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  HIvtSm_À 2025 I ]pkvXIw 4 I e¡w 8 

FUn-täm-dn-bÂ 

anj³ UbdIvSÀ 

AarXv anj³ {]hÀ¯\§fnÂ tZiob {i²bpw AwKoImchpw 

t\Sns¡m­v Hcp \mgnI¡Ãv IqSn ssIhcn¡phm³ \ap¡v km[n¨p. 

tIcf AarXv anjsâ t{]mPIvSv tamWnädnwKv Bâv hm«À Izmfnän  

tamWnädnwKv knÌ¯n\v tI{µ kÀ¡mcnsâ 2025 se tZiob 

CþKthW³kv knÂhÀ AhmÀUv e`n¨p. AarXv t{]mPIvSpIfpsS 

\nco£W¯n\pw, Pe KpW \nehmc ]cntim[\bv¡pw th­nbpÅ 

Hm¬sse³ kwhn[m\w Hcp¡nbXn\mWv AhmÀUv. 22.09.2025 \v 

hnimJ]«W¯v \S¶ 28þmaXv tZiob CþKthW³kv kt½f\¯nÂ 

tI{µ kla{´n tUm. PntX{µ knwKnÂ \n¶pw AarXv tIcf anj\v 

th­n F\n¡v AhmÀUv kzoIcn¡phm³ km[n¨p. 5 e£w cq]bpw  

{]ikvXn ]{Xhpw t{Sm^nbpw AS§p¶XmWv AhmÀUv. Cu 

A`nam\mÀlamb t\«¯n\v ]n¶nÂ {]hÀ¯n¨ FÃm AarXv anj³ 

Poh\¡mÀ¡pw \µn AÀ¸n¡p¶p. Pe hnXcWw, kznhtdPv,           

s{Ubnt\Pv, AÀ_³ {Sm³kvt]mÀ«v, Pemib§fpsS ]p\cpÖoh\w, 

lcnX CS§fpw, ]mÀ¡pIfpw F¶n§s\ 6 skIvSdpIfnembn  

AarXv H¶pw c­pw L«§fneqsS \S¸nem¡n hcp¶ 1845              

t{]mPIvSpIfpsS tamWnädnwKv \S¯phm\mWv Cu kwhn[m\w 

X¿mdm¡nbncn¡p¶Xv.  

kpØnc \Kc hnIk\¯ne[njvTnXambn ASnØm\ `uXoI 

hnIk\ kuIcy§Ä Bkq{XWw sN¿phm\mbn cq]oIcn¨ AÀ_³ 

t]mfnkn I½ojsâ A´na dnt¸mÀ«nsâ ASnØm\¯nÂ      

\S¯nb tIcf AÀ_³ tIm¬t¢hv 2025  AarXv anj\pw 

{IobmßIambn ]s¦Sp¯p. tIm¬t¢hnt\mS\p_Ôn¨v AarXv 

anjsâ t\«§Ä hnfnt¨mXp¶ {]ZÀi\ ÌmÄ Hcp¡nbncp¶p. 

\Kc§Ä¡v hnIk\¯nsâ AartXIn apt¶m«v t]mIp¶ anj³ 

GhcpsSbpw {]iwk ]nSn¨p]än. 

]me¡mSv \Kck`bnse  sk]vtäPv {Soävsaâv ¹mânsâ \nÀamWw 

XzcnXKXnbnÂ \S¶phcnIbmWv. amen\y kwkvIcW {]hÀ¯\ 

§tfmSv apJw Xncn¨p \n¶ kaql¯nsâ a\wamäw Cu {]hÀ¯ 

\§Ä ]qÀ¯n bm¡phm³ Dt¯PIambn«p­v. C\nbpw IrXyamb 

t_m[hXv¡cW {]hÀ¯\§fneqsS amen\y kwkvIcW cwK¯v 

\hamsbmcp ImgvN¸mSv cq]s¸Sp¯nsbSp¡m³ \ap¡v km[n¡pw. 

tijn¡p¶ kznthPv sk]vtäPv skIvSdpIfnse {]hÀ¯\§Ä IqSn 

ASnb´ncambn ]qÀ¯oIcn¡phm³ {i²n¡Ww.  



tIcf AÀ_³ tIm¬t¢hv 2025  
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“Climate Change Oriented Water   
Resources Challenges and                     
Options”- Where insights Meet Fore-
sights…… 

bm¡c 100 sI.FÂ.Un. sk]vtäPv 
{Soävsaâ v ¹mâ v 

AarXv þ t\«§Ä 

F.F. sIm¨p®n amÌÀ ]mÀ¡v  

CþKthW³kv þ tZiob AhmÀUv   

tIcf AÀ_³ tIm¬t¢hv 2025  

sN§¶qÀ \Kck`bnÂ PehnXcW ]²XnbpsS c­mwL« {]hÀ¯\§Ä DZvLmS\w sNbvXp 



tIcf AÀ_³ tIm¬t¢hv 2025  



tIcf¯nsâ ka{K \Kc\bw  cq]s¸Sp¯pI F¶ e£yt¯msS kwLSn¸n¨ 

‘tIcf AÀ_³ tIm¬t¢hv 2025’ _lp. apJya{´n {io. ]nWdmbn hnPb³ 

DZvLmS\w sNbvXp. _lp. tI{µ \KcImcy hIp¸v a{´n {io. at\mlÀemÂ 

J«À apJymXnYnbmbn ]s¦Sp¯p. NS§nÂ _lp. Xt±i kzbw`cW hIp¸v    

a{´n {io. Fw._n. cmtPjv A²y£\mbncp¶p. ‘Bkv]bdnwKv knäokv         

ss{XhnwKv I½yqWnäokv” F¶ Bib¯nÂ A[njvTnXambmWv tIm¬t¢hv 

kwLSn¸n¨Xv.   

DZvLmS\ kt½f\¯n\ptijw hntZi cmPy§fnÂ \n¶pÅ a{´namcpw tI{µ 

a{´namcpw ]s¦Sp¯ ssl sehÂ s]mfnän¡Â t^mdw Hm^v an\ntÌgvkpw, 

tIcf¯nse apgph³ tImÀ¸tdj³ tabÀamcpw ap\nkn¸Â              

sNbÀt]gvk¬amcpw ]s¦Sp¡p¯ Iu¬kntegvkv Akw»nbpw 

kwLSn¸n¨ncp¶p. 

c­p Znhk§fnembn 36 sk£\pIfnembn 295 {]`mjIÀ hnhn[ hnjb§fnÂ 

{]`mjWw \S¯n. aq¶v sslsehÂ s]mfnän¡Â t^md§fpw A©v ¹o\dn 

sk£\pIfpw 10 \bcq]oIcW sk£\pw c­v t^m¡kv sk£\pw A©v 

^bÀsskUv Nmäpw 11 h«tai kt½f\§fpw tIm¬t¢hnsâ `mKambn 

kwLSn¸n¨ncp¶p.  

‘tIcf AÀ_³   
tIm¬t¢hv 2025’  
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tIcf AÀ_³ tIm¬t¢hv 2025 
Nn{X§fneqsS....... 



CþKthW³kv þ  
tZiob AhmÀUv   

AarXv anjsâ t{]mPIvSv tamWnädnwKv Bâv hm«À Izmfnän tamWnädnwKv 

knÌ¯n\v tI{µ kÀ¡mcnsâ 2025 se tZiob CþKthW³kv knÂhÀ             

AhmÀUv e`n¨p. AarXv t{]mPIvSpIfpsS \nco£W¯n\pw, Pe KpW 

\nehmc ]cntim[\bv¡pw th­nbpÅ Hm¬sse³ kwhn[m\w 

Hcp¡nbXn\mWv AhmÀUv. 22.09.2025 \v hnimJ]«W¯v \S¶ 28þmaXv tZiob 

CþKthW³kv kt½f\¯nÂ tI{µ kla{´n tUm. PntX{µ knwKnÂ \n¶pw 

AarXv tIcf anj³ UbdIvSÀ {io. kqcPv jmPn sF.F.Fkv. AhmÀUv 

Gäphm§n. 5 e£w cq]bpw {]ikvXn ]{Xhpw t{Sm^nbpw AS§p¶XmWv         

AhmÀUv. 

Pe hnXcWw, kznhtdPv, s{Ubnt\Pv, AÀ_³ {Sm³kvt]mÀ«v,                           

Pemib§fpsS ]p\cpÖoh\w, lcnX CS§fpw, ]mÀ¡pIfpw F¶n§s\ 6 

skIvSdpIfnembn  AarXv H¶pw c­pw L«§fneqsS \S¸nem¡n hcp¶         

1845 t{]mPIvSpIfpsS tamWnädnwKv \S¯phm\mWv Cu kwhn[m\w 

X¿mdm¡nbncn¡p¶Xv. \Kck`m Xe¯nÂ knän anj³ amt\Pvsaâv bqWnänse 

FIvk]À«pIfmWv t{]mPIvSv kw_Ôamb FÃm hnhc§fpw Cu                       

kwhn[m\¯ntebv¡v A]vtUäv sN¿p¶Xv. Cu hnhc§Ä hniIe\w 

sN¿pIbpw Hcp Umjvt_mÀUneqsS {]kn²oIcn¡pIbpw sN¿p¶p. 

Umjvt_mÀUneqsSbpÅ ]²XnbpsS hnhc§Ä AarXv anjsâ HutZymKnI 

sh_vsskäneqsS (hƩps://amrutkerala.in) e`yamWv. 
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2768 tImSn cq]bpsS {]hÀ¯\ 

§fmWv AarXv H¶pw c­pw ]²Xn 

Ifnembn tIcfw CXphsc ]qÀ¯n 

bm¡nbXv. PehnXcW ]²XnIÄ 

¡mbn 1848 tImSnbpw aen\Pe 

kwkvIcW¯n\v 359 tImSnbpw 

AarXv ]²XnIÄ hgn \S¸nem¡nbn 

«p­v. _m¡nbpÅ ]²XnIÄ ]ptcmK 

an¡pIbmWv. AarXv H¶pw              

c­pw ]²XnIfnembn BsI 5872 

tImSnbpsS AarXv ]²XnIfnÂ 3337 

tImSn kwØm\ kÀ¡mcnsâbpw 

\Kck`bpsSbpw hnlnXhpw 2535 

tImSn tI{µ hnlnXhpamWv.  
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IqSmsX \Kck`mXe¯nÂ \S¡p¶ Pe KpW\nehmc ]cntim[\m ^e§fpw 

Cu kwhn[m\w hgn \nco£n¡s¸Sp¶p. Pe KpW\nehmc ]cntim[\bv¡mbn 

kzbw klmbI kwL§fnse (Fkv.F¨v.Pn.) kv{XoIsf, \Kck`Ifpw    

IpSpw_{io bqWnäpw tNÀ¶v XncsªSp¡pIbpw AarXv anjsâ t\XrXz¯nÂ 

PeKpW\nehmc ]cntim[\bnÂ ]cnioe\w \ÂIpIbpw sN¿p¶p.  

C§s\ ]cnioe\w t\Snb AwK§Ä Pet{kmXÊpIfnÂ \n¶pw            

Pew tiJcn¨v hm«À sSÌnwKv Inäv D]tbmKn¨v KpW\nehmcw ]cntim

[n¡p¶p. ]cntim[\m dnkÄ«v, t{]mPIvSv tamWnädnwKv Bâv hm«À Izmfnän  

tamWnädnwKv knÌ¯ntebv¡v samss_Â B¹nt¡j³ hgn tcJs¸Sp¯p¶p. 

Cu hnhc§Ä hniIe\w sN¿pIbpw Hcp Umjvt_mÀUneqsS {]kn²o 

Icn¡pIbpw sN¿p¶p. Pe KpW \nehmc hyXnbm\§Ä thK¯nÂ 

a\Ênem¡p¶Xn\pw Bhiyamb CSs]SepIÄ \S¯p¶Xn\pw CXv 

klmbn¡p¶p.  

FÃm Xc¯nepapÅ \Kc ]²XnIÄ \nco£n¡phm³ X¡apÅ khntijXI-

fpÅXn\mÂ Imcy£ahpw ka{Khpw kpØnchpamb \Kc CþKthW³kv  

kwhn[m\¯ntebv¡pÅ apt¶äw CXneqsS km[yamIp¶p. AXn\mÂ Xs¶ 

FÃm hIp¸pIÄ¡pw ]²Xn \nÀÆlW GP³knIÄ¡pw CXv Hcp amXrIbmbn 

kzoIcn¡phm\pw hfsc Ffp¸¯nÂ ]IÀ¯phm\pw km[n¡p¶XmWv.  
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tZiob AwKoImcw t\Snb AarXv tIcf Sow Xt±i kzbw`cW hIp¸v {]n³kn¸Â sk{I«dntbmsSm¸w  
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sIm¨n \Kck`bnÂ AarXv ]²XnbnÂ DÄs¸Sp¯n \hoIcn¨             
F.F. sIm¨p®n amÌÀ ]mÀ¡v tImÀ¸tdj³ tabÀ DZvLmS\w sN¿p¶p. 
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AarXv 1.0 bnÂ kznthPv & sk]vtäPv 

skIvSdnÂ DÄs¸Sp¯n ]me¡mSv 

\Kck`bnse bm¡cbnÂ Øm]n¡p¶ 

sk]vtäPv {Soävsaâv ¹mânsâ 

\nÀamWw ]ptcmKan¨phcp¶p. 100 

sI.FÂ.Un. tijnbpÅ ¹mâmWv 

Øm]n¡p¶Xv. 3.86 tImSn cq] 

sNehnÂ \nÀamW sNehv 

IW¡m¡nbncn¡p¶ ¹mânsâ 

\nÀamWw DS³ ]qÀ¯oIcn¡pw.  

bm¡c 100 sI.FÂ.Un. 

sk]vtäPv {Soävsaâv ¹mâv 



“Climate Change Oriented Water 
Resources Challenges and                     
Options”- Where insights 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. 

Fig: 1-Integrated and holistic approaches 
towards Water and climate change is re-
quired.  

MURALI KOCHUKRISHNAN 
Environment Expert cum Hydrogeologist,  

State Mission Management Unit 
AMRUT, Kerala 
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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-
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. 

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. 

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). 

¨ Over a fifth of the world’s basins have recently       
experienced either rapid increases in their surface 
water area indicative of flooding, a growth in          
reservoirs and newly inundated land; or rapid         
declines in surface water area indicating drying up 
of lakes, reservoirs, wetlands, floodplains and sea-
sonal water bodies. (United Nations Water 2021)  

¨ The ambition of new climate change mitigation 
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)  

¨ 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-

fore 2050. 

Fig:2 - Water and climate variability changes  

 Figure: 3- Climate change is primarily chang-
es in Water Cycle and allied crisis.  

Figure:4:  Influence of Hydrological cycle in context of climate 
change  
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Climate Risk 
  

               Sector wise Sensitivi-
ty analysis 
  

Impacts/Maladaptation List of resources es-
sential to cope 

Warmer  
temperatures 

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. 

Depletion of both surface and 
groundwater recourses. 
  
Change in quality and quantity 
of water recourses 
  
  
Drought cycle period decreases. 

Judicious utilization of 
water resources. 

  
Enhancement of soil 
and water conservation 
measures. 

  
Changes in agricultural 
patterns. 

  
  

More Fre-
quent and/or 
Intense 
Extreme 
Weather 
Events 

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. 

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 

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. 

Changes in 
Precipitation 

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

 “Same as mentioned 
above.” 

Water related Climate Risk and Essentials to Cope Up/ Adaptation: 
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Figure:5:- Various Impacts of Climate change on Water resources and 
Hydrological cycles.  

Climate Variability Based Disasters:  

Figure: 6- Climate variability and Impacts 

Key factors: 
¨ 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. 

¨ Due to future uncertainties, 
the keynote for adaptation 
must be resilience – manag-
ing risks and building the 
capacity to deal with               
unpred i c tab l e  ev en t s .                 
No-regret and low-regret 
measur es  shou ld  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.  

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  

Figure :9   On set of Drought   /  Forest Fire  

Figure 10- Climate change, severity of                       
Hydrological Event leading to Extreme Drought  

 Figure: 11-   Over use/Exploitation of ground-
water resources and Energy resources.  
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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 
the restoration of wetlands and watersheds 
to enhance natural water storage and re-
charge. Utilizing advanced technologies 
such as real-time monitoring, predictive an-
alytics, and AI 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). 
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. 

 Figure 13: Climate Resilient Water Management  
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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). 
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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 
soil in flood plains, river banks and coastlines. 

¨ 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                
nutrients or biofuels/biogas. 

¨ Reusing Treated wastewater. Unconventional water 
resources, such as regulated treated wastewater, can 
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, 
protecting and sustainably using groundwater is              
central to adapting to climate change and meeting the 
needs of a growing population. 

FIGURE :15   Diverse mangrove forest have 
highest carbon storage facility.  

FIGURE:16       Conservation of Wetlands.  

FIGURE: 16, (A) Roof Top rainwater Harvesting 
and artificial recharge 

FIGURE: 16,  (B)  Rainwater harvesting                   
structures 

FIGURE: 16, (C) Check Dam for rainwater 
harvesting 

FIGURE: 17 (A) 
Sprinkler                
irrigation               
practices 

FIGURE: 17 (B) 
Drip Irrigation 

practices 

FIGURE: 17 (C) Biogas generation from cow dung slurry as part of 
anaerobic processes. “Another way to think of the differences is 
that biomass is the raw material and bio-gas is the End product” 
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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 

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

¨ Increasing ground water storage, 

¨ Inter and sequence cropping, 

¨ Efficient use of marginal lands 

¨ Maintaining sustainability of ecosystem, 

¨ Increasing farm income through integrated farming system by appropriate Soil and water                     
conservation measures, 

FIGURE:19  Soil and water conservation prac-
tices  
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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. 

Various Soil and Water conservation practices are detailed as below: 

FIGURE :20 Various soil and water 
conservation measures  

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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