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ABSTRACT 
 

The Coupled Model Inter-comparison Project Phase 5 (CMIP5) based model 
ensemble, projects a warming of 1.5, 2.4, 2.8 and 4.3 °C for India under the RCP2.6, 
RCP4.5, RCP6.0 and RCP8.5 scenarios, respectively, for 2080s (2071-2100) 
compared to the baseline period of 1961-1990. The all-India precipitation is projected 
to increase by 6, 10, 9, and 14% during 2080s under the above scenarios, 
respectively. The Indian Council of Agricultural Research (ICAR) through its network 
project on National Innovations on Climate Resilient Agriculture (NICRA) has 
demonstrated different land and water management interventions in the vulnerable 
districts of India to enhance resilience of agriculture to climate change and climate 
variability. Rain water harvesting and its judicious utilization through farm ponds and 
community tanks in rainfed districts of Bihar, Maharashtra, Rajasthan and Telangana 
states demonstrated the ability to meet critical irrigation requirements and also 
enhance the cropping intensity (20 to 135%), and a change in the cropping practice to 
vegetable cultivation with micro-irrigation systems. Construction of temporary check 
dams (boribandhan) in high rainfall areas in the states of Jharkhand, Maharashtra, 
Madhya Pradesh brought low land areas into cultivation which otherwise remained 
fallow due to inundation in kharif (monsoon) season. This intervention lead to 
supplemental irrigation facility and also recharged open wells in the nearby area. The 
storage created through these interventions (about 55000 m3) benefitted 86 farmers 
and increased cropping intensity to 100% in Datia district (Madhya Pradesh). 
Renovation of Aahar (water reservoir) and construction of farm ponds in Bihar helped 
in providing protective irrigation to 24 ha during dry spells in kharif, increasing paddy 
productivity by 20.7% and also raised the ground water level by 30 cm. Similar 
interventions in West Godavari reduced the flood inundated area during Neelam 
Cyclone, saving yield loss of 2.6 to 4.1 t/ ha of various paddy varieties. Some of the 
promising climate smart practices are being mainstreamed into the National Mission 
for Sustainable Agriculture (NMSA) for out-scaling. 
 
Keywords: Climate Change, NICRA, Technology Demonstration Component, NMSA, 
BoriBandhan, Aahar and Pynes. 
 

1. INTRODUCTION 
 
Agriculture is the most sensitive sector and is greatly influenced by climate change 
and climate variability. The Intergovernmental Panel on Climate Change (IPCC) in its 
Fifth Assessment Report observes that climate change is already happening in South 
Asia and impacts are already being felt (IPCC 2014). With rising temperature and 
changes in precipitation pattern due to climate change, it is likely to have serious 
implications on water resources availability and thereby affecting agriculture. Different 
models project a warming of 1.5, 2.4, 2.8 and 4.3 °C for India under the RCP2.6, 

                                                
1 IWMI Representative- India & Principal Researcher (formerly, Deputy Director General (NRM), ICAR), 

International Water Management Institute, CG Block, NASC Complex, Pusa, New Delhi – 110012, India; 
E-mail: aloksikka@yahoo.co.in&A.Sikka@cgiar.org 

2 Principal  Scientist, Natural Resource Management Division, Krishi Anusandhan Bhavan-II, Pusa, New 
Delhi - 110012; E-mail: adlulislam@yahoo.com 

3 Principal Scientist, ICAR-Central Research Institute for Dryland Agriculture, Hyderabad - 500059; E-mail: 
mlkv33@yahoo.co.in 

mailto:aloksikka@yahoo.co.in
mailto:A.Sikka@cgiar.org
mailto:adlulislam@yahoo.com
mailto:mlkv33@yahoo.co.in


2nd World Irrigation Forum (WIF2) 
6-8 November 2016, Chiang Mai, Thailand 

W.3.1.04 

 

 
2 

 

RCP4.5, RCP6.0 and RCP8.5 scenarios, respectively, during 2080s (2071-2100) as 
compared to the baseline period of 1961-1990 (Chaturvediet al. 2012).Similarly, an 
all-India precipitation is projected to increase by 6, 10, 9, and 14% during 2080s 
under the RCP2.6, RCP4.5, RCP6.0 and RCP8.5 scenarios, respectively. In 
comparison to pre-industrial base of 1880s (1861-1900), the All-India annual mean 
ambient temperature is projected to increase 1.7–2.0°C by 2030s and 2.0–4.8°C by 
2080s, while precipitation is projected to increase 1.2-2.4% by 2030s and 3.5-11.3% 
by 2080s. As Indian Agriculture is monsoon dependent, any change in frequency and 
magnitude of rainfall will have reflective effect on water availability both in irrigated 
and rainfed areas. Out of the estimated net cultivated area of 142 million hectares 
(Mha) in the country, about 54% is rainfed. 
 
The projected increase in droughts, cyclones, extreme precipitation events and heat 
waves, if occur, will result in greater instability in food production. Reduction in 
number of rainy days, heavy rainfall events, late on-set of monsoon, mid-season 
droughts etc. have been witnessed in recent years, adversely affecting the crop 
production. At country level, during last 15 years, 7 years recorded lower than normal 
rainfall, 6 years recorded more than normal rainfall and 2 years recorded average 
rainfall (Rao et al. 2015). The deficit was more than 10% in 5 years i.e. 2002, 2004, 
2009, 2014 and 2015 with the maximum deficit of 23% in 2009 followed by 19% 
during 2002. The increased incidences of extreme weather events (Table 1) as 
witnessed in recent decades pose serious challenges to sustaining agriculture and 
this could be attributed to climate change.   
 

Table 1. Monsoon rainfall and extreme weather events during 2001-2015 in India 
 

Year 
SWM rainfall departure from 

normal (%) 
Extreme events 

2001 -15 Drought 

2002 -19 
20 days heat wave during May 2003 in Andhra 

Pradesh 

2003 +2 Extreme cold winter in the year 2002-03 

2004 -13 
Abnormal temperatures during March 2004;  
Drought like situation in India in July 2004 

2005 -1 Flood in 2005 

2006 -1 
Cold wave 2005 – 06; Floods in arid Rajasthan 

and  Andhra Pradesh, and drought in North-
Eastern regions in 2006 

2007 +5 
Abnormal temperatures during 3rd week of Jan to 

1st week of Feb 2007 

2008 -2 - 

2009 -23 Severe drought 2009 All over India 

2010 +2 One of the warmest years 

2011 +1 Failure of September rains in Andhra Pradesh 

2012 -8 
Drought in Punjab, Haryana, Gujarat and 

Karnataka. Cyclone, floods in Andhra Pradesh 

2013 +6 
Flood in Uttarakhand,  Phalin cyclone, and  

hailstorms   

2014 -12 Flood in Jammu &Kashmir, cyclone ‘Hudhud’ 

2015 -14 Extreme heatwaves, drought 

 
Adaptation to climate change can bring immediate benefits and can also reduce the 
adverse impact of climate risks. This paper largely focuses on our experiences of 
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different climate smart land and water management interventions in India to enhance 
resilience of agriculture to climate change and climate variability.  
 

2. CLIMATE CHANGE, WATER AND AGRICULTURE 
 
India is more vulnerable to climate change in view of the dependence of its huge 
population on agriculture, excessive pressure on natural resources and poor coping 
mechanisms. Per capita annual availability of water is expected to reduce to 1465 m3 
by 2025 and 1235 m3 by 2050 (Kumar et al. 2005). Projected impacts of climate 
change on hydrology and water resources may be different in different river basins 
depending upon the hydrological model, climate change scenarios and downscaling 
approaches used (Gosain et al. 2006; Gosain et al.2011; Islam et al., 2014). Around 
120.7 Mha of total geographical area (36.5% of the total) of the country is affected by 
various kinds of land degradation (NAAS 2010). Per capita availability of arable land 
has declined from 0.34 ha in 1961 to 0.13 ha in 2012 (FAOSTAT 2016). An increase 
in precipitation intensity under changing climate may accelerate the soil erosion 
process; increased sea level may results in sea water intrusion, aggravating the land 
degradation processes. With shrinking land and water resources, improving land and 
water productivity is critical for ensuring food, nutritional and livelihood security of the 
population. As water is the medium of expression of the impacts of climate change, 
land and water management will be at the center of climate change adaptation 
strategies, especially for agriculture. Challenges of water scarcity could effectively be 
addressed through adoption of smart water management interventions and modern 
irrigation technologies to enhance water productivity by involving combination of area-
specific approaches for both supply and demand side management. 
 

3. PORTFOLIO OF SMART LAND AND WATER MANAGEMENT 
PRACTICES 

 
Climate Smart Agriculture (CSA) focuses on (i) sustainably increasing farm 
productivity and income; (ii) strengthening resilience to climate change and variability; 
and (iii) mitigating the contribution of agricultural practices to climate change through 
a reduction or removal of greenhouse gas emissions (FAO, 2010). Though, mitigation 
strategies are important to reduce the drivers of climate change, adaptation strategies 
are more essential to minimize its impacts through adjustment in natural or man-
made system and enhanced resilience to a new or changing environment.  What is 
important is by enhancing resilience, vulnerability is reduced. Resilience in the short 
run implies the ability to realize a yield level in the event of a climatic shock that is as 
close to the ‘normal’ yield as possible. Table 2 presents some important interventions 
and indicators thereof that can be visualized as smart land and water management 
practices together with production practices for sustainable agriculture. 
 
The Indian Council of Agricultural Research (ICAR) initiated National Initiative on 
Climate Resilient Agriculture (NICRA) in 2011 (renamed as National Innovations in 
Climate Resilient Agriculture in 2014) to generate climate resilient agricultural 
technologies. Through Technology Demonstration Component (TDC) of NICRA, area 
specific smart practices have been demonstrated in farmer participatory mode with a 
major focus on natural resource management in 100 climatically vulnerable districts 
across the country (Figure 1). It is implemented through Krishi Vigyan Kendras 
(KVKs)-Farm Science Centres with the aim to build resilience of the farming 
community to droughts, floods, cyclones, unseasonal rains, heat and cold wave. 
Farmers in NICRA villages adopted a multi-pronged approach such as 
creation/renovation and/or de-siltation of community tanks, check dams, de-siltation 
of conveyance systems for safe disposal of runoff into community tanks, farm ponds, 
and in-situ conservation of rainfall through land and water management practices. 



2nd World Irrigation Forum (WIF2) 
6-8 November 2016, Chiang Mai, Thailand 

W.3.1.04 

 

 
4 

 

The experiences gained through NICRA villages have opened up opportunities for 
upscaling the successful experiences in other parts of the districts. Evidences of 
enhanced resilience to cope with adverse climate conditions based on NICRA 
experiences are discussed in the following section. 
 

Table 2. Climate smart agricultural practices for land and water management 
 

Module  Intervention  End user  Outcome   

Moisture deficit 
or Drought 

Management 

In-situ soil moisture conservation 
practices including land modification, 
raised bed and furrows, broad bed 

furrow, mulching 

Individual Productivity 

Farm ponds  Individual  Productivity, Enhance 
water availability, 

Diversified enterprises,  

Cropping intensity  

Tanks  Community  

Check dams  Community  

Resource Conservation Technology 
(RCTs), conservation agriculture  

Individual /  
Community  

 Productivity, Livelihood  

Recharging wells, percolation ponds  Individual  Enhanced water 

availability, productivity  

Contingency crop planning  Individual /  
Community  

Resilience, Productivity  

Planting methods  Individual  Resilience, Productivity  

Biomass / residue recycling  Individual  Resilience, Productivity  

Adjustment in planting time of rabi 
(winter) crops  

Individual  Water saving, Productivity  

Floods, cyclone, 
excess and 
unseasonal 

rains 

Land shaping in coastal tracts prone to 
cyclones, excess rainfall. Sea water 

intrusion 

Individual  Sustainable increase in 
cropping intensity 

Improving drainage/ conveyance 

efficiency in flood prone areas 

Community  Productivity & resilience 

Flood tolerant varieties  Individual  Resilience 

Integrated farming system models Individual  Resilience through year 

round farm income 

Planting methods (Broad bed furrow, 
ridge-furrow, raised bed and sunken 

furrow system etc.)  

Individual  Productivity and resilience  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Climatologically vulnerable districts of India. 
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4. EVIDENCES FROM CLIMATE SMART LAND AND WATER 
MANAGEMENT INTERVENTIONS 

 
Soil moisture security and enhanced water storages through water harvesting in 
surface and sub-surface storage structures at field/farm/village/watershed level have 
proved vital in improving resilience at the local level for farming systems. This has 
been especially much more important in low to medium rainfall zones where rainfall 
variability and occurrence of intense rain events are high.  
 
4.1  Community tanks/ponds for augmenting village level water resources  
 
Community tanks, traditionally recognized as resilient systems, are silted up and have 
become defunct due to neglect. De-siltation of these tanks helped in increasing the 
surface water storage, besides increased groundwater recharge. The spin off effects 
of spreading rich silt deposited in these structures by farmers in their fields helped 
improve the soil water holding capacity. An increase in the yield of cotton and castor 
(15 to 18%) was observed in silt applied fields (Kurnool districts of AP) over the check 
due to improved fertility status. De-siltation and renovation of three community ponds 
with surface area of 1045, 5035 and 3605 m2 and storage capacity of 5735, 23000 
and 16500 m3 in Tamil Nadu resulted in additional increase in water storage of 36617 
m3 as well as recharging of groundwater.  This additional water helped in cultivation 
of crops in 137.5 ha area at Jambumadai and Vadavathur villages of Namakkal 
District (Table 3). 
 

Table 3. Effect of de siltation of community ponds 
 

Name of the 
Pond 

Dimensions 

( m x m x m) 
Ground-

water 
recharge 

Area 

Irrigated 
(ha) 

Major cultivated crops 

Before After Before After 

Senguttai 
36 x 26 x 

3.65 
38 x 28 x 

5.4 

18 open 

wells & 11 
bore wells 

13.6 
Onion and 
sorghum 

Onion, 

groundnut, 
and sorghum 

Aayiramkutt
ai 

30 x 22 x 
1.85 

92 x 55 x 
4.5 

45 open 
wells & 112 

bore wells 

73.6 
Onion and 
sorghum 

Onion, Paddy 
and groundnut 

Periyakaling
ikuttai 

49 x 22 x 
3.65 

112 x 32 x 
4.5 

45 open 

wells & 156 
bore well 

137.5 
Onion and 
sorghum 

Onion, 

groundnut and 
sorghum 

 
Renovation of the age old ‘Aahar’ (water reservoir) and ‘Pyne’ (conveyance channel) 
systems and construction of farm ponds in Nawada district of Bihar helped in 
harvesting additional 20,000 m3 water after renovation. This helped in providing 
protective irrigation to 24 ha during dry spells in kharif which resulted in enhancing the 
productivity of paddy by 20.7%, increased groundwater level by 30 cm and making 
available drinking water for livestock.   
 
In another example, renovation and deepening of irrigation channels (Mentepudi 
channel and VWS channel) in West Godavari district not only helped in irrigation at 
the tail end but also helped in efficient disposal of rainwater by avoiding flooding and 
submergence of crops at times of intense rainfall events. During 'Neelam' cyclone, 
flood water only up to a height of 42 cm in command area was observed whereas in 
other untreated areas submergence was up to 122 cm height and the crop was 
completely submerged. This resulted in avoiding yield loss to the extent of 26.3 q/ha 
to 41.3 q/ha in paddy under the renovated channels whereas the yield was only 15 
q/ha in untreated areas that suffered submergence.  



2nd World Irrigation Forum (WIF2) 
6-8 November 2016, Chiang Mai, Thailand 

W.3.1.04 

 

 
6 

 

 
4.2  Farm ponds (Individual/Small group based) 
 
Various models of small scale water harvesting systems have been promoted by 
governmental and nongovernmental organizations involving different pond sizes, 
lining material, and reuse of harvested water for different crops at critical crop growth 
stages. Farm ponds have been widely adopted as one of the key intervention in 
NICRA villages. Majority of farmers opted to cultivate vegetables with harvested water 
at a ratio of 1:10 (command to catchment area) with sustained profits. This led to 
increase in irrigated area, crop productivity and increased ground water level. More 
importantly, farmers with farm pond, were able to cope with moisture stress during dry 
spells and provided supplemental irrigation, and in some cases even took two crops 
in a year and received higher income (Table 4).  Further, adoption of pressurized 
irrigation systems (drip and sprinkler) resulted in efficient utilization of harvested 
rainwater and benefit-cost ratio ranged from 2.0-3.9 (Table 5). 
 
Table 4. Examples of successful interventions with efficient use of harvested 

rainwater for crop production during deficit rainfall 
 

Village 

  

KVK/ 

District 

No of 
farm 

pond 

Storage 
capacity 

(m3) 

No. of 
farmers 

covered 

Irrigation 
potential 

created (ha) 

Increase 
in cropping 

intensity 

Kukurha Buxer 1 1800 06 1.75 100% 

Affaur Saran 2 11500 42 10 25% 

Chopanadih Koderma 1 16560 50 20 40% 

Takli Amravati 2 8400 25 10 20% 

Nacharam Khammam 4 1460 4 9.6 40% 

Sanora Datia 3 9500 10 19 100% 

Nagenhalli Tumkur 2 2500 25 65 135% 

Nagenhalli Tumkur 13 22100 25 12 100% 

 

Table 5.Effect of pressurized irrigation as adaptation measure 
 

Village 
KVK/ 

District 
Technology 

Demonstrated 
Crop 

Area 
(ha) 

Net 
Return(Rs) 

Benefit 
cost ratio 

Lagga Chamba Sprinkler Cauliflower 2 380165 3.9 

Kukurha Buxer Sprinkler Rice 4 27285 2.0 

Affaur Saran Micro-irrigation Long gourd 2 65988 3.0 

Takli Amravati Sprinkler  Cotton 10 36300 2.5 

Nacharam Khammam Drip Chilli 2 9000 3.0 

Nidhan Morena Sprinkler Wheat 8 52200 2.6 

Vadavathur Namakkal Sprinkler Onion 35 215565 3.2 

Nagenahalli Tumkur Drip Brinjal 2 102500 3.7 

Nagenahalli Tumkur Sprinkler Groundnut 1 59500 3.3 

 
Jalkund - low cost miniature rain water harvesting ponds (size 5 x 4 x 1.5 m) with 
silpaulin lining having a storage capacity 30,000 litres for harvesting rainwater during 
the rainy season and its subsequent use during dry periods to provide lifesaving 
irrigation to high value winter vegetables has been successfully adopted in North 
eastern region of the country as a smart water management intervention. In East 
Sikkim, a Jalkund of size 5 x 4 x 1.5 m, covered with a plastic lining of 250 GSM 
harvested about 30 cubic meter of rainwater, which was judiciously utilized by four 
farmers in 1.8 ha area as lifesaving irrigation through micro irrigation for sole crops, 
vegetable seedlings and potato.  Judicious use of Jalkund water to irrigate rabi crops 
during dry spells with sprinklers made vegetable production a profitable venture and it 
helped in doubling the cropping intensity with net returns of Rs.1,00,320 from his 
small holding. 
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4.3  Increased in-stream storage: check dam in rainfed areas 
 
Ex-situ storage of water in seasonal streams at suitable sites is an important strategy 
to store runoff water in different rainfall zones to provide resilience for direct use of 
surface storage or for improving the groundwater availability. In majority of NICRA 
villages, check dams (new/desilting of existing ones), low cost temporary check dams 
(sand bag check dams), and ‘Boribandhans’ (poly bag check dams) were major 
interventions in areas vulnerable to droughts.  These structures not only increased 
the water storage capacity but also increased the groundwater recharge. For 
instance, with construction of 5 ‘Boribandhans’ in Datia district of Madhya Pradesh 
42,500 m3 water was harvested. The harvested water could provide supplemental 
irrigation to 85 ha. Recharging of 31 open wells increased water availability for 
irrigation till March which was remarkable. Recharged open wells generated 20 ha 
extra irrigation facility to the farmers in the village. Famers took up mustard crop 
during rabi season in 199 ha resulting in yield of 12.8 q/ha and boosting their net 
income to Rs. 29,167/ha with a benefit cost ratio of 3.1. Construction and de-siltation 
of check dams in Pune District of Maharashtra increased total capacity of storage 
from 47,750 m3 to 165,200 m3. This benefitted recharging of 96 wells located in the 
vicinity of these structures.  The total area brought under cropping in kharif and rabi 
seasons due to this storage is about 49 ha and 240 ha, respectively and 27 ha in the 
summer season. 
 
4.4  In-situ soil moisture conservation 
 
In-situ rainwater management through ridge and furrow method and broad bed furrow 
system conserves rainwater at farm level and also drains out excess water, which can 
be utilized for recharging ground water. The ridge and furrow and broad bed furrow 
(BBF) systems were found effective to cope up with moisture stress in the fields. This 
practice also helps to drain out the excess water from the field to save the crop from 
water logging. This intervention is being widely promoted for cultivation of different 
crops in Maharashtra, Madhya Pradesh, Uttar Pradesh, Rajasthan, Odisha, West 
Bengal, Karnataka and Jharkhand. States like Maharashtra have taken up BBF in a 
big way and supporting BBFthrough a subsidy scheme.  
 
4.5  Soil and crop management practices 
 
Different resource conserving technologies (RCTs) like zero or minimum tillage (with 
or without crop residues), bed planting of crops and direct-seeded rice have  
demonstrated a substantial scope in improving irrigation efficiency and saving energy 
for groundwater pumping besides reducing GHG emission.  Direct-seeded rice (DSR) 
and zero-till wheat (ZTW) generally gave similar yield with less irrigation water and 
lower global warming potential (Figure 2). 
 
The intermittent irrigation with ponding depth of 5±2 cm of water in the rice fields 
three days after disappearance (DAD) of previously ponded water not only saves 
water but also reduces global warming potential by 25-30% over continuous flooding 
(Pathak, 2015, Chaudhariet al., 2015). Micro- irrigation options are not only important 
for saving water but also relevant for saving energy (Shah, 2009) and reducing 
carbon emission.  Further, adoption of solar powered drip system results in water 
saving as well as energy saving and hence reduced carbon emission. In the Eastern 
India, where groundwater is available at shallow depth, solar pumps offer an ideal 
option for utilization of available groundwater withreduced emission. 
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Figure 2. Effect of different resource conservation practices on irrigation water 
demand and global warming potential (TPR = Transplanted puddled rice; 
CTW = conventionally tilled wheat; DSR = Direct seeded rice; ZTW = 
zero-till wheat; RR= Rice residue retention). 

 

5. CONCLUSIONS AND WAY FORWARD 
 
The success of land and water management interventions implemented through 
participatory process under NICRA across vulnerable districts in India has 
demonstrated the ability of such low cost interventions at enhancing resilience to 
climate change for sustainable agriculture. These have large potential for upscaling 
through supportive policies and programs. Some suggested policy interventions are: 
 
(a) Mainstreaming the area-specific climate smart land and water management 

interventions through National and State Programs importantly, Prime 
Minister Krishi Sinchai Yojana (PMKSY), National Mission for Sustainable 
Agriculture (NMSA), National Water Mission and Mahatma Gandhi National 
Rural Employment Guarantee Act (MGNREGA), and evaluating impact in 
enhancing resilience to climate change and reducing global warming potential 
at developmental scale. 

(b) Farm mechanization through Custom Hiring Centres in promoting land 
management and promotion of micro-irrigation and solar pumps.  

(c) Explore potential sites for diverting high water flows from rivers or canals 
when these flows pose flood risk and recharging the groundwater via village 
ponds or small dams/check dams and recharge wells to reduce the flood risks 
locally and improve the groundwater conditions. 

(d) Village level agriculture planning, based on land and water resources to 
augment water availability for enhancing resilience through supply and 
demand management. 
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