Recently, Chennai temperatures indicate an increase in the maximum
temperatures to about 42 degrees centigrade and this is one sign that should be enough
for Chennai to take steps to prevent severe droughts, going to the extent of transporting
existing and available sources in closed conduits to distribution units or for storage in
Redhills. This increase poses quality problems. There are several bacterial infections that
make water un-usable and this creates more water waste and reduces water security (see
section on water security).

The TWAD information through the interview, documents indicate that Chennai
is prepared to tackle the upcoming water security issues that may rise. The supply and
demand management investigation indicates otherwise.. The supply and demand
management indicates issues and concerns that could intensify with worsening climate
change. While climate change may not look like a pressing issue, it is impossible to
ignore the signs as droughts occur every 4 years and floods approximately every other
year (mild intensities). In addition, drought in Chennai is mostly source supply and
demand related, at present, rather than purely climate related, but it is not possible to
ignore the signs of water scarcity and insecurity (indicated in supply-demand
management chapter).
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4.3.1. Adaptation Strategies: Projects

Accessibility is one of the major causes of Chennai’s discontent. The connected
pipe mains do not supply water on a regular basis. This requires attention, as the public
water supply is needed in order to prevent usage of cans or tankers for mundane activities
within the HH.

New connections and main appropriations are required to manage water flow
through pipelines. Pressure of water is low in the surveyed regions, especially during the
day when HHs in second or third floors does not receive any water supply. Low pressure
just increases the time consumed for a particular activity that utilizes water resources. If
the pressure is low HH take longer to shower. Hence, decreasing water pressure is
ineffective in controlling consumption.

Pipelines from reservoirs, mainly Redhills, are thick and made of steel. Hence,
leaks should not be as common in Chennai, as indicated by available data. Upon further
investigation, it is clear that the pipes are laid properly but the leaks occur due to
roadwork, digging for adjustment of pipes etc. The major changes can be through
locating pipes so as to prevent sewer mixing and prevent leaks.

4.3.2. Plans and Programs

The price of water is low for HH’s (with 4 members) and varies with consumption.
The estimates for consumption varies, a very rough estimate based is on 4-day
requirements of users. The per capita use is 83 Ipcd whereas Chennai had close to 120
Ipcd two to three years back. This could be due to change in availability and restricted
hours of use (water cuts).

The method of recording the flow, the connections and the use are highly irregular,
as each department of the CMWSSB and TWAD states a slightly different total amount
of water supplied. Hence, the information is ambiguous and makes policy maker’s
decisions and the water balance analysis inaccurate for Chennai.

The information on the infrastructure and programmes is not complete. The
version the required information varies from one person to another.

Information on crisis management is only available for public use via the main
office of water research. The officials’ interviews do not give details in depth unless the
recipient is privy to sensitive information in the first place. The information is balanced
by secondary information. Information provided is based on 2006 or 2007 and, the only
policy outcomes available for public perusal. This impedes complete analysis of the
water supply and demand.

The resource availability, newly implemented infrastructures and improved
measures for waters supply aid in managing demand within Chennai. Piping, awareness,
metering and leak control needs improvement in Chennai. Partial metering in Chennai
does not help in inventory of water use and the supply. Thus, Chennai requires refining of
the existent policy responses to improve water demand management.

4.4. Recommendations
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Supply: The mismanagement of the water supply, lack of availability,
accessibility and low quality impede Chennai’s efforts to adapt to climate change. The
fact remains that supply policies are not enforced properly, like with random checks or
inspections of premises. Improve information availability and communication to locals
especially the local HH.

1. A participatory approach is required and HH in general do not tend to pay
attention to issues unless it directly impacts them, so people. It is also second nature to
ignore or push aside policies to reach goals E.g. builders or local individuals;

2. Simple structures can help enhance supply. Ponds and tanks at home or
old wells can be used as a recharge or harvest mechanism. This could mean that a lot of
the misuse of water would be set right. This requires more planning, efficiency and a
regular stock-take of available resources;

3. The adaptation strategies needed are the 3 R’s, training and workshops,
stock-take of resources, household surveying, reworking and renovating water tanks,
ponds and Kollam’s and improving quality through simple measures. The 3 R’s are
reduce, reuse and recycle adapted from the waste management technique;

a. Reducing water use will increase efficiency of water as it allots water or
most important necessities and dis-allows wastage of resources;

b. The reuse suggests use of water for multiple purposes, usually recreational
such as pools or fountains etc., can be used in flushes;

c. While the recycling water may have social stigma attached, it still does not
imply use of dirty water, it is fully treated and clean water that can be used for domestic
purposes;

4. Several households on the outskirts of Chennai have maintained wells but

have ended up needing to close the wells due to lack of water; This can be used for
rainwater collection or storage of water.

5. A column needs to be constructed to intercept rainwater and prevent it
from draining out. Three major advantages to this would be less runoff, more water
harvesting and prevention of saline intrusion; and

6. The quality of water needs to be maintained and scientific evidence
collected.

There may be initial setup costs for all recommended implementations but
eventually, it will be easy to create surplus water for Tamil Nadu. Hence, the water
scarcity in Chennai can be attributed to the lack of innovation, worsening monsoons, in
equitability, supply cuts, RWH installation challenges, and lack of information sharing.

Demand: Recommendations are based on results and the policies implemented by
the GWP and the UN-HABITAT. The major recommendations include:

4.4.1. Piping and Metering

Major recommendations to improve the current state of metering and piping are
seen in Chennai.

1) Increase in the number of checks on existing pipes, enhance street installations
with new pipes and improve existing pipes (that are connected but without water supply).
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2) The water scheduling will not help in the long run as it allows dependence on
alternative sources.

3) The metering should be made mandatory for all new and existing connections.

4) The metering of RWH structures will allow water managers to better
understand use of RWH within HH.

5) The faulty pipelines and leaks need to be checked promptly within 24 hours.

4.4.2. Leak Control and Maintenance

Leak control and maintenance need to step up their inspections. The customer
advisory needs to be setup for leak control. HH in Chennai need information on the need
for managing leaks and the impacts of leaks.

Improving tanker facilities and upgrading the features to modern tap like features
with sealed top so as to prevent water spills and leaks.

4.4.3. Education and Training

Overcoming obstacles in implementation of community water initiatives are
important. The changes should include improvements to awareness, stakeholder
participation, and consumer end initiatives that are already in place.

4.4.4. Alternative sources

Tanks and wells need to be well maintained in order to avoid water borne diseases.
Japanese management system allows 3 day water treatment and clean supply conduits to
convey water to residents. The supply route, the number of trips and the scheduled supply
to a particular area need to be fixed.

Chennai’s management team needs to strengthen the short-term goals such as to
improve alternative supply, in case of extreme changes in rainfall and temperatures.

4.4.5. Conservation Techniques

Chennai also need to regularize and enforce inspections and fines applied. Fines
should be mandated so as to allow no loopholes when the required conditions are not met
with. Singapore management system absolutely enforces the fining system within so as to
disallow any water misuse or unclean facilities.

Increasing RWH through filters and direct inlets for artificial recharge instead of
pits built over tank systems will not only improve the AR, it will intercept the run-off
towards the sea. The system needs to be built in such a way that the land from the house
towards the filters on the pavement should gently slope like a catchment in order to
capture run-off. A simple pipe system can be utilized along with a water hose to serve as
an artificial filter inlet.

The authorities need to enforce of rules and regulations in a strict manner.
Chennai’s water resources are unreliable and of low quality. The improvement should be
supported by the TWAD and CMWSSB in terms of strict rules so as to improve

90



conditions in Chennai. To increase water supply individuals and HH members should
willingly acquire knowledge about the status of water and quality.

4.4.5.1. Pricing

Charging water per peak and non-peak hours will improve water conservation
through pricing. Chennai has incremental use policy where usage over 10 KL is charged
higher. The Oita water and energy conservation team has a system where prices and
charges vary according to the peak and non-peak hours. The non-peak hours after 11PM
are charged lower compared to peak hours. For example, doing laundry after 11PM can
save energy as well as save water. This system can be easily adapted into Chennai’s
pricing system.

4.4.5.2. Restricting Use

Special water use related initiatives include low flow toilets. Reduce toilet flush
requirements by one seventh of the usual use. Since the flow is restricted the number of
minutes of shower may increase or the number of flushes may increase depending on the
use.

4.4.5.3. Actions to Minimize Water Requirement at HH: Drought Scenario

1. The water requirement per day per person may be reduced to 42 - 45 I/d
(Drinking 2 litre's, bathing 15 litres, washing clothes and toilets use 20 litres). This can be
exercised till water situation in Chennai improves. The water cans for drinking purposes
can be used for more than 2 days according to the WHO requirement standards i.e. 2 Ipcd
pp. drinking; 3-4 Ipcd pp. cooking, 20 Ipcd pp. wash and shower; 20 Ipcd pp. for other
domestic use. Since water cans are only used for drinking and cooking, it is easier to
manage water and conserve the can for as long as possible.

ii.  Replacing worn-out pipes, taps and sealing leaks in all water pipes across
Chennai City, DUA and other AO regions. This option was considered by Chennai but
dropped, as changes to pipes will imply need for new roads and the new roads mean more
funding used up.

iii.  Clean the cars and two wheelers with wetted cloth. This is an option for
people willing to conserve water resources.

iv.  Practicing sprinkler irrigation to home garden in the evening hours rather
than a hose. This will conserve a lot of water as the sprinklers only allow a certain
amount of water to be poured over a large area.

v.  Using showerheads for bath rather than water from the buckets will improve
water conservation, use up less water.

vi. Taking shorter showers helps conservation; 5-minute reduction would save
about 5 litres of water provided the inflow pressure in high enough to fill a 1-liter
container in 60 seconds.

vii. Reducing laundry will reduce large amounts of water resources in Chennai.
Using washing machine with full load once in a week.
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viii. Reusing the used water for cloth washing to clean the houses and toilets.

ix. Reducing the flush-out tank capacity from 10 litres' to 5 litres' in the toilets.

x.  Recycling water from pools, tanks, flushes, tanks and RWH, helps conserve,
bring 80% conservation efficiency within HH’s.

xi. Leaks and overflows need to be attended to as soon as possible because it
will help conserve water.

xii. Restriction of well use within the city to reduce non- metered use. Local
sumps and public spot sources should be metered. Well use also depletes ground water
use and also stock take of water use becomes very easy.

xiil. Improving local conveyance can reduce water loss such as tankers. The
water hose connected to the tank pipe always leaks and as per results water loss is high.

xiv. The pipes should be of steel and these should have taps that are locked to
allow flow of water, thereby reducing the amount of water loss.

Although, Chennai’s water security is poor, fine- tuning the above mentioned
aspects would improve water security and adaptation to potential climate change. Thus
based on the respondents and responses, Chennai requires extensive conservation within
HH’s.
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5. CLIMATIC TRENDS, PRACTICES AND POLICY RESPONSES

5.1. Introduction to Climate Change and Water Security

Natural resources are finite. Notable among these is water, and more particularly
freshwater. Oftentimes a lack of water security can cause a crisis situation. Regions of the
world have become more volatile and vulnerable due to the combined effects of human
actions and unpredictable weather, hence creating a potential threat to sustainability of
water resources.

To preserve water resources for the future, it is imperative to secure resources in a
sustainable manner and adapt to climate change. Part of sustainable development entails
the security of resources, which, in the case of water security, includes access,
availability, affordability, and allocation efficiency (Mitchell 2005; GWP 2005). Water
security can be defined as the integration of water resources and management among all
sectors to provide good and affordable water through which poverty reduction, decrease
in fragmented management, spread of education and increased standards of living for
now and for the future can be achieved (GWP 2011).

Potential implications of climate change on water resources are: melting snow,
floods, drought-like conditions (a reduced number of wet days and drying of resources),
flood events (increased rainfall), lower ground water quality’- saltwater intrusions, sea-
level rise and impact on ground water recharge due to vicissitudes in rainfall (Indian
Ministry of Water Resources 2009; Olmos 2001; Potter et al. 2005). Changes in
temperatures and rainfall can cause variations in water table of a region. The IPCC (1997,
2008) note that extremes in climate change manifests itself in the form of droughts or
floods, which are now a common phenomenon. Intergovernmental Panel on Climate
Change (IPCC) that a two degree centigrade increase in temperature would bring about
catastrophic flooding and droughts in most areas of the world, while rainfall below
500mm per year can cause severe droughts, and above 1800mm may cause floods
(Groisman 2010; TPCC 2008). These impacts play a large role in water security and
resource management, and in order to maintain sustainability, adaptation is the key.

Water-related security issues are common in arid to semi-arid regions of India.
The non-equitable distribution of water is a problem in certain parts of the world, notably
India. The literature suggests that water-related deaths are greater in number than
warfare-related deaths (WHO 2011). One billion people fall short of having access to a
level of 1000m3 per person per year of water for drinking, domestic or other purposes
(WHO 2011). In addition, other issues such as pollution, drought, flooding, salt intrusion
and over-extraction add to the shortage. These issues further reduce opportunities for the
poor to gain access to water resources.

7 Floods cause salt, un-dissolved solid and dissolved solid intrusions into alluvial aquifers.
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5.2. Chennai’s Water Supply and Current Situation

The current supply (2012) is approximately 730 MLD, which is insufficient. The
total requirement is increasing every day, and presently the total need is at 900 MLD
(approximately). Chennai Metro Water delivers about 575 MLD throughout the city to
domestic consumers (2009) and over 70 MLD to the industries and a large amount to
agriculture use (CMWSSB/ TWAD).

The Veeranam Lake receives water from Cauvery River and Chembarambakkam
receives water from the Krishna River Project. The other reservoirs include Cholavaram,
Poondi, Redhills, Puzhal and Vadakuthu. Besides these sources two desalination plants
were installed in the last decade. Chennai also has ground water sources such as dug
wells in major urban areas of Chennai and metro water wells in areas such as Neyveli,
Poondi, Tamaraipakkam and Minjur (for further details see Water Supply and Status).

5.2.1. Water Supply and History

The Chennai Metropolitan Water Supply and Sewerage Board (CMWSSB) and
the Tamil Nadu Water Supply and Drainage Board (TWAD) handle water supply to the
two sections of rural and urban Chennai. The TWAD manages supply to rural Chennai
while the CMWSSB (also referred to as “Chennai Metro Water”) supplies to the city.
This difference is due to the access to water and certain political divisions.

Major expansion of water resources occurred between 1960 and 1980. Table 34
shows expansions and improvements to the water system in Tamil Nadu, affecting
Chennai, between 1872 and 2011 (Table 35). The development of water supply, storage
and transport mediums evolved over the last 100 years, sharply modernizing over the last
two decades with inclusion of modern infrastructures and management strategies such as
RWH. Additionally, the capacities of the three water reservoirs® were updated and
improved to 7412 M cft (million cubic feet) in the year 1980. This improvement was only
about 1% of the total supply requirement, though, and may well be considered a very
minor change. This effort to slowly drag up the storage limit over the years was not as
successful as anticipated, in part because the water need requirements increased from
600tmcft (thousand million cubic feet) to 1500 tmcft between the years 1980 and 2010.

8 The three water reservoirs in Chennai are Poondi, Cholavaram and Redhills.
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Table 14 Historic Timeline of Water Supply in Chennai

Date(s) Item
1872 - Start of water supply (for all of Tamil Nadu)
1881 - Completed construction of Redhills
1910 - Start of protected pump and pipe supply
1914 - Dam constructions
- Installation of protected pumps (large scale) and filtration technology
1916 ~ - Construction of storage tanks, dug wells, tube wells, sumps, etc.

- Treatment, conveyance, and distribution of water for Tamil Nadu
1947 ~ - Steam engine drive pumps (SEDP), Elevated overhead tanks, & protected long distance supply
- Rapid gravity sand filter treatment facilities installed (45 MLD)

- Second underground masonry conduit installed (146 MLD of raw water) —
1959 ~ Redhills to Kilpauk
- Storage tanks and combined water supply (0.66 million population and 115 LPCD)

- Electrical plumbing for Chennai (Kilpauk), replacing the SEFP
- Two underground water filter tanks (18 MLD) at Kilpauk

19661972 Poondi line canal to transport water to Cholavaram
- Interception of surplus water at Tamaraipakkam and Anicut
1980 ~ - Krishna River Project I and 11

- Reservoirs updated 7412 Mcft

2003 — 2004 |- Artificial recharge; rainwater harvest

2004 - Veeranam Project
2005 - Reinforcement of Right to Information Act (RTI)
2006 - Desalination Project (100 MLD)

- Purchase of agricultural wells
2008 — 2011 |- Monitoring progress of dam maintenance and renovations
- Nemelli Desalination Project (100 MLD)

Sources: CMWSSB and TWAD 2011/ 2010

Other measures designed to increase water supply included interstate agreements
such as the Krishna River Stages II and I scheme for Chennai. This scheme increased
supply capacity for the city up to 1100 Tmcft. Chennai now has approximately 1100
Tmcft of water supply (for industry, agriculture and domestic use), supplied from the
Krishna River, and 7412 Tmcft of it is stored in the three reservoirs. However, the 1100
Tmcft of water supply is still less than the actual required supply for Chennai: about 1400
to 1600 Tmcft.

The timeline from 2001 up until 2011 shows policy and technological imports
from various regions of the world implemented with the goal of increasing supply.’ Only
a few of the projects indicated in Table 34 are located on the outskirts, the DUA, adjacent
districts and the AUA regions. A large-scale desalination project, also referred to as the

? Technological imports include equipment, technology such as desalting, and policy changes that can be adopted out.
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Minjur Project, is similarly located on the outskirts, and is currently dormant. Subsequent
to the Minjur Project, new projects for desalination have been initiated to increase supply.
The Minjur Project was considered to be unsuccessful,'® and hence a new project with100
MLD (million litres per day) capacity in Nemelli, close to Chennai district, was initiated
in 2010. The fact however remains that the existing Minjur large-scale desalination plant
does not function to produce water and transmit it to the adjacent areas of Chennai (based
on a 2010 household survey).

5.3. Common Climate Change Threats to Water Resources

5.3.1. Drought, Deficit and Depletion

The TWAD indicates that the water supply level in Chennai is at a deficit in
relation to overall demand, with many minor and a few major issues faced by the
domestic, industrial and agricultural sectors. The water deficit in Chennai is over 100
MLD’s, yet this not considered as significant as that of other drought-declared regions.

Flood and drought cause variations in the water table. In the early 2000’s,
Chennai suffered an acute water deficit of more than 200 MLD’s for the domestic sector,
as the monsoons brought less rain than usual. Hence a water-rationing scheme was
introduced to conserve water resources through “water scheduling”. The scheme limited
supply to two hours per week, creating the need to seek supply from other sources. Hence,
the dependence on desalination and tankers increased. This led to joint ventures such as
the Desalt and Max Joint Agreement, and the Krishna River and Veeranam Lake Projects.

According to sources, the water supply to Chennai is to be cut by 20 to 25% in
2013, due to the drying reservoirs and the thirsting lakes. The per capita water supplied
used to be about 130 Ipcd (litres per capita per day) on average for most areas. It has now
sunk to 70 Ipcd (approximately) in some areas. This is primarily due to the deficient NE
monsoon in 2012. All the reservoirs currently have 3.6 tmcft of water, while the total
storage capacity is 11 Tmcft. A declaration of inadequate water supply was also made in
2011 when the rains did not bring up the storage level.

Data provided by TWAD (2011) enhances clarity on the water levels, showing
them to be lower than usual every five to seven years. Furthermore, the western part of
the city (including water-starved regions like Tambaram and Velachery) has issues due to
intense overuse and lack of means to replenish. The rural outskirts of Chennai have
similar issues as Northern Chennai. Among other problems are dry wells and overuse of
ponds. There are severe shortages in regions close to Perambur, Ambattur and Minjur.!!
Several other well-connected regions also have tank supply and collection by Kodams
due to water scheduling.

5.3.2. Sea Level Rise and Saline Intrusion

19 The desalination portion of the Minjur project took a long time to complete (2006 to 2011) and the local interviews, conducted as
part of this study, indicate that the project does not, currently, produce water for HHs.

! Interviews were conducted where ten fishermen were asked questions about the shortage and the climatic conditions in the region.
All of them indicated that they had problems, and the desalination plant did not provide much improvement to the conditions.
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The rainy season '’ brings new changes in the coastlines, where flooding is
common. Coastal areas of Chennai such as Velacheri, Madipakkam, Minjur and
Kotturpuram have been declared as the most vulnerable to impacts of sea level rise.
Flooding of regions close to the coastline has become a pressing issue in recent years.

Furthermore, flooding also causes saline intrusion into the ground water source.
Coastal Chennai experiences saline intrusion, as its elevation is close to sea level,
elevating gradually up to only two meters above sea level toward the inland. Saline
intrusions reach inland and seep into the rechargeable aquifers. Hence, coastal aquifer
recharge is not very successful. In flooding seasons, the situation is worse due to the
mixture of salt, dirt and mud slouching into the coastal land area and penetrating into the
ground. Thus, the ground water resources are unusable in their present state.

Groundwater levels in Chennai have recently fallen to low levels. In many places
saline intrusion have been reported. The Central Groundwater Boards indicate that
Chennai’s saline intrusion is still at a lower level compared to Pondicherry, Daman etc.
Saline intrusion coupled with over extraction effect stress. Surveys indicated that the
wells in the coastal regions have a slightly saline taste to the water extracted. The
TWAD indicated that there is a low level TDS in the well water and there are certain
other elements in the regions quality tests were conducted. The CMWSSB confirms that
saltwater intrusion is steadily increasing in Chennai. The South, Central and North of
Chennai are the main regions that CMWSSB, Ground Water Board and TWAD found
majority of the saline water intrusions. In Mylapore, and adjacent regions surveys and the
official interviews suggest that the TDS have constantly increased. TWAD confirms that
Chennai has 60 to 70 percent increases in TDS in all water services that are tested. Heavy
withdrawal, increase in buildings, domestic waste dumped into rivers, the general
unavailability of potable water in the urban metropolitan areas and the lack of proper
management has decreased the potential capacity to improve resources and adapt to
climate change.

54. Climatic Trends

To indicate the extent to which climate change can impact Chennai’s water,
selected literature, the locally collected data from TWAD and a few household interviews
were used.

Rainfall in Tamil Nadu varies in different regions. For example, Coimbatore gets
800 mm of annual rainfall, Chennai gets 1000 to 1400 mm, and Nilgiris gets 1400 to
1800 mm on average per annum. Droughts and floods are the main conditions that affect
water quantity and quality. In the year 2010, Tamil Nadu declared all districts except
Chennai, Nilgiris and a few others as drought prone (data from TWAD — Water
Development Chennai, 2011). However, although drought conditions may not be explicit
in Chennai, the region still suffers from water scarcity, coastal flooding, an outsized
population and reduction of water sources for the future. The TWAD has created a map,
shown as Figure 11 and Table 13, of all areas within Tamil Nadu, identifying whether

12 The precipitation characteristics of this region are as follows: summer rains last from January to February, ttransition rains from
March to May, southwest monsoons from June to September, and northwest monsoons from October to November.
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they are over exploited, critical or safe, based on the status of the area’s ground water
development.'® The map indicates that all of Tamil Nadu except Chennai city and six
other regions are water starved. On the map, white regions, according to interviews with
the TWAD board, are regions with low-level scarcity. Regions and districts adjacent to
Chennai (and part of the Chennai Metropolitan Area), shown in blue and green on the
map, face moderate scarcity, but in comparison many other regions of Tamil Nadu,
shown in red on the map, face more severe scarcity. The districts toward the southwest,
southeast and north are severely impacted, with reducing water resources due to the
drying of wells and rivers, the lack of access to water resources, the lack of sanitation or
quality in the rivers, reservoirs, etc.

Tamil Nadu

kerala

— E
Arabian Sea {5 J Bay of Eeng_al
MH‘,&:&’ F
Indtan Ocean

Figure 14 Ground Water Development Status throughout Tamil Nadu

3 TWAD 2011, which includes the map shown in Figure 3, is a document created from online resources, which enables locals to
access information on surface and ground water resources. This document has different sections within sectoral analysis of water
planning, all compiled between 2010 and 2011. The RIT has posted information on the website, including the government policy acts
and water resource management plans. The Chennai Master Plan indicates the changes in acts and ordinances for the state that have
been amended for the district.
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Table 15 Ground water Development Status through out Tamil Nadu

Condition Regions Water Facilities Development | Areasin TN
Undecided 2 Variable White

Safe 145 <70 Green

Semi Critical 57 70 -90 Teal Green
Critical 33 90 - 100 Pink

Over Exploited 142 >100 Red

Saline 8 Magenta

Source: TWAD 2011.

Among the flood prone regions of India, Tamil Nadu, at a level of 0.045 in a
flood liability range of 0.01 to 8.00, falls in the lower half (Table 36). In contrast, Uttar
Pradesh, a state where floods occur often, is on the higher end of the scale at 7.34. Even if
Chennai is not flood prone today, it may well in the future have extreme climatic events
that may increase the threats to people and water resources. As coastal regions suffer
small- level of floods, based on interviews Neelankarai is one such region where floods
were mild but common.

Although Tamil Nadu and Madhya Pradesh have the largest land areas that are
declared drought prone among Indian states, Chennai is still not considered drought
prone, simply due to the fact that the annual rainfall level has exceeded 1000mm during
most years in the last few decades. The fact is that many countries did not at first
understand the consequence of climate related water issues (GWP 2011). The increased
understanding that today’s inefficiently managed water resources may well end in
physical scarcity due to increased temperatures and lack of rainfall, if left unmanaged,
will be helpful (GWP 2011). There are more than eight million people in Chennai and its
AUA and DUA regions; more than three million of these people will be affected due to
possible drought and flood vulnerabilities. Already, the regions of Valsarvakkam, Porur,
and Tambaram are drought prone, as shown in the household interviews conducted for
this study, due to experiencing some amount of water shortage and stress.!* The droughts
in Chennai are classified as non-hydrological, that is, not completely associated with the
climate. Chennai is more aligned toward droughts with causes that are socio-economic
(supply, distribution and demand related) as much as meteorological (the climatic
conditions that vary from one region to another). Administration-related droughts also
play a role and are in direct relation to the available and accessible water quantity, and

4 Ten HHs were interviewed (not as part of the survey, but separately, with open ended questions). These interviews helped to
disclose the exact extent of the water scarcity problems within Chennai. Part of the interviews also solicited local opinions on finding
solutions to the water problems.
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lack of equitability plays a major role in the water management for Chennai (as observed
from interviews).

The values in Figure 26 indicate that a large number of the outer city and districts
of Chennai are affected by semi critical to critical droughts. Based on the reducing level
of water in the reservoirs and the water requirement predictions for the year 2021
(interviews conducted as part of this study), the variability of climate may not allow
efficient policy implementations. There will likely be further water scarcity surfacing in
regions that are currently satisfying the supply requirements for Kilpauk, Adayar,
Saidapet and other regions of South and South West Chennai.

5.4.1. Correlating Water Levels, Rainfall Patterns and Temperatures

Rains are essential for ground water resources to recharge. The evaporation
process reduces surface and the ground water levels. East coast rains fall frequently in the
sea, reducing the inflow of fresh water inland. Surface water levels also depend on good
rains. Chennai’s rain level is higher than most, but is lost due to 80% runoft to the sea, as
measured in the current year, as the interviews signify. Thus, overall retained water level
is low and the ground water sources dry up as the years pass.

The gap between heavy and light rain is reflected in the measure of rainfall
captured in the dams and storage facilities in Chennai. The storage capacity for Chennai’s
reservoirs is large, and only a quarter of the storage facility is in use at the moment.
Hence, when there is rainfall it is reflected in the level of water stored, and so the
reduction of rainwater is easily observed. The results of the interviews with members of
the Tamil Nadu Water Board indicate that there has been a shortage of water due to
shortfalls in supply and poor management, especially of trucks and hand pumps, since the
year 2004.

Table 16 Rainfall Measures in Storage Mediums (in mm) in Chennai

Rainfall in 2008 Rainfall in 2011 Rainfall in 2012
Cholavaram 1678 1086.2 902
Poondi 1523 1333.4 1094.8
Chembarambakkam 1578 1967 700.3
Redhills 1751 1472.4 935.5
Anicut 1223 1694 922
Tamaraipakkam 1683 1497 1173

Source: Compiled from data collected, secondary source CMWSSB, (2012)

The level of rain brought by the southwest and northeast monsoons has been at a
stagnant level. Table 38 indicates the measure of rainfall as determined from storage
mediums such as reservoirs and overhead tanks. Between the years 2008 and 2011, the
reservoir water level decreased as rainfall was drastically reduced. The reason for this
could be the fact that there were heavy rains and flooding up until the end of 2008, while
there was a brief decline and then a reducing rainfall levels after 2008. The rainfall levels
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in 2011 and in 2008 measured (mentioned in the TWAD website) is slightly higher
(1200mm), compared to the absolute values represented in the India Water Portal data
(IWP 2009). However, during this time peak temperatures shot up to 41 degree Celsius,
which intensified evaporation. The change in temperature was very significant in Chennai
during this period. In 2011 and 2012, the temperatures were measured between 35 and 41
degrees Celsius, whereas the temperatures were slightly lower in 2003, when they were
measured between 34 and 38 degrees (Collected during interview with TWAD). Thus, a
higher temperature and lower rainfall condition has resulted in a decrease in the reservoir
water levels in Chennai, and an increase in rain does not imply successful ground water
recharge or increased RWH, because of runoff. (As mentioned earlier, an estimated 80%
of precipitation is lost to the sea as runoff.)

5.5. Adaptation Measures in Chennai

Although Chennai has not yet been declared drought prone, the outskirts of the
city face mild to severe drought due to lack of supply, and poor management. The region
has less than twenty percent of water available for household use due to various
industries and farmlands situated nearby. Initiatives are being undertaken to improve and
adapt to the current and there is focus on improving the future management for potential
climate change issues. Some of the policies that are implemented are renovation and
restoration of old water storage structures, improving management of floods in urban
regions, and strengthening policies and reinforcing them, RWH and refocusing goals.

5.5.1. Rainwater Harvesting

One important way by which water levels can be increased is through rainwater
harvesting. This needs to be implemented uniformly everywhere and further education is
required to be successful in making people install RWH systems. Furthermore, the
current level of rain could continue to decrease. The 2004 rains were erratic in nature and
only stabilized after a period of four-year floods and a tsunami occurrence in Chennai.
Thus, harvesting water will save Chennai a lot of trouble in the future management of
droughts.

Chennai faced a four-year period of frequent floods along the coasts in the 2000,
due to extreme climates. Managing floods requires some amount of quality control,
which is not looked at in detail in this paper due to the vastness of the topic. Issues such
as penetration of saline water into fresh water and ground water sources are becoming
common in Chennai. When that occurs, the water becomes of zero utility value within
households. The salinity can be managed if the floods are channelled in a proper fashion
into drains that channel water to central purification facilities. However, the local drains
are uncovered and many potholes can be seen along the roadsides.

The rainwater harvest system implemented in Chennai is becoming popular at
present and will in fact increase the water table by several 100 MLDs, and is the only
practical way to facilitate ground water recharge. The ancient technology is being noticed
as the simplest way to handle supply-related drought. About 4000 years ago the
Palestinian and Greek people had the concept of collecting rainwater through an
apparatus. This is similar to the modern tanks for collection of rainwater. The RWH
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structures are easy to install. The form of policy intervention that is most likely to work is
the cancellation of the water supply connection and the levying of a fine on entities
without RWH installations. This policy implementation would require official checks on
residential RWH installations to ensure every residence, including both apartments and
independent houses, has installed RWH system. The government and the local authorities
should not allow occupation for new buildings without RWH equipment. Reduction of
rainfall due to climatic conditions is a possibility that can be adapted to with proper
management of current issues. Thus, water scarcity in Chennai can be attributed to a lack
of innovation, in-equitable distribution, supply cuts, RWH installation challenges, and
lack of information sharing.

5.5.2. National Drought Measures

The National Drought Policies under the Drought Prone Area Program include a
large thrust for watershed development. Watersheds need improvement due to the weak
sources and low quality of water resources.

Water use for industries and farming can be reduced with planning and efficient
use, benefitting the local citizens. The dry land farming, i.e., converting dry lands to
agricultural areas, is the method used to control water use. This has to a certain extent
proven beneficial for households in the rural DUA regions. Dry land farming along with
sprinkler systems is beneficial for controlling water use, and eventually benefits
households by providing them with more water for domestic use. Although sprinkler
systems may be useful, not all crops can benefit from them due to the varying levels of
water required. Yet, this method can be efficient if implemented selectively, and will not
impact other crop productions. The Tamil Nadu government has already, to a large extent,
implemented this policy for conservation of water through irrigation methods, control of
ground water use, and controlled measures of pasture development and afforestation. Yet
this policy implementation has a downside to it due to the ineffective uptake by the
people. In addition to these implementations, traditional methods of farming will prove
effective along with use of sprinkler systems. Efficient farming may ensure improved
water use and surplus for households.

Drought is always an issue that relates to climatological patterns. The problem is
interconnected to water availability to maintain food security. Dry lands can be converted
into farmlands on a large scale; this is true for the Chennai outskirts and on the coast, as
there are large areas of dry and barren land where construction is not possible or
profitable. A sprinkler system in these places used with crops that require considerably
less water compared to rice will allow some use of barren land. The texture of soil on this
land can be improved with fertilizer and compost. These methods can reduce waste or
improve the efficiency with which waste is disposed.

Furthermore, the government wants to reduce activity involving high technology
and instead depend on simple processes to increase water levels and conservation. In
addition, the locals have lot of skills that have been acquired from farming and irrigation
techniques, hence it would be better if they were able to understand and devise new
methods to conserve soil moisture. There are many well fields within Chennai as well as
outside of the district.
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The Dryness Index indicates that Chennai has over 2.7 % dryness, and the
Exposure Dryness Index indicates that the region is between 2.5 and 14 % dry (TWAD
2011). This indicates that the soil moisture and the level of dryness are toward the lower
to medium level of dryness. Future changes in temperature can have a bigger impact on
the soil and surface moisture, which in turn can cause increased ground water
exploitation. However, this has not been stressed in policies, which have been
implemented to improve local participation of the public.

Policies to control misuse and overuse of water are implemented by the national
Drought Prone Area Program, applicable to all states. A good example is to reduce use of
swimming pools. The efficiency, with which this has been accomplished, though, is yet
to be established. There is a tough layer of resistance to this program due to lack of
knowledge among the people and the increasing tendency to overuse water resources
(ground water), and there is a general reduction in conservation of water. Increased need
to overuse / exploit stems from the lack of availability of the resource and, affordability
also plays a significant role in allowing metered or unmetered use of water. This policy
adaptation has been unsuccessful in Ambattur, Valasaravakkam, Porur, T Nagar and
Anna Nagar.

Suitable construction and installation of water harvesting methods to help
households adapt water supply that is naturally found is required to successfully
implement this policy. The optimum of supply and demand is wrought through
conservation methods that allow efficient use and recharge of aquifers in the process. The
RWH policy that harvests water for conservation needs to be expanded to local
households and to the agrarian and industrial level. This will bring out the best results
within Chennai city and semi-rural regions of the district due to its varied water
consumption interests just like it did for other countries like China and Spain.

Policies and Programs: Chennai’s drought cycle occurs once with an interval of
4 to 6 years. This affects the supply, demand and distribution management. All policies in
supply management are part of drought proofing plans for Chennai.

Major policies for drought response include:

1. Conversion of dry lands into farmlands on a large scale. As there are large areas of
dry and barren land where construction is not possible or profitable.

2. Water use for industries and farming can be reduced with planning and efficient use.
Farming along with sprinkler systems is beneficial for controlling water use, and
eventually benefits households by providing them with more water for domestic use.

3. Preventing further development of well fields. Furthermore, the government wants
to reduce engineering activities while increasing simple activities to increase HH water
conservation.

4.  Policies to control misuse and overuse of water are in place: a) reduced use of
swimming pools, b) fining overuse and c) fine wells without permit

5. RWH installation throughout the city to improve water harvest. RWH can trap close
50 percent of the available rainwater that otherwise runs off into the sea.
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6. Implementation of desalting technology called desalination. Chennai now has two
100 MLD plants installed in the far North close to Minjur, although only one plant is
operating.

7.  Improving transparency through communication, awareness and feedback
mechanisms.

8.  Improving fund management of projects and bringing in public private partnerships
(PPP).

The efficiency with which the policy implementations have been accomplished is
yet to be established. There is a tough layer of resistance to these programs due to lack of
knowledge among the people and the increasing tendency to overuse water resources
(ground water), and there is a general reduction in conservation of water. Increased need
to overuse / exploit stems from the lack of availability of the resource and, affordability
also plays a significant role in allowing metered or unmetered use of water. A stagnation
of this policy adaptation has been seen in Ambattur, Valasaravakkam, Porur, T Nagar and
Anna Nagar. Suitable construction and installation of water harvesting methods to help
households adapt water supply that is naturally found is required to successfully
implement this policy. The optimum of supply and demand is wrought through
conservation methods that allow efficient use and recharge of aquifers in the process. The
RWH conservation needs to be expanded to local HH and to agricultural and industrial
sectors.

5.5.3. Restorations of Water Conservation Structures

Ooranis are examples of successful water storage mediums. !> TWAD and
Chennai Metro Water have both implemented a policy for improving structure and
increasing capacity of storage mediums for supply. The rural areas and outskirts benefit
from the implementation of this program. Executing the program is easy as there are
large tanks, ponds and other large-scale storage facilities in the villages that are not
maintained properly. Chennai can implement Ooranis across the rural regions with less
material and low cost. If the area of Chennai is carefully examined, it can be seen that
there are small temples that have dry ponds that can serve as closed storage mediums
with artificial recharge mechanisms installed, from the surface of the pond, to increase
the water table of the locality. If ten temple water ponds were converted into proper
storage mediums with recharge of aquifers, this would benefit ten different regions with
extra water.

5.6. Chapter Summary

The TWAD teams (such as Supply and RWH) feel that despite the worsening
climate the district will survive as it is prepared to tackle issues that may rise. Although
shortage of water in Chennai is mostly source supply and demand related, at present,
rather than purely climate related, it is not possible to ignore the drought-like symptoms.

15 Qoranis are age-old water recharge and storage systems that allow storage and management of water, while allowing recharge
through small insertions.
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The evidence for this is the fact that Chennai has requested more supply water from the
Krishna Project, and that the current reservoir storage levels are low due to drying,
monsoon failure and increased availability. Added to this is the stagnant precipitation
level with a noted decrease every few years, and a continuous increase in temperatures,
denoting potential climatic drought. An efficient harvest system set up in regions with
more rain is required to uphold the current lifestyle in Chennai.

Furthermore, recent temperature records suggest a future increase in the
maximum temperatures to about 42 degrees centigrade, a possible warning bell for
Chennai to take steps to prevent severe droughts. In addition, the temperature increase
can pose quality problems due to spread of health issues. Several types of infections,
bacterial, etc., make water unsafe, creating more wastewater in addition to drastically
reducing water health due to pollution. This directly impacts households and animals
consuming this water on a daily basis. The city has seen some stomach ailments as well
as typhoid cases that have been caused by reduction in water quality. High temperatures
make it optimal for diseases to breed and contaminate water resources.

The policies do deal with drought proofing and flood proofing, yet the
management does not consider raising low lying areas or coastal regions or deepening the
Coovum region as a solution. Deepening the Coovum River would decrease flooding and
create a way to purify the river by constant of water and run off or overflow of water into
the sea. However, this could mean coastal pollution.
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7. CONCLUSIONS AND RECOMMENDATIONS

7.1. Conclusions

This study aimed to answer this question: Is Chennai climate ready? i.e., Are
water policy, programs and projects able to promote water security in the face of climate
change in Chennai? The 2011 and 2012 water policies, programs and projects point
towards poor water security in the face of climate change. The field study revealed that
the supply demand gap is large within the domestic sector of Chennai. The supply-
demand deficit adds up to 170 to 250 MLD within the city and surrounding regions
(Chennai city and greater Chennai) making it about 15 percent in total. Furthermore, even
with spurts of sporadic good rains, Chennai has experienced steadily reducing rain
frequency and number of wet days (over the last decade), the actual reduction is very
gradual and seen via the total rainwater harvest in the reservoirs. It is clear that rainfall
frequency is not at a stable level. This is indicated by the total rain concentrations in
certain periods of the monsoon season. Four out of ten monsoons have failed to produce
the average amount of water for Chennai, in the last decade.

The available resources are fast depleting in Chennai, reservoirs are drying and
water is now being safeguarded in closed storage in response to excessive evaporation
due to increase in temperatures. Failed monsoons indicate drought like symptoms that are
becoming common in Chennai. It is clear that a drought cycle is expected every three to
four years. The water shortage is inevitable and an eventual conclusion for Chennai.

The modes of transport covered are tankers, lorry, and direct-in- house, bore well
and dug wells. All regions of urban Chennai are provided with water through these means.
The conveyance of water is not 24 hours 7 days a week, normal in- house —direct supplies
water for three to four hours in a day. The Lorries are in convenient modes of water
conveyance as they supply to households.

The overall result indicates that, although, officials at the water boards disclosed
that Chennai is prepared for a potential water crisis. But the fact remains that in terms of
supply management Chennai requires several policy changes and the drought measures.

7.1.1. Scope and Limitations of the Study

Water security issues can occur at different spatial levels, ranging from the local
community and workplace to the global scale. This research dealt with those issues that
are of relevance to and are concerned with city community water supplies. It deals with
urban water policies within water systems of Chennai. This includes policies, plans and
project implementation, variations in climate (average temperatures and rainfall) in
relation to water security, strategy for adaptation and effective management.

Surveys occasionally tend to have minor errors such as translational errors, when
conducted in regional language rather than English, or human errors while transcribing it
into the sheet, for people who could not read or write. The human errors were found to be
slightly high, 40 surveys had errors in the number recording. The qualitative feedback
was detailed and accurate, as the surveys were entrusted to certain other individuals in
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order to get responses from respondents faster and more efficiently. Recording, taping or
capturing the interviews was not permitted. All information was provided only on
documents and through interview notes (upon validation of student credentials).

Furthermore, multiple ambiguities affect the precision of information gathered on
water supply — demand, water table, cost figures, temperature and precipitation levels
between 2002 and 2010 and the adaptation levels within society. While the figures may
not be exact, the fact remains that there is demand supply gap and it is assumed to be
substantial enough to cause future impact.

In addition, this study relied on the accuracy of the responses received from water
resource professionals and water users. The responses were required to be a fair
representation of how the water management system in Chennai is structured and
performs. One hopes that, for the benefit of research, the respondents to this study felt the
need to portray accurate and unbiased accounts of their views on water supply
management

7.2. Policy Interventions and Regulation within a Supply-Demand Continuum

Rainwater Harvesting

The RWH implementation improves the overall supply. As rainwater is easy to
harvest, provided there is good amount of rains during monsoons. Rainfall for Chennai is
uniform as there is no spatial geographic distance or difference. This gives everyone
equal opportunity to harvest rainwater.

Artificial Recharge

AR is a tool to improve the groundwater reserves, by increasing the aquifer
capacity. This research identified RWH, Artificial recharge and other rainwater
harvesting structures as successful implementations. They are the key to successful
adaptation, in so far as to provide extra water and recharge the underground aquifers.

Awareness, Training and Workshops

The training and workshops are implemented by the TWAD, as they are vital for
conservation, use efficiency and rainwater harvesting within Chennai. Results indicated
that about 30 % of the respondents had just completed middle school to high school level
and required detailed information to comprehend the situation to answer the survey sheet
properly. This indicated that the people do require workshops and training for water
system, uses, conservation techniques and also quality to make an informed decision and
useful feedback. Awareness within the surveyed group is very low; one in two people are
not aware of some aspect of water management according to the surveys. Over all the
training, workshops, communication of material and customer advisory on various water
service and supply related aspects improved security. Ever three months there are
workshops for locals, farmers and investors to inform them about the status of supply, the
sources and the policy decisions to enhance supply and manage demand.

Desalination

Desalination policy was implemented in order to allow smooth adaptation because
it does not strain the environmental resources, neither does it draw on the ground water
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resources. This technology uses seawater to create fresh water. Albeit, it is not the most
economical of the policies, but has meant the water supply capacity increased by 100
MLD and this improved the lives of 2 million people. Water availability increases,
accessibility is still under question but it is allocated equally and is very safe to directly
drink from the tap. The quality and quantity of supply greatly improve with desalination.

Restoration Works

Dams and tank restorations allow for an increase in availability as, the dams trap
more of the rainwater. The dams intercept at least 40 to 50 percent of the water, which
could easily create supply for over a million people in Chennai. Dam structures also to a
certain extent prevent saltwater intrusion into the freshwaters. Thus, the dam construction
improves security by creating more water, making is safe and securing it from salt
contamination and making it easily available to people for use.

The tank reconstruction acts as a water harvest tank for use at home. This
improves storage, artificial recharge and improves quality due to filtration through the
ground. In some ways the tanks and dams allows for equitable supply within a
community and the city. Community tanks allow equal access to people and it also
enables more and more water harvesting so as to improve future availability.

Supply and Demand Policies

TWAD will in effect promote reduction of dependence on external sources and to
allow environmentally safe installations to be adapted. To improve self-sufficiency,
TWAD has implemented restoration of old tanks, desalination, the RWH, the AR, new
ground water use and extraction rules and quality control.

I. Ground water extraction rules are such that HH are unable to withdraw
water from a well unless it is registered. If they do withdraw without permission, it is
found out during ground water inspection and they are either heavily fined and the well is
closed. The well water is easily accessible and rainwater can be easily harvested through
wells. Thus, it improves security and the groundwater health within Chennai.

2. TWAD has implemented workshops and testing centres to improve upon
the current low quality of source by testing and monitoring each area. This improves
quality and also the general well being of the population of Chennai. To a certain extent it
has helped Chennai initiate the process of participatory approach. Evidence indicates that
there are at least 600 HH’s that request testing of their resources once every six months.

3. The officials need to seek approvals and plans six months in advance. This
denotes that if there were a delay in project it will not be due to planning or management,
it would be external pressures or political roadblocks. Gaining approvals for water
facility implementations and performing tasks in a proper manner helps promote
sustainability and security. The more efficiently it is done the more benefits the people of
Chennai can reap. In the present times, this policy is not enforced properly and this is
evidenced by the series of project failures. Krishna, Veeranam, Minjur Desalination and
tank reconstructions.

4. The water boards are required to efficiently repair leaks and damaged
pipelines. They also should replace old pipelines if they are very old and rusted. This will
help water circulate better within the distribution system. The quality of water will be
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greatly improved due to the healthy conditions of the pipelines. At the moment policies to
replace old and faulty pipes have been initiated. This induced identification of hundreds
of old pipelines that needed replacement. Thus, gradually improving the overall water
security within the distribution network.

5. TWAD is contemplating implementing a new policy to improve upon the
poor service, efficiency and timely response. Evidence indicates that the services are
fairly poor in Chennai, most residents relay on the private services to fix their pipes,
meter and RWH installations. The policy to provide instant and timely services. The
staffs are supposed to improve the speed with which they respond to issues and also
finish the job so that it does not give trouble.

6. TWAD has set out to examine all sewers and isolate them from water
supply mains to prevent mixing of sewer water. This policy will improve the general
quality of water, lifestyle and prevent diseases.

7. The distribution management team has started to isolate the distribution
branch. The isolation will allow control of water allocation, prevent complete
contamination (if at all) and also improve accessibility to each region. The total water
allocated will be micro managed in each unit so that the work is more concentrated. The
faulty lines and issues will be managed efficiently and service will be timely and efficient.

8. TWAD 1is currently considering introduction of the 24- hour supply
scheme (pipes), this will allow access to water supply at all time, improving the
accessibility. The overall water security in Chennai will drastically improve.

0. TWAD by increasing RWH and AR facilities ensures an increase in
supply. Rainwater is intercepted and harvested with residential and commercial
equipment’s. While dams and drains intercept water resources and prevent saline
intrusion they also stop floods and conserve water resources. This policy will help control
at least 40 of the 80 percent runoff to supplement existing supply,

10. Pricing of water is incremental, where after 10KL use the water is priced
higher. Most households with four (4) members consume about 12 to 14 KL every month.
With a per capita use of approximately 82 (as per surveys) or 90 (as per the information
provided by the boards). Low pricing implies high affordability and thereby, improving
security of the existing water resources.

11.  Educate public and private stakeholders on policies to improve awareness
through training, workshops and information sessions. Once every two months the board
organizes a workshop/ training in order to improve HH, farming and industrial use of
water resources. This training will allow communication of important information,
promote awareness and to educate and inform public and private stakeholders. This will
improve use efficiency, thereby promoting water conservation and security. HH will
realize the importance of drinking good quality water or boil water before drinking or the
importance of RWH.

The current status of supply indicates that changes are required within supply
systems to manage and adapt to natural circumstances. Chennai’s water system is
insecure the supply, demand and distribution management is unreliable, in efficient and
unaccountable. Hence Chennai is not fully prepared in terms of managing crisis and
successfully adapting to climate change smoothly. Future survival of water system in
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Chennai many depends on stronger policy enforcement, smart implementation of
technological infrastructures, adaptation and climate change action for public and HH in
order to conserve and harvest water.

7.3. Recommendations

7.3.1. Policy Recommendations

Problems in Chennai can be managed with efficient water harvest systems set up
in regions where there is more rain. The results indicated that water supply availability is
low; with more and more people migrating to Chennai, more and more water is
consumed. The availability is low because of rains and monsoon failures and low
reservoir levels.

Recommendations for Management, the following are brought to the attention of
the authorities to consider practical and potential actions for government and HH to act
upon in a fit manner:

1. Regularizing supply schedule and the mode of supply to fit for every
region zone wise;

2. Improve awareness through programs right from junior high school,

3. Take steps to follow the national drought and flood policies in a more
serious and efficient manner;

4. Install more climate change stations to receive information for water and
climate change and then plan projects;

5. Complete and launch a participatory research for every project;

6. Conduct satisfaction surveys across Chennai to understand issues and the
level of satisfaction of water supply and services;

7. Consider every point published by the environmental assessments for
projects by experts before input of funds to start up a project;

8. Sell the failed projects or repair the failed projects so as to put it to use;

0. The Minjur desalination plant is shut down but could be used as an

education facility to inform kids and adults about the process, the hazards and the issues
relating to this;

10. Improved quality methods like three- day treatment can be implemented as
a project or HH level quality control can be communicated to people;

11.  Funding newer pipes or utilizing old pipes that are unused from another
project can enhance the pipeline project;

12. Pipes need to be 1 meter away from the sewers so as to control sewer
mixing; and

All these practices will eventually reduce dependence on inter or intra state supply.

The reuse suggests use of water for multiple purposes, usually recreational such
as pools or fountains etc. While the recycling water may have social stigma attached, it
still does not imply use of dirty water, it is fully treated and clean water that can be used
for domestic purposes.
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Floods in Chennai can be intercepted efficiently to provide supplementary sources
for the city. With 80 percent run off, harvesting water should provide a good amount for
the public use. Public structures can be made into AR system where funnel shaped
structures used as sunshades or tents can have chutes that allow recharge in the event of
rainfall.

Several public and HH methods can make water consumption more efficient:

e Reduce, reuse and recycle water at a HH level when possible;

e  Promote the participatory approach;

e Improve training and workshops;

e  Enhance the stock-take of resources;

e  Chennai requires major rework and renovation of water tanks, ponds and Kolams,

e Reuse wastewater for cleaning or recharge ground water by letting it permeate in
to the ground.

7.3.2. Practical Approach

The only way to improve water saving and conservation is through rainwater
harvesting, but this needs uniform implementations everywhere and further education is
required to be successful in making people install RWH systems. Furthermore, the
current level of rain could continue to decrease. The 2004 rains were erratic in nature and
stabilized after a period of four-year floods and a tsunami occurrence in Chennai. The
year 2010/ 2011 also had a mild drought in the adjacent areas and some central regions of
Chennai due to monsoons. Thus, harvesting water will save Chennai a lot of trouble in
the future management. Chennai faced a four-year period of frequent floods along the
coasts, due to extreme climates. Managing floods requires some amount of quality
control, which is not looked at in detail in this paper due to the vastness of the topic.
Issues such as penetration of saline water into fresh water and ground water sources are
becoming frequently common in Chennai. When that occurs, the water becomes of zero
utility value within households. The salinity can be managed if the floods are channelled
properly into drains that lead to central purification facilities. The local drains are
uncovered and many potholes can be seen along the roadsides.

7.3.2.1. Demand Management

Chennai does not have proper metering and, hence inventory of water use is
incomplete. Unmetered use is rising. Since zone management is effective, managing
demand should be easy.

Long distance transport of water has leaks, which can be handled with care if the
transportation vehicles are inspected and monitored for leaks. Structures and washers to
enclose the containers are important.

Water pressure can be managed if instead of direct pipe supply HH receive
overhead tank supply so as to improve pressure of supply. Chennai manages water
pressure, repairs and maintenance in a mediocre manner and many households complain
on a daily basis. Chennai requires introduction of staff training and service response
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protocols that can take effect in Chennai so as to improve the quality of service can avoid
this.

The pipelines are laid closer to the sewer pipelines and the sewerage mixes with
fresh water resources and overflows, creating health issues for residents. Pipelines need
to be checked and replaced if there are incrustations or corrosions.

The water management for Chennai found solutions through conservation
techniques, price management, managing consumption and use-efficiency. So far the
issues have not been amplified but existent, nonetheless. Hence, the demand management
is mediocre and Chennai’s ability to adapt to climate change is not a 100 percent.

7.3.3. Other Recommendations for the Future

Future recommendations include making small adjustments within households,
improving Rain Water Harvesting (RWH) by mesh nets so as to enable direct use of
rainwater for household activities during times of drought, improving the hours of water
supply by reducing supply during nights or during non-peak hours in the day time.
Japanese buildings style such as shared water tanks between adjacent buildings will allow
constant collection and supply to HH directly.

The problems faced and solutions sought for Chennai’s zones are different and
need to be customized.

The recommendations for managing demand and distribution are:

Increase monitoring of pipes, meters etc.;

Increase the number of streets with piped water supply;

Metering and meter reading by staff should be mandatory with penalties;

All new and existing connections require metering;

Improve participator approach by promoting it competently;

Improve competency and skills of maintenance staff;

Metering of RWH structures will allow water managers to better understand use of

RWH within HHs;

Faulty pipelines and leaks need to be checked promptly within 24 hours.

. A participatory approach and transparency of policy are crucial for chennai.

10. A participatory approach is required to understand problems and HH in general do
not tend to pay attention to issues unless it directly impacts them. It is also second
nature to ignore or push aside policies to reach goals E.g. builders or local
individuals.

NV A WD =

11. The fact remains that policies are not enforced properly, like with random checks or
inspections of premises. Improve information availability and communication to
locals especially the local HH. For example meetings about water to their
community or workshops related to safeguarding water resources are a must.

12. Simple structures can help enhance supply. Ponds and tanks at home or old wells can
be used as a recharge or harvest mechanism. A swimming pool can easily provide
more during times of drought or supply cuts etc. A good example would be the act
that specifies that swimming pools should not use ground water or other sources of
water unless permission is granted. This could mean that a lot of the misuse of water
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13.

10.

1.

12.

13.

would be set right. This requires more planning, efficiency and a regular stock-take
of available resources.

The adaptation strategies are lacking and recommended for Chennai’s water balance.
The main strategies recommended are the 3 R’s, training and workshops, stock-take
of resources, household surveying, reworking and renovating water tanks, ponds and
Kollam’s, and improving quality through simple measures. The 3 R’s are reducing,
reuse and recycle adapted from the waste management technique. The R’s will
ensure conservation and saving.

Reducing water use will increase efficiency of water saving as it allocates water for
vital activities and shrinks wastage.

The reuse suggests use of water for multiple purposes, usually recreational such as
pools or fountains etc., can be used in flushes.

While the recycling water may have social stigma attached, it still does not imply
use of dirty water, it is fully treated and clean water that can be used for domestic
purposes.

Chennai’s management is yet to increase quality of water that will allow users to
drink water from the tap directly. A three-day treatment is required for this process.
Research & development and extensive surveying will help enhance the process;
Water requirements are projected to be higher every year and increasing supply
means to initiate political conflict as the Krishna water supply costs a lot to transport
and maintain. Hence, if water becomes very expensive for Andhra Pradesh
Government to supply there will be political repercussions. It is better to manage
demand rather than increasing supply. The solution to avoid conflict is to reduce the
Krishna requirement by generating means of excess water through artificial recharge
and rainwater harvest. Thus, dependence on water resources from interstate needs to
be reduced;

Low comprehension levels, overuse and unawareness of policies cause users to opt
for household-level improvement and use based on the availability. The simple
method would be to improve HH activities and water use efficiency;

Several households on the outskirts of Chennai have maintained wells but have
ended up needing to close the wells due to lack of water;

Deepening the Coovum would decrease flooding and create a way to purify the river
by constant dilatation of water and run off or overflow of water into the sea;

A column needs to be constructed to intercept rainwater and prevent it from draining
out. Three major advantages to this would be less runoff, more water harvesting and
prevention of saline intrusion. The three rivers need to be saline proofed, in order to
make them independent, as they are considered as extended sea in lets. Another
consideration that could be useful is desalination to remove impurities;

Groundwater use now is very high compared to the use in the last few decades.
According to the Tamil Nadu Water Board policies are not completely transparent,
and steps to undertake this is under discourse. All details of ground water resource
use and adaptation needed to be presented and communicated between the people
and the boards; and
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14. The reports on quality of water need to be maintained and scientific evidence
collected.

Discourse: The government, to protect the surface source and groundwater, wants
to keep track of wells. The extracted water is accounted and categorized according to the
purpose of use and the amount drawn out. This is done to measure available sources,
understand issues and methods in order to extrapolate new methods of rainwater
harvesting. The policies underline that detailed reports are to be submitted regarding
quality of water, rainwater harvesting and other projects as required. Some other rules
include water conservation through rainwater harvest, the necessity of rainwater to
maintain population’s domestic, agricultural, industrial requirements.

CMWSSB should consider charging water per peak and non-peak hours to
improve water conservation through pricing.

Chennai, now, has incremental pricing where usage over 10 kl is charged higher.
While in comparison the Oita, Japan water and energy conservation team has a system
where prices and charges vary according to the peak and non-peak hours. Use pricing of
water and electricity are twined. The non-peak hours after 11PM are charged lower
compared to peak hours that are very high so people do not consume water for
dishwashing or machine-washes as often. The HH plan for activities to save money. It is
easier to get people to save money rather than save water or electricity.

The exceptional water saving initiatives of EU and Americas include low flow
toilets and low-pressure showerheads. Reduce toilet flush requirements by one seventh or
one eighth of the usual use. Chennai needs to implement this. It could help water saving;
yet, as the flow is restricted the number of minutes of shower may increase or the number
of flushes may increase (depending on the use).

The government should improve capacities and take up responsibility in order to
protect the surface and groundwater. Once extracted water is fast utilized and the
wastewater flow is not properly managed in Chennai, hence, the extraction for various
purposes and fines need to be clarified and posted in the public notice board. Monitoring
wells will ensure accountability of extracted water. Furthermore will allow efficient
categorization of extracted water based on purpose of use and amount withdrawn.

The TWAD teams (such as Supply and RWH) feel that there is an increasing
possibility that the climate will worsen, and yet the district will survive as it is prepared
to tackle issues that may rise. More than floods that are channelled towards the sea it is
droughts that worry authorities in Chennai. Added to this, the precipitation levels with a
noted decrease every few years, and a continuous increase in temperatures denotes
potential climatic drought. An efficient water harvest system is required to uphold the
current lifestyle in Chennai.

Contrary to the feeling that the district will survive the future crisis, it is clear that
certain changes in policy are required to maintain a level of HH and public conservation
via RWH or simple HH practices, response, service, approval system, and participatory
approach is necessary. There may be initial setup costs for all recommended
implementations but eventually, it will be easy to create surplus water for Tamil Nadu.
Hence, the water scarcity in Chennai can be attributed to the lack of innovation,
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worsening monsoons, in equitability, supply cuts, RWH installation challenges, and lack
of information sharing.

Climate change may not, at present, impact Chennai as much as mismanagement
does; yet it is not possible to ignore the failed monsoons or frequent drought-like
symptoms. The evidence for this is the fact that Chennai has requested more supply water
from the Krishna Project, and that the current reservoir storage levels are low due to
drying supplement the evidence that Chennai’s governance need to step up its approach
and policies.

7.3.3.1. Future Studies

The focus for the future water management in Chennai would be climate change
related. The climatic variation within Chennai may or may not become very extreme, but
most experts believe it is better to have a plan in place and test it out for capacity to
endure crisis. The future options for policy makers in Chennai would be to customize
adaptation policies per area and micromanage it. This means each section of Chennai that
have different policies and endure stress differently can be managed accordingly.
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Appendix I

Global Water Resources
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Sources: (Johnson, 2004; Rola:, 2004; WP, 2009; Gieick, 2010).
Figures and tables compiled from the data collected, 2012.

Pages 1 and 2 of thesis
Ilustrates the total resources and the resources available for consumption. This figure also aided in

compiling the figure 1 on page 3 of thesis, “World Water Distribution”.

Types of Droughts

The major droughts are of four kinds: Meteorological, Agricultural, Hydrological and
Socioeconomic.
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Table 17 Types of Drought
Meteorological drought signifies a land area and the dryness for a prolonged period of time
where the atmospheric conditions that result in paucities of rain.
Agricultural drought results in shortage in food production and farming. This type of
drought ties both meteorological issues such as rainfall deficits and the soil water or the ground
water deficits.

Hydrological drought occurs when precipitation shortages creates a deficiency in water
supply or the resources. The water hydrologic storage such as reserves, rivers etc. are used for
multiple purposes such as floods, irrigation, hydropower and general habitat. The demand and race
to get water in these storage system increases during drought and there are often conflicts that recur.

Socioeconomic drought indicates a demand for an economic good exceeds supply due to
weather pattern and shortfall in water supply. Supply of water, forage, food grains, fish and
hydroelectric -power (economic goods) depend on the weather. Hence, the variability of climate
implies a change in water supply, insufficient food, and reduction of hydroelectric power. The
demand for these goods is increasing with the increase in population and so far the water supply has
risen due to the efficiency and technology usage.

Source: Compiled from GWP, 2011

Types of Floods

The first category is the type of floods differentiated according to their duration: (1) Slow-Onset
(2) Rapid-Onset and (3) Flash are the types categorized according to the duration. Slow onset floods last for
a long weeks or even months. This kind of floods can create damage to stock, agricultural products, roads
and railway lines. Rapid onset occurs in days and lasts for one or two days at the most. Rapid onset floods
may not last longer, but can cause more damage to properties, environment and lives. The reason is that
there is no time for preventive measures to be implemented or act on. Lastly, flash floods are faster and
cause the most damage to society. These floods occur in minutes and last for hours, a few hours of heavy
rains, storms etc., causing havoc to society (GWP, 2011).

The second category of floods is divided according to the location are coastal, arroyos, river and
urban floods. The coastal floods occur in the coastal regions where normally typhoons, storms, hurricanes
and cyclones bring rains. Large waves, earthquakes and tsunamis also bring coastal floods. Arroyos floods
are normally common in dry river regions where storms occur bringing in sudden rapids that flood and
damage the region. The common type of floods are river floods that occurs when there is an increase in the
amount of water flowing in the river, causing floods in the banks and regions surrounding it. Lastly, urban
floods are usually floods along the roads due to heavy rains or water flooded in through typhoons and this
water is not absorbed into the ground or the aquifers (GWP, 2011, UN, 2009). The types of floods and
droughts can be estimated with the intensity and type in a V&A action-requiring region. Hence, as floods
and droughts cannot be prevented, can be adapted based on available resources, management and services.

Conceptual Framework

The conceptual framework make-up factors that influence the water system and the issues that
require attention in order to achieve water security for Chennai can be managed properly. Source, Supply,
policies practices, organization, institutions, public participation and Stakeholders are part of the governing
body of a water system. The framework includes the major aspects used to understand the impacts of
climate change on the system: supply, distribution and demand and to analyse responses and adaptation
strategies to gauge the ability of Chennai‘s water management to handle crisis.
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Figure 15 Frameworks for Investigation

The conceptual framework is based on Figure 11. The governance for urban water security is
understood such that the supply management, distribution management, demand management and the
policy responses and adaptation strategies. Chennai’s water supply status, sources, issues, quantity, quality
and allocation is looked synchronously looking at the distribution and demand management. The
distribution management includes public — private partnerships, role of government and organization and
institutions. The demand management looks at the consumption, pricing and conservation where policies
and practices are vital to manage use. The policy responses are based on the current status, new projects,
issues and opinions collected as part of the survey.

Sources: The major aspects considered under sources are the amount of available resources that is
also accessible and is equally allocated. Furthermore, if the available water is monitored and protected to
maintain quantity and quality, in accordance with the current practices, it becomes safe to use. The
sources are an important aspect as it allows insight into raw water available to a region (via an inter-state
treaty), if is in cooperation with the state, district and local officials and whether the source condition and
extraction methods are standardised and monitored frequently. All supply conditions are examined
through policy responses that are supply related.

Demand: Demand in the framework looks at the supplied water, available, affordable, equally
allocated and accessible water supply is on par with the demand requirements. Such being the case, the
current and future requirements is taken into account and strategies to meet requirements are then analysed,
to understand the need for water suppliers to ensure equitably shared water is enough to meet the needs of
the community.

Policy Practices: the policy responses in Chennai mainly looked at the implementation of policies,
programs and projects for demand management and if it is sustainable and makes use of sustainability
concepts such as the Net Zero Use efficiency, the sustainable practices and the integrated implementation.
Water use efficiency will enhance the implementation of conservation, recycling, reuse programs etc.,
within households. The programs are customised to specific drought or flood conditions, the carrying
capacity and the capabilities of local communities to adapt and adopt practices for their households.

Adaptation and Responses: The adaptation and quick responses ensures survivability and, within
practices to prevent further degradation and recover disruption or contamination of the water supply. The
major analysis is cone to understand policies and plans and to check if they are in accordance with
contingency planning for droughts or floods to increase survivability in future. Similarly, the analysis also
indicate if Chennai has established workshops for local knowledge sharing to help transition and adapt to
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future crisis in a smooth manner within Chennai. To further enhance Chennai’s water system, sourcing
alternate water supply and backup agreements and budget system and ‘fund seek’ to help timely planning
and implementation are looked at in depth.

Operational Definitions

Water System, Supply and Demand: Water system is defined as the process through, which
water is withdrawn, treated, tested, distributed to units for allocation and transmitted to households,
industries or farms through the mode of coneyance (Planning Commission, 2007). Water supply is the
quantity of water drawn out for use within a region. Water demand is the requirement of water by people,
industry or agricultural productivty in general.

Water security: The Canadian water policy report indicates water security as the sustainable
access, to adequate quantities of acceptable quality to safeguard environmental, human and ecosystem
health (Norman et al 2010). The concept is also, otherwise defined, in broad terms as the security through
which the population has reliable access, appropriate facilities to deliver water equally at an affordable cost,
now and for the future (Allen, 1998). UNEP defines water security as “...water security represents a
unifying element supplying humanity with drinking water, hygiene and sanitation, food, industrial
resources, energy, transportation and natural amenities, all dependent upon maintaining ecosystem health
and productivity” (UNEP, 2012). Some of the other known scientists and water specialist such as Dr.
Michael Campana described water security as the capacity of the population to have access and to meet
requirements at an affordable cost, while balancing productivity and degradation of the environment
(President of AWRA). Dr. Campana is also an advocate of hydro-philanthropy, which is defined as the
altruistic concern for water related needs through money, information, education and training. Although,
this sums up most think tanks’ definition, it does not delineate good conservation or efficient use or proper
governance.

Water Scarcity: GWP, (2011) defines scarcity as a situation when there is inadequate water
resource available to meet basic requirements of families (GWP, 2011). The ‘measure of scarcity’ is the
policy inputs, whereby the policies within a country measure the disparity between the amounts of water
availability and level of requirement (Johnson, 2006). Water scarcity is recognized when there are supply
and demand gaps, if more than 5 percent of the total income is spent on water (by a household) and unsafe
water causes diseases or death (Johnson, 2006, GWP, 2011). The year 2012, water availability portrays a
reduction of resources with an increase in demand, worldwide (UNICEF and WHO, 2012).

Stress and Shortage of Water: Stress and shortage are terms related to the vulnerability that
society faces when there is impending lack or current lack of water supply to meet the basic needs of the
local residents. This definition identifies how stress is identified differently to shortage. Shortage is the
actual deficiency of water, identified within the society. Stress is the implied factor, where water shortage is
impending while it is clear not everyone is satisfied with what they have.

Climate Change: NASA defines climate as a long-term average behaviour of daily weather,
which is a short-term changes in temperatures and rainfall. This distinguishes the climate and the weather.
Day to day temperatures may not seem significant and hence, the long-term patterns such as yearly or
decadal patterns are often observed to look at the changing climate. The changing climate is affected by the
changes in factors such as the El Nino, La Nina, seismic activities such as volcanic eruptions, tsunami’s etc.
The measure of atmospheric behaviour over a long-term basis includes temperatures, humidity,
precipitation, wind, atmospheric pressure etc., is considered as climatic variation. Things that make up
climate include rain, flooding, snow, wind, cloud cover, flooding, blizzards, ice storms, thunderstorms, heat
waves etc. The weather stations predict changes like typhoons, snow, thunderstorms, extensive periods of
dryness, fogs etc. The significance of this change could impact the forest cover, crops and water supplies is
a very direct way (Treut & Somerville, 2007).

IWRM: IWRM is a logical tool and is based on the interdependency of water use for various
sectors. A good example is that water is required for tanneries, while it is also used for agriculture or for
making computer processor chips. Now the idea behind integrated management is to provide enough for all
purposes while protecting water resources. For instances, irrigation practices demand water for crops and
the waste and pesticides are the by-products that pollute the region. The main policy approach found in
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such framework, seeks to indicate the management approaches and goals that include environmental
security, economic viability and social equity.

Water Security within IWRM: One of the best water management approaches is the Integrated
Water Resource Management implemented by the Global Water Partnership for water security. Water
security is the management of water within the IWRM components to achieve sustainability and stability
within an ecosystem. The major approaches for IWRM are the accessibility, availability, allocation
efficiency and affordability. Availability is the available sources, which provide water sources.
Accessibility is the ease of access to draw resources for various purposes. Access is important due to the
fact that sources available do not necessarily mean it is easy to supply or allocate that is region specific.
Successful management of resources includes a stock take on the sources and the division of problems
within the supply system.

Adaptation: Adaptation is a process through, which the society, the economy and the
environment, together is able to withstand the pressures of resource shortage and is able to supply resources
in a sustainable manner. There are several methods to adapting to climate change. The major approaches
include coordinated facility operation, integrating ground and surface water operations, improving water
allocation and markets, setting national and stage goals, urban conservation, improving use efficiency,
agricultural efficiency and fallowing, environmental water use efficiency and use of new technologies to
reuse and desalt.
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Projections from 1950 - 2010

India’s Mean Precipitation Projections from 1960 to 2040

AR4 (2007) CGCM3T47 SR-B1 Mean Precipitation — Total
Annual 1960-2040 (mm/day)
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