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PMS & WQMIS - “Centralized System for Project Monitoring
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,gu/



&l
Fof-raiie AR 8-3onaRa a8 g9 Sie SaRkon BR ffiea grwieE
@ for
M 3T IR 2025

Iog A y§YE SPTE 3, B
D
Hivige B3R Red s arex qEiferc! dFeRa sawieH Ren
a

ye fbar o ®

Government of India

partment of Administrative Reforms and Public Grievances
] is pleased to present

National Award for e-Governance 2025
(Silver)
to
Project Monitoring System and Water Quality Monitoring
Information System
of

State Mission Management Unit Amrut, Kerala
in category

Government Process Re-engineering by Use of Technology for
Digital Transformation
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PMS & WQMIS - “Centralized System for Project Monitoring
and Water Quality Monitoring”
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VAN 6 THEMATIC AREAS OF PROJECTS V2NN
ACHIEVEMENTS

and Urban Transformation

Water Supply

« 6 Water Treatment Plant of 265 MLD

« 2.9 lakh beneficiaries (Tap connections)

« 3154 Kilometre Water Supply Network

« 20 Water Tanks (OHSR) of 365 lakh litre Capacity
. 21 Water KIOSK

Sewerage & Septage Management

. 7 Sewerage Treatment Plant of 28.2 MLD

. 2 Mobile Septage Treatment Units

. 87 Kilometre Sewerage Network

. 5015 Sewer Connections

. 86975 Household covered under Septage Management

Water Body Rejuvenation

. 385 Acre water body rejuvenated

. 375 water bodies under rejuvenation

. Biodiversity enhanced

. Groundwater & Surfacewater pollution reduced
. Groundwater recharging enhanced

Non- Motorized Urban Transport

. 5 Multilevel Car Parking (MLCP)

. 78 Km. Footpath & 7 Km. Cycle Track
. 27 Foot over bridges

« 1 Skywalk & 1 Subways

Green Spaces & Parks

. 156 Acre developed

« Reduced urban heat island effects
. Preserved water biodiversity

. Improved air quality

. Child & Divyang friendly

. 332 Kilometre Drain Network

. 1356 water logging points eliminated

. Prevent urban flooding

« Reduced Soil erosion

. Covered & fenced drain reduced solid waste pollution
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MURALI KOCHUKRISHNAN
nment Expert cum Hydrogeologist,
State Mission Management Unit

AMRUT, Kerala

“Climate- ChangeOnented Water
- Resources Challenges ~and
Optlons”- Where* 1n51ghts Meet
Foresights...... #

Introduction:

Fresh water resources are under stress around the world due to the exponential growth in population
and per capita resource use, that are the drivers of energy consumption, anthropogenic climate, and
hydrologic change. Significant research has been done on climate change assessment, mitigation
and adaptation. However, there is only fragmentary research on global hydrologic change and the
available data is limited, despite recognition of its importance. This degradation of fresh water
resources is a harbinger of a major crisis. Its impact on humans and the ecology may be at least as
severe as that caused by greenhouse gasses. Increasing urbanization is altering areas near river
courses and low-lying coastal areas. Intensification of agriculture is contributing to deforestation and
further desertification. Increased water use for agriculture and urbanization is leading to hydrologic
modifications. It is important to understand, predict and manage the potential impacts of climate
change on regional and global water resources. Local human  modifications of the hydrologic cycle
through direct use, storage and redistribution, changes in land cover and use, and pollution, is a
primary concern for local and global risk management. A  changing climate increases the uncertain-
ty associated with the future availability and variability of fresh water sources. These are exacer
bating factors of human-induced changes in the local, terrestrial hydrologic cycle. The effects are
more pronounced at the river basin level and consequently in the groundwater resources. Since the
immediate impacts of degradation of a freshwater resource are felt locally, assessment and
recognition of the evolution of a global water crisis has been slow.

Water is an integral component of climate change and the primary medium through which it exhibits
and also its impacts. With the world facing growing water challenges in many regions, how climate
change will affect future societies cannot be understood without looking at its impact on the most vital
resources of our planet. Water in a Changing World shows that changes in our water resources are
shaped to a great extent by a number of key externalities,

among them climate change, and that decisions taken far \ ‘_

from the conventionally defined water sector have a tremen-
dous influence on water resources and how they are used or
misused. Water in a Changing World describes the dynamic
linkages that interconnect changes in climate, the state of our
water resources, demographic expansion and migration is-
sues, food and energy shortages, and the continuing chal-
lenge of poverty. Rather than addressing these issues in isola-
tion, it argues that a holistic approach is crucial, if we are
to solve the crises we face today and to avoid worse cri-
ses tomorrow.
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Water and Climate Variability Changes:

Water is the lifeblood of the planet and the state of the
resource affects all natural, social and economic sys-
tems. Water is the fundamental link between the cli- \Nater-Energy
mate system, human society and the environment.
Climate change directly affects the water cycle and,
through it, the quantity and quality of water resources
available to meet human and environmental demands.
It can lead to both floods and drought. Rising sea levels
have a serious effect on coastal aquifers, a major
source of urban and regional water supply systems,
and higher water temperatures and changes in ex-
tremes can exacerbate many forms of water pollution.
Water supply reliability, health, agriculture, energy and
aquatic ecosystems — all will feel the impact of these
changes to the water cycle. The demand for water to
meet these needs is also affected by climate change. The importance of water to sustainable social and
economic development cannot be underestimated, yet many countries are already facing multiple wa-
ter challenges, all of them compounded by climate change.

environmep, ¢

Fig:2 - Water and climate variability changes

Climate change is primarily a water crisis. We feel its impacts through worsening floods, rising sea
levels, shrinking ice fields, wildfires and droughts. However, water can fight climate change. Sustaina-
ble water management is central to build-up the resilience of societies and ecosystems and to reduc-
ing carbon emissions. Everyone has a role to play — actions at the individual and household levels are
more vital.

In India, the hydrological cycle is deeply influenced by cli-
mate change, leading to significant shifts in precipitation pat-
terns, river flows, and water availability. The monsoon, which
is a critical component of India's water cycle, has become
increasingly erratic, causing extreme events such as pro-
longed droughts and intense floods. Melting glaciers in the
¥ Himalayas, a crucial freshwater source for northern India,
¥ are altering river flows, impacting agriculture and drinking
water supplies. Rising temperatures also accelerate evapora-
tion, reducing soil moisture and groundwater recharge, ex-
acerbating water scarcity in already arid regions. These
changes pose challenges for food security, livelihoods, and
disaster management across the country.

ange is prtmarzly chang-
Water Cycle and allied crisis.

Basic Facts:

¢ By 2050, the number of people at risk of floods will increase from its current level of 1.2 billion to 1.6
billion. In the early to mid-2010s, 1.9 billion people, or 27% of the global population, lived in
potential severely water-scarce areas. In 2050, this number will increase to 2.7 to 3.2 billion
people. (UNITED NATION 2020).

Increased radiative

¢ Over a fifth of the world’s basins have recently forcing (Global Warming)
experienced either rapid increases in their surface
water area indicative of flooding, a growth in :t:or;n
. . . ven'
reservoirs and newly inundated land; or rapid \\ ffﬁ
declines in surface water area indicating drying up , Enhanced 3;;; & \
g drymg up latenthenting Increased green ’ praﬁ:ll ':zgztirhais 2% anced

of lakes, reservoirs, wetlands, floodplains and sea-
sonal water bodies. (United Nations Water 2021)

¢ The ambition of new climate change mitigation i
pledges for 2030 needs to be four times higher to %
limit global warming to 2°C and seven times higher
to get on track to limit global warming to 1.5°C.
(United nation Environment program 2021)

house gases Storm intensity

¢ o T
¢ Er \ Cyel
Snowstorm = \ilu Ncanes

b\

g

Increased
Increased Evapora(lon
il § { ; ; Temperature

T

¢ The current Arctic sea-ice cover (both annual and

late summer) is at its lowest level since at least 1850

and is projected to reach practically ice-free

conditions at its summer minimum at least once be- Figure:4: Influence of Hydrzll:)ag:;zl cycle in context of climate
fore 2050.
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Water related Climate Risk and Essentials to Cope Up/ Adaptation:

Changes in watershed vegetation
may alter the recharge of ground-
water aquifers and change the
quantity and quality of runoff into
surface waters.

Increased evaporation in surface
sources of water.

Increasing biological and chemi-
cal degradation of water quality.
Changes in watershed vegetation
pest and risks in watershed are-
as.

Changes in watershed agricultur-
al practices and in the resulting
pollution loads from agriculture.
Increased frequency or intensity
of drought.

Increased turbidity and sedimen-
tation of surface water.

Changes in nature of rainfall pat-
tern leading to inadequate infil-
tration/groundwater recharge
resulting in reduced flow and/or
yield of water.

More frequent and/or intense
flash floods damaging infrastruc-
ture and disrupting services.
Potential loss of reservoir storage
as a result of increased erosion in
watershed.

Increased loading of pathogenic
bacteria and parasites in reser-
VOirs.

Operational challenges to aquifer
storage and recovery and water
reclamation facilities.

Reduced replenishment rates of
groundwater resulting in declin-
ing water tables

Depletion of both surface and
groundwater recourses.

Change in quality and quantity
of water recourses

Drought cycle period decreases.

Rise in turbidity levels in sur-
face groundwater resources.

Erratic rainfall patterns.

Reduction in infiltration and
percolation rate towards
groundwater resources.

Drastic changes in the ground-
water regime of the project site.

Intense flash flood at times of
extreme rainfall intensity

Judicious utilization of
water resources.

Enhancement of soil
and water conservation
measures.

Changes in agricultural
patterns.

Coping measures needs
to combine a suite of
technical / structural
and non-structural
measures.

Promotion of integrated
water resource man-
agement practices
(IWRM)

Run-off and flood man-
agement.

Promotion of rainwater
harvesting and re-
charge structures.
Promotion of location
specific soil and water
conservation measures.
Conservation of tradi-
tional water harvesting
structures.

Promotion of artificial
recharge systems.
Regular maintenance of
traditional water bodies
by desilting and bund
management.

Timely maintenance of
canal flow paths.
Technical knowledge
up gradation of the
watershed committee
and LSG department
on the type of specific
adaptation measures
required for climate
adaptive measures.
“Same as mentioned
above.”
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Impact of Climate Change on Water Resources & Hydrologic

Increase in atmospheric water

Change in precipitation

Cycle

1 Increased precipitation

vapour content

Increased risk of floods and
|| droughts

patterns

Change in evapo-transpiration, ] Implications for agriculture,

Ice melting and reduction in

soil moisture and runoff

afforestation and water supply

Change in Ground Water i] Implications for Ground water

Withdrawal

Recharge |

1 Change in runoff pattern
SNOow cover

Increased seawater intrusion,

Sedievates Coastal population

Figure:5:- Various Impacts of Climate change on Water resources and

Hydrological cycles.

Climate Variability Based Disasters:

[ v?:?a‘:::s ] Resources Disasters Impacts
(N
Rainfall P Flood
~ Water Drought Life
Temperature / Resources | Cyclone
* System and * _ , * Livelihood
Sea Level | Coastal River Erosion
Resources ini Environment
Evaporation SRR
Storm Surges

Figure: 6- Climate variability and Impacts

Key factors:

L2

There is mounting evidence in many regions of the impact of
climate change on the Earth’s hydrological cycle.

Climate change is a basic driver of change in water resource
availability and use alongside demographic, economic, social
and technological forces, with which it interacts in a dynamic
fashion.

Lateral thinking ‘out of the box’ is essential, both from those
within the water sector and all others whose decisions have a
major impact on water.

Information about the status of availability and use of water
and the potential impact of climate change is too poor to sup-
port informed policy decisions. There is an urgent need to
gather, analyse and model data at all relevant levels — globally,
Regionally and locally — and to reverse the decline in observa-
tional systems.

Alongside mitigation, Governments/ Non-government agencies
must adapt to climate change, and give priority to water re-
sources management as a key aspect of adaptation to
changes already in train.

' Quality

¢ Due to future uncertainties,
the keynote for adaptation
must be resilience — manag-
ing risks and building the
capacity to deal with
unpredictable events.
No-regret and low-regret
measures should be
prioritised.

The issue explained:

1.Water and climate change
are inextricably linked:
Extreme weather events are
making water more scarce,

more unpredictable, more
polluted or all three. These
impacts throughout the

water cycle threaten sustain-
able development, biodiversi-
ty, and people’s access to
water and sanitation.

Availability

Water
security

Access

Stability

Figure:7 Climate change Impact on water

Security
Climate change significantly
impacts water security by

altering the availability, quality,
and distribution of freshwater
resources. Rising temperatures
increase evaporation rates and
disrupt precipitation patterns,
leading to more frequent
droughts and floods. Melting
glaciers and changing snowmelt
cycles affect water supply in

regions dependent on these
sources, while sea-level rise
threatens coastal freshwater
aquifers with saltwater
intrusion. Extreme weather
events can damage water

infrastructure and contaminate
supplies, further compromising
access. These challenges
exacerbate existing water
stress, affecting agriculture,
industry, and communities,
particularly in vulnerable
regions with limited adaptive
capacity.
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2. Flooding and Rising sea levels can contaminate
land and water resources with saltwater or faecal
matter, can cause damage to water and sanitation
infrastructure, such as waterpoints, wells, toilets and
wastewater treatment facilities.

3. Glaciers, ice caps and snow fields are rapidly
disappearing: Meltwater feeds many of the great river
systems. Volatility in the cryosphere can affect the
regulation of freshwater resources for vast numbers of
people in lowland areas.

4. Droughts and wildfires are destabilizing communi-
ties and triggering civil unrest and migration in many
areas. Destruction of vegetation and tree cover
exacerbates soil erosion and reduces groundwater
recharge, increasing water scarcity and food insecurity.
Climate change is intensifying extreme drought scenarios
by altering precipitation patterns, increasing tempera-
tures, and accelerating evaporation rates. Prolonged and
severe droughts reduce water availability for agriculture,
drinking, and ecosystems, leading to crop failures, food
insecurity, and biodiversity loss. Regions dependent on
seasonal rainfall or glacial melt are particularly
vulnerable. Additionally, droughts increase the risk of
wildfires, degrade soil health, and strain water
management systems, creating a cycle of environmental
and socio-economic challenges. These impacts are
exacerbated in areas with poor water governance or
over-extraction of groundwater, heightening vulnerability
to future climate extremes.

5. Growing demand for water increases the need for
energy-intensive water pumping, transportation, and
treatment, and has contributed to the degradation of
critical water-dependent carbon sinks such as peatlands.
Water-intensive  agriculture for food production,
particularly meat, and for growing crops used as biofuels,
can further exacerbate water scarcity.

6. Climate change, over exploitation of Groundwater

and Sea water Intrusion

Climate Change intensifies Global water challenges in
altering rainfall patterns, causing more extreme weather
events. These changes disrupt groundwater recharge,
making it harder to replenish vital under ground-water
reserves. Further, Overexploitation of groundwater for
agriculture, industry, and domestic use is depleting
aquifers faster than they can be replenished. Ground
water depletion lowers water tables, causing wells to dry
up and threatening food security, particularly in
water-scarce regions. It also leads to land subsidence,
where the ground sinks, damaging infrastructure and
reducing groundwater storage capacity. In coastal areas,
over-pumping groundwater can cause seawater intrusion,
where saltwater contaminates freshwater aquifers. Sea
water intrusion degrades the quality of groundwater,
making it unsuitable for drinking, irrigation, and
industrial uses. This contamination increases
desalination costs, putting further strain on already
limited water resources. Climate change exacerbates
seawater intrusion by rising sea levels and increasing the
frequency of coastal storms.

Figure:7 -Flooding and raising sea levels in
Kerala, India

Figure:8 Melting of ice caps and snow field at
Himalayas

T

Drought Management
drought Plan

Reliable Supplies
—p

—_—
Normal

Year Severity of hydrological event S

Drought

Figure 10- Climate change, severity of
Hydrological Event leading to Extreme Drought
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Figure :12-Climate change, over exploitation of Groundwater and Sea water Intrusion

Adaptation/Resilient Mechanism:

Adaptation to climate change will demand a firm commitment from leaders in government, private sec-
tor and civil society worldwide. Public policy on key water services and functions must prioritize a
strengthening of competencies and institutions, and ensuring the infrastructure investment necessary
for long-term water security. But policy choices and other decisions made outside the water domain
are also crucial if we are to change and improve how water is allocated and used, as well as making
the adaptation to new, more efficient management systems more effective and less costly. The interna-
tional community will have to balance investments to reduce risks and to prepare for increasingly se-
vere climate events against investments to improve responses to the crises already being experienced
today. Both are vital, and focusing on today’s problems can also create greater resilience for dealing
with the problems of tomorrow.

Climate-resilient water management

Climate-resilient water management involves adaptive strategies to ensure sustainable and equitable
water resources in the face of climate
change. It integrates practices like rainwater
harvesting, efficient irrigation systems, and e N\ANACEME,V'_
the restoration of wetlands and watersheds O™
to enhance natural water storage and re-
charge. Utilizing advanced technologies
such as real-time monitoring, predictive an-
alytics, and Al for demand forecasting can
optimize water usage. Incorporating com-
munity participation and policies that pro-
mote conservation and reduce over-
extraction further strengthen resilience.
This approach ensures water security while
mitigating the risks of floods, droughts, and
other climate-induced water challenges.
Climate Change Mitigation:

“Mitigation comprises human interven-
tions to reduce the sources or enhance
the sinks of greenhouse gases (GHGs). Figure 13: Climate Resilient Water Management

While mitigation options are also available across every major water-related sector, they remain
largely unrecognized” (WWDR, 2020).

Existing strategies to adapt and build climate resilience in water:

Three basic strategies exist to meet water needs as climate variability and the frequency of extremes
rise:

1. Ensure equity in supply and efficiency in demand by seeing to it that water is supplied to all
users when needed, in the amounts needed and at the quality needed, with the definition of “need” in-
corporating efficiency and use considerations.

2. Increase water storage, from soil to watershed, with the aim to buffer fluctuations in water

availability.
1
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3. Reduce water-related risks by avoiding damage to livelihoods, infrastructure and the environment
as hydrologic systems fluctuate.

Climate change is already impacting the water sector, which is still far from having its house in order,
particularly in relation to the Sustainable Development Goal 6 targets. Addressing water-related risks
often requires tackling these “old” issues first — or at least simultaneously — across three intercon-
nected levels:

¢ Integrated water resources management principles and water governance structures to decide on
who gets what water, when and how, should be in place and work for the interests of the poorest
and most vulnerable stakeholders.

¢ Institutions need to gather data and be risk-informed, prepared and capable of planning ahead and
investing in resilient systems and resource management.

¢ People need to be empowered to act through information, knowledge, assets, practices and voice in
decision-making on access and management.

Principles to follow for a water-secure future:

To address water availability, quality and equity, principles of integrated water resources management
need to be put into practice. This has proven to be a tough and slow but fundamental process that is
needed as the basis for climate-resilient development.

Increasing access to climate-resilient WASH services demands strengthening the institutional,
technical, organisational and financial capacities of the institutions that are responsible for service de-
livery, from the local to the national level.

We need to build awareness and understanding around how climate change affects water users, their
water supply systems, livelihoods and the water resource management they depend on. Through this,
actions can be identified and promoted at scale that make water access endure over time, bringing
greater water and food security for all.

Strategy 1: Ensuring equity in water supply and efficiency in demand:

In a water-scarce context, the priority is ensuring the human right to water and sanitation for all,
especially those who have no access to safe water. All people have a right to a minimum amount of wa-
ter to cover their most basic needs. As long as universal coverage remains unmet, planning and
investment in projects that expand service access — and, by extension, water use — stays imperative.

An assessment of climate resilience of community-level water and sanitation systems should be done.
Climate change in the shape of more frequent intense rainfall and flooding is a complicating factor on
top of this pre-existing inequity.

Yet there are many systems and sectors in which water demand can be better managed, reducing wa-
ter waste (and associated energy waste). Examples of curbing water demand are reducing water losses
in use systems (by fixing leakages, changing irrigation methods and ensuring maintenance); shifting
zones, timing, patterns and crop varieties towards lower water demand and/or greater drought
tolerance; the re-use of water; and measuring and valuing water use, also economically. Perhaps the
most evident action is to avoid water pollution and treat wastewater, thereby maintaining water quality
for downstream and future uses. Especially in dry areas, overuse of water should be addressed
through awareness raising, monitoring of use and practices, and technologies that fit the context.

Strategy 2: Increasing water storage:

Climate change increases the variability of rainfall patterns in time and space, making water
availability more unpredictable for water users and worrying farmers. Increased water storage is often
an important adaptation strategy, with the aim to buffer fluctuations in water availability when rainfall
patterns become more variable across the seasons.

Variations can be buffered at different scales, from plot to watershed: Water needs to infiltrate where it
falls, and runoff needs to be slowed down as much as possible in a watershed to reduce water flow
during intense events and water’s erosive power. Water managers need to analyze the water cycle at
the watershed level. Possible actions to increase storage capacity include soil conservation, fertility and
moisture management practices, building terraces and stone walls, and ensuring vegetation cover
through reforestation, conservation and restoration. Water storage can be done in and through natural
systems (e.g., wetland and natural pond management, managed aquifer recharge) and in-built systems
(e.g., reservoirs and their operation, small-scale rainwater harvesting systems at the household or plot
level).

@RAY® A @]
2025 @BHCSIMNIA

19



20

It is always the conserving and restoring ecosystems from a landscape and watershed perspective.
Conserving, restoring and sustainably using ecosystems and biodiversity are fundamental to sustaina-
ble development and enhancing climate and disaster resilience. This should be done in combination
with structural measures such as surface storage to overcome sudden dry spells in the rainy season
and improve water infiltration to feed mountain springs

Strategy 3: Reducing water-related risks for people and infrastructure

Climate change brings higher risks of floods and droughts, which lead to interrupted services and
damage or loss of water infrastructure and livelihoods. To reduce these risks, our most important ally
is the natural environment and working with and through nature-based solutions for water-related
risks. This strategy includes preventive measures such as hazard, vulnerability and risk awareness
and mapping, territorial planning, adjusting design criteria for water systems, and building housing
and drainage on high ground. It also includes preparedness measures such as physical or vegetative
riverbank protection, monitoring and early warning systems.

climate risks and adaptation measures structurally in our WASH and water governance projects in
both rural and urban areas. Our programs should include awareness building, vulnerability and risk
assessments, and the promotion of concrete measures that people can take to reduce risks and build
resilience.

What if water use adds to the problem of global warming?

Though climate change is affecting water availability, which demands adaptive measures, the energy

use in the sector also contributes to the problem of greenhouse gas emissions (e.g., though fossil

fuelled pumping of water for irrigation or water supply systems). Plus, mitigation efforts such as large-

scale reforestation for carbon capture can evaporate scarce surface water. Coherency and trade offs

must be considered between water use, emissions and carbon storage is the new vista to be analysed

properly.

Principles to follow for a water-Secure future:

To address water availability, quality and equity, principles of integrated water resources management

need to be put into practice. This has proven to be a tough and slow but fundamental process that is

needed as the basis for climate-resilient development.

Increasing access to climate-resilient WASH services demands strengthening the institutional, tech-

nical, organizational and financial capacities of the institutions that are responsible for service deliv-

ery, from the local to the national level.

We need to build awareness and understanding around how climate change affects water users, their

water supply systems, livelihoods and the water resource management they depend on. Through this,

actions can be identified and promoted at scale that make water access endure over time, bringing

greater water and food security for all.

The Way Forward:

¢ Climate policymakers must put water at the heart of action plans. Sustainable water manage-
ment helps society adapt to
climate change by building
resilience, protecting health
and saving lives. It also miti-
gates climate change itself by
protecting ecosystems and re-
ducing carbon emissions from
water and sanitation transpor-
tation and treatment.

¢ Politicians must cooperate
across national borders to
balance the water needs of
communities, industry, agri-
culture and ecosystems.

¢ Innovative financing for wa-
ter resource manage-
ment will be needed to help
attract investment, create
jobs, and support govern-
ments in fulfilling their water
and climate goals. FIGURE : 14. Putting Water at the heart of action plans
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Sustainable, affordable and scalable water

solutions include:

¢ Improving carbon storage. Peatlands store at least
twice as much carbon as all of Earth’s forests.
Mangrove soils can sequester up to three or four times
more carbon than terrestrial soils. Protecting and
expanding these types of environments can have a
major impact on climate change.

¢ Protecting natural buffers. Coastal mangroves and
wetlands are effective and inexpensive natural barriers
to flooding, extreme weather events and erosion, as
the vegetation helps regulate water flow and binds the

-~ =X

soil in flood plains, river banks and coastlines. FIGURE :15 Diverse mangrove forest have
highest carbon storage facility.

¢ Harvesting rainwater- Rainwater capture is
particularly useful in regions with uneven rainfall
distribution to build resilience to shocks and ensure
supplies for dry periods. Techniques include rooftop
capture for small-scale use and surface dams to slow
run-off to reduce soil erosion and increase aquifer
recharge.

¢ Adopting climate-smart Agriculture practices:
Using conservation techniques to improve organic
matter to increase soil moisture retention; drip
irrigation; reducing post-harvest losses and food
waste; and, transforming waste into a source of FIGURE:16
nutrients or biofuels/biogas.

¢ Reusing Treated wastewater. Unconventional water
resources, such as regulated treated wastewater, can Collcton rea
be used for irrigation and industrial and municipal
purposes. Safely managed wastewater is an affordable
and sustainable source of water, energy, nutrients and
other recoverable materials.

¢ Judiciously Harnessing groundwater: In many
places, groundwater is over-used and polluted; in
other places, it is an unknown quantity. Exploring, b
protecting and sustainably using groundwater is FIGURE: 16, (A) Roof Top rainwate
central to adapting to climate change and meeting the and artificial recharge
needs of a growing population.

Conservation of Wetlands.

Gutter

Collection area
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FIGURE: 17 (C) Biogas generation from cow dung slurry as part of

anaerobic processes. “Another way to think of the differences is B4 2ECheck Dam for rainiater

that biomass is the raw material and bio-gas is the End product” = i?drvesting
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FIGURE: 18 Waste water treatment for re-cycle and re-use

Better Soil and Water Conservation practices:

Soil and water conservation practices are those activities at the micro watershed level which maintain
or enhance the productive capacity of the land including soil, water and vegetation in areas prone to
degradation through the processes as:

¢ To control runoff Prevention or reduction of soil erosion, compaction, salinity;
¢ Conservation of drainage/runoff of water and to harvest Excess rainwater

¢ Maintenance or improvement of soil fertility and land capability.

The elaborated actions of various Soil and water conservation measures are:

¢ Managing the river/stream flow regime to provide overall benefits such as reducing river bank,
erosion, decreasing sediment transport and accumulation and improving water quality.

¢ Maintaining an adequate supply of water to meet demands for irrigation, agriculture, as well as
domestic and industrial uses at acceptable levels of assurance

Maintaining water quality criteria that meet government standards and other societal Norms
Land utilization based on land capability.

Top soil protection.

Reducing the siltation in water bodies/reservoirs.

Keep vegetative cover whole the year.

Rain water conservation as per location specific conditions
Proper drainage facility for excess water

* & & & 6 o o o

Construction of check dams and other water conservation
and recharge measures for life-saving irrigation

Increasing ground water storage,
Inter and sequence cropping,

FIGURE:19 Soil and water conservatio‘“nérac—
tices

Efficient use of marginal lands

Maintaining sustainability of ecosystem,

* & & o o

Increasing farm income through integrated farming system by appropriate Soil and water
conservation measures,
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Practicing alternate land use systems,
Reducing vulnerability to natural disasters such as floods, droughts and landslides.

Utilizing natural resources effectively to mitigate adverse effects, prevent environmental degrada-
tion, enhance water yield and increase biomass production.

Promoting appropriate agricultural and forestry land use practices and associated soil and water
conservation measures that allow production levels that provide sufficient water and soil moisture

income to land users without causing any long-term negative impacts on the natural resources of
the watershed

Distributing the benefits of land and water resources development more equally amongst the stake-
holders

To promote Social and Economic development
To decrease local vulnerability to climatic extremes
To ensure maintenance of Environment and biodiversity.

The Land and Water resources development in a micro watershed is attributed to the various
soil and water conservation measures taken up in the watershed. Thus, the soil and water
resources conservation are considered as a fundamental aspect of micro-watershed development
and management.

The various aspects of Land and water development and its conservation measures are broadly classified

in to Physical, Biological and agronomic Measures.

soil and water
conservation
= masur‘s = // FIGURE :20 Various soil and water

conservation measures

- .

physlcallux | ’Sgronomlf '-

~measures . \_measures

[ biological =
\ measures

Various Soil and Water conservation practices are detailed as below:

Physical

Biological

Agronomic

Soil and Water Conservation Soil and Water Conservation Soil and Water Conservation
Measures Measures Measures
@ stone [ earth terraces ® strip cropping
® stone/ earth bunds (walls) ® vegetative strips; ® mix cropping
e.g. acacia line at the foot of
® check dams @ mer cropping
@ contour ditches ® protective bushland ® fallowing
@ refention reservoirs ® natural drainage way ® mulching
protectad by a parmanant
il grass cover (live fences), 8 FomEurpEnghing
® grassed waterway's # grazing management
@ reforestation
#® planting pits # agroferestry
FIGURE: 21.A Physical Measures FIGURE: 21.B Biological Measures FIGURE: 21.B Agronomic Measures.
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Conclusion:

Climate change is certain to have significant impacts on surface water and groundwater resources,
including changes in water availability, quality, and ecosystem function. The adaptation measures,
such as water conservation by rainwater harvesting and artificial recharge, watershed management,
restoration of wetlands and riparian zones, infrastructure adaptation, and ecosystem-based
adaptation, groundwater recharge techniques, and effective monitoring and management, better soil
and water conservation measures or practices including biological (agroforestry and agricultural) and
mechanical measures (terracing, bunding, trenching, check dams, etc.) is imperative to reduce runoff,
soil erosion and to improve soil quality, water quality, moisture conservation, and overall crop
productivity in a sustainable way. Biological measures are economically feasible and environmentally
friendly; also improve soil properties along with the conservation of soil and water resources. Further,
the combined use of biological and mechanical measures will help in improving and sustaining the
agricultural productivity. further, promotion of integrated water resources management (IWRM) and
the development of climate-resilient water supply infrastructure are also critical for ensuring the
sustainable management of surface water and groundwater resources in the face of climate change.

Priority should be given to identify, evaluate and refinement of the water harvesting techniques and
artificial/ managed aquifer recharge system in different agro-Ecological regions of the country to
mitigate the climate change impact on water resources as part of micro watershed or small hydrologi-
cal units. Studies should thoroughly concentrate on upstream-downstream linkages at micro
watershed scales for assessing impact on flow Regimes (surface and ground water resources) and
perennialism of streams and rivers needs to be initiated. It is important to consider the interconnected
nature of water resources and to adopt a holistic approach to water management to ensure the
sustainable management of surface and groundwater water resources. Also, immediate research
studies to be initiated on impact of sea level rise on the coastal watershed /groundwater regime,
vulnerability of water resources to climate change and identifying key risks and prioritizing the
adaptation responses /options as detailed above for building resilience against those challenges.

The Need of the Hour is the Collaboration Across Sectors, Leveraging Traditional Knowledge,
Modern Technologies and Global Commitments is Essential to Mitigate Climate Impacts on
Water resources and Ensure Long-term Water Security.
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