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Part-I: General Information of sub-project 

1) Title of the Sub-project:  “Strategies to enhance adaptive capacity to climate              

change in vulnerable regions” 

2) Sub-project Code: ‘NAIP GEF ICAR Code 303601’  

3) Component: NAIP (COMPONENT – 3) 

4) Date of sanction of sub-project: 18
th

 September 2009  

5) Date of completion:  30
th

 June 2014 

6) Extension if granted, from 1
st
 September 2013 to 30

th
 June 2014 

7) Total sanctioned amount for the sub-project:  

8) Total Expenditure of the sub-project:  

 

1. Consortium Leader: 

Dr. H.S.Gupta 

The Director 

Indian Agricultural Research Institute,  

New Delhi 110012 

Phone No. 011-25843375  

011-25846420 (Fax)  

E-mail:Director@iari.res.in 

http://www.iari.res.in/ 

 

2. Consortium PI: 

 

Dr. S.K. Bandyopadhyay 

Principal Scientist, CESCRA 

Indian Agricultural Research Institute,  

New Delhi 110012 

Phone No. 011-25842986  

011-25846420 (Fax)  

E-mail:sanjoy.bandyopadhyay@gmail.com 

http://www.iari.res.in/ 
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Part-I: General Information of sub-project: 

 

1. Title of the sub-project : Strategies to enhance adaptive 

capacity to climate change in 

vulnerable regions 

2. Sub-project code : NAIP (SRLS-C)/III(2)-12/2008 or  

303601  

5. Date of completion : 30
th
 June, 2014 

6. Extension if granted : I
st
 Extension: 

September, 2013- June, 2014 

7. Total sanctioned amount for 

the sub-project 

: Rs. 1464.45lakhs 

 

8. Total expenditure of the sub-

project 

: Rs.1464.45 Lakhs 

9. Consortium leader :  Dr. H.S. Gupta 

Director, Indian Agricultural 

Research Institute, Pusa, New Delhi-

110012. 

10. Consortium PI : Dr. Sanjoy  K. Bandyopadhyay 

Center for Environment Science and 

Climate Resilient Agriculture 

(CESCRA), NRL Building, IARI, 

Pusa, New Delhi-110012  
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3. List of consortium partners: 

Name of CPI/ CCPI with 

designation 

Name of organization and address, phone & fax, 

email 

CPI Dr. 

S.K.Bandyopadhyay 

Principal Scientist. 

Indian Agricultural Research Institute, Center for 

Environment Science and Climate Resilient Agriculture 

(CESCRA), NRL Building, IARI, Pusa, New Delhi-

110012  

Ph./off:011-25842986, Fax: 25841866,  

(Mob.: 91-9871405474) 

e-mail:sanjoy.bandyopadhyay@gmail.com 

CCPI  Dr. V.V.Singh 

Principal Scientist 

&OIC-CMFRIMumbai RS 

Central Marine Fisheries Research Institute (CMFRI), 

Mumbai Research Centre, Old CIFE Bldg., Fisheries 

University Rd., Seven Bunglow, Versova,  

Mumbai-400061 

Off: 022-26393029; Fax- 26320824;  

e-mail:veerendraveersingh@gmail.com 

CCPI Dr. BB Panda 

Senior Scientist 

Central Rice Research Institute (CRRI),  

Cuttack-753006, Odisha 

Off: 0671-236768;fax- 2367774 

e-mail:bbpicar@gmail.com 

 

CCPI Dr. L.M.Garnayak 

Professor & In Charge 

Farming System 

Research 

Odisha  University of Ag & Tech (OUAT), Bhubaneswar, 

Odisha  

Ph/off:0674-2393964;/fax: 2391424 

e-mail:lmgarnayak@yahoo.co.in 

CCPI Dr. Srinivasu, P.  

(From March, 2013) 

Head, Agri-Business 

TCS Innovation Lab - Mumbai, Tata Consultancy 

Services, Yantra Park, 2
nd

 Pokhran Rd., Opp. HRD 

Voltas Centre, Subhas Ngr.,Thane - 400 601; Mumbai. 

Ph:-+91-22-67788133 (off) 

e-mail: srinivasu.p@tcs.com 

 

CPI-Consortia Principal Investigator; CCPI-Consortia Co-Principal Investigator 

  

mailto:sanjoy.bandyopadhyay@gmail.com
mailto:veerendraveersingh@gmail.com
mailto:bbpicar@gmail.com
mailto:lmgarnayak@yahoo.co.in
mailto:srinivasu.p@tcs.com
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Part-II: Technical Details: 

 

 

Agriculture vis a vis livelihoods is essentially sensitive to climate conditions, and in 

India a vast population still dependent on agriculture. Agriculture production is 

dependent on the natural resource and its services irrespective of whether there is a 

climate change or not. Climatic variability and climate change would induce more 

stresses due to prolonged abiotic stress, and/or more weather/climatic uncertainties and 

increase in extreme events. It is among the most vulnerable sectors to the climatic risks; 

therefore expect a higher degree of negative impacts due to climate change.  

 

Over the last several years, a common consensus has emerged among the farming 

community in general and scientific community in particular regarding the fact that the 

earth’s climate is changing. These changes are very rapid for last few decades due to 

anthropogenic factors, and some of the NAIP adapted project district where a large 

portion of the less fortunate people live in less favored, marginal or further complex 

environments, and remain largely by-passed by the modern agricultural practices, 

arebecoming more vulnerable due to frequent droughts, floods, and/or increased extreme 

events, thus develop a situation that might be encountering more deviations from normal 

upwardly growing conditions. 

 

Meanwhile scientific community had augmented search for ways to contain the rate of 

climate change, known as mitigation that has included a range of strategies to reduce 

green house gas emissions. However, It has become increasingly clear that even serious 

efforts to mitigate climate change will be inadequate to prevent devastating climate 

change impacts that threaten to reverse many of the economic gains made so far. Hence 

growing attention is now being given to adaptation, and how adaptation might work at 

different geographical levels and across different sectors gained importance from last 

decade only. Climate change adaptation is preparing for and responding at the local 

level to potential impacts due to climate change. Adaptation is about being ready for a 

future that is different from what the community has experienced in the past.  

 

One of the aims of the adaptation strategy is to reduce vulnerability to expected impacts 

of climate change. The concept of adaptation to climate change (CCA) is very broad and 

there is no ready-made strategy solution available for adaptation in agriculture. A range 

of strategies and approaches would be required for agriculture in a changing climate. 

CCA strategies cannot work in isolation and must exist across different level i.e. from 

individual to community level responses through to local, district level and beyond, such 

as regional and national level. Climate change adaptation varies among communities, 
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and can range from hardware component, such as reinforcement or upgrading 

infrastructure to accommodate more frequent and extreme weather events, and software 

component, such as building capacity of or upgrading adaptive capacity to enhancing 

preparedness by developing more sustainable agricultural and livelihood practices, 

community interface and standards. The NAIP CCA project has made efforts to 

integrate adaptation throughout project area operations and in collaboration with 

community organizations, village residents and community leaders even ‘gaon burrah’ 

(Village elderly people). Communities Adapting to Climate Change initiative supports 

community efforts to increase local adaptive capacity and resiliency to climate change. 

At the community level, strategies included were improvements to agricultural systems 

such as introduction of resistant crop(s) varieties, crop diversification, development or 

rejuvenation of water resources, enhanced use efficiency of natural resources, 

reassessments of risk and coupled contingency plan preparation; early warning systems; 

increase in awareness process and capacity building of the stakeholders.  

 

In the current project, the adaptation strategies for improving the livelihood security of 

the rural people living in the selected identified disadvantaged districts (as identified by 

the Planning commission) through technology-led innovation systems, encompassing a 

wider process of social and economic change. Traditionally farmers’ focuses upon 

existing risks with resulting strategies based upon recent past and current evidence. The 

new strategies in climate change adaptation must consider both the long term historic 

climate information along with future climate scenario to incorporate all possible risk in 

agriculture. Therefore, necessary attention on all risk reduction initiatives, such as 

mitigation and adaptation, is build into our outreach agricultural research and/ 

development planning. However, between mitigation and adaptation, the later was 

clearly the priority in agricultural research, extension linked to the development for a 

larger number of farming populations in India where agriculture development is more 

important to strengthen local food security. Adaptation in livelihoods sector is 

dependent not only on components that directly related to climate change but also on 

other non-climatic components, such as economic conditions, technology associated 

with it, socio-economic and socio-political environment etc. It is now accepted and 

recognised that adaptation as an important component of climate change response 

strategy, and exploring adaptation options in several sectors leading to livelihoods 

security of the people. This is very much supported by the global community like  

Global Environment Fund (GEF) framework, and therefore, many government of 

developing countries are giving increasing attention to enhance adaptive capacities; 

involving both developing the institutional and the community’s capacity to respond 

effectively to climate change, of populations at risk. Considering the significance of the 
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emerging challenge of climate change for livelihoods security, the present project has 

been envisaged by the climate change consortium of the NAIP Component-3(SRLS) 

under the aegis of World Bank – GEF fund. Taking a knowledge based natural resources 

management approach, the current project had attempted to built resilience to climate 

change into resource-based livelihood in selected drought affected district of Madhya 

Pradesh and Haryana, and floods affected district of Odisha and Maharashtra. 

 

2. Overall Sub-project Objectives: 

 

The overall goal of this project was to establish linkages between adaptation to climate 

change, rural livelihoods and a host of other development concerns including capacity 

building of the stakeholders, and tried to find climate change adaptation options that can 

be included in the planning of future adaptation strategies for enhancing livelihoods 

resilience in a sustainable manner. 

 

The specific objectives of the climate change adaptation consortia project, in brief, are:  

 

 Identification of current and future risks to livelihoods due to climatic variability 

 Development of drought indices to facilitate Early Warning System (EWS) for 

Drought & promoting its use in adaptation by farmers and other stakeholders  

 Develop community based sustainable rural livelihoods strategies to minimize 

adverse climatic impact in droughts as well as floods prone vulnerable districts  

 Capacity building of the stakeholders on strategies for alternate livelihoods 

strategies in future climate change.  

 

3. Sub-project Technical profile: 

Over years and decades farmers have accumulated substantial experiences for existing 

with climate risks and have build up a range of adaptation strategies. In order to 

integrate the knowledge of climate science and agricultural science to farmers’ needas 

well as climate change impact modelling results with local realities, it is necessary to 

begin with a baseline understanding farmers’ traditional knowledge,  local adaptation 

practices about climate risk management, and their possible options to counterbalance 

future climate impacts. The project team therefore made an attemptin this pilot study to 

utilize the past climate analysis including extreme event and longterm seasonal forecasts 

for managing climate risks for developing methodologies to increase understanding of 
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how climate change impacts translated into agricultural response options and livelihood 

adaptation practices.  

 

A basic assumption of taking the field level project work was that most of the project  

beneficiaries whether farmers or fishers or other agriculture based livelihood dependent 

people think in day-to-day terms rather than long-term risk management. While working 

with farming community, it was apparent that agricultural adaptation issues must make 

an entry by working on issues of immediate importance, and then push needed to 

encourage longer term thinking by adding a longer term perspective. Therefore, the 

process was initiated with rapport building, understanding of a community-level weather 

and climate risk perception in the project areas, and slowly push climate change issues, 

outputs in to intervention identification, prioritization and modelling results were inter-

woven in. One of the important assumptions in the current pilot project was that farming 

community adapting to short-term climate variability and extreme events can serve as 

the basis for reducing vulnerability to longer-term climate change. 
 

The project had been implemented in two drought prone districts viz. Mewat (Haryana) 

and Dhar ( Madhya Pradesh); and two flood prone districts, Ganjam (Odhisa) and 

Raigad (Maharashtra) identified by NAIP for Component-3 (SRLS) under SLEM of 

WB-GEF fund.   

 

Baseline survey and analysis: 

 

Baseline surveys and PRAs had been undertaken to know the existing socio-economic 

status and livelihood profile of the people of the project area besides the climatic risks 

and adaptation and, for gap analysis and, to develop rapport with the communities and 

develop prioritized intervention for adaptive technologies for adoption vis a vis better 

livelihood support. The findings are based on sample study. In all, about 900 farmers 

had drawn randomly from the project districts interviewed. PRA was also conducted to 

assess the resource base, farmers’ perception about climate change and adaptation 

constraints. 

 

The farmers of the Mewat area shared about various climatic risks, which affected 

agriculture as well as their   livelihoods. They reported drought as the major as the major 

thriving risk in the area. Decreasing amount of rainfall marked with irregular 

distribution and un-timeliness as well as early withdrawal   was observed by the farmers. 

Cold winter, fog, heat-stress and dust storm were the other climatic risks in the area.  

Excessive evaporation affected the crop growth and yield as irrigation is a serious 

limitation in the area. Terminal heat stress affected the grain filling and ultimately the 

yield of wheat crop. Financial constraints, poor irrigation facilities, lack of animal health 



10 

 

care facilities, lack of human health care facilities, low market return of agricultural 

produce, high cost of inputs, poor supply of electricity, incidence of insect pests and 

diseases in crops, lack of technological know-how, unavailability of quality seeds and 

planting materials, lack of collective action, lack of marketing facilities, lack of credit 

facilities, tenancy constraints, undulation of land and problem soil and water (salinity) 

were the major non-climatic risks which affect the livelihoods of the people. Scarcity of 

rainfall and constraints in irrigation has made farmers realize about water conservation. 

 

More than a half of the population in the cluster areas of Dhar district in Madhya 

Pradesh belongs to schedule tribe followed by others, while less than 10 per cent of 

them are schedule cast. Soybean and wheat are the principal crops of Kharif and Rabi 

seasons, respectively. Various combinations of cropping (Soybean / Maize / Cotton 

/Groundnut / Urd / Vegetables – Wheat / Chickpea) are predominantly followed for risk 

adjustment in the event of climatic vagaries. The cropping intensity was observed to be 

about 127 per cent. The average yield of major crops in cluster villages was less than the 

district and state average. However, yield gaps existed in comparison to potential yields. 

There is a very high technological gap in areas of resource conservation especially water 

resources, farming practices, integrated pest management, and soil fertility management. 

Gap is also high in area of seed replacement and crop production management 

 

The agricultural activities in the flood prone study area of Odisha were mainly of crop 

production. The socio economic condition of the people in Ganjam district of Odisha is 

very poor as most of the people do not meet even if their annual requirement from 

own/cultivated land. Similarly the cropping system/agriculture is mainly restricted to 

rice-green gram/ black gram with very low yield due to frequent flood during kharif 

season and scarcity of moisture and lack of irrigation facility in rabi season. 

The cropping intensity in clusters/ blocks in Ganjam was observed to be around 110 -

115%. There are potential to tap shallow water through lift irrigation points in the 

cluster villages and a few of the shallow tube well points are in good functional 

condition covering more area under crop and yielding high. 

About 99% households are having farming as primary occupation and more than 80% of 

them were small and marginal farmers and 14.6% of people are women as farm labourer 

as they don’t own any land. It was observed that the SC and ST farm families are under 

livelihood stress mostly during lean periods and flood /and drought years. About 15 to 

20 per cent landless labourer, small and marginal farm families migrate to nearby states 

to work as daily wage earners. They earn less than Rs.100 per day per head as daily 

labourer. The average yearly income of the household is Rs. 22400/- only from 

agriculture where as from animal husbandry and service they earn Rs. 1225/- and Rs. 
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920/- , respectively. The percentages of return over cost expenditure were less than 20% 

among the marginal farmers while it was around 12-14% among the small farm 

households. The farm labor, non-farm activity and other sources provide income of 

Rs.2500 and Rs.1000 respectively per household in the selected clusters in the district 

during normal year. 

The post harvest activities of the small and marginal farmers is very rudimentary, simply 

cleaning the produce mechanically and dispose the produce to the local traders/ 

intermediaries immediately to meet urgent household cash needs, while a small amount 

is stored in normal condition with meager care to say, both for household consumptions 

and for seed purpose. 

The livestock and dairy, poultry and goatery activities are practiced in low scale and 

were not practiced in commercial scale by the households in the project area. These 

lives stocks and poultry assets do not contribute substantial income/commercial income. 

But the livestock and poultry assets contribute to balance diet of farm families besides 

acting as secondary source of income. Although livestock and poultry provide 

substantial margin of profit to the farm households, it was observe that very few 

household had cross breed animals, growing fodder crops to feed domestic cattle and 

were linked with milk marketing organizations. 

 

The risk as perceived by farmers in relation to agriculture, health, ecological, socio 

economic condition and culture are crop loss and low yield due to flood, increase in pest 

and diseases of crop, shortage of fodder, increased disease pest of animals, extinction of 

certain local fish species from river and its stunted growth in ponds, more cases of sun 

strokes and emergence of new diseases in public health. The major constraints in 

maintaining ecological balance and sustainable livelihood as reported by the farmers are 

recurrent flood, lack of availability of sufficient quantity of good quality seed, high cost 

of inputs and non availability at proper time, lack of low cost farm implements, lack of 

availability of market information/ facilities, high wind velocity and temperature during 

crop growth period and lack of advance weather information to the farmers. 

 

In the flood prone areas of Raigad district of Maharashtra, there are a good number of 

people depend on fisheries sector, mostly capture fisheries, and marine fisheries. There 

are most vulnerable as they do not have other skills than fishing and allied activities. 

Floods are very unpredictable. When exactly they will come and when the flood water 

will recede is almost impossible to predict. 

 

Knowledge about the climate change and PFZ forecasting was found to be very less or 

negligible among the fisher-folk of Raigad district. Therefore, they are ready to undergo 
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training related to these if provided. Now days they are getting catch only for three 

months (August to October) and for the remaining season they have to search a lot for 

the catch. Therefore, awareness and dissemination of PFZ advisories & GPS 

accompanied with NCDC schemes for offshore & deep sea fishing will help a lot to the 

fishers of the villages. 

 

Small scale farmers in the cluster are not aware of concept of agro-aqua-ecotourism 

which will be source for income generation. There is ignorance among farmers in tribal 

area regarding agriculture, aquaculture and forestry, which can increase their total 

income. Unseasonal rains, frequent electricity failure and time consuming method of sun 

drying, excess fuel burning to search fish shoals; extreme weather conditions like storms 

during fishing; problems in dissemination of PFZ and wind advisories to fishers due to 

unavailability of INCOIS, digital boards in all the villages and due to frequent electricity 

failure; difficulty in keeping the quality of fish during fishing and head load during 

transportation are the major constraints in livelihood security of fishermen. 

 

Farmer’s level of understanding on climate change/variability and its impact on their 

livelihood is very poor though they realize that there is a change in their farming activity 

and its productivity level. They are also very much ignorant about the agricultural 

technologies that can withstand the adverse impact of climate change, particularly flood 

during kharif season though they practice some indigenous techniques to manage the 

crop. 

 

Strategies for adaptation to climate change in vulnerable areas 

 

Climate change adaptation is preparing for and responding at the local level to potential 

impacts due to climate change. Adaptation is about being ready for a future that is 

different from what the community has experienced in the past.   

 

One of the aims of the adaptation strategy is to reduce vulnerability to expected impacts 

of climate change. The concept of adaptation to climate change (CCA) is very broad and 

there is no ‘ready-made strategy solution’ available for adaptation in agriculture. A 

range of strategies and approaches would be required for agriculture in a changing 

climate. CCA strategies cannot work in isolation and must exist across different level 

i.e. from individual to community level responses through to local, district level & 

beyond/regional and national government interventions. Climate change adaptation 

varies among communities, and can range from hardware component such as 

strengthening or upgrading infrastructure to accommodate more frequent and extreme 
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weather events, and software component such as building capacity of or upgrading 

adaptive capacity to enhancing preparedness by developing more sustainable 

agricultural and livelihood practices and standards. The NAIP CCA project has made 

efforts to integrate adaptation throughout project area operations and in collaboration 

with community organizations, village residents and community leader’s even village-

headman. Communities Adapting to Climate Change initiative supports community 

efforts to increase local adaptive capacity and resiliency to climate change. 

 

Traditionally farmers’ focuses upon existing risks with resulting strategies based upon 

recent past and current evidence. The new strategies in climate change adaptation must 

consider both the long term historic climate information along with future climate 

scenario to incorporate all possible risk in agriculture. Therefore, necessary attention on 

all risk reduction initiatives such as adaptation and mitigation (climate resilient 

agriculture) was build into agricultural research and development planning. Adaptation 

in livelihoods sector is dependent not only on components that directly related to climate 

change but also on other non-climatic components (NCC) such as economic conditions, 

technology associated with NCC, socio-economic and socio-political environment etc. It 

is now accepted and recognized that adaptation as an important component of climate 

change response strategy, and exploring adaptation options in several sectors leading to 

livelihoods security of the people. For example, at the community level, strategies 

include improvements to agricultural systems through intervention of components 

(either single, or in combination – need based), such as introduction of resistant crop(s) 

varieties; crop diversification; development or rejuvenation of water resources, 

enhanced use efficiency of resources, reassessments of risk and coupled with 

contingency plan preparation; early warning systems; increase in awareness process and 

capacity building of the stakeholders.  

 

Execution of interventions: The second phase included execution of identified NGO 

partner’s of respective cooperating centers by providing necessary technical and other 

support, and increased interaction as well as confidence building within stakeholders 

follow through hand holding during the whole project period.  

 

The project team had already started working on understanding of bio-physical and 

socio- economic data collection, down-scaled PRECIS data for project areas, interaction 

with the stakeholders, reconnaissance etc. activities; work on compilation of necessary 

baseline information was completed except modelling results output which was at its 

initial stage during first year of the project implementation. The project team started 
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outreach research and field demonstration work at smaller scale through identification of 

proven technologies/techniques that were feasible, environmentally sustainable and 

economically successful either at experimental farm or elsewhere (with similar agro-

ecological and socio-economic context), but neither tested or widely known to the 

beneficiaries of the targeted project areas. A regular farmers-stakeholders and project 

personnel interaction meeting organised to focusing on options to share the project work 

plan,  necessary modification done based on local experiences, need of the people and 

prioritised urgency of intervention and get feedback. This strategy promoted by the 

project had gained people confidence and cooperation in very short time.  

 

 

Under this project, maximum concentration was inclined towards interventions. A blend 

of area based and family based interventions has been achieved in the catchments with 

clusters. The community owned resources had been developed and managed through 

local level institutions &/or CBOs. Local level organizations for each cluster had been 

promoted. A basket of interventions such as, improved agriculture (INM, IPM, 

improved seed, crop diversification), vegetable cultivations had been introduced in 

project area. Based on land, livestock and human resources with a family the group 

interventions had been adopted. The intervention through integrated farming approach 

like backyard poultry, goat keeping, beekeeping, etc had been also introduced to 

increase the per capita income and economic status of the farmers.  

 

The seed village concept and availability of quality planting materials had been 

implemented to address the important issue of availability of basic inputs. Low milk 

production of the livestock is also a major constraint in all districts. Hence, an 

intervention of animal health and management is included. Villagers were supported 

with the technologies viz. animal feeding, timely vaccination, preventions of minor 

diseases and animal care etc. to increase animal productivity in area. Interventions of 

management of natural resources viz. soil, water, biodiversity etc. had facilitated the 

availability of water for additional cropping and thereby for economic gains. 

 

Under this project, attempt were made to establish various drought indices including 

remote sensing based indices for the project districts, in order to facilitate need based 

early warning System ( EWS) for drought region , baseline survey, ITK analysis and 

working with expert and PRA/RRA/focus group discussion on identification of lag 

period in forecast products needs had been prepared. 
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Strengthening of linkages: In third phase, strengthening of linkages with cooperating 

centers and NGOs was developed for ensuring the sustainability, for this, handling over 

the additional and/or new resources developed, material/goods provided for the 

community at local level during the project. 

 

4. Research / Investigation Achievements: 

Objective 1: Identification of current and future risks to livelihoods  

Climatic characterization of a region becomes important for planning, strategizing and 

implementing any developmental plan, more so when it involves agriculture. In this 

project, the climatic characterization for past is done for all four districts. Further, the 

projected climate change is also analyzed for the four selected districts. 

Study districts 

Based on the Planning Commissions’ climatically challenged list of the Districts, four 

districts viz., Mewat (Haryana), Dhar (Madhya Pradesh), Raigarh (Maharashtra) and 

Ganjam (Odisha ) were selected (Fig 1). Geographically, two districts (Mewat and Dhar) 

fall in inland while two fall in the coastal zone (Raigad and Ganjam). The selected 

districts are located in north (Mewat), central (Dhar), east coast (Ganjam) and west coast 

(Raigad) of India.   

 

 

 

 

 

 

 

 

 

Fig 1: Location of four districts selected for interventions on adaptation to 

climate change (India mainland map) 
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Climatic characterization of study areas   

Climate normal for four districts 

Mewat: Mewat district had 

the normal mean annual 

maximum and minimum 

temperatures of 31.7/17.3 

oC. During the year, 

normal maximum 

temperatures fall in the 

range of 21-41 
o
C and 

minimum temperature in 

the range of 5-27
o
C, with 

warm and dry summers and very cool winters. It receives an annual rainfall of ~583 mm 

mainly during last week of June end to mid-September. 

Dhar: Dhar district had the normal mean annual maximum and minimum temperatures 

of 32.4/19.6 
o
C. During 

the year, normal 

maximum temperatures 

fall in the range of 27-39 
o
C and minimum 

temperature in the range 

of 13-24
o
C, with warm 

and dry summers and cool 

winters. It receives an 

annual rainfall of ~856 mm mainly during mid-June end to mid-October. 

Ganjam: Ganjam district 

had the normal mean 

annual maximum and 

minimum temperatures of 

31.2/22.1
o
C. During the 

year, normal maximum 

temperatures fall in the 

range of 27-36
o
C and 

minimum temperature in 

the range of 13-27
o
C, with warm and humid summers. It receives an annual rainfall of 

~1358 mm mainly during last week of May to mid-November. 
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Raigad: Raigad district had the 

normal mean annual maximum and 

minimum temperatures of 

31.0/20.4
o
C. During the year, 

normal maximum temperatures fall 

in the range of 28-36 
o
C and 

minimum temperature in the range 

of 15-24
o
C, with warm and humid 

summers. It receives an annual 

rainfall of ~3075 mm concentrated 

during last week of May to October. 

Past-climatic analysis  

Out of four selected districts, two (Mewat and Dhar) are prone to droughts while 

remaining two (Ganjam and Raigad) are flood prone.  In past 100 years Mewat has 

experienced 18 moderate droughts and 8 severe droughts, while Dhar has experienced 

21 moderate and 3 severe droughts. The flood prone district Ganjam had faced about 17 

flood years since 1964 including super cyclone in 1999 and ‘Phailin’ in 2013. On the 

other hand Raigad district faced occasional flood situations and also faced a severe flood 

in 2005. Both these districts also experienced 5 and 12 moderate droughts, respectively. 

Further, these districts also faced one severe drought each. 

Mean change in climatic conditions 

Analysis of past data from 1969 indicated a general increasing trend in maximum and 

minimum temperature. During monsoon (kharif) season the mean seasonal minimum 

temperature increased at the rate of 0.18 and 0.7 
o
C in every 10 years, respectively, in 

Mewat and Dhar districts. The mean seasonal minimum temperatures in Ganjam have in 

fact decreased at the rate of 0.1 
o
C in every 10 years period; on the other hand they 

increased in Raigad at 0.04
o
C per 10 years.  During winter (rabi) season, mean seasonal 

minimum temperature has increased in all four districts with higher increase in Mewat 

followed by Ganjam, Dhar and Raigad. The mean seasonal maximum temperature 

during Kharif has decreased marginally in Mewat and Ganjam districts while they 

increased in Dhar and Raigadh. During rabi season, the mean seasonal maximum 

temperatures have increased substantially in Dhar, Ganjam and Raigad districts. The 

rate of increase has ranged from 0.13 to 0.26 
o
C for every 10 years period.  Analysis on 

rainfall changes indicated that the rainfall has reduced by 1 and 19% in past 36 years 

period (1969-2005), in Mewat and Dhar districts, respectively. Since these two regions, 

particularly Mewat, are low rainfall zones reduction in rainfall has severe bearing on the 

agricultural activities in the region. The rabi season rains, even though very scarce, have 
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increased over a period of time in Mewat, but in Dhar, the rabi seasonal rainfall also has 

decreased. In Ganjam, rainfall has increased during both the seasons, while in Raigad, 

the kharif rains increased and rabi rains decreased. 

Inter-annual variability in seasonal weather 

Analysis of past data from 1971 indicated significant inter-annual variability during 

monsoon and winter seasons with respect to temperature and rainfall. This analysis is 

carried separately for monsoon and winter season. Seasonal anomaly indicates the 

deviation in mean seasonal maximum and minimum temperatures from respective long 

term means. This also is an indicator of inter-annual variation (Coefficient of variation 

indicates intra seasonal variation as well as inter annual variation).   

Monsoon season 

Mewat: In Mewat, the seasonal mean maximum temperature anomaly has ranged from 

~-1.5 
o
C to ~3

o
C over monsoon seasonal mean since 1971. The coefficinet of 

variationranged between 5 to 12.5%. On the other hand, the seasonal mean minimum 

temperature anomaly has ranged from ~-0.6 
o
C to ~1.2 

o
C over monsoon seasonal mean 

since 1971. However, coefficinet of variation ranged between 14 and 18%. Mean 

minnimum temperatures have been consitantly higher than long term mean during post 

2000 monsoon seasons.  
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Dhar: In Dhar, the seasonal mean maximum temperature anomaly has ranged from ~-1.5 
o
C to ~2

o
C over monsoon seasonal mean since 1971. The coefficinet of variation ranged 

between 8 to 14%. On the other hand, the seasonal mean minimum temperature anomaly 

has ranged from ~-0.8 
o
C to ~0.85 

o
C over monsoon seasonal mean since 1971. The 

coefficinet of variation ranged between 7 and 13%. Generally, seasonal mean 

temperatures were lesser than the mean during post 2000 year. 

 

 

Ganjam: In Ganjam, the seasonal mean maximum temperature anomaly has ranged from 

~-1.1 oC to ~1.1oC over monsoon seasonal mean since 1971. The coefficinet of 

variation ranged between 5 to 10.5%. The seasonal mean minimum temperature 

anomaly has ranged from ~-1 oC to ~1 oC over monsoon seasonal mean since 1971. 

The coefficinet of variation ranged between 4and 13% 

 

Raigad: In Raigad, the seasonal mean maximum temperature anomaly has ranged from 

~-0.8
o
C to ~1.1

o
C over monsoon seasonal mean since 1971. The coefficinet of variation 

ranged between 6 to 9%. On the other hand, the seasonal mean minimum temperature 

anomaly has ranged from ~-0.8 
o
C to ~0.6

o
C over monsoon seasonal mean since 1971. 

The coefficinet of variation ranged between 4 and 7.5%.  
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Winter season 

 

Mewat: Since 1971, though seasonal mean maximum temperature anomaly during 

winter ranged from-2.5 to 1.2 oC, most of the years had higher seasonal mean maximum 

temperature than long term mean. A cople of years were very cool. The coefficient of 

variation ranged from 13-25%. On the other hand, seasonal mean minimum 

temperatures deviated in the range of -1.4 to 0.8 oC and past one decade had more mean 

minimum temperatures as compaerd to long term sasonal mean minimum temperature.  

However, the coefficient of variataion is very high falling between 32 and 52%.   

 

Dhar: In Dhar, seasonal mean maximum temperature anomaly during winter ranged 

from-1.5 to 1.2 
o
C, most of the years had higher seasonal mean maximum temperature 

than long term mean. The coefficient of variation ranged from 9-14%. On the other 

hand, seasonal mean minimum temperatures deviated in the range of -1.6 to 1.5
o
C. The 

coefficient of variataion for seasonal mean minimum temperatures is high falling 

between 20 and 32%. This also showed a gradual declining trend.  

Ganjam: In Ganjam, seasonal mean maximum temperature anomaly during winter 
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ranged from -1 to 1
o
C, most of the years in past one decade had higher seasonal mean 

maximum temperature than long term mean. The coefficient of variation ranged from 4-

12%. Seasonal mean minimum temperatures deviated in the range of -1.5 to 1.7 
o
C.  The 

coefficient of variataion for seasonal mean minimum temperatures is high falling 

between 13 and 24%. In contrast to maximum temperature, easonal mean minimum 

temperatures were lower than long-term mean during past one decade. 

Raigadh: Seasonal mean maximum temperature anomaly during winter ranged from -1 

to 1.2
o
C, most of the years in past one decade had higher seasonal mean maximum 

temperature than long term mean. The coefficient of variation ranged from 3-8%. 

Seasonal mean minimum temperatures deviated in the range of -1.3 to 1.5
o
C from long 

term mean.  The coefficient of variataion for seasonal mean minimum temperatures is 

between 9 and 16%.  

 

Rainfall variability 

 

Mewat: Mewat receives an annual rainfall of about 589 mm out of which 500 mm occur 

during monsoon season. However, a lot of variation in total rainfall received during 

monsoon was noted.  

In order to get the spatial variability, block-wise analysis was done for blocks where the  
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adaptation interventions were implemented. Results indicate not only inter-annual 

variation but also spatial variation exists for rainfall. Past years analysis indicated that  

 

 

though mean rainfall ranged between 400-500mm in three blocks, inter-annual 

variability is very high. Maximum rainfall in a year occurred ranged between 780-880 

mm in three blocks. On the other hand, least rainfall years received less than 200mm 

rainfall.  In a decade, 4 years were having less than 80% of normal rainfall in all four 

blocks while one year had just about 80% of normal rainfall.    Only three years have 

more than normal rainfall while remaining 2 years are having less than normal but above 

80% of normal rainfall. This indicates that the region is prone to severe drought stress. 

Analysis on the rainfall intensity indicated that blocks received mostly rainfall with 

intensity in the range of 2-50 mm/ day. Extreme rainfall events such as 50-75 mm and 

more than 75 mm rainfall also occurred in a frequency of zero to three times in a year.  

 



23 

 

21.6

10.8
13.5

10.8

43.2

0

2

4

6

8

10

12

14

16

18

RF <500 mm 501-623 RF within 20%
deficit of NR

(623-730mm)

Normal RF
(731-827mm)

>828 mm

N
u

m
b

er
 o

f 
ye

ar
s 

Annual RF variation_Badnawar n=37

18.9
21.6

8.1
5.4

45.9

0

2

4

6

8

10

12

14

16

18

RF <500 mm 501-592 mm RF within 20%
deficit of NR

(592-699 mm)

Normal RF
(699-782 mm)

>782 mm

N
u

m
b

er
 o

f 
ye

ar
s

Annual RF variation _Sardarpur n=37

40.5

8.1 8.1

43.2

0

2

4

6

8

10

12

14

16

18

<20% of NRF (<475
mm)

Within 20% deficit
of NR 475-558 mm

NR 558- 630 mm >630

N
u

m
b

er
 o

f 
ye

ar
s

Annual RF variation _Manawar n=37

15
20

5

20

40

0

2

4

6

8

10

12

14

16

18

<500 >20%
deviation from
NRF (500-552

mm)

<20%
deviation from
NRF (552-640)

NRF (640-739) >739 mm

N
u

m
b

er
 o

f 
ye

ar
s

Annual RF variation_Nalcha n=20

0

200

400

600

800

1000

1200

1400

1600

Badnawar Sardarpur Kuchhi Manawar Dharmapuri Nalcha Bag Dahi Gandhwani Tirla Dhar

A
nn

ua
l r

ai
nf

al
l (

m
m

)

Max Min Average

Dhar: This district receives an annual rainfall of about 867 mm out of which 847 mm 

 

 

 

occur during monsoon season. In this district also, a lot of variation in total rainfall 

received during monsoon was noted.  Block-wise analysis for blocks where the 

adaptation interventions were implemented indicated not only inter-annual variation but 

also spatial variation for rainfall. Past 38 years data analysis indicated that mean rainfall 

ranged between 790-1440mm among 11 blocks in Dhar district. Minimum rainfall 

ranged between 150-410 mm, an indication of highly significant inter-annual variability. 

The analysis indicated that four blocks where interventions were implemented, had 

either very high rainfall years or dry years. In a 38 period, only 8% (in two blocks), 

13.5% and 20% of the years received normal rainfall. On the other hand 40-45% of the 
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years received rainfall in excess of normal, while 31-48% of the years faced moderate to 

severe deficit in rainfall. This indicates that the region is prone to severe drought stress 

as well as high frequency of excess rainfall years. Analysis on the rainfall intensity 

indicated that blocks received mostly rainfall with intensity in the range of 2-50 mm/ 

day. Extreme rainfall events such as 50-75 mm occurred about 3-4 times and over 75 

mm rainfall also occurred between no event to three times in a year. 

 

Ganjam: This district receives an annual rainfall of about 1150 mm out of which 1021 

mm occur during monsoon season.  In this district also, analysis of weather data for 

blocks where the adaptation interventions were implemented indicated not only inter- 

 

annual but also spatial variation for rainfall. Past 38 years data analysis indicated that 

mean rainfall ranged between 1042-1371mm among 22 blocks in Ganjam district. 

Minimum rainfall ranged between 316-859 mm. The rainfall data indicate that Ganjam 

district has high frequency of normal and above normal rainfall with occasional drought 

situation.  Four blocks had generally very high rainfall years but with occasional low 

rainfall years. Only in one block, rainfall gone below 500 mm in one year out of 38 

years period. In a 38 period, 34-45% of the years received rainfall in excess of normal, 

while 8-18% of the years received normal rainfall. 18-34% of the years received deficit 

rainfall within 20% of the normal rain. Since rainfall amount is high with high 

frequency of heavy rainfall years, the region is prone to floods. More analysis on flood 

risk is discussed later. Analysis on the rainfall intensity indicated that blocks received 

mostly rainfall with intensity in the range of 2-50 mm/ day. Extreme rainfall events such 

as 50-75 mm occurred on an average about 2-3 times and even up to 8 days in a year. 

Rainfall over 75 mm occurred between 1-5 events in year while over 100mm rainfall 

occurred in the frequency of 1-3 events in a year. All these indicate this region as fold 

prone, particularly due to regions topography as well as because of the presence of 

Rishikulya river.  
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Raigad: This district receives an annual rainfall of about 2968 mm bulk of which occurs 

during monsoon season (2939 mm).  Past 38 years data analysis indicated that mean 

rainfall ranged between 3100 -4700 mm among 4 blocks where the adaptation 

 

 

interventions were implemented. Minimum rainfall ranged between 529-1952 mm. The 

rainfall data indicate that Raigad district has high frequency of normal and above normal 

rainfall with rare drought situation.  Four blocks had generally very high rainfall years 

but with occasional low rainfall years, but all years had above 500mm of rainfall during 

past 38 years. During this period, 42.9-57% of the years received rainfall in excess of 

normal, while 14-28% of the years received normal rainfall. 14-28% of the years 

received deficit rainfall within 20% of the normal rain in three blocks, while on one 

block no such event occurred. Since rainfall amount is high with high frequency of 

heavy rainfall years, the region is prone to floods. Analysis on the rainfall intensity 

indicated that blocks received extreme rainfall events with a mean intensity of 170 mm. 

This region also receives rainfall intensity of 50-75mm/day in about 8 days every year. 

Rainfall over 75 mm occurred between 1-5 events in year while over 100mm rainfall 

occurred in the frequency of 1-3 events in a year, indicating some of the low lying areas 

as flood prone.  

 

 

Climate change projections 

 

Since block and district level analysis for climate change projection require high 

resolution data, the climate outputs of PRECIS (Providing Scenarios for Regional 

Impact Studies), a regional climate model, RCM) were used. The A1b emission scenario 

climate projections for 2030 (2010-2040) were used. These outputs are of 0.5x0.5
o
 

resolution. Before scenario projection, the climatology of different states, districts and 
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blocks was delineated from IMD observed gridded data of 1x1
o
 as well as the point data.  

The results are presented state- and district-wise as well as season-wise. 

 

Haryana (Mewat)-monsoon season: In Haryana, seasonal mean maximum temperatures 

ranged from 30-36.5
 o

C while mean minimum temperatures ranged from 20-25
o
C for 

monsoon (Kharif) season. In Mewat, these temperatures ranged between 34-35
o
C and 

24-25 
o
C, 

respectively. The 

rainfall during 

monsoon season 

varied from 300-

1000mm while 

Mewat received 

around 600-700 

mm.  

 

Climate change is 

projected to increase the monsoon season mean maximum temperatures by 1.2 to 1.9
o
C 

in 2030 (2020-2050) period in A1b scenario in   Haryana. Similarly seasonal mean 

minimum temperatures are projected increase between 1.6 and 1.9
 o

C. Rainfall during 

monsoon is projected to increase between 5-20% over the values presented for baseline. 

District-wise and season-wise changes in temperatures as well as rainfall are presented 

in Table 1. 

 

 

Winter season: The seasonal mean maximum temperatures ranged from 20.5-26.5
 o

C 

while mean minimum temperatures ranged from 7-10.5
o
C for winter (Rabi) season. In 

Mewat, these temperatures ranged between 25-26.5
o
C and 9-10.5 

o
C, respectively. The 

rainfall during winter 

season varied from 

30-140mm while 

Mewat received 

around 40-70 mm. 

Climate change is 

projected to increase 

the winter season 

mean maximum 

temperatures by 0.5 

to 1.4
o
C in 2030 
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(2020-2050) period in A1b scenario in   Haryana. Similarly seasonal mean minimum 

temperatures are projected increase between 1.9 and 2.3
 o

C. Rainfall during monsoon is 

projected to change between -5 and +35% over the baseline values. 

Madhya Pradesh (Dhar) - monsoon season: In Madhya Pradesh, seasonal mean 

maximum temperatures ranged from 30.5-35
 o

C while mean minimum temperatures 

ranged from 21.5-

24.5
o
C for monsoon 

(Kharif) season. In 

Dhar, these 

temperatures ranged 

between 32-32.5
o
C 

and 22-22.5 
o
C, 

respectively. The 

rainfall during 

monsoon season 

varied from 600-

1500mm while Dhar 

received ~700-800 mm.  

 

Climate change is projected to increase the monsoon season mean maximum 

temperatures by 1.1 to 1.9
o
C in 2030 (2020-2050) period in A1b scenario in Madhya 

Pradesh. Similarly seasonal mean minimum temperatures are projected increase between 

1.4 and 1.8
 o

C. Rainfall during monsoon is projected to increase between 0.5-30% over 

the baseline period values. 

 

Winter season: The seasonal mean maximum temperatures ranged from 26-31
 o

C while 

mean minimum temperatures ranged from 9.5-15.5
o
C during winter (Rabi) season in 

Madhya Pradesh. In Dhar, these temperatures ranged between 28.5-31
o
C and 12.5-15.5 

o
C, respectively. The rainfall during winter season varied from 20-120mm while Mewat 

received around 30-40 mm. Climate change is projected to increase the winter season 

mean maximum 

temperatures by 1.4-

2.2
o
C in 2030 (2020-

2050) period in A1b 

scenario in   Madhya 

Pradesh. Similarly 

seasonal mean 

minimum 

temperatures are 

projected increase 
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between 2.1 and 2.7
 o
C. Rainfall during monsoon is projected to change between -35 and 

+20% over the baseline values. 

 

Odisha (Ganjam) - monsoon season: In Odisha , seasonal mean maximum temperatures 

ranged from 31-32.5
 o

C while mean minimum temperatures ranged from 22.5-25
o
C for 

monsoon (Kharif) 

season. In Ganjam, 

these temperatures 

ranged between 31.5-

32.5
o
C and 24-24.5 

o
C, respectively. The 

rainfall during 

monsoon season 

varied from 800-

1400mm while 

Ganjam received 

~900-1200 mm. 

Climate change is projected to increase the monsoon season mean maximum 

temperatures by 1.1 to 1.5
o
C in 2030 (2020-2050) period in A1b scenario in Odisha . 

Similarly seasonal mean minimum temperatures are projected increase between 1.3 and 

1.6
 o

C. Rainfall during monsoon is projected to change between -0.5 to +20% over the 

baseline period values.  

 

Winter season: The 

seasonal mean 

maximum 

temperatures ranged 

from 27.5-30
 o

C 

while mean minimum 

temperatures ranged 

from 13-20
o
C during 

winter (Rabi) season 

in Odisha. In Ganjam, 

these temperatures 

ranged between 29-30
o
C and 16-18

o
C, respectively. The rainfall during winter season 

varied from 30-150mm while Ganjam received around 100-150 mm. Climate change is 

projected to increase the winter season mean maximum temperatures by 1.7-2.4
o
C in 

2030 (2020-2050) period in A1b scenario in Odisha . Similarly seasonal mean minimum 

temperatures are projected increase between 1.4 and 2.0
 o

C. Rainfall during monsoon is 

projected to change between -25 and +15% over the baseline values. 
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Table1: The characterization of climatic risks in past and projections in four districts. 

Type of climatic 

risk /District 

(State) 

Mewat 

(Haryana) 

Dhar 

(Madhya 

Pradesh) 

Ganjam 

(Odisha 

) 

Raigadh 

(Maharastra) 

Droughts in last 

105 years 

(M=Moderate; 

S= Severe) 

18 M, 8 S 21 M, 3 S 5 M, 

1S 

(12 M, 1S) 

 Kharif Rabi Kharif Rabi Kharif Rabi Kharif Rabi 

Temperature 

increase in past 

40 years  

Tmin (
o
C/10 yr) 

Tmax (
o
C/10 yr) 

 

0.18 

-0.003 

0.47 

-0.12 

 

0.07 

0.001 

0.1 

0.17 

 

-0.10 

-0.07 

0.13 

0.13 

 

0.04 

0.12 

0.08 

0.26 

Past change in 

rainfall (%) 

583 

-1 

43.9 

32 

858 

-19 

28 

-54% 

1097 

7 

120 

16% 

2546 

6 

20mm 

-70% 

Future (2020-

2050 scenario) 

change in 

temperature 

T min (
o
C) 

T max (
o
C) 

 

1.87 

1.69 

2.16 

1.2 

 

1.7 

1.41 

2.73 

2.13 

 

1.49 

1.35 

2.3 

2.06 

 

1.57 

1.6 

2.47 

1.99 

Future (2020 -

2050 scenario) 

change in 

rainfall (%)  

6 9 17 -22 6.5 -9.5 6  No change 

Overall climatic 

risks 

T-Temp. stress 

D-droughts 

F- Floods 

WL- Water 

logging 

T  and 

D 

T T  

and 

D 

T F and 

WL 

T F and 

WL 

 

Major cropping 

system 

Millets/ pulses 

vegetables/ 

fodder 

sorghum- 

Wheat/mustard 

Soybean-

Wheat/chickpea 

Rice/ 

pulses 

Rice/pulses/millets 
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Analysis of the outputs of the Regional Climate Model –PRECIS for 2030 (2020-2050) 

scenario, indicated that the climate in these distracts is likely to be even warmer, 

particularly during rabi season. Seasonal mean minimum temperatures during kharif are 

likely to increase in the range of 1.49 to 1.87 
o
C with higher increase in Dhar and Mewat 

districts. Mean seasonal minimum temperatures during rabi season are projected to rise 

in the range of 2.16 to 2.73
 o

C. The mean seasonal maximum temperatures during kharif 

season are projected to rise in the range of 1.35 to 1.69
 o
C while during Rabi the increase 

is projected in the range of 1.2 to 2.13
 o

C.  The kharif rainfall is projected to increase 

marginally in Mewat and Raigad districts and substantially in Ganjam district. The rabi 

seasonal rainfall is projected to reduce in Dhar and Ganjam districts.  

 

Climatic extremes analysis projections 

 

Temperature extremes 

The temperature extremes were worked out for four districts at by analyzing the data 

from 1969 onwards. Results indicated that in Mewat had heat waves with temperatures 

above 40
o
C during monsoon season. During winter season, a significant decreasing 

trend in days below 5 as well as 10 
o
C. In Dhar, days with more than 30

o
C during 

monsoon as well as winter season. During winter days with more than 30 
o
C also shown 

an increasing trend while days with less than 10 
o
C have been decreasing. 

Similar analysis for Ganjam indicated occurrence of heat waves with temperatures 

above 40 
o
C during monsoon season. During winter season, the days with temperatures 

above 30
 o

C found to increase. In Raigad, a significant increase in days with 

temperatures above 30
o
C has been increasing during both monsoon as well as winter 

season. Temperatures above 35 
o
C also have been increasing, particularly during winter 

season. 

 

Adaptation framework for livelihood resilient to climatic risks 

As mentioned above these districts are prone to climatic risks which are projected to 

increase in future. Therefore, this project dealt with the livelihood security of the rural 

communities through adaptation to climatic risks. As these are primarily agrarian 

communities interventions were based on 1) crops and their management, 2) livestock 3) 

value addition, 4) developing/improving secondary skills, 5) improving the community 

natural resource management 6) improving the line-department and local institutional 

linkage 7) improving awareness and ‘know how’ on various aspects of agriculture 8) 
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improving ‘do how’ on crop management, natural resource management 9) knowledge 

empowerment of the farmer through information and 10) development of human 

resource at village level for sustaining the intervention impacts. All these are aimed to 

minimize the climatic risks 

For doing all above mentioned activities, rural communities also were involved thus it is 

a participatory adaptation strategy development. Apart from rural communities and 

other stakeholders, a systematic scientific analysis was carried out on climatic risk 

related impacts on crops and derivation of adaptation options for reducing the climatic 

stressed on crop yields. This was done using the simulation analysis. For this InfoCrop, 

a generic crop model developed at the Division of Environmental Sciences, Indian 

Agricultural Research Institute, New Delhi was used. This model was first release in 

2006 and subsequently updated and these updated models are used for this analysis.  
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Climate change adaptation has two components. 1) Adaptation to mean climatic change 

2) Adaptation to immediate short-term extreme weather events. Impacts and gains due 

to potential adaptation options to mean climate change are simulated using the crop 

simulation model with climate data inputs from a regional climate models (RCM). The 

potential adaptation options such as change in variety and improved input use efficiency 

through resource management are being implemented in the project area.  The short-

term climatic risks such as droughts and floods, extreme temperature events are 

envisaged to be managed using the weather forecast and crop condition for providing 

the contingency plans and for providing the management options.  The adaptation 

strategy framework (Fig 2) being followed is holistic and integrated one for ensuring the 

resilience of livelihood to climatic risks. 

  



33 

 

As mentioned above, to reduce the climatic risks in these areas, a multi-pronged strategy 

was developed and implemented not only for crops but also for livestock, as well as 

other on-farm, off-farm as well as non-farm interventions. To identify suitable 

adaptation interventions for crops, major crops such as wheat, mustard, soybean and 

maize for Mewat and Dhar were chosen as they are the predominant crops in these 

districts. In Ganjam and Raigad, rice is the major crop. Analysis is done for all these 

crops for respective districts.  

For simulation analysis using the crop simulation model InfoCrop, data on soil, weather 

of past 30 years, varietal coefficients and crop management details such as sowing time, 

organic matter, nitrogen and irrigation amount and application etc. were used. For 

simulating the adaptation options, all the combinations were developed using the above 

parameters with alternative varieties, management were used with past as well projected 

climatic conditions. This provided array of adaptation options. Summary of results for 

wheat, rice, maize and soybean. These results indicate that simple but critical changes in 

crop management as well as growing improved varieties can significantly improve the 

yields. For instance, whet yields can be improved with change in variety which is of 

short-duration and with temperature tolerance. Change in sowing time is found to be an 

important and most significant crop management option for improving wheat yield. 

Combining these with better management (timely application of nitrogen and irrigation) 

can significantly improve the yields in Mewat and Dhar districts. Similar analysis is 

done for crops such as rice and maize. 
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Since crop management significantly varies in a village even for a single crop. To 

capture the variability in the potential impacts of climate change and adaptation gains 

in villages, 2000 different management combinations along with varietal variations 

were input into the model for simulating the impact of climate change. For instance, 

wheat yield significantly decreased when growing season mean maximum and 

minimum temperatures increased from 28.4 to 29.7
o
C and 13.6 to 16

o
C, respectively. 

In this scenario, temperature stress seems to be predominating the management 

variations. Thus, high yielding farms may stand big losers than low yielding farms due 

to temperature stress. However, by changing sowing time and adopting a short 

duration verity, the seasonal mean maximum and temperatures in the range of 26.7-

28.4 
o
C and 11.4-12.5, respectively. In this case, variability due to management has 

predominated the temperature effects. Better management farms gain more than the 

poorly managed farms. Thus this analysis highlights the importance of changing 

variety, change in sowing time as well as improved management.  Similar analysis 
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was done for soybean with reference to change in rainfall. Based in these analysis 

several new verities along with combination of crop management interventions were 

planned to be implemented in the villages. 
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Objective 2: Development of drought indices to facilitate Early Warning System 

(EWS) for Drought 

 

Historical climate 
data (Rainfall, 
Temperature etc.)

Satellite data

Computation of 
conventional Drought 
indices (SPI, PDSI, MAI 
etc)

Computation of Remote 
Sensing based Drought 
Indicators

Evaluation of Indicators  
and integration for 

developing composite 
indicator for Drought 

monitoring 

Rainfall Forecast 

Assessment of Soil 
Moisture and Regional 
Water Requirement Development  of 

Adaptive early warning 
system for drought based 

on Rainfall forecast

•Evaluation of 

Drought 
Management 
Alternatives
•Drought 
Mitigation 
Strategy 

Input Analytical Framework Decision Framework

Soil and Crop data

Socio-economic  Data

Fig. 2: Flow Diagram for development of an adaptive early warning system 

for drought monitoring

IMD Forecast ITK indicators 

 

 

Drought Monitoring and Early Warning 

 

One of the direct major impacts on agriculture due to climate change/variability is the 

drought. About of 68% of net sown area ( i.e. 140 million hectares) of India  is reported 

to be vulnerable to drought conditions and about 50% of such vulnerable area is 

classified as ‘severe’, where frequency of drought is almost regular.  In case of Indian 

sub-continent, drought appears mainly due to irregularities of summer monsoon. Unlike 

the other hazards, the impact of drought is non-structural making it difficult to measure 

the actual intensity of the hazard from societal aspect. Drought has a multifaceted 

impact ranging from environment of a region to its economy and the magnitude may 

vary with ecosystems. The Indian subcontinent witnessed drought with huge crop loss in 

several years. Frequent occurrence of drought affects human as well livestock 

population of an area keeping the growth of economy suppressed. The effect becomes 

more intensive over the underprivileged parts of country where droughts emerge as a 

curse to the people dependent upon agriculture or livestock. Thepresent study aims to 

monitor the spatio- temporal extension of drought using different drought indices and 

attempt to use them further for drought early warning in such four underprivileged 

districts of India i.e. Mewat of Haryana and Dhar of Madhya Pradesh, Ganjam of 

Odisha and Raigad of Maharashtra state of India. 
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Challenges, Opportunities and Methodology adopted 

However, it is practically difficult to detect the emergence of drought compared to other 

natural hazards because of its slow-onset and non-structural impacts (Wilhite 1992) and 

especially if there is inadequate and real time data availability of weather as well as 

vegetation of the area. Now-a-days, hyper-temporal vegetation data from several sensors 

are available. But in-situ precipitation data from sparsely distributed stations hinders the 

drought study while mapping spatial pattern of drought. The monthly rainfall data from 

Global Precipitation Climatology Center (GPCC) available in 0.5, 1.0 and 2.5 degree 

grid cell format has been successfully used by several international organizations (Water 

Resource Assessment by UNESCO, WMO; Near Real-time Drought Monitoring by 

UNEP, FAO etc.) and it is being popular recent days instead of in-situ rain gauge data. 

The GPCC product is reasonably reliable (Mc-Collum et al. 2000) and there is 

remarkably similarity between GPCC and in-situ rain gauge dataset rather than satellite 

based TRMM dataset (Nicholson et al. 2003). Average monthly rainfall data at 0.5 

degree interval was collected from GPCC (Full Data Reanalysis Product of latest 

version, VER 6) for a period from 1950 to 2011 and was used in the presen study for 

developing drought indices. 

 

Ground water level anomaly has been used as one of the indicators for hydrological 

drought. In order to analyse the anomaly in ground-water level, in the present study. The 

ground-water level data of 77 observation wells of Mewat, Haryana  and Dhar, MP 

during pre and post monsoon season of the period from 2001 to 2010 was collected from 

the Ground Water Cell, Central Groundwater Board. Standardized Water level Index 

(SWI) was computed to evaluate for drought monitoring.  

 

One of the major constraints using remote sensing techniques for drought monitoring is 

cloud and noise free data availability during kharif and tropical regions like India. 

Alternate to non- availability of high and moderate resolution satellite data, present 

study attempted to use 10 days composite products of SPOT VGT though resolution was 

coarse. Composite data products from high temporal resolution satellite data products 

has been found better for monitoring surface vegetation dynamics and condition 

monitoring.Multi-temporal 10-day composite NDVI product of SPOT VGT was 

collected for six months (June to November) over a period of 15 years (1998-2012). The 

atmospherically, geometrically, and radio-metrically corrected images have a spatial 

resolution of approximately 1 sq. km and the 10 day composite product referred to 1st-

10th, 11th-20th and 21st to the last day of a month.  Temporal data products were 

further pre-processed for further cleaning of remaining atmospheric noises and 

improving its quality and all the images were converted to NDVI value ranging from +1 

to -1. The agricultural area was masked from all the images using land use land cover 

map of India prepared by Agrawal et al (2003).  
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Since drought is a part of climate (Wilhite1992), it is inevitable but the adverse effect of 

drought can be reduced by timely monitoring and early warning. Drought mitigation is 

entirely depended upon timely reliable information regarding emergence, intensity and 

duration of drought that may useful for decision makers to taking necessary steps. 

Hardly there is any protocol available for drought early warning except timely available 

of drought information like US Drought Monitor by NDMC (National Drought 

Monitoring Centre, Lincoln, NE, USA). An attempt was made in the present study to 

develop short term drought prediction using remote sensing derived drought indices.  

 

Accomplishments in development of drought indices 

Agricultural Drought Dynamics through Remote Sensing Derived index 

Remote Sensing derived vegetation index, Normalized Difference Vegetation Index 

(NDVI) is a good indicator of green biomass, leaf area index, and pattern of production. 

The temporal profile of NDVI over 12 years for a particular date for example 11
th

 

August as indicated in Fig 1  shows a distinct difference in different years. Variation of 

NDVI indicates directly crop condition and effect on drought on vegetation. There is a 

dip in NDVI value in the year 2008 in Dhar, Raigad and Ganjam district and in the year 

2002 in Mewat (Fig.1) and these years were drought years for these sites respectively. 

The dips in temporal profile of NDVI indicate unhealthy or stressed vegetation in those 

years. In the year, 2008, NDVI reached below 0.3 in Dhar, while it was greater than 0.45 

in remaining years. The NDVI was below 0.4 in the year 2002 in Mewat but it was 

above 0.5 in most of the years. Although the average NDVI of Raigad and Ganjam were 

better in overall years of the study period, a significantly low NDVI was observed in the 

year 2008. However, the onset, duration and frequency of agricultural drought cannot be 

identified solely through the temporal NDVI. 
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Figure 1: Temporal Profile of NDVI of four districts under study 

 

The temporal pattern of NDVI (Fig. 2) over the years 1998 to 2010 reveals that 

vegetation of Mewat was under stress during the year 2002. It is evident that both peak 

of NDVI and duration of crop growth was reduced during the year 2002 comparatively 

than other years. A shift in NDVI temporal curve clearly indicates a delay in crop 

growth that may be resulted from delay in monsoon. 

 

Figure 2: Temporal pattern of Kharif season NDVI in Mewat (1998 - 2010) 
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The seasonal and cumulative NDVI pattern (Fig. 3) during crop growing period was 

significantly different in the year 2002, 2007 and 2008 in both Dhar and Mewat. Since 

the date of sowing mostly depends upon the arrival of monsoon, the NDVI profile shifts 

accordingly. It is evident from the seasonal and cumulative NDVI profile (Fig. 3) of 

both areas that the date of sowing was relatively delayed in the year 2002 and 2008. 

Also, the NDVI during crop growing stage was found decreased in the year 2002 in both 

areas revealing a stressed vegetation condition over there. The NDVI profile of the year 

2008 was comparatively higher in Mewat than Dhar where the profile has shifted as a 

consequence of delayed sowing. The delay in the growing season and reduced NDVI as 

observed from satellite imageries indicates drought related vegetation stress conditions 

to be responsible for both delaying and shortening the growing season. However, the 

onset, duration and frequency of agricultural drought cannot be identified solely through 

the NDVI since NDVI represents not only the climatic factors but also the ecological 

components like soil, topography, vegetation type etc. Occurrence of drought is directly 

related to amount of precipitation received that determines the vegetation health as well 

as level of reservoir, groundwater and surface water. The impact of weather component 

on vegetation may not be same in every ecosystem rather it varies largely with different 

ecosystem. For example a shortfall of precipitation can sharply decrease NDVI of 

semiarid region but it may not have significant effect on vegetation of a humid 

ecosystem. So, NDVI is not capable to identify the weather component reflected by 

green vegetation while Vegetation Condition Index (VCI) derived from long term NDVI 

data can be used to estimate the effect of weather on vegetation. 
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Figure 3: Seasonal (a) and cumulative (b & c) NDVI in Drought (2002, 2008) and 

Normal Year (2007) in Dhar (left) and Mewat (right) 

 

Agricultural Drought Monitoring through Vegetation Condition Index (VCI) 

In order to retrieve the temporal pattern of agricultural drought during the study period, 

average VCI (August) of Dhar, Mewat, Ganjam and Raigad (Fig. 4) was calculated  and 

VCI image was prepared. Based on VCI values drought severity could be classified as 

(i) Severe with VCI value less than 35 %, (ii) moderate with VCI range from 35 to 50 % 

and (iii) severe with VCI above 50 % and estimates in percentage of total area for all the 

four study sites are indicated in Fig 4. Average VCI value shows a remarkable reduction 

of VCI value in the year 2008 over Dhar, Ganjam and Raigad and in 2002 over Mewat. 

Since peak season of growth occurs during the month August (Fig. 3), it was taken into 

account for identifying drought related vegetation stress in kharif season. The average 

VCI of Mewat reached almost zero in the year 2002 indicating occurrence of a severe 

drought whereas a normal condition prevailed in most of the years. The VCI of Mewat 

was closer to 100 in the year 2007 shows above normal condition over there. Unlike 

Mewat, Dhar, Ganjam and Raigad experienced severe drought in the year 2008 when 

average VCI of August reached below 10. The vegetation condition over Dhar was not 

stressed in other years as much as the year 2008. VCI value above 50 indicates a normal 

condition for crop growth; however, VCI greater than 60 indicates ideal condition for 

crop growth. It is also noteworthy that unlike NDVI, seasonal VCI does not follow any 

continuous seasonal pattern as VCI of a particular month solely depends upon the 

deviation of NDVI from long term average of that particular month. Temporal VCI 

image revealed the spatio-temporal extent of the drought in all the four study sites. 
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Figure 4: Average VCI of Mewat, Dhar, Ganjam and Raigad during August month 

in different years (1998-2010) 

 

The Spatio-Temporal Extension of Agricultural Drought 

The spatio-temporal extension of agricultural drought has been assessed through 

Vegetation Condition Index (VCI) and the images of VCI were further classified to 

monitor the severity of drought. It is evident from the classified images of VCI (Fig.5) 

that about 75.4% of agricultural area of Dhar was under severe drought condition on 11
th

 

August, 2008.  This drought persisted up to mid of September following a normal 

condition from 3
rd

 week of September. While there was a normal condition prevailed 

throughout the kharif season of 2007 except in north east part of Dhar where vegetation 

stress observed from 11
th

 of September. Moderate to severe agricultural drought 

occurred during the kharif season of 2002 in some dispersed locations of Dhar. 
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Figure 5: Vegetation Condition in drought (2002, 2008) and non-drought year 

(2007) in Dhar district, MP 

 

While Dhar had suffered severe drought condition during monsoon season of 2008, 

Mewat enjoyed a stress free crop growth during that time. The peak growth season VCI 

of the year 2008 was above 35 over the district (Fig. 6) indicating a drought free 

situation over there. Although some small pockets in the northern part of Mewat 

experienced moderate to severe drought condition in the year 2007, most of the 

agricultural area of Mewat was under normal condition during the year. The VCI was 

found less than 35 in all over the district during the kharif season of 2002 indicating the 

emergence of a severe agricultural drought over there. The whole agricultural area of 

Mewat suffered stress and declining vegetation health followed by crop loss during that 

season. The area had recovered severe drought condition slowly after September as the 

spatial coverage of severe drought decreased with time.  
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Figure 6: Vegetation Condition in drought (2002, 2008) and non-drought year 

(2007) in Mewat, Haryana 

 

Most of the agricultural area of Ganjam was also under severe drought condition during 

the year, 2008 (Fig.7). In the year 2002 and 2007, moderate to severe drought condition 

persisted in some small parts of the district. However, the vegetation was normal in most 

of areas during the year 2007.The VCI images of Ganjam reveal that a large area had 

experienced severe drought during the year 2008. Although, there was a normal 

vegetation condition in most of the areas during 2007, severe drought occurred in 

September and it expanded over a large area on 21
st
 September. In the year 2002, 

vegetation condition was normal in most of the areas of Ganjam. Similarly, Temporal 

VCI images indicates drought severity in Raigad of Maharasthra during 2008 as seen in 

Figure 8.  
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Figure 7: Vegetation Condition in drought (2002, 2008) and non-drought year 

(2007) in Ganjam, Odisha 

 

Since remote sensing based vegetation indices are reliable indicator of vegetation health, 

these indices have widely used for predicting yield of major crops. The real time crop 

monitoring can provide information on status of crop health while vegetation indices 

like VCI can identify the vegetation condition at a normalized scale based on long term 

images of NDVI. If the VCI values are found greater than 50, then no measures are 

needed for increasing crop yield as VCI greater than 50 indicates normal condition. The 

VCI value less than 50 indicates a drought related crop stress followed by crop loss with 

declining yield. In that case, sufficient measures are required to prevent the adverse 

effects of drought and the decision makers as well farmers should take necessary steps 

in order to sustain the normal yield of that area. So, real time remote sensing based 

images and vegetation indices has become very useful parameters for early warning of 

agricultural drought and reducing the chances of huge crop loss as well. 
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Figure 8: Vegetation Condition in drought (2002, 2008) and non-drought year 

(2007) in Raigad, Maharastra 

 

Monitoring Temporal Pattern of Meteorological Drought through SPI 

The Standardized Precipitation Index (SPI) is a robust index for meteorological drought 

monitoringand calculated by fitting the time series of cumulated precipitation. SPI has 

the advantages of being easily calculated, having modest data requirements, and being 

independent of the magnitude of mean rainfall and hence comparable over a range of 

climatic zones. SPI calculation is based on the fact that precipitation does not follow 

normal distribution. It is first fitted into a probability distribution commonly a gamma 

distribution then it is transformed into a normal distribution, which, by definition has 

zero mean and unit variance. Positive SPI values show greater than median 

precipitation, and negative values show less than median precipitation. The above 

classification system helps to define the onset and ending of a drought phenomenon. The 

monthly precipitation data from the year 1950 to 2011 at 0.5 degree interval were used 

for the study.It is evident from the temporal graphs of SPI (Fig. 9 a & b) that moderate 

dry condition with SPI values ranging from 1 to 1.49 found many times during the study 

period. It is also noteworthy that extreme dry condition with SPI greater than 2 can be 

observed only in few years and the duration of dry spell has significantly increased with 

increasing timescale of SPI. 
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Figure 1: Multi-scale SPI computed for a period from 1998 to 2010 for (a) Mewat 

and (b) Dhar 

It can be observed from the SPI graphs of Mewat (Fig. 9a) that severe dry condition 

with prolonged dry spell prevailed during the year 2002. The SPI values of this year 

were less than -2 for all timescale denoting occurrence of an extreme dry condition over 

there. Moderate to extreme dry condition can be observed in longer timescale in the year 

2008, 2009 and 2010. However, drought condition resulted from precipitation deficit is 

not detectable in short timescale during those years. The prolonged dry spells of those 

years as detected from SPI with longer timescale of 6, 9 and 12 indicates that those dry 

spells is not resulted from rainfall of past few months rather it is resulted from 

cumulative rainfall of past six to twelve months. Unlike Mewat, Dhar was not affected 

by dry spell during the year 2002 (Fig. 9b). It can be seen that Dhar experienced severe 

to extreme dry condition during the month of August, 2001. This regional disparity 

occurred due to spatio-temporal variation of monsoonal rainfall over different parts of 

India. A prolonged dry spell with moderate to extreme intensity prevailed during the 

year 2008 indicating occurrence of a drought condition with longer duration over there. 

 

Standardized Water level Index as a Hydrological Drought Indicator 

The Standardized Water level Index (SWI) is a popular hydrological drought indicator 

for monitoring anomaly of ground water level as a correspondent of aquifer- stress. It is 

computed by normalizing seasonal ground-water level; dividing difference between the 
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seasonal water level and its long term seasonal mean, by standard deviation. Based 

ground water data for pre and post monsoon during 1998 to 2001, SWI map was 

prepared (Fig 10) and drought mapping was done. However, Indices for meteorological 

and hydrological and agricultural drought were evaluated for their suitability and 

integration. 

 

Figure 10. Drought severity map of Dhar, MP based on SWI computed for pre and 

post monsoon period during 1998 to 2001 

 

Evaluation of Different Drought Indicators 

Remote sensing derived VCI for agricultural drought, SPI for meteorological drought 

and SWI for hydrological drought were evaluated. It is worth emphasizing that the 

results of both VCI and SPI indicate an event of drought in the year 2002 in Mewat (Fig. 

11). It may be further noted that the year of meteorological drought as observed in SPI 

graphs is also in good agreement with the values of VCI. Since vegetation vigor is 

largely dependent upon availability of water, the VCI and SPI are positively correlated 

with each other. The correlation coefficient between VCI and SPI was found to be 

region specific and varies with timescale. The best correlation was obtained between 

VCI and SPI (r = 0.55) in Dhar and between VCI and SPI (r = 0.74) in Mewat. Although 

a good agreement found between VCI and SPI during severe drought years, they were 

not matched in years of moderate drought (Fig 12). It reveals that though amount of 

precipitation is the predominant factor of agricultural drought, vegetation condition may 

not be stressed due to lack of precipitation. Thus, correlation between SPI and VCI 

varies spatially as well temporally according to the ecological characteristics of the area. 
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It is also noteworthy that correlation of VCI with 1 month SPI was found weak (Fig. 11) 

while it was moderate in case of correlation between VCI and SPI 3, 6 and 9. Because, 

vegetation is not sensitive with current month rainfall rather there is a lag effect between 

vegetation health and precipitation.The impact of precipitation on vegetation does not 

occur instantaneously, but is cumulative. In most cases, precipitation occurring in 1 

month does not strongly affect vegetation in that month, but the response is notable over 

periods longer than 1 month. SPI with timescale three was chosen for the present study 

as it incorporates cumulated rainfall of past three months and thus could be observed 

indicating the impact of rainfall on vegetation. 

 

Figure 2: Correlation Coefficient between VCI and Multi-scale SPI 

 

While comparing the impact of hydrological drought indicator SWI on vegetation (Fig. 

12), it was observed that the pre-monsoon SWI is not responsible for kharif season 

agricultural drought. It was also found that hydrological drought may not correspond to 

agricultural drought in most of the years. On the contrary, values of post monsoon SWI 

revealing occurrence of moderate to severe hydrological drought during the year 2002 

and no drought in the year 2003. However, there is an increasing tendency in both pre 

and post monsoon SWI indicating a gradual increase in aquifer-stress over the region. 

This increasing trend of SWI cannot be explained by rainfall alone, it may be caused due 

to massive exploitation of groundwater along with static rate of ground water recharge. 
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Figure 3: Comparative Analysis of Meteorological, Agricultural and Hydrological 

Drought Indices 

 

Drought Early Warning based on Remote Sensing derived drought Index 

Since the uncertainty and scarcity of required rainfall data hinders the drought early 

warning system, intra seasonal NDVI data with high temporal resolution can be used for 

effective short term forecast of drought. A prediction model was developed for 

projecting NDVI and predicting agricultural drought at least ten days prior. These 

models are based on cumulative NDVI of rain fed season and the multi-temporal 

satellite derived NDVI data for a period of fifteen years (1998-2012).Remote Sensing 

derived drought index, VCI was further used for developing drought early warning. 

Prediction model development and validation for drought early warning was done on a 

drought event year i.e. 2008.Cumulative NDVI of 2008 and Cumulative of long term 

average NDVI were compared for knowing which is drought year  and how severe and 

how long. Prediction model was developed for generating NDVI for September and 

October months and followed by developing drought index VCI for drought early 

warning and validation was done based on observed VCI.  Relative deviation between 

actual and predicted NDVI ((Fig13)  revealed that (i) the prediction is better for nearest 

date (1st sept)  from the day of last observation (21st Aug)  and is getting poorer when 

we look for 20th, 30th, 40th, 50th & 60th day. and (ii) predictability was better in 

Mewat and Ganjam (more red color Relative deviation is minimum , -0.2 to 0.2), good 

in Raigad (more mixer of all classes of relative deviation) , but poor in Dhar  (more blue 

indicating large value in relative deviation i.e 0.6-0.8). Possible reason is the effect of 

ecosystem it belongs. Mewat and Ganjam are rain fed, Dhar partly rain fed and partly 

irrigated and may be same at Raigad as of Dhar. Prediction model worked very well for 

rain fed areas and poor for irrigated system. It is also noteworthy that areas with 

irrigation facilities are not suitable for the model as remarkable difference was observed 

between the predicted and actual NDVI in the states with irrigation facilities, i.e. Punjab 

and Haryana. The predicted NDVI was tested for Vegetation Condition Index, a well 
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established index for monitoring agricultural drought and revealed that estimated area 

under severe drought was about 76.68 percent while it was actually 60.69 percent in the 

year 2008.   

 

 

 

Fig. 13. Evaluation of prediction model for Drought early warning at different time 

scale using relative deviation map 

 

Conclusions 

 It was found from the time series images of NDVI that temporal profile of NDVI 

does not follow similar pattern during the kharif season of different years. 

Thereby cannot be used alone as drought indicator 

 The spatio-temporal analysis of Vegetation Condition Index (VCI) confirms that 

severe agricultural drought emerged during the kharif season of 2002 and 2008 

in Mewat and Dhar, Ganjam and Raigad districts respectively. However, 
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moderate to severe drought has occurred many times in several pockets of these 

districts.  

 The multi-scale SPI were correlated with peak growing season NDVI and it was 

found that correlation coefficient (r) varies with different timescale of SPI. The 

correlation between VCI and SPI 1 was found significantly low which indicates 

that NDVI of peak growth season does not depends upon rainfall of current 

month; rather it is a result of cumulative rainfall of past months. The VCI was 

highly correlated with SPI 9 for Dhar and SPI 3 for Mewat revealing VCI 

response to rainfall is quite slow in Dhar whereas it is relatively faster in Mewat. 

Although there is an overall good agreement between VCI and multi-scale SPI of 

the study area, they have not matched in all years. In spite of negative SPI with 

intensity less than or equal -1.5, there was no evidence of agricultural drought in 

some years. The impact upon vegetation has observed only during the years with 

high negative intensity of SPI. It reveals that though amount of precipitation is 

the predominant factor of agricultural drought, vegetation condition may not be 

stressed due to lack of precipitation. Thus, correlation between SPI and VCI 

varies spatially as well temporally according to the ecological characteristics of 

the area.  

 While comparing VCI with pre and post monsoon SWI, it was found that 

agricultural drought does not correspond to hydrological drought in most of the 

years. There is an increasing trend of pre and post monsoon SWI indicating the 

lack of balance between groundwater recharge and discharge which may be 

caused by over-exploitation of ground water. Although the years with distinct 

agricultural drought agrees with the meteorological drought years, it does not 

correspond with hydrological drought in most of the years.  

 However, long term NDVI data and VCI based on real time satellite data could 

be used for short term drought prediction for early warning and was working 

better in rain fed condition. This can further be improved with other parameters 

like soil moisture and rainfall for developing composite drought index for more 

reliable drought prediction irrespective of the eco-regions.  

 This short term drought prediction model can be used for rain fed region  and 

would be very informative to be a part of agro-advisory for a region for 

contingent planning and overall can be helpful for policy makers to reduce the 

adverse impact of drought. 
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Objective 3: Develop community based sustainable rural livelihoods strategies to 

minimize adverse climatic impact in droughts as well as floods prone vulnerable 

districts 

 

The broader objective of the community based initiatives was to enhance the adaptive 

potential of the individuals, households, communities that are vulnerable within 

villages/clusters in particular, and societies in general in selected vulnerable districts. It 

was a community-driven approach to adaptation rather than a typical ‘top-down’ pilot 

project. 

 

After modest initiation discussion with the small individual groups, when the 

researchers, extension experts from the project along with the state department officials 

made them aware of the climate change explained a community’s ability to access and 

interpret climate information that is relevant to their context across different timescales, 

and communities identify their adaptation needs and priorities, secure resources and take 

action that complements top-down planning and programme implementation. 

 

With the objectives of developing community based sustainable rural livelihoods 

strategies to minimize adverse climatic impact in droughts as well as floods prone 

vulnerable districts, current initiative on climate change adaptation interventions and 

capacity building of the stakeholders on strategies for alternate livelihoods in future 

climate change was undertaken.  The project had made action based interventions in 

both drought and flood prone districts to combat with related climatic risks. This section 

of report outlines NAIP (SRLS – Comp.3) climate change adaptation project (World 

Bank- GEF fund), from the initial planning through to the adaptation action plan. 

Climate change adaptation in project areas involved identifying potential climate change 

impacts in agriculture and livelihood of the community, engaging the community to 

choose priority impact areas, assessing local vulnerabilities and risks, and developing a 

preparedness action plan, lesson learnt initiatives.  

 

The CCA project approach was based on insight of people’s existing assets, knowledge 

and technologies and taking in to account the micro-planning, local adaptive strategies, 

and of understanding the effect of political, institutional policy on people’s capacities to 

achieve their goal of livelihood securities. Based on identification of issues,  by linking 

cross-sectoral team with local government and CBOs,  appropriate technologies has 

been identified and its demonstrations has been conducted in people fields, which in turn 

resulted as  acquisition of skill for achievement of sustainable livelihood as outcome. 

For example, in  drought prone districts, the crop based interventions included improved 

and tolerant varieties of selected crops such as wheat, mustard, chickpea, soybean, 

maize, fodder sorghum, pearl millet, pigeon pea, paddy etc.; agriculture diversification 
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including backyard vegetable /vegetable cultivation, and fruit plantation, and practices 

for IPM (pheromone traps, seed treatments etc.) and INM initiatives. Shade net based 

nursery raising and vegetable cultivation were also being promoted. Crop diversification 

had also its own relevancy to cope up with climate risk, because through it we can attain 

many objectives like natural resource sustainability, household food/nutrient security, 

local/regional employment generation, income enhancement,  reduction in risk (mono 

cropping- high risk) and for ecological balance. NRM interventions like development 

and/ or rejuvenation of small scale water resources like WHS, nala-bund, pond 

renovation and deepening of open wells. While interventions like laser leveling, 

underground pipeline, irrigation with drip/ sprinkler/ rain gun systems were introduced 

to improve use efficiency of different resources. Under animal health interventions 

periodic de-worming to reduce calf mortality; vaccination; mineral mixture and dietary 

supplements, multi-cut fodder crops were demonstrated. For enhancement of adaptive 

capacity of farmers and rural women, capacity building interventions in agro-processing, 

value addition to fruits and vegetables and stitching and tailoring have been taken up.  

Beside all these interventions, for quick accessibility to need-based and quality 

information not only the acquisition of agricultural inputs, application of right 

technology and attainment of higher production and profitable marketing of produce but 

also the early warning system and speedy communication of contingency technological 

options, knowledge based extension application, using mobile technology and  kiosk 

had also been developed and promoted in the project districts. 

 

Adaptation technologies for Drought Prone Area  

(Dis-advantageous districts of Mewat, Haryana and Dhar, Madhya Pradesh) 

 

Agronomic adaptation strategies - Crop Based  

 

Demonstrations of climate change adaptation strategies were one of the main focus of 

the project interventions. The crop-based interventions initiatives wereintroducedin the 

project clusters, such as high temperature and drought tolerant varietiesof crop(s), crop 

diversification to alleviate climate change risk, horticultural and farm forestry 

intervention, integrating farming systems for small and marginal farmersandintroduction 

of RCTs for increased resources and energy use efficiency while maintaining 

sustainable food and livelihood security. Based on climatic risk in the regions and 

appropriate interventions to meet with the adverse conditions has been given below: 

 
. 
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Climatic Risk Interventions 

Pre Monsoon/Monsoon/ Post 

Monsoon 

 

Rainfall uncertainty and uneven 

distribution 

Stress (heat) tolerant varieties 

Delayed monsoon New varieties/New Crop(s) 

Extreme events drought Early duration heat and drought/heat tolerant 

pearl millet and pigeon pea varieties 

Extreme events/cyclone & floods- 

unsuitable varieties, low yield 

Crop diversifications 

Flash floods/ submergence (water 

depth 1-1.5 m) 

Water logging tolerance rice varieties 

Poor seed replacement rate  Farmer to farmer seed exchange, quality seed 

supply and community seed bank 

 

On-farm demonstration on crop cultivars tolerant to heat and drought, and agronomic 

manipulations including water management to match adverse climate change impacts 

were carried out. Wheat varieties that were better adapted to wider range of abiotic 

stresses (heat and moisture stress) were introduced in Dhar region of Madhya Pradesh 

and late heat tolerant wheat varieties were introduced in Mewat region of Haryana. 

Similarly short-duration and pest-tolerant soybean varieties were introduced in Dhar 

region to reduce the vulnerability to climatic changes.  These interventions were 

repeated every year, for large scale adaptation. On-farm demonstration and farmer’s 

participatory trials were conducted to replace the traditional and low yielding varieties. 

 

Impact of adaptation interventions on Major Crops 

Districts Crop Yield (t/ha) Farmers’ 

yield 

% increased 

in Yield 

Mewat     

Rabi Mustard 2.16 1.81 8-11% 

 Wheat 3.71 3.11 20% 

Pre Kharif/Kharif Mung 0.85   

Dhar     

Rabi Wheat 3.71 3.11 20% 

 Chickpea 1.50 1.12 34% 
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Pre Kharif/ Kharif Soybean 3.71 3.01 6.4 % 

 Maize 3.05 2.51 22-41% 

 

 

Introduction of drought and high temperature tolerant crop varieties in Dhar and 

Mewat 

  In Mewat district, wheat and mustard are the crops which are grown and used by 

the farmers in Rabi season, while wheat and gram in Dhar. In this area, late heat stress 

is a risk for the productivity of these crops. Hence, interventions were made by 

growing the wheat varieties having terminal heat tolerance and late sown suitability to 

reduce the crop loss due to temperature stress.Farmers were motivated and provided 

with heat and drought tolerant varieties of wheat and mustard and as a result, wheat 

yield improved up to 20% in the project area. Similarly, mustard yield, increased by 8-

11 % by growing Pusa Mehak in place of current local variety. In Dhar districts, 

increase in wheat yield was recorded as 20% and for chickpea, it was 34%. 

 

 

 

Innovative Agro-techniques for pigeon pea (in wheat based cropping system) in 

Mewat, Haryana 

Traditional drought-tolerant crops such as pigeon pea, soybean etc. are potential ways of 

mitigating the impacts of climate change in the semi-arid regions. Some of these legumes 

especially important for India not only in those areaswhere climate change  would result 

in increase in temperature, rapid expansion of water-stressed areas; but also would also 
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counteract the declining soil fertility. Thus, in climate change adaptation initiatives both 

breeding for drought tolerance crop and developing suitable agro-techniques would be 

ideal for promoting resilience. 

Traditional pigeon pea production involves medium and late maturing cultivars either 

intercropped with pearl millet or sometimes with other crops, and longer duration along 

with lack of supplementary irrigation and poor quality of water, interfering with taking a 

second crop of wheat in these parts of Haryana. Pigeon pea is a very long duration crop, and 

grain-filling takes place under declining rainfall and increasing water stress. But higher 

temperatures under climate change will shorten the vegetative phase leading to decrease in total 

duration of pigeon pea. As a consequence to that it matures when the wet season is still in active 

period.  Pigeon pea cultivation as pure crop was not in vogue in parts of Mewat region. 

Though it is better adapted to high climate variable situation, but it was not picking up, 

rather diminishing in area covered by farmers as it was low in productivity, due to lack 

of quality seeds have left the poor farmers with no option but to grow non-descriptive 

varieties/local landraces that are low yielding and late maturing. The non-availability of 

suitable short duration variety of pigeon pea cultivar that fit well in wheat based 

cropping system and do not push wheat sowing towards end of the post monsoon season.  

 

NAIP CCA team of CESCRA working with local community and state government 

could identify and field test a few opportunities in developing suitable agro-techniques 

for pigeon pea in Mewat region. Under this programme a suitable agro-technique of 

growing pigeon pea during hot summer was developed for wheat based cropping system 

in active participation of farmers from Mewat areas. 

After the harvest of wheat crop, the land was ploughed once with harrow during May, 

and generally 4-6 days after harrowingirrigation was applied to the field. One more 

ploughing was done followed by planking during final land preparation. Two bags of 

DAP (100 kg) was applied at the time of sowing.  Short duration semi-tall pigeon pea 

varieties such as Pusa 991, Pusa 992, Pusa 1001 and Pusa 1002 were tested at a farmers’ 

field. Seed was treated with bavistin @3g/kg and sowing was done through seed drill as 

pure crop. The seed rate was 10-12 kg/ha. The crop was sown in line with 45 cm row 

spacing and closer (20-25 cm) spacing within rows for the pure crop ( for better Stover 

and grain yield purpose) while plant to plant distance is increased to 35-45 cm for higher 

grain yield during first fort night of May. Under this technique sowing was done more 

than one and a half month ahead of normal dates of sowing to cover the delay in sowing 

of the following wheat crop in these areas.  There was no irrigation applied after sowing 

to control the emergence of weeds. One to two irrigation was given at 20-25 days 

interval till the monsoon rain received by the end of June/first week of July. No irrigation 

was applied after the onset of monsoon; however in extreme dry spell condition 

application of one irrigationwas beneficial. Using pheromone traps at pigeon pea (arhar 
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field)@ 8-10 unit per acre (applied two Leor at 19-23 days interval) reduced the 

application of plant protection chemical spray in pigeon pea.  The average grain yield of 

pigeon pea in was 15 to 20 q/ha. The farmers use to harvest 35-50 q/ha of Stover, out of 

which nearly 50% is sold at @ Rs.400-500/q to the local market. The wheat (cv. HD 

2967) crop sown after pigeon pea produced higher yield in normal sown condition while 

wheat cv. WR544 perform better under late sown condition in these areas. 

CCA project supported 60 farmers (36 acres) for validation of Pigeonpea (cv. 

Pusa991/Pusa992/ Pusa2001/Pusa2002) production technology: with pigeonpea farming 

technology in the project villages.  In general, pigeonpea crop took longer time to mature 

while sown during onset of monsoon i.e. June end. In Taoru block which was 

traditionally a pigeonpea growing area but due to non-availability of suitable short 

duration pigeonpea crop varieties, some changes in cropping system have been reported. 

In Biwan cluster, the crops, which were sown during May (with application of irrigation 

water), were partially affected due to high temperature and high soil moisture deficit 

during kharif 2012 ( there were late onset of monsoon rain as well as long period of 

rainfall break just after monsoon break in NW India . In Biwan cluster, more than 25% 

area of pigeonpea was affected in that year. The pigeon pea cv Pusa991 was performing 

better in the areas where soil salinity was higher. However, pigeonpea crop was not 

affectedmuch in Taoru block where soil and irrigation water quality was better than Nuh 

block.This innovation approach of Pigeon pea production technique was more resilient to 

the climate change shocks compared to traditional pigeon pea, mainly due to improved 

harvest index and water-use efficiency by the crop.The ability of pigeonpea to withstand 

severe drought in 2012 better than many legumes like mung bean/cowpeamight be 

attributed to its deep rootsystem (Flower and Ludlow, 1987), high osmotic adjustment 

potential in the leaves (Subbarao et al., 2000), and poly-carpic flowering habit that 

enables thecrop to shed reproductive structures in response to stress(Mligo and Craufurd, 

2005).The legume alsomaintains photosynthetic function during stress bettercompared to 

other drought-tolerant legumes such ascowpea (Lopez et al., 1987). 

 

High yielding short duration composite and Hybrid Quality Protein Maize (HQPM) at 

Dhar  

 

Maize is one of the important food crop of the tribal 

areas of Dhar. The traditional local varieties were low 

yielding. Two composite varieties (JM216 & PC3) and 

HQPM were introduced in these areas at initial stage. 

They were used to facilitate quality seed production and 

improving maize seeds availability in project areas. 
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Since, Maize is staple food of tribal people therefore, HQPM 1 (high quality protein 

maize) was used to enrich their nutrition, as it contains higher protein. During 

Kharif2011,PC 3 variety performed better than JM216 and gave 24 % more yield than 

local check. The HQPM1 yielded more than 15% over local check. However due to 

higher rainfall during the season the crop was affected by water logging at few 

locations.Maize crop provided income (~15,000-17,000/acre) to farmer by selling green 

cobs in Dhar. 

 

During Kharif, 2012, trials conducted on 121 farmers’ field showed that maize cv. JM 

216 (average yield 30 q ha
-1

) and cv. PC 3 (32 q ha
-1

), composites varieties produced 20-

23% more grain yield compared to local varieties and was also at par with Ganga Kaveri 

(29.8 q ha
-1

), a maize hybrid. 

 

Table 12:  Impact of maize demonstrations in Kharif, 2011&2012 in Dhar 

Test Yield(q/ha) Yield increase 

Variety Test Check  q/ha  % 

JM 216 23.09 20.93 2.16 10.32 

HQPM 1 23.6 20.42 3.18 15.57 

Ganga Kaveri 29.82 24.52 5.21 19.56 

PC 3 24.86 20.00 4.86 24.3 

Total 25.34 21.47 3.85 17.44 

 

 

Introduction of stress tolerant varieties of Soybean in Dhar 

High soil water stress (i.e. soil water too low for optimal yield) is recognized as the most 

damaging abiotic stress for soybean production in Dhar, Madhya Pradesh. Drought 

stress is a complicated agronomic problem that is conditioned not only by lack of rain 

but by evapotranspiration from the soil/plant system, rooting Dhar region of depth and 

proliferation, and how much rainfall gets into and stays in the rooting zone. Although 

there are many physiological processes potentially affected by drought stress, the main 

factors which are most important in yield loss are seed germination and seedling 

establishment. Not only this, water stress at various stages cause disruption of a series of 

physiological and canopy level growth processes and ultimately affect the yield 
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components. Many environmental stresses, that directly impair reproductive structures 

(i.e. flowers, pods, and seeds) in addition to emergence and crop establishment, indicate 

that the mode of action for yield reduction at the canopy level is similar to that described 

for temperature extremes, and drought. 

Table 14: Result of Demonstrations of High Yielding Varieties of Soybean  

Year No. Impact (Yield increased) 

q/ha (%) 

Checks 

2011 331 5.07 (43.67%) JS 335 

 

2012 77 7.01 (23.29%) JS 335 

 

2013 411  

 

- JS 335 

 

Soybean is major crop during Kharif season in Dhar. In 2011, 331 demonstrations for 

high yielding and short duration soy bean varieties ( JS 9560 and JS 9305)  were 

conducted and 5.07 qt/ha (43.67%)  

yield increase was observed. 

However, an additional high 

yielding and long duration variety 

(JS 9752) was also introduced in 

Kharif, 2012 and farmers were 

benefitted with yield increase of 

7.01 qt/ha (23.29%) due to these 

varieties. Data pooled over three 

years reveal that increased yield in 

test varieties of soybean compared 

with old cultivars was related to increased pod number mainly and to some extent seed 

size. The relative importance of seed number per square meter and seed size may 

attribute in explaining greater yield in the cultivar development process.In 2012 when 

monsoon onset was delayed (crop establishment was satisfactory) and crop was also 

exposed to higher temperature near maturity stages there were not much difference in 

soybean varieties within similar duration, although yield is less sensitive to stress 

during the fast seed filling period in Dhar. The years with more environmental stress 

mainly high daytime temp and water stress during initial flowering (around 40-45 

days)and early seed formation stages (main stem -60-65 Days)  the variety that was 

less resilient (JS335 and NRC 7-Check variety) caused maximum yield loss compared 

to short duration soy bean varieties like JS 9560 and JS 9305. 

 

Comparison of Soybean Demonstration Plot  (JS 

9752-left side &  farmers Plot (right side) 
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Summer green gram (Mung) in Mewat,Haryana 

 

In project clusters of Mewat, more than two-third farmers are small and marginal 

farmers with meager land and water resources. The existing farming system in 

project area was cultivation of pearl millet and wheat crops during Kharif and Rabi, 

respectively, along with homestead dairy farming. As there was shortage of irrigation 

facilities, many of them keep their land fallow after wheat crop, till it receives 

monsoon rain in July. Inclusion of summer mung bean (mid March to June) not only 

ensured reasonable yield, especially for the farmers having a little land/water 

resources at his disposal and income but also helped replenish the soil by 

incorporating nitrogen-fixation. The project intervened with supply of good quality 

greengram seed (Mung cv. SML 668, Pusa Vishal ) with full package of practices so 

that the lean period could be utilized for additional income for the family. In 2011-

13, under the project, more than 125 farmers were supported and the farmers secured 

the average yield of 7-8 q/ha.  Thus, the farmers achieved Rs. 23,800-27,200/ha as an 

additional income through mungbean. 

 

Household nutrition security and income 

enhancement 

 

More than 5000 house hold were supported through 

suitable mini-kits of vegetable seeds and locally suitable 

fruit sampling(improved cultivars)  were distributed 

under project in both Dhar and Mewat to ensure 

household nutritional security of the project 

beneficiaries.  

 

Vertical Vegetable Garden (VVG)  

Planting vertical vegetable gardens, or vegetable towers, is an innovation for the 

resource poor farmers in Dhar district of Madhya Pradesh. The VVG is designed to save 

space as well as use limited resources availability with the households. It provides 

opportunity to grow two to three crops can be used easily at back yard homestead land 

for poor and landless, and it is also suitable for floods prone areas. 

 

Setting up a vertical vegetable garden is relatively simple job.  A recycled poly sack is 

filled with a mixture of earth, sand, and cow dung. A pipe with spirally placed holes or a 

plastic bottle with little holes in it is inserted into the middle of the sack. Bigger holes 

are made on the sack at intervals, where leafy vegetables, tuber crops or others 

vegetables are planted. Several types of vegetables can be grown on one sack. 
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Generally, creepers and root vegetables are planted on top of the sack, and others grow 

from the sides. Okra, aubergine (eggplant), tomato, radish, carrot, long bean, snake 

gourd, bitter gourd, capsicum, and chili have been successfully grown. The vertical 

garden is irrigated by simply pouring water into the pipe or plastic bottle, from which it 

gradually seeps into the soil in the sack. The technique saves water because it is 

administered in trickles. Kitchen wastewater can be used, as it is already rich in 

nutrients. The sacks occupy very little space. If a person shifts to another location, the 

garden can come along. Labour for maintenance is minimal compared with a traditional 

vegetable garden. The cost of setting up a vertical vegetable garden measuring 12 inch, 

square in shaped and 48 inch tall is about rupees 50 per unit. 

 

Introduction of vegetablescrops in local cropping system 

 

High yielding varieties (HYVs) of Chilli (Utkal Rasmi) , Brinjal (Utkal Keshari), 

Tomato (Utkal  Kumari) and Onion (N 53) were introduced during dry season (January 

– April) in 73 farmer’s fields covering 8.64 ha. The productivity increased by 31.5 % in 

Chilli, 24.0% in Brinjal, 46.1% in Tomato and 22.5% in Onion. This had also generated 

employment on an average of 33 man days per household. However in 2012 dry season, 

the hybrids and HYVs of chilli (Daiya/ Utkal Rasmi), Brinjal (Utkal Keshari), Tomato 

(Utkal Kumari) and Onion (N-53) with improved production technology were 

demonstrated as part of drought contingency plan for quick agricultural production 

recovery.The productivity of green Chilli increased by 189% in case of hybrid and 

103% in case of HYV. Similarly, the dry chilli yield was increased by  178% in case of 

hybrid and 107% in case of HYV. There was 60.6 and 71.0  increase in Brinjal and  

Tomato yield, respectively. 

 

Adaptation initiatives in Natural Resource Management sector 

The challenge of producing more food by small farm land holders is required to be 

produced from lesser land and water to feed the increasing population in drought prone 

regions of India. The key problems in these regions were limited water availability 

during non-monsoon period, long dry spells during monsoon, declining water table and 

quality, and inefficient systems of water conveyance and application. With a changing 

climate, farming will need to adapt to changing rainfall patterns. Managing natural 

resources is the most crucial element needed for growing food. 

Increasing temperatures and less and more erratic rainfall will exacerbate conflict over 

water allocation and the already critical state  of water availability.  
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 Intensification of agriculture in the past has often been carried out with negative side 

effects in terms of land and water degradation. To address the challenges of increasing 

food production, improving rural livelihoods, while safeguarding critical water 

resources for sustainable use; an adaptive measures should be undertaken on water 

system innovation approach in drought prone regions. An integrated approach was 

employed to agricultural water management, analyzing the interactions between the 

participatory adaptation of water system innovations such as, water harvesting, 

sprinkler/drip irrigation, resources conservation farming, etc.; and adoption by 

stakeholders to increase both water use in agriculture and water reserve for the future to 

sustain other functions in the ecosystem that deliver critical services to humans and 

animals. Integrated interventions including renovation of existing water harvesting 

systems, small scale water development techniques/technologies; laser land leveling at 

farmers’ field, conveyance of water through underground pipeline system, and use of 

sprinkler, drip and rain-gun irrigation systems were introduced to group of farmers for 

enhancing water application and efficiency.  The intervention had livelihood 

implications by ways of enhancing cropped area as well as drinking water availability to 

the beneficiaries. These technological interventions were supported with institutional 

innovations of group formation and action. Community participation in sharing of 

resources like underground pipeline systems, custom-hired services of laser land leveler, 

and development of sustainability fund propelled the adoption of water management 

innovations.  

Climatic Risk and Water Saving Interventions 

Issues Interventions for solution 

 Limited Water availability during non 

monsoon period 

Renovation of soil/water conservation 

structures 

Long Dry spells during monsoon Laser Levelling 

Heavy pumping of wells (water 

becoming poor quality) 

Underground pipeline 

Inefficient water conveyance and 

application 

Sprinkler 

Traditional uncontrolled flooding Raingun  and drip irrigation 
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Water saving technologies (WST) in Mewat and Dhar 

Integrated interventions including renovation of 

existing water harvesting systems, small scale water 

development techniques/technologies; laser land 

leveling at farmers’ field, conveyance of water 

through underground pipeline system, and use of 

sprinkler, drip and rain-gun irrigation systems were 

made with respect to water saving technologies; and 

introduced to group of farmers in the selected villages 

of Mewat (Haryana) for enhancing water application and use efficiency through 

participatory approach. 

 

 Laser land levelling 

Laser laveling is a proven agricultural on-farm technology that not only reduces farm 

irrigation needs but also highly useful to reduce irrigation time and increase water use 

efficiency. Laser levelling was done in 60 ha 

area saving 20-25% of irrigation water.  

 Underground pipeline system 

Laying of underground pipelines of about 18 

km length in project areas helped to get 40% 

savings in irrigation water and 28% reduction 

in time of irrigation over 30 ha area resulting 

in 45% increase in irrigated area. 

 Sprinkler system  

Introduction of sprinkler system lead to 56% savings in irrigation water and 36% 

reduction in time of irrigation in 50 ha. This resulted in 42% increase in irrigated 

area.  

In Mewat region, integrated water 

system innovation interventions 

through laser leveling, 

underground pipeline system and 

sprinkler irrigation system 

enhanced the yield of wheat and 

mustard crops by about 25-35 per 

cent and helped in saving of 

irrigation water by 40-60 per cent 

(& saved time to irrigate crop by 

20-25%). Overall impacts of above all these interventions in this area include ~30% 

increase in conveyance efficiency and ~45% increase in application efficiency. 
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 UG Pipeline + Laser Leveling+ Sprinkler System + IARI Technologies: 

Combination of these integrated   water saving interventions with IARI’s wheat varieties 

resulted as emission of only 85Kg CO2 gas,  while through traditional practice its 306 

Kg CO2/ac. 

Higher productivity means better income, better buffer against income fluctuations 

due to climate variability  

 

Table: integrated water saving technologies (IWST) in improving RUE & 

reduction in CO2  emission in Mewat, Haryana 
 

Interventions Area 

/Length  

Farmers’ 

practice  

Impact on water 

saving/ CO2 saving 

Underground pipeline  38 km Earthen channel/ 

Plastic pipe  

40 % 

Laser leveling  >100 ha  nil  20-25%  

Sprinkler /Rain gun 

sets (40 in group)  

58 ha  
Flooding  56% 

Drip  15 ha  Flooding  60% 

IWST( UG Pipeline+ 

Laser Levelling + 

Sprinkler )  

10 ha  Traditional 

Practice (306 kg 

CO2/ ac)  

Wheat- 85 kg CO2/ 

ac  

 

Total soil carbon (C) stock -Mewat 

 

Mewat district of Haryana was selected for the current study. In Mewat district 4 

villages (Beema, Somkh, Palla and Paldi) were selected from Nuh block, while 3 

villages (Chehelka, Bhango and Soondh) were selected from Tauru block. Soil samples 

were collected at 3 depths (0-30, 30-60, 60-90 cm) to estimate the total C stock of soil in 

those villages. Both total C and Walkley-Black C of soil were estimated. Determination 

of total C of soil samples was done using TOC analyzer. Since it is a costly and time 

consuming process, so estimation of total C was not possible for all the soil samples 

collected. Total C was estimated for 75 representative soil samples. Walkley Black C 

was estimated for all soil samples. A relationship was developed between total C 

andWalkley Black C (SOC) for those soil samples. 
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Fig . Relationship between total soil C and Walkley-Black C of soil 

Equation Y = 1.39X + 0.096 was derived (Fig 1), where Y stands for total C (%) and X 

stands for SOC(%). From this equation total C of rest of the samples was obtained. 

Besides this bulk density (BD) of those soil samples was also estimated. Carbon stock 

for each soil layer was calculated as: 

 

C stock (Mg ha
-1

) = Total C(%)*BD*T 

T represents thickness of soil layer. Total C stock of soil was obtained by summing up 

the C stock of 3 soil 

Block  Village name Carbon stock (Mg ha
-1

) in 0-

30cm soil layer 

Mean Total  Carbon stock (Mg 

ha
-1

) in 0-90 cm soil layer 

Nuh Beema 29.7-38.9 76.1 

Somkh 28.1-34.3 69.8 
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Results indicate that maximum soil C stock (76.1 Mg ha-1) was found in Beema village 

in Nuh block of Mewat (Table 1). Total soil C was highest in 0-30 cm soil layer. In 

Beema village total C in 0-30 cm soil layer ranged from 29.7 to 38.9 Mg ha-1. In Tauru 

block. 

 

 

Pest Management with Climate Change Adaptation Perspective in Mewat and 

Dhar 

Important pest problems in Mewat, Haryana 

During three years, important pest problems in 

Mewat villages were found to be termites in 

wheat, aphids and painted bug in mustard, 

tobacco caterpillar and diamond back moth in 

cole crops, fruit borer and white fly in tomato, 

blister beetle in pearl millet and vegetables, 

shoot and fruit borer in brinjal, and 

grasshopper in sorghum, pearl millet and maize.  

 

Pest monitoring 

Training programmes on plant protection were conducted in these villages during 

different crop stages during the crop season in the 

‘Farmer Field School’ (FFS) mode. Farmers were 

trained about as how and where to look for 

presence of pests or their damage on the crop. It 

was advised to keep a constant watch on initiation 

of pest infestation on the crop because one 

properly pesticide application could prove more 

effective than 3-4 ill-timed applications. This 

would help to save unwarranted expenditure on 

Palla 25.4-34.1 70.2 

Paldi 20.7-30.8 62.3 

Taoru Chehelka 23.4-38.5 73.6 

Shoot and fruit borer damage in brinjal 
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pest control and also mitigate environmental contamination as well as health hazards to 

consumers. It was stressed that besides inspection of plants for presence of pests, 

devices such as pheromone traps, light traps and yellow sticky traps can also be used for 

monitoring and suppression of pest populations. 

Pest Management interventions 

Blister beetle: Blister beetle infested pearl millet crop in a severe form in Mewat during 

August–September 2012. Farmers had tried different kinds of pesticides to control this 

pest. They did not believe that this pest could be 

controlled with pesticides. Sixty nine farmers, 

covering 54.5 acre area, in these villageswere 

provided with pesticides and the pest could be 

brought under control, preventing around 25% yield 

loss. Among carbaryl 50WP, malathion 50EC, 

acephate 75SP, imidacloprid 17.8SL and indoxacarb 

15.8EC, carbaryl was found to be the best followed 

by indoxacarb and acephate against the blister beetle. 

 

Termites: Being arainfed area, termites posed major 

problem in wheat, reducing plant stand considerably. 

Wheat seed was treatedwith chlorpyriphos 20EC @ 450ml /100 kg seed for 200 acres 

during two years, which resulted in perceptible decrease in termite infestation. Farmers 

were advised to add only rotten FYM in the field and dispose of previous crop residue 

and other debris prior to field preparation to discourage termite menace. 

 

Pheromone traps: Tomato fruit borer, brinal shoot and fruit borer and tobacco 

caterpillar are very difficult to control. Pheromone traps against tomato fruit borer (Heli-

lure) in 40 acres, brinjal shoot and fruit borer (lucin-lure) in 10 acres and tobacco 

caterpillar (spodo-lure) in 10 acres were 

installed for their mass trapping during two 

years. The trapsprovedvery effective in 

containing damage due to the pests.Use of 

pheromone traps in tomato helped to reduce 

thepesticide use by 3 to 4 applications, thereby 

saving Rs. 3000-4000/acre. Farmers informed 

that due tosuperior quality, tomatoes fetched 

better price in the market. 
Pheromone trap against tomato fruit 

borer 

Banded blister beetle  



69 

 

Discussion with farmers on tobacco 

caterpillar damage 

Farmers were advised to adopt IPM for 

management of the aforesaid pests. IPM 

against tomato fruit borer involves, i) use of  

marigold as intercrop in 16:1 ratio, ii) 

collection and destruction of damaged fruits, 

iii) use of pheromone traps,iv) application of 

nucleopolyhedrosis virus (HaNPV) @ 250 

LE/ha, neem seed kernel extract (NSKE, 5%), 

B.t.k. @ 1g/litre of water, and v) need-based 

application of synthetic pesticides. 

Likewise, IPM againstbrinjal shoot and fruit borer consists of,  i) collection and disposal 

of damaged shoots and fruits, ii) use of pheromone traps, iii) application of (NSKE, 

5%), B.T.K. @ 1g/litre of water, and iv) need-based application of  pesticides. 
 

Tobacco caterpillar:  Tobacco caterpillar 

appeared in serious form on cole crops in 

beginning of the crop season in October 

2012. Farmers were very desperate as they 

had used various insecticides without 

much avail.They were advised to adopt 

pest management in the form of multiple 

control tactics including monitoring with 

pheromone traps, mechanical collection 

and destruction of plants having larval 

clusters and need-based pesticide application for effective suppression of the pest. 

 

Painted bug:Painted bug appeared for the 

first time during 2012 year in early mustard 

and management intervention brought the 

pest under control.  Seed treatment with 

imidacloprid was suggested wherever 

mustard needed to be resown. Painted bug 

causes serious damage during certain years 

in early sown mustard, which is 

recommended for preventing aphid damage 

in the crop.Therefore, early sowing coupled 

with seed treatment can help to manage both the pests.  

Tobacco caterpillar damaged 

cauliflower 

Painted bug damage in mustard 
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Grasshopper:Outbreak of grasshoppers 

was witnessed consecutively during 

twoyears especially in the beginning of 

kharif season that resulted in severe 

damage in maize, sorghum and pearl 

millet crops. As these crops were used as 

animal fodder, it was advised not to 

apply synthetic pesticides and rather use 

NSKE (5%).  On food crops, application 

of insecticidal dust was recommended. 

Besides, raking of field bunds during 

summer for destruction of grasshopper egg pods was suggested. 

 

Plant protection equipments: 

 As farmers did not have proper plant protection 

equipment, power sprayers and hydraulic knapsack 

sprayers were purchased and provided at village 

resource centre to ensure effective pesticide 

application. 

 

 Pest Management Interventions in Dhar District 

Three hundred pheromone traps (Helilure) were installed 

against gram pod borerin 214 fields of 11 villages of 

Manawar, Sardarpur, Nalcha and Badnawar Blocks of Dhar 

district of Madhya Pradesh duringrabi 2009 and 2010 each. 

The traps proved very effective and farmers did not need to 

spray any pesticides. 

  

Assessment of Climate change impact on crop-pest interactions in Mewat 

Simulation of stem borer damage in wheat 

 

Pink borer, Sesamiainferens, population simulation model was coupled to InfoCrop-

wheat. The coupled model was then calibrated and validated for crop-pest interactions 

Grasshopper damage 
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using field experiment data.  Validated InfoCrop-wheat was used to simulate impact of 

climate change on the pink borer population and crop-pest interactions under Mewat 

conditions. Simulations were done with 0.5 to 3.0
o
C temperature rise.  Temperature 

increase of 0.5- 3.0
o
Cduring rabiover current weather depicted an increase in larval 

population of the pink borer. The quantum of population rise increased with intensity of 

temperature rise. Study thus indicated that yield loss in wheat due to pink borer might 

thus increase.  

 

Maize stem borer 

Population simulation model of maize stem borer, Chilopartellus, coupled to InfoCrop-

maize was used to simulate effect of 0.5-3.0 
o
C temperature rise on pest dynamics as 

well as crop-pest interactions under Mewat conditions.  Simulation of pest dynamics 

and crop yield for many years showed decline in maize productivity as well as in larval 

population of maize stem borer. The pest population declined by 13.7 – 43.1% with a 

rise of 0.5 – 3
o
C over current daily mean temperature. In accordance with decline in 

pest population, stem borer induced yield losses also decreased.  However, trend in 

yield loss reduction needs to be further investigated.   

 

Rice gall midge, Orseoliaoryzae 

A degree days based population simulation model of rice gall midge, Orseoliaoryzae, an 

important pest of rice eastern India, was developed using thermal constants, 

development thresholds and abiotic and biotic mortality factors for different 

development stages of the pest.   The population dynamics of O. oryzae was simulated 

during month of August under Cuttack conditions. Impact of global warming on the pest 

population was simulated in terms of 1, 2 and 3 
o
C rise in daily mean temperature over 

Cuttack weather conditions during 2000. It was observed that 1 
o
C rise in daily mean 

temperature would benefit the pest by increasing its population, while further increase 

would adversely affect it. In view of the climate change scenarios for the Indian sub-

continent (0.07-1.17 during kharif by 2020 & 1.81-2.37 during kharifby 2050), it 

seemed that the gall midge incidence on rice might increase by 2020 but would decline 

by 2050 compared to 2000 weather under Cuttack and other similar environments.  
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Adaptation interventions in A,H. Livestock& fisheries sectors 

 

Increased fodder, feed and nutrient management helped in improving cattle health, 

and milk yield in Mewat area, Haryana 

Livestock is considered to be the most important 

component of livelihood security of farming 

community, particularly in the event of climatic 

stresses such as droughts. Livestock provides buffer 

to the farmers’ in terms of distress sales before he 

opts for the selling the fixed assets such as 

agricultural land. Even in normal course, livestock 

provides additional income to the farm family. 

Therefore, a strong and healthy livestock provide resilience to the farmer in the periods 

of distress. Livestock is one of the major components of agriculture in Mewat region. 

However, calf mortality and poor health of cattle has been a concern and also that on 

the low milk yield of animals.  To overcome this situation, a multipronged approach 

was followed for carrying out the interventions in this area under the WB-GEF project 

(NAIP).  

In this multipronged approach, the following interventions were made 

 Providing nutrient mixture  

 Immunization 

 Deworming 

 Introduction of multi-cut fodder 

sorghum. 

Apart from this another intervention 

which directly helped the feed 

availability to the cattle is that from 

improved varieties of wheat, which 

gave higher yield of wheat straw 

along with the grain yield. 

Proving the immunization and deworming resulted in reduced calf mortality from 

>60% to ~20%. As a result, number of calves increased in the area. Providing 

nutrient mixture to the animals also resulted in improved health of cattle. Overall 

increase in cattle number and health needs sustainable supply of the feed and fodder 

to meet the increased demand. Therefore, the introduction of multi-cut fodder 

sorghum was introduced concurrently to make the area self-reliant with respect to the 

fodder requirement. Improved varieties of wheat provided higher biomass and 

therefore that of straw as well. Multi-cut fodder sorghum in Mewat region provided 
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opportunity for one extra cut (total 4 cuts) resulting in ~300 ton of extra fodder 

availability. As a result, about 5 q (SDW) wheat straw/cattle could be saved 

prolonging the feed availability. This helped the farmers to provide adequate feed and 

fodder to the cattle. As a result of this strategy, on an average, milk yield increased 

by 2 to 2.5 L/day/milch animal during the lactation period. This led to the improved 

income to farmers on one hand and also improved the health of children of farming 

families on the other. Overall increase in milk yield in the intervention units is 

estimated to be up to 12% increase providing additional income of Rs. 

8,000/animal/lactation period in 450 households. 

 

 

 

 

 

 

 

Strategies for climate change adaptation in flood prone areas 

1.Ecology based varietal diversification during wet season for climate change 

adaptation: Impact on rice productivity 

a. Varietal diversification in uplands  

In order to avoid the possible terminal moisture stress/ drought situation in uplands, 

short duration rice varieties having around 100 days duration viz., Anjali, Annada 

and Sahabhagidhan were introduced and demonstrated during wet season (July- 

December) of 2011 and 2012. The demonstration was carried out in farmers’ fields 

wherein these improved, short duration varieties were grown by following Integrated 

Crop Management (ICM) practices and compared with existing farmers practice. The 

results revealed that Anjali, Annada and Sahabhagidhan produced 57.4 to 70% 

increased yield over existing farmers practice (Table 1). 

b. Varietal diversification in on rice based system in medium lands  

Naveen variety having 120 days duration was demonstrated in medium land 

ecologies where conventionally farmers were growing swarna variety having 135-

140 days duration. This intervention was demonstrated in 60 farmer’s fields covering 

an area of about 16.54 hectares of which modified SRI method (14 day old seedlings, 

25 x 25 cm spacing, cono weeding and recommended dose of NPK and Need based 
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plant protection) was followed in 6 farmers’ fields and the rest by following ICM 

module i.e. HYV (Naveen), Line transplanting with 15cm x 15cm spacing, Integrated 

Nutrient Management (FYM, 5t/ha +NPK 60:30:30 kg/ha), Mechanical weeding and 

Need based plant protection was tested against farmers management (Farmers 

variety, random planting with abnormal plant population, low dose of N fertilization 

i.e. 20-40 kg N/ha and with or without any plant protection measures). In addition to 

enhanced the productivity (about 29.1-45.6% over farmer’s practice as shown in 

Table 1), early harvest of Naveen variety also helped the farmers to timely sowing of 

dry season crop (groundnut, sunflower, maize, etc.). 

c. Varietal diversification in on rice based system in shallow lowlands  

In rain fed shallow lowlands, CRRI developed ICMmodule i.e. HYV (Pooja/ Swarna/ 

Swarna sub-1), line transplanting, Integrated Nutrient Management (FYM, 5t/ha 

+NPK 80:40:40 kg/ha), Mechanical weeding and Need based plant protection was 

tested against farmers management (Farmers variety, broadcast seeding and with or 

without any fertilizers and plant protection measures). For this, truthfully labelled 

seeds of Pooja and Swarna sub-1 were supplied to 154 shallow lowland farmers, of 

which modified SRI method (14 day old seedlings, 25 x 25 cm spacing, cono 

weeding and recommended dose of NPK and Need based plant protection) was 

followed in 11 farmers’ fields and the rest by following above mentioned ICM 

module. This was tested against farmers management practice (Farmers variety, 

random planting with abnormal plant population, low dose of N fertilization i.e. 20-

40 kg N/ha and with or without any plant protection measures). Under modified SRI 

method, the varieties Pooja and  Swarna have produced 61.2% and 64.5% increased 

yields than farmers’ practice (5.82 and 5.94 t ha
-1

, respectively). In case of ICM, an 

average yields of 5.47 and 5.69 t ha
-1

 was obtained with Pooja and Swarna sub-1, 

respectively with an average yield increase of 51.5 and 55.7% over farmers’ practice. 

Varietal diversification in shallow lowlands resulted in 28 to 53.2 percent yield 

advantage over farmer’s practice during 2010-12 (Table 1). 

d. Varietal diversification in on rice based system in intermediate lowlands 

In rainfed intermediate lowlands, long duration high yielding varieties namely 

Gayatri and Ranjeet were demonstrated following ICM practices (HYV, line 

transplanting, Integrated Nutrient Management (FYM, 5t/ha +NPK 80:40:40 kg/ha), 

Mechanical weeding and Need based plant protection against farmers management 

(Farmers variety-Swarna, broadcast seeding and with or without any fertilizers and 

plant protection measures). Varietal diversification using Gayatri and Ranjeet 

varieties in intermediate lowland resulted in 34.3 to 51.2% increased yields than 

farmers’ practice (Table 1).  
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e. Varietal diversification in on rice based system in semi-deep/ deep lowlands 

In semi-deep and deep water ecologies, CRRI developed ICMmodule i.e. HYV 

(Varshadhan, Durga, Sarala), Line seeding behind country plough, Integrated 

Nutrient Management (FYM, 5t/ha +NPK 40:20:20 kg/ha), Mechanical weeding and 

Need based plant protection was tested against farmers management (Farmers 

variety, broadcast seeding and with or without any fertilizers and plant protection 

measures). For this, truthfully labelled seeds of CRRI developed flood tolerant rice 

varieties (Varshadhan, Durga, Sarala) were supplied to beneficiary farmers and this 

intervention has resulted in 48.8 to 71.6 percent higher yield over farmer’s practice. 

Table 1. Impact of ecology based varietal diversification on rice productivityduring wet 

season 

Ecology Variety Productivity (t ha
-1

) 

2010 2011 2012 

Uplands  Anjali, Annada, 

Sahabhagidhan  

- 2.38 

(70.0)* 

3.21 

(57.4) 

Medium lands  Naveen  4.65 

(32.9) 

4.52 

(29.1) 

4.92 

(45.6) 

Lowlands     

 Shallow Swarna, Pooja, 

Swarna sub1  

4.48 

(28.0) 

4.67 

(33.4) 

5.53 

(53.2) 

 Ajay, Rajalaxmi 

(Hybrids)  

- 5.87 

(67.7) 

 

Intermediate  Gayatri, Ranjit, 

Swarna sub1  

 4.70 

(34.3) 

5.20 

(51.2) 

Semi-deep Varashadhan, Durga, 

Sarala  

3.72 

(48.8) 

4.29 

(71.6) 

4.21 

(68.4) 

*Data in parenthesis indicate % change over farmer’s variey/ local check 

 

 

 

Rice var. Sahabhagidhan in uplands  Rice var. Naveen in medium 

lands 
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Rice var. Pooja in shallow lowlands  Rice var. Swarna sub1 in 

shallow lowlands 

 

 

 
Rice var. Gayatri in Intermediate  

lowlands 

 Rice var. Varshadhan in Semi-

deep  lowlands 

 

 

2. Integrated crop management (ICM) as an agronomic adaption strategy to 

climate change for enhanced productivity and livelihood security  

Naveen variety with 120 days duration 

was demonstrated in medium land 

ecologies where conventionally farmers 

were growing Swarna variety with 135-

140 days duration. With changing climatic 

scenarios shallow low lands are subjected 

to less moisture availability in many areas 

and behave as medium lands. Under such 

circumstances cultivation of short duration 

varieties like Naveen could help the 

farmers getting an early harvest of the crop 
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and escapes the terminal moisture stress. This intervention was demonstrated in 60 

farmer’s fields covering an area of about 16.54 hectares of which modified SRI method 

(14 day old seedlings, 25 x 25 cm spacing, cono weeding and recommended dose of 

NPK and Need based plant protection) was followed in 6 farmers’ fields and the rest by 

following ICM module i.e. HYV (Naveen), Line transplanting with 15cm x 15cm 

spacing, Integrated Nutrient Management (FYM, 5t/ha +NPK 60:30:30 kg/ha), 

Mechanical weeding and Need based plant protection was tested against farmers 

management (Farmers variety, random planting with abnormal plant population, low 

dose of N fertilization i.e. 20-40 kg N/ha and with or without any plant protection 

measures). Growing of Naveen under modified SRI method has produced an average 

yield of 5.42 t ha
-1

 which is 60.4% higher over farmers’ practice. In case of ICM, an 

average yield of 4.92 t ha
-1

 was obtained which is 45.6% higher over farmers’ practice. 

In addition to enhanced the productivity (about 46-60% over farmer’s practice), early 

harvest of Naveen variety also helped the farmers to timely sowing of dry season crop 

(groundnut, sunflower, maize, etc.). 

Rice cv. Naveen grown under modified SRI method 

 

 

Naveen variety at maturity stage grown with Integrated Crop 

Management practices 
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3.Dry season rice: An option for small and marginal farmers’ food security in 

terminal flood situations 

Rice being the principle staple food crop of Indian subcontinent, any deterioration of 

rice production system would seriously impair food security of millions of small and 

marginal farmers. The climate change related issues like high temperatures, altered 

patterns of precipitation, and possibly increased frequency of extreme events, such as 

floods and droughts, severely affect crop yields and increase production risks. 

Significant rising trends in the frequency and the magnitude of extreme rain events and a 

significant decreasing trend in the frequency of moderate events during the monsoon 

seasons in India have been reported and a substantial increase in hazards related to 

heavy rainfall events in the future is predicted. This further aggravates the risk of yield 

reduction/ crop failure in the predominantly rainfed rice growing regions of Eastern 

India where the success or failure of the rice crop entirely depends on the monsoon. Rice 

crop grown in flood prone areas experience various  situations viz., flash floods to semi 

deep and deepwater, where submergence occurs at various crop growth stage for about 

one to two weeks (in flash flood) and 3-6 weeks in semi deep conditions. Stagnant 

flooding also occurs in several parts at Bihar, Odisha, West Bengal and Assam 

inundating rice crops to different depth and duration and adversely affecting growth and 

yield. Flooding due to heavy downpour or cyclonic storms at crop maturity stage 

completely damages the crop and renders the paddy grains unfit for human 

consumption. As most of the small and marginal farmer’s are fully dependent on the 

success of wet season paddy crop for their family’s food security for the forthcoming 

year, complete crop loss due to terminal floods severely compromises their food security 

and force them to migrate to other parts of the state or country in search of livelihood. 

However, due to the unseasonal terminal rainfall, the water bodies and nallah’s were 

filled with water. This provides a window of opportunity for these small and marginal 

farmers to grow short duration dry season rice crop in portion of their land holding and 

making them food secures for the entire year.   

 

 

 

 

 

 

 

Rice crop at maturity stage damaged by terminal flood 
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The base line survey conducted immediately after inception of the project indicated that 

at the time of climatic adversity, particularly during floods majority of farmers are 

subjected to food security/ livelihood problems (Table 2). The survey results clearly 

indicated that only 5.6% of the respondents were able to manage their livelihood for the 

next year while other respondents, mostly small and marginal farmers, could not sustain 

their livelihood from their own production. This forces them to take loans from 

neighbours, friends, relatives or money lenders to manage their livelihood requirement. 

 

Table 2. Ability to meet the livelihood at times of adversity 

Particulars For some 

months 

Half year Full year 

By own production 33.33  9.8  5.88  

By own production and 

purchase from market 

11.76  1.96  7.84  

Purchase from market -  3.92  1.96  

Borrowing from 

neighbours/friends/relative 

13.73  9.8  9.8  

 

4.Integrated Farming System in flood prone areas  

In situation of shrinking 

landholding and increasing 

number of small and marginal 

farmers, Integrated farming 

system have paramount 

importance, because of achieving 

multiple objectives i.e. ensuring 

balance diet for family members, 

maximizing the total net returns 

due to increase in productivity 

and profitability etc.  Three types 

of integrated Farming Systems 

for farmers having land holding 

one hectare has been promoted under the CCA project by Co-partner OUAT.  On 
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Comparison of different farming systems it was observed that  the net profit obtained by 

only agriculture was only Rs, 10,000 with utilization of 85 man days as labour, followed 

by Agriculture with Fisheries ( Rs, 23,000/-) and Agriculture with live stocks Rs. 

23,000/- by utilizing 145 and 175 man days as labour, respectively. Thus, it is apparent 

that for farmers having one hectare of land should also adopt some lives tocks/fisheries 

interventions to secure more income. 

 

 

 

Table:  Integrated Farming Systems practices improve household income  

 

Farming System Area (ha)/ Nos. Income 

(Rs.) 

Family Labour 
(Mandays) 

Agriculture  Field crops (0.8 ha)+ Vegetable ( 

0.2 ha)  

10,000 85 

Agriculture +  

Live stocks 

Field Crops 

( 0.8 ha) +Vegetable (0.2 ha)+ 

Cow (2no.) + Birds/Ducks (100 

no.)  

34,500 175 

Agriculture + 

Fisheries 

Field crops (0.6 ha)+ Vegetable ( 

0.2 ha) + Fisheries ( 0.2 ha) 

 

Field crop (0.4ha)+ Vegetable 

(0.2 ha)+ Fisheries ( 0.4 ha) 

23,000 

 

30,500 

145 

 

135 

 

Pond Based Integrating Farming System in Ganjam 

By practicing the pond based integrated farming system; farmers could be able to utilize 

his resources effectively. It has resulted as increase in production manifold, income, and 

nutrition and employment opportunities of rural populations having small and marginal 

landholding. Integrated farming in total 1.25 ha area with crops, Horticulture, 

Pisciculture, Poultry, Duckery, Mushroom, Apiary and Kitchen garden has been 

promoted under this Project. Farmers could attain a total net profit of Rs. 37, 594 from 

1.25 ha. 

Component Area Net Returns 

(RS.) 

% Share to Net 

returns 

Crop 0.38 ha 19, 512 52.0 

Horticulture 0.33 ha 7818 21.8 

Pisciculture 0.14 ha 3245 8.6 
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Poultry 80 birds 3685 9.8 

Duckery  20 birds 788 2.1 

Mushroom 100 bed 1516 4.0 

Apiary 2 box 740 2.0 

Kitchen Garden 0.015 ha 290 0.8 

Total  1.25 ha 37, 594  

 

 

 

 

Composite fish culture with good quality fish fingerlings in ponds  

In Ganjam district, farmers usually stock in the ponds @ 2000 fingerlings/ ha without 

any external feed and harvest on an average 6.5 q of fish/ ha and realize a net income 

of 42,250/ ha. Initially about 8000 quality fish fingerlings of Rohu and Catla have 

been provided to 2 farmers having their own fish ponds. After realizing their success 

(fish harvest was more than doubled), number of community ponds available in the 

study area were brought under composite fish culture during 2012 and 2013 as shown 

in Table 6. The composite fish culture with improved management enhanced the 

productivity and net income of the farmers and proved to be a climate resilient 

technology even during aberrant weather years.   

Table 6. Performance of composite fish culture  in Ganjam district 

Particulars 2011 - 12 2012-13 2013-14 

No. of beneficiaries 

(HH) 

2 Farm ponds  8 Village community 

ponds + 1 Farm pond  

8 Village community 

ponds  

Stocking density 

(Fingerlings/ha) 

8000  (Rohu: Catla = 50:50 ) 

Fish feed  Cow dung @ 1 

t/ha 

Cow dung @ 5 t/ha + 

50 kg Urea + 50 kg 

SSP 

Cow dung @ 5 t/ha + 50 

kg Urea + 50 kg SSP + 

Fish feed supplement @ 

100 kg /ha/month for 

final 3 months  

Fish yield (q/ha) 14.0 16.0  22.0 

Net Income (Rs./ha) 89,500 96,500  1,10,500 

Additional income 

(Rs./ha) 

47,250 54,000  65,000 
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Backyard poultry (Vanaraj): An alternative livelihood support to Landless 

labourers and marginal farmers 

On experimental basis an improved poultry 

birds of Vanaraj were distributed to 21 

marginal and landless farm women (5 birds 

each) in 5 villages for enhancing their 

household income and reducing migration. 

An amount of Rs. 1500/- per household was 

obtained from poultry birds. By seeing the 

performance and on demand of the 

beneficiaries, during September 2011, 500 

number of Vanaraj birds were distributed to 

33 households. An improved backyard poultry strain (Vanaraj) chicks were distributed to 33 

marginal and landless farm women (15 birds each) in 5 villages for enhancing their household 

income and reducing migration. An income of Rs. 3248/- per household was obtained from 

poultry birds.In addition, the nutritional security of young children was also met out partially 

through consumption of the produced eggs in their back yard.Based on the success during first 

year backyard poultry was distributed to more beneficiaries during 2012-13 as well. The net 

returns and income per household is presented in Table 5. 

Table 5. Performance of backyard poultry  in Ganjam district 

Particulars 2010 - 11 2011 - 12 2012-13 

No. of beneficiaries (HH) 21 33 14 

No. of day old chicks supplied 105 500 15 

Investment  from project (Rs.) 1575 8300 4150 

Investment by beneficiary(Rs.) - - - 

Income from Egg production (Rs.) 31,500 1,15,500 78750 

Net income (Rs.) 29,925 1,07,200 74600 

Income/HH (Rs.) 1,425 3,248 5,328 

 

Conservation agriculture (CA) techniques in district of Raigad, Maharashtra - 

Saguna Rice Technique (SRT) 

 

In traditional method of Rice Plantation 

ploughing is required to be done every time 

of cultivation. But in SRT because of 
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preparation raised bed of Soil ploughing is required after 5 years depending upon soil 

texture. Also, in traditional method of rice plantation, first seed sowing is done and then 

planting is done after 1 month. But in SRT innovation the SRT (Fig 20) Frame is 

fabricated in a way that by using it seed sowing is done and there is no need of 

plantation afterwards. While seed sowing, fertilizers can be applied simultaneously in 

the holes made by SRT Frame and loss of fertilizers is avoided. Saguna Rice Technique 

(SRT) is being demonstrated and disseminated at Saguna Bag Neral, Jankalyan Trust, 

Nandgaon Farm, Mahad, Centre For Social Action, Alibag, Murud, Vasheni, Chaul, etc. 

and while demonstration workshops about 300 other farmers were sensitized to this 

technique.  

 

Environment friendly innovative agricultural technology i.e. 'Saguna Rice Technique’ 

through Rural Resource Centre, Saguna Baug, Neral was demonstrated to the farmers 

and fishers and 100 DVDs of this documentary were released along with leaflets.  

Benefits of this technique are Reduction in production expenditure by 30 to 40%, 

reduction in drudgery by 50%, diesel saving (Avoiding unwanted ploughing by tractor), 

reduction in wastage of farm manures and fertilizers, reduction in crop diseases and 

insect attacks, increasing fertility of the soil, saving 15 days between two consecutive 

crops. Key Intervention(s) introduced: Raised bed technique for rice plantation using 

less water. 

 

Adaptation in flood prone districts - fisheries sector  

 

Climate change impact studies by research institution (IMD ,IITM& IIT etc) of India 

indicate that fisheries sector would be affected non-uniformly within the high rainfall 

or flood prone zones.  Among the impacts flood prone areas of eastern India namely,  

Odisha, West Bengal, Bihar etc. is  likely to face include, increasing river flow in some 

basins, water logging, water pollution, drying up of some water bodies, intrusion of sea 

water into fresh water bodies including groundwater. It was indicated that At the 

national level nevertheless water flow is projected to become more seasonal and 

scarce. 

 

Coastal lands are particularly vulnerable; sea-level rise is the most obvious climate-

related impact. Densely settled and intensively used lowlying coastal plains, islands, 

and deltas are especially vulnerable to coastal erosion and land loss, inundation and sea 

flooding, upstream movement of the saline/freshwater front, and seawater intrusion 

into freshwater lenses. Action on mitigating sea-level rise at local level is almost 
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impossible while the costs of response measures to reduce the impact of sea-level rise 

in the coastal flood prone region could be immense. 

 

 

Adaptation in coastal fisheries 

 

India is among the likely countries to suffer significant impacts due to sea level rise 

(15-40 cm rise by 2100) possibly because of continuous melting of global ice cap 

(polar ice) and glaciers (IITM had indicated that increased temperatures and increased 

seasonal variability in precipitation are expected to result in increased recession of 

glaciers in India) as well as expansion of sea surface water molecules due to increasing 

temperature in the coastal regions.   

 

Both Maharashtra and Odisha coast have many important resources that support a 

large population; these include the Alibag delta, mangrove forests and swamps, tidal 

marshes, sand  and mudflats among others. Fishing employs many people and offers 

an important source of food in Odisha and Maharashtra. Unlike inner parts of the 

country, the coastal areas Raigad (Maharashtra)  and Ganjam blocks (Odisha) are 

projected to be less affected by prolonged droughts. Unfortunately, the coastal areas 

are geared to 

experience 

increased  mean 

rainfall and 

cyclical variation, 

which could 

aggravate both 

frequency and 

severity of flash 

flooding and floods. It is there expected that any major imbalances in fisheries secor 

due to climate change will have major detrimental effects to both food security and 

economic opportunities.  

 

Adaptation technologies in Marine fisheries sector 

 

 

PFZ validation cruises – Validation cruises were undertaken for validation of PFZ data 

where more than 100% increase in catch in PFZ area has been recorded against total 

catch hauled from non-PFZ areas at the same time in the same region. 

PFZ observed from the fishing vessel    Fish harvested from PFZarea 
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 Signal testing cruises - Based on critical gap analysis and needs of the fishers, 

mobile signal expansion and testing in sea was undertaken along the coast of Raigad 

District. Currently mobile signal reaches up to 30km from shore. 

 Cage culture - Successfully demonstrated open sea cage culture at Saswane in 

Raigad district by involving local fishers and Selection of Sea weed culture 

demonstration sites at Shekhadi, Aadgaon, Harihareshwar, Bharadkhol etc.Eight cost 

effective GI cages designed for low investment farming operations were launched at 

different locations in Raigad district. About 360 fishers are getting sensitized to this 

technology leading to the option of livelihood generation. 

 Propagation of other interventions such as wheeled ice boxes, advanced packaging 

machines, solar fish dryers and ‘mKRISHI
®

 Service (Gappa Goshti) are also in line 

with the project activities. Till date 500 wheeled ice boxes (40,50 &100 liters) with 

pulling handles and lifting mechanism conforming to standards set by Indian Institute 

of Packaging have been allotted to beneficiaries to keep quality of fish intact over 

longer periods of time.  5 GPS has been distributed in different cluster villages.  

 Changes in capacity and quality improvements are under way. Designs for Solar fish 

dryer have been selected and visit to operating plants, designers/ manufacturers are 

being planned. Propagated livelihood interventions suggested under the project in 

neighboring district.  

 

 

Adaptation technology - Open Sea cage culture at Raigad 

 

Cage culture is one of the best solutions on rapidly declining fish resources. The main 

advantage of open sea cage culture when compared to conventional land based system 

  

Open sea cage launched at Saswane Lobsters juvenile released in launched cage 
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includes low capital cost and simple management. Latest version of open sea cage is 

cost effective GI cage designed for low investment farming operations. 

 

Seven GI cages were launched at different places 

in Raigad district namely Sasawane, Borli 

Mandala, Dighi, Turumbadi, Adgaon, Bharadkhol 

& Shrivardhan. Among these, lobster crop have 

been taken successfully in 2013 and 2014 along the 

coast of Sasawane and Bharadkhol villages. At 

Sasawane, the duration was 80 days with 86.23 % 

survival rate and 256.19 % weight gain. The 

duration at Bharadkhol was 114 days and the average weight increased 5 times from the 

time of stocking. As of now, eight cages have been launched out of which four were 

stocked with juveniles of lobsters. In each cage 20 fishers are included and another 200 

fishers are getting sensitized to this technology leading to the option of livelihood 

generation. Potential of horizontal expansion in Raigad district is high as there are a 

number of very large ‘open coast’ areas including some brackish water sites receiving 

freshwater inputs, where water quality, temperature and salinity can be expected to be 

suitable for cage culture of prawn or other suitable species. Few more had been planned 

for launching from other programme synchronizing with the availability of fish seeds in 

underprivileged as well as tribal villages of the project area. 

 

 

Successfully demonstrated open sea cage culture at Saswane in Raigad district by 

involving local fishers and Selection of Sea weed culture demonstration sites at 

Shekhadi, Aadgaon,Harihareshwar, Bharadkhol etc. 

 

 

Wheeled ice boxes with pulling 

handles 

 
To keep quality of fish intact these ice 

boxes of different capacity (40, 50 & 100 

liters) are used to save revenue and reduce 

manual efforts. These boxes are useful for 

small, marginal and weaker petty sellers 

including women. Cash products like 

Pomfrets and Seer fishes show increased 

profitability. These fishes need to be stored in hygienic and good condition after 
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harvesting from sea; otherwise if the quality and appearance of fish is degraded there 

will be less profit for that fish. Sturdy ice boxes with 100 liter’s capacity are used in 

return boat trip in sunny conditions. As of today about 292 ice boxes conforming to 

standards set by Indian Institute of Packaging have been distributed to beneficiaries. 

This helps them in difficult times when fish catch arrives at landing center in night and 

first transportation availability is by forenoon at distant and interior fishing villages. 

 

 

 

Socio-Economic Interventions and Capacity building  

 
Climate change adaptation is, at its best, a social learning process that equips the 

stakeholders’ especially local decision makers to respond to a wide range of difficult to 

predict contingencies brought on by disturbed climates. Although isolated pilot testing 

through projects are capable of delivering technical capacity and social learning, 

experience had shown that creating the capacity to apply climate information is a 

resource intensive process that takes time to internalize. Therefore it is important that 

necessary hand-holding and funding for climate change adaptation goes beyond pilot 

projects and its interventions, and instead allows local institutions to explore the relevant 

issues and develop the broad set of institutional capacity and technical skills that will 

equip them forthe challenge that might arise due to climate change. 

 

Sustainable livelihoods security through seed village at Dhar, M.P. 

 

11 seed villages were developed in tribal districts of Dhar. Breeder seeds of the crop 

were used for field trials to aid in good quality seed production for use in the following 

years by other farmers. Farmers were trained on raising and monitoring of crop for seed 

production. Those farmers who adopted the seed of improved and early heat tolerant 

variety, in turn could multiply the truthfully labeled wheat seed and sold gaining overall 

additional income of over 20,00,00 lakh 

rupees. More importantly, the improved 

seed has been sown in large areas 

improving overall wheat yield by ~30%. 

Village development committees (VDCs) 

were entrusted with the responsibility to 

collect the seed from the villagers (CCA 

project farmers) after harvest, 

maintenance and redistribution/sale. In 

addition, storage of seed of desired crops 
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and varieties at village level were also encouraged by providing seed storage bins to 

facilitate timely availability of quality seed at farmers’ door step. The VDCs were 

provided with 20 seed bins. 

 

 

 

 

Drought Contingency Plan  for Mewat (2012) 

 

Mewat, a district in Haryana in North West India, has been stressed by periodic drought 

in recent years. Mewat is situated at 28° 06
/
 N and 77° 00

/
 E; and at altitude of 200m 

above mean sea level. The cumulative rainfall deficit during June to 1
st
 August 2012 

was >80%. During June/July, actual rainfall was 30 mm against the mean normal 

rainfall of 212.8 mm. The Nuh block in Mewat received 140 mm while Tauru block 

received 193 mm during June to 15
th

 August 2012. 

 

With the current year drought condition, area under fallow increased from traditional 

20-25 per cent to 35 – 40 per cent for in situ moisture conservation during kharifto be 

used for early sowing of mustard/ wheat crops in Nuh and Tauru blocks. However, in 

the project villages the area under fallow is relatively less i.e.10 percent owing to 

introduction of fodder crops, short duration vegetables and moong crop. In response to 

the recent drought in Mewat region, NAIP Climate Change Adaptation (CCA) project of 

IARI advised the project partners/beneficiaries/stakeholders in August 2012 to take 

immediate actions to manage the crisis. Based on the overall rainfall information and 

water resources availability, the CCA, IARI team developed a Drought Contingency 

Plan to address the possibility of continuing dry conditions.As part of the ‘proactive 

adaptation’ measure, the plan was discussed several times with the farmers and local 

leaders including women SHGs. The plan was unfolded in Biwan/Palla-Paladi and 

Taoru clusters during August to October 2012. 

Cropping pattern I:Pearl millet-Wheat: 

Traditionally, in kharif, farmers take up pearl millet by sowing in July and 

harvesting it in October. The obtained yield was 18qt/ha. The cost of cultivation 

was Rs.16,500/ha and income was Rs.19,800/ha, thus net income per hectare was 

Rs.3,300/ha. After pearl millet, farmers had sown wheat in Rabi, from which their 

net income was 33,250/-(cost of cultivation: Rs.28,000 and income: Rs.61,250/ha) 
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with 49qt/ha yield. Thus, through this cropping pattern farmer’s total net income 

was Rs.36,550/ha. 

Cropping pattern II: Pearl millet-Mustard: 

Although, farmers do not take any crop before mustard, but if someone take pearl 

millet, this results in lower yield of mustard i.e.15qt/ha and net income Rs. 

26,300/ha (cost of cultivation: Rs.25,000/ha and income: Rs.48000/ha). 

 

Contingency Plan  

Under drought contingent plan, farmers were recommended to cultivate early 

mustard and late sown wheat. Through this contingent plan, farmers could get two 

crop in Rabi i.e. early mustard and late sown wheat or early mustard and vegetables. 

Cropping pattern-III:Fallow-Early Mustard-Wheat: 

Farmers had sown early mustard variety (NPJ-112) in last week of September and 

harvested in last week of December. The averageyield of early mustard was found to 

be 20qt/ha, for which the cost of cultivation was Rs. 27,000/ha and through it net 

income was Rs. 29,000/ha. After early mustard, wheat (WR-544) was sown in first 

week of January and harvested in second week of April. The average yield of wheat 

obtained was 38qt/ha and net income was Rs. 21,400/ha with cost of cultivation as 

Rs.28,000/ha. Total net income of farmers through this cropping pattern was Rs. 

50,400/ha. 

Thus, additional gain with contingency plan as compared to cropping pattern I and II 

was Rs.13,850 and 24,100 per hectare, respectively. 

Table 15: Comparison of Farmers’ Traditional Cropping Patterns with 

Contingency Plan 

Season Kharif Rabi Kharif Rabi Kharif Rabi1 Rabi2 

 Cropping 

Pattern-

I(Traditional) 

Cropping pattern-II 

(Traditional) 

Cropping pattern-III  

(Contingency plan) 

Crop Pearl-

millet 

Wheat Pearl-

millet 

Mustard Fallow/Crop 

damaged 

Early 

mustard 

Late 

wheat 

Yield (q/ha)  18  49  18  15  20  38  
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Cost Rs/ha  16,500  28,000  16,500  25,000  27,000  28,000  

Income 

Rs/ha  

19,800  61,250  19,800  48,000  56,000  49,400  

Net Income 

Rs/ha  

3,300  33,250  3,300  23,000  29,000  21,400  

Total Income 

(Rs/Ha)  

36,550 26,300 50,400 

 

Establishment of Rural Resource Centres 

To combat with the issue of unawareness among farmers/fishers regarding issues suchas 

climatechange, new agricultural and fisheries technologiesetc. eleven Rural Resource 

Centers (RRCs) were established, equipped &maintained under this project. These RRCs 

provide fishers/farmers a common platform for updating their knowledge and skills and 

for increasing awareness among farmers regarding agriculture-aquaculture and other 

allied sectors. Locations of established rural Resource centers by all partners are given 

here: 

 

Eleven Rural Resource centers 

 RRC, Saguna Bag, Neral 

 RRC, Alibag Field Centre 

of CMFRI, Alibag 

 RRC, Centre for Social 

Action, Alibag 

 RRC, Jankalyan Trust, 

Mahad 

 RRC, Shinde Farm House, 

Kapade, Poladpur 

 

 
RRC, Shinde Farm House, Kapade, Poladpur 
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 RRC, Bima, Mewat 

 RRC, Palla, Mewat 

 RRC, Chahlaka Dhar 

  RRC, Moulana, Dhar 

 RRC, Kagdipura, Dhar 

 RRC, Pratapur, Ganjam 

 

 
Rural Resource Center, Bima, Mewat 

 

 

 

Knowledge Based farm Extension and advisory services 

Due to inaccessibility to frontier technology, modern varieties and most importantly the 

timely and quality information, farmers are further more vulnerable to climatic risks. 

Agriculture nowadays has become more knowledge intensive. However, in want of 

quick accessibility to need-based and quality information not only the acquisition of 

agricultural inputs, application of right technology and attainment of higher production 

but also the profitable marketing of produce is severely affected, as a result agrarian 

distress plagues them more. Early warning system and speedy communication of 

contingency technological options are the keys for successful adaptation to climatic 

risks and vulnerability. Initiatives have taken for application of ICT based extension 

services to bridge the information and knowledge gaps under this project. Mobile based 

advisory services have demonstrated immense potential in speedy dissemination of 

information. However, the earlier initiatives of push-principle based (one-way system) 

SMS and voice mail system could not bring conviction and accelerated utilization of 

information. Development of customized and appropriate content as well as two-way 

information seeking and provisioning were serious limitations. The project made 

innovative interventions mKRISHI® Agriculture and mKRISHI® Fisheries under 

public-partnership based collaboration with Innovation Lab, Tata Consultancy Services 

(TCS), Mumbai. It designed a configuration to facilitate farmer-friendly and need-based 

system of information seeking and query making as well as information dissemination 

from expert console. Besides weather and climate information, farmers were provided 

with technologies for production, protection and marketing of crops. With baseline 
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survey the climatic risks and impact on agriculture and livelihood system, community’s 

adaptation response, information need, information sources, technological gaps, 

production and market system, and opportunities of up-gradation were identified. The 

characterization of climate risks based on downscaled information, land topography, 

soil, and water, cropping system, livelihood systems and socio-economic base was 

accomplished to develop suitable content for dissemination through mobile for 

appropriate adaptation during climatic risks events. A set of farmers were trained in 

handling the mobile equipment. With use of mobile based advisory the fishermen of 

coastal areas of Maharashtra and Odisha  states could make targeted catch of fish and 

thus not only enhanced the fish harvest by more than 50 per cent but also saved fuel 

expenditure on about 1300  motorized and mechanical fishing boats in 13 project 

villages. The farmers and fishers were benefited through mobile based early warning 

advisory for cyclone/ tsunami in coastal areas and drought contingency planning in 

drought affected areas. The farmers in drought affected areas could implement the 

contingency plan to optimize the production during Kharif (monsoon) and Rabi 

(postmonsoon) seasons. They could also effectively manage the high incidence of insect 

pests and saved the loss during kharif.  Beside this , another knowledge based 

intervention innovated under this project was Information kiosk for drought prone 

districts (Dhar and Mewat) to use a  as a communication tools for providing solutions to 

the farmers on the varied what- if scenario. 

mKRISHI® Agriculture: 

 mKRISHI has been able to connect 3000 farmers from 62 villages in Dhar, 43 in 

Ganjam, 17 in Mewat and  25 from Raigad.5000+ queries has been raised on the 

platform with 80% of them responded within a day.Right kind of the 

dissemination helped the farmers to take a right decision. For example, given the 

incessant rain in many parts of the pilot districts, farmers asked majority of the 

questions (30%) related to the sowing of the variety of the crop, followed by 30% 

related to the pest and the disease management. Farmers viewed “weather 

forecasts” service very frequently (approx. twice a week) to get an idea on the 

temperature and rain pattern and accordingly plan their crop culture activities. 

 

The  other main features and their benefits have been discussed below: 

 Reduction in the time to connect to the experts.  Reduction in travel time and the 

hassles to take the specimen along with them to visit to the experts. Farmers 

needed to travel 10-50 KM to the nearest KVKs to get an advise on the problem 

faced.  Besides spending of Rs. 30-50 on the travel and food cost, it also 

consumed the entire day’s human effort. As an alternative they tried calling the 
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farmer helpline no. 1551, but as this would be busy, they would give up after some 

time.  With the mKRISHI CCA approach, they could raise the question in less 

than 2-3 minutes which were analyzed and answered by the experts in 24 hrs. 

 Availability of the all the researched crop protocols, varieties details and 

Dos/Don’ts in a crisp manner to the farmers.  The content available and shared by 

the experts to the farmers are small and specific (say 120 to 240 characters or so).  

This helped in easy understanding and using the information. 

  The ordering of the services and information in package of practices, frequently 

asked questions, photo gallery and then Ask Query, helps in easy utilising of the 

services.  Hence, the Best Practices and the FAQ helps in understanding the crop 

management in great detail, the photo gallery in visual identification and the Ask 

query in asking any specific questions. This way a majority of the issues and 

doubts (60%) are addresses by Best practices and the FAQ.   

 Establishing a two way interactive system in a way that there is no additional load 

on the existing agro-extension system but still giving “Any Time Query (ATQ)” 

support.  Since this is an offline query raising service, it enables the farmers to ask 

question at any time of the day/night.  Hence, it removes the dependency on the 

availability of an expert to pick up the phone to talk and ask. 
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- IVR based mKRISHI Lite provides a mobile 

handset and operator independent, easy to 

use voice based service. Hence, the spread is 

fast. 

- A mobile application and GPRS data 

connection based  mKRISHI Regular 

provides more visual appeal and services 

than mKRISHI Lite. Through the project 

funded subsidized handsets, the more and 

more progressive farmers are being reached, 

who can become a “trainer” for the rest of 

the farmers in the village or the community.  

 
- With the onset of the last Kharif season and 

good monsoon the user base has increased 

rapidly. 

- The introduction of the mKRISHI Lite service 

also helped to increase the user base as well 

as the usage. 

- People asked maximum questions during the 

seed and sowing phase, followed by 

disease/pest management and the nutrient 

management. 

-  
- Since June, the delta increment user and the 

usage has been increasing consistently.   

 
- Maximum no. of farmers registered wasfrom 

Ganjam followed by Dhar.  In Raigad 

operation has recently started. 
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Scientists- farmers’ workshop at IARI 

RS Indore on 13.09.2012 

Best Practices in Oriya Weather forecast (temperature) for 

Mewat 

 

 

Figure :  A two way interaction between a farmer and Agro expert using 

mKRISHI® platform 

 

a. Development of mKRISHI
®
FISHERIES:  
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 The mKRISHI
®
FISHERIES service has been expanded to all 56 fishermen cooperative 

societies in the Raigad district of the state Maharashtra   

 By following PFZ advisory through mKRISHI
®
FISHERIES mobile service following 

fishers got good catch.One purse seine boat from Rewas-Bodni village got 20 ton of 

Ghol fish catch in one day.Three trawler boats from Bharadkhol village got 3 ton, 4.5 ton 

and 1.5 ton of seer fish, mackerel and prawns catch in one day. PFZ grounds were also 

validated under the project by undertaking 3 cruises with purse seine net, 3 cruises with 

trawl net and one cruise with gill net along the coast of Raigad district. In all the cruises 

catch was more as compared to that of catch in non-PFZ. 

 Fishermen now daily see the wind advisory on mKRISHI
®
FISHERIES mobile service 

and takes the decision whether to load the ice in the boat or not. If the wind speed will be 

more tomorrow and the ice is loaded today, it is the loss of ice and ultimately the money. 

Again there is traditional knowledge that when wind blows from North West, fishers get 

better catch as compared to that when wind blows from South West direction along the 

coastline.    

 On the recommendations of the World Bank Mid-term review team and GEF consultants 

(INSPIRE, NGO) as well as the specific need based demands of the fishers for extending 

the mobile range deep in the sea (upto 50 km off Raigad coast); cruises were carried out 

to test Base Trans-receiver Station (BTS) signal both for CDMA and GSM with TCS and 

TATA Docomo team under the project. The track of the trip with the help of Vessel 

tracking System (VTS) was also validated in real time. Four cruises to test the mobile 

signal in the sea have been undertaken by CMFRI along with TCS off the Raigad district 

coast. It was found that signal was good up to 25 km off the coast. Signal will be 

extended by TCS up to 50 km off the coast of Raigad district. 

 

 

Lesson learnt from Community based adaptation practices  

 

Following unfolding of the CCA project it was very encouraging to learn that local 

community was able to access weather and climate information and also able to interpret 

that is relevant to their context across different timescales. The community could 

identify their adaptation needs and priorities, assess the resources gap in knowledge, 

technology and skill and acquired resources either from the project and other sources; 

and protected assets and taken action during these period. The CCA project acted as part 

of the resources centre and provided necessary hand holding in their endeavour. 
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The impacts of climate change are situation specific as the resources and capacity 

available for adaptation are locally distinct. As a result, adaptation activities should not 

be generalized through top-down approach. However, there will be similarities in terms 

of climate change impacts and adaptation capacity across a wider area within and 

outside the region, so there is still potential for up scaling community based adaptation 

solutions to other areas. It was very clear from the CBA initiatives especially from less 

privileged areas like Mewat (Haryana ) and Dhar (Madhya Pradesh) that farmer at 

individual level adapting his/her behavior according to perceived ‘climate change’ but 

that is  insufficient to deal with the challenge of climate change, for example, farmers 

having land area more than 8-10 acre in Mewat may choose to increase agriculture 

production but put more pressure on common resources, such as extract more ground 

water, leaving animals to open grazing leading to higher constraints for the community. 

To avoid this negative outcome, communities must work collectively, so that collective 

adaptation influences leads to effective individual adaptation decisions and also to 

facilitate the risk sharing at village and cluster level. 

 

In CCA project weather and climate information played an important role in its 

successful implementation of community based adaptation initiatives in project districts. 

Mewat experiences during 2012 drought was an good example of adaptation strategies 

(drought contingency plan as preparedness for risk prevention at community 

level)thatincorporates both scientific knowledge of climate changes supported through 

project scientists and weather forecasting/monitoring through mKRISHI, and local 

knowledge on agriculture and livelihood risk assessment based on bio-physical as well 

as socio-political environmental change from the past experiences. 

 

 

The results generated from this pilot project can be further tested and suitably modified, 

in consultation with the community, adaptation options that are suitable to a particular 

local area or even region within the country, thus potentially benefiting a group of 

cluster villages much larger than the immediate community. 

 

In mainstreaming community based initiatives in agricultural risk management process, 

our experiences are, 1)  The local community group, whether it is farming community of 

drought prone areas of Mewat / Dhar or floods prone Ganjam district or coastal fisheries 

community from Raigad, Maharastra, after receiving initials external support from 

project activities also tried themselves to internalize the process by strengthening and 

expanding social networks at cluster level; and 2) they preferably avoid linking with 

existing institutional support system most likely due to several reasons including 

unfriendly past experiences with government agencies. The expansion of adaptive 

strategies, both for individual and community level, to increase resilience to climate 
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change, such as, high temperature/heat, drought and/or flood tolerant varieties, agro-

techniques type of planting or fertilizer applications, well deepening, UG pipeline etc., 

and to some extent sharing of family labours/machinery for sowing/irrigation etc. are 

more sustainable as there were shared through social networking. It was also agreement 

with all the project team members that community located in more hazard prone areas 

(for e.g., Ganjam in Odisha for floods / Cyclone, and drought in Dhar, Madhya 

Pradesh), which has faced fury of weather like cyclone or severe drought in past could 

perceive the risks posed by climate change, and willingly come forward to accept the 

adaptive technologies (even ready to spend money from their own) to act in response to 

climate related risks.  

 

Adoption of selected innovative intervention in climate change adaptation project 

 

Intervention Innovation Description 

Intervention-1: 

Agronomical adaptation -1) 

early & late heat/drought 

tolerance in Wheat  

 

 

 

 

 

 

 

2) Agro-techniques for 

pigeon pea production  

 

 

 

 

 

 

 

 

 

 

 

3) SRI with ICM technology 

 1a.The wheat cv. WR544 and HD2985 a short duration and 

climate resilient variety performed well under late heat and 

delayed sown condition; while wheat cv HD 2932 & HD 2967 

(medium to long duration) recorded higher productivity during 

normal years (without late heat years) when sown till 

December in Mewat condition. 

 1b.Integrated Crop Management (ICM- using Breeders seed + 

seed treatment + 2 supplementary Irrigation + INM + Pest 

Monitoring & Management) practice with Wheat of early heat 

& drought tolerant cv. HI1531 and HI8627(av. 20% yield 

increase over check) performed very well in central India. 

 

 

 2. Pigeon pea is a very long duration crop, and grain-filling 

takes place under declining rainfall and increasing water stress 

condition, and  also interfering with taking a second crop of 

wheat in Mewat. Higher temperatures under climate change 

scenario will shorten the vegetative phase further leading to 

decrease pigeon pea yield. Keeping this in view a suitable agro-

technique of growing pigeon pea during hot summer was 

adapted in active participation of farmers from Mewat. Under 

this technique sowing of Pusa 991/ Pusa 992/ Pusa 2002 (short 

duration semi-tall pigeon pea) varieties were done more than 

one and a half month ahead of normal dates of sowing with 

onset of monsoon, to cover the delay in sowing of the 

following wheat crop in these areas.  There was no irrigation 

applied after sowing to control the emergence of weeds. One to 

two irrigation was given at 20-25 days interval till the monsoon 

rain received by the end of June/first week of July. No 

irrigation was applied after the onset of monsoon. Using 

pheromone traps at arhar field @ 8-10 unit per acre (applied 

two Leor at 19-23 days interval) reduced the application of 

plant protection chemical spray in pigeon pea.  The average 

grain yield of pigeon pea in was 15 to 20 q/ha. The farmers use 
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for rainfed lowland rice  

 

to harvest 35-50 q/ha of Stover. 

 In rainfed shallow lowlands, CRRI developed ICM module i.e. 

HYV (Pooja/ Swarna/ Swarna sub-1), line transplanting, 

Integrated Nutrient Management (FYM, 5t/ha +NPK 80:40:40 

kg/ha), Mechanical weeding and Need based plant protection 

was tested against farmers management (Farmers variety, 

broadcast seeding and with or without any fertilizers and plant 

protection measures). For this, truthfully labelled seeds of 

Pooja and Swarna sub-1 were supplied to 154 shallow lowland 

farmers, of which modified SRI method (14 day old seedlings, 

25 x 25 cm spacing, cono weeding and recommended dose of 

NPK and Need based plant protection) was followed. In case of 

SRI with ICM technology, an average yields of 5.47 and 5.69 t/ 

ha was obtained with Pooja and Swarna sub-1, respectively 

with an average yield increase of 51.5 and 55.7% over farmers’ 

practice. 

Intervention-2: 

mKRISHI
® 

Service  

 Enables an interactive communication channel between 

farmers/fishers and its stakeholders like Agricultural Experts  

  Updates of climate, drought, flood and cyclone, market price 

etc 

  Quick response for crop related issues and advisories. Many 

farmers benefitted from mKRISHI services by means of high 

quality and quantity of crop produce. 

mKRISHI
® 

Fisheries
 

Service   PFZ and wind and wave, speed & direction advisories are 

disseminated through mobile hand sets and Early Warning 

System (EWS) is in place. 

 Fish  rates  at major landing center (Mumbai) are regularly 

updated  

 Huge saving of Diesel for boats, reduction in GHG emission, 

and time saving by fishers. 

Intervention-3:  

Remote Sensing derived 

drought Index (VCI) for 

Drought Early Warning  

 

  Remote Sensing derived drought index, Vegetation Condition 

Index (VCI) was a better index for forecasting  severe to 

moderate agricultural drought condition compare to other 

indices. 

 Comparing VCI with pre- and post-monsoon SWI (used in case 

of meteorological drought), study reveals that agricultural 

drought does not correspond to hydrological drought in most of 

the years. 

 Relative deviation between actual and predicted VCI  revealed 

that the VCI prediction was better for shorter interval (10 days 

in advance) i.e.for example nearest VCI prediction for the date-

1st sept  from the day of last observation of 21st Aug. of a test 

case (2008) 

Intervention-4: 

Open Sea Cage Culture 

 Low capital cost and simple management. 

 Cost effective GI cage designed for low investment farming 

operations. 

Intervention-5:  

Integrated water saving 

 IWST (Laser Levelling of field + UG Pipeline-HDPE+ 

Sprinkler / raingun) enhance wheat in by more than 21% 
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technologies(IWST)  on wheat 

yield enhancement & CO2 

emission reduction  

compared to control. 

 Increased WUE of > 40 %, time saving of > 25 %  

 CO2 emission reduction more than 85 kg/ac. 

Intervention-6:  

Agriculture, Aquaculture,  

Animal husbandry, Poultry and 

allied  

 Milk production increased by 40% due to feed supplements. 

 Chicken mortality rate decreased by 10% due to vaccination. 

 Vegetables production of given seed, increased by 30-35% due 

to Compost manure and fertilizers. 

 

 

Lesson learn summary 

 

• Climate Change Adaptation is location specific and social learning process – 

learning how to adapt better; 

• Community based adaptation links bottom-up livelihood perspectives and 

government led top-down approaches 

• Climate change further declines the adaptive capacity of farmers - need to launch 

adaptation measures now & plan for upscale. 

• Climate change adaptation and development goes together at the local level and 

need more convergence of programme and sharing of information at 

cluster/block level 

• Strengthening research-development linkages to address the future risks 

• monitoring on-going adaptation practices, alert on risks of mal-adaptation, and 

establish links with policy making 

• Strengthening institutions with clearly firm responsibilities at community level 

(encourage local leadership), and linkage with Panchayat/Block/Dt.  

 

 

Consolidate results framework of Climate Change Adaptation project  

(World Bank- GEF Fund)- 2014  

 

Project 

Development 

Objective 

Result/Outcome 

Indicators 

Achievements 

 Enhance capacity 

to respond to 

climate change & 

variability in 

drought & flood 

prone areas, 

realizing new 

opportunities for 

livelihood 

 Best practices notes, 

operational guidelines and 

other teaching and capacity 

building tolls related to 

coping mechanisms for 

climate change and 

variability based on (i) 

improved soil and water 

management practices. (ii) 

 Adaptation efforts undertaken by >5000 farmers 

(covering 2600 ha) and >16000 fisher (in 56 

fisheries societies)  

 CCA project intervention made tangible 

economic development of farmers through 

agriculture, A.H. & fisheries and livelihoods 

interventions, and overall development of the 

local communities in general . e.g. 

 Replacement of local wheat seed with early 
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sustainability  Better adapted crops and 

crop varieties; (iii) better 

adapted livestock species 

and races, and (iv) 

integrated resource 

management systems 

finalized.  

heat and drought tolerant as well as late heat 

tolerant, increased wheat yield by 20% (av,)  

in 450 ha. 

 ICM technology in rice enhanced crop 

productivity across lowland ecology by 20-

35% . SRI Technology covered 100 ha 

 A.H interventions-Household income increase 

by  

Rs. 8,000/animal/lactation period and 16% 

increased in milk yield /day/head.  

 Carbon emission reduced in fisheries sector– 

75,040 tons/annum  

 ICT mobile technology(mKrishi) benefitted 

1430 craft owners and 8580 fishermen 

 Strengthened capacity of key stakeholders -

district level agencies, NGOs through group 

training, field & exchange visits of  best practice, 

etc.      

  

 15 number of village 

resource centres promoting 

training and capacity 

building on adaptation to 

climate change and 

variability  

 15 rural resource centres helping 7302 farmers and 

16,200 fishermen.  

 Trained key personnel in responsible for project 

implementation in line departments at district 

responsible for agriculture, integrated 

water/resources management, livestock, marine 

fisheries & community development, and gender. 

 36 trainings for 1413 farmers and 16200 

fishermen 

 11 seed villages have been developed. 

 56 additional fishermen co-operatives 

including Tribal fishermen community 

covered in Raigad district. 

 2500 number of stakeholders trained on 

adaptive technologies 

 Commercialization of  technology (mKRISHI) 

successfully initiated through P-P-P mode 

 m-KRISHI fisheries covering 170 kms along 

coastline.  
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Wrapping up 
 

 Higher productivity through high temperature /heat and drought resilient varieties 

and improved adaptation technologies of selected crops under adaptation to climate 

change initiatives (wheat, mustard, chickpea, maize, pearl millet, soybean in drought 

prone districts, and floods tolerant rice varieties such as Swarna Sub1,  Varsha Dhan 

for deep lowland areas in flood prone districts) renders higher income, enhanced 

safeguard against income fluctuations due to climate variability and change. 

 Integration of livestock and fisheries to derive more value per unit of water 

 Learn from climate extremes that is already occurring  

 Mixed cropping is a promising adaptation strategy for small-scale tribal farmers to 

reduce risk of complete crop failure. Some farmers have started growing maize 

together with cowpea/ vegetables, which mitigates the risk from reduced vegetable 

yields. Both crops are well adapted to water scarce conditions prevailing in Dhar and 

grow well even on relatively poor soils. Mixed cropping of different vegetables like 

eggplant, tomatoes and ladyfingers together with maize is working well too. Despite 

mixed fields are more labour intensive for farmers, they do have several other 

advantages. They are less prone to pest attacks, allow for a diversified diet, spread 

the risk of having no yields at all from failure of one crop and thus generate 

additional income in the long run.  

 

 The most limiting factor in the drought prone study area is water availability. Thus, 

the key to build up climate resilience in Madhya Pradesh lies in the water 

sector.Improve rainwater-harvesting capacities to take advantage of existing 

harvesting structures either renovate, extend and build new nullah-bunds on drainage 

channels, community tanks and ponds in order to enlarge storage capacity for water 

near the benefitting community.  

 In tribal dominated Dhar district water resource sharing is a viable 

adaptationstrategy. Forming small water user group (3-7 household) sharing common 

under-ground pipeline for carrying water from source to closer to their field clusters, 

sharing sprinkler /rain gun sets helps in reducing water consumption and 

guaranteeing equal distribution of scarce resources; thus guaranteeing stable 

production of wheat.  A functioning example of self-regulated sustainable rainwater 

harvesting and groundwater management based on social regulation schemes is found 

in Badnawar cluster (Villages)in Dhar district. 

 Investment in sprinklers, rain gun and / or drip irrigation is a good way to enhance 

water use efficiency and also to reduce water consumption in agriculture sector. 
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However, most of the time farmers are not capable of making investments of that 

scale. Farmers were in most cases not aware of all government, including schemes 

that had provisions of subsidies for such irrigation facilities in those areas.  

 

 People’s participation in water resources development and management- Our 

observation and working with the community in Dhar, Madhya Pradesh showed that 

some technical/specialist support needed for design and development of local/ 

village/cluster level water harvesting plan as well as it’s efficiently use had a huge 

impact on water availability. People’s participation can easily be ensured through 

local ‘active NGOs’ in those areas is probably an efficient solution to achieve this 

goal.  

 

 Sustainable water management practices are vital to adaptation in water scarce and 

drought prone areas in Dhar district. Deepening of existing and digging of new wells 

can bring some relieve in the short run but is not a sustainable practice as the root of 

the problem is not addressed. However, new recharge sites (renovated WHS, 

community ponds/ Percolation tanks at upper reaches of watershed etc)  may 

straighten incentives from using the scarce resource sustainably and encourage 

judiciously and discourage misuse/overuse. 

 Strengthening village development committee (VDC) including a member from local 

Panchayat and one third party member was guiding force for collective decision 

making and monitoring and sustainability of the management bodies. 

Thebuildupcapacity of the VDC for financial management of contributory 

‘sustainable//village fund’, which take care of management task as well as maintain 

existing infrastructure also assure sustainability. 

 Capacity building in the area of integrated water saving technologies and locally 

suitable agricultural techniques, as agriculture and livelihood diversification based 

conservation agriculture / organic farming practices.  

 The other most important thing in local level of adaptation was to preserve their own 

seed that are high temperature and drought tolerant.  

 Increase seed-cum-grain storage capacities at community level: Improve food 

security through production and construction of larger seed cum grain storage 

facilities, coupled with encouragement to stock larger quantities of high temperature 

and drought resistance seed for harder times. 

 In climate change adaptation programme, undoubtedly assure access to weather 

forecast is the paramount important factor. Though weather forecast exists for most 

of the states, district level and selected important cities but seldom for the specific 

project areas. The majority farmers in the hinterland (especially, Mewat, Dhar etc.) 

seldom have access to such information or are simply not aware of these services. 
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However, mKRISHI service platform under CCA project assured adequate 

distribution of forecast information to remote villages through two-way 

communication mobile technology as well as large scale awareness raising 

campaigns showed the way and is a possibility in coming years. 
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5. Process/Products/technology Developed and Introduced: 

Sr. No. Process/Product/technology 

Developed/ Introduced 

Adoption/Validation/ 

Commercialization, 

etc 

Responsible 

Partner 

1.  Community Seed Bank Developed, Validated 

and up scaled 

IARI 

2.  ICM Technology Package for 

Lowland Rice 

Demonstrated and up 

scaled 

CRRI 

3.  Vertical Vegetable Garden(VVG)  Validated and up 

scaled 

IARI 

4.  Flood Tolerant Rice Varieties Demonstrated and up 

scaled 

CRRI 

5.  Integrated Crop Management 

(ICM) in Rainfed Lowland and 

Irrigated Medium Land Rice 

Tested, validated and 

up scaled 

CRRI 

6.  Improved Management Practice 

for Groundnut HYV in Rice 

Fallows 

Tested, validated and 

up scaled 

CRRI 

7.  Cropping sequence for drought  

(Drought Contingency Plan- 

Mewat 2012) 

Developed, validated 

and up scaled 

IARI 

8.  Open Sea Cage Farming  Fresh 

Water Cage Farming 

Tested, validated and 

up scaled 

CMFRI 

9.  Water Saving Technology up scaled IARI 

10.  Summer Greengram (Moong) in 

Mewat 

up scaled IARI 

11.  Agronomic Adaptation Strategies 

on Rice-Based System in Uplands 

Tested, validated and 

up scaled 

CRRI 

12.  Community Ponds through 

Quality Fish fingerlings and 

Composite Fish Culture 

 Validated and up 

scaled 

OUAT 

13.  Drought/Late Heat Tolerant 

Varieties of Wheat  and Mustard 

Demonstrated and up 

scaled 

IARI 

14.  Saguna Rice Technique Demonstrated CMFRI 

15.  m-KRISHI
®

 CCA Developed, validated 

and commercialization 

is in process 

IARI and TCS 

16.  m-KRISHI
® 

Fisheries  -do- CMFRI& 

TCS 
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6. Linkages and collaborations: 

Sub-Project 

Leader/Partner 

Particulars of Linkages developed 

IARI   Adivasi Sewashram Trust (NGO) 

OUAT  TCS 

 Govt. of Odisha, Agril. Dept. 

 CRRI, Cuttack 

CRRI, Cuttack  State Department of Agriculture, Ganjam 

 Krishi Vigyan Kendra, Bhanjanagar 

Mumbai Research 

Centre of CMFRI, 

Mumbai 

 Karjat Taluka Govansh Sudhar Mandal, Karjat (NGO) 

 Hutamta Kotwal Wadi Trust, Neral, (NGO) 

 Ambuja  Cement Foundation Trust, Ulwa, (NGO) 

 Fishermen Co-operative societies in selected villages  

 TATA Consultancy Services (TCS) Innovation Lab, Thane 

 RRC, Centre for Social Action (CSA), Alibaug (NGO) 

 Department of Fisheries Maharashtra, Regional office, 

Alibaug 

 Disaster Management Authority, Raigad 

 RRC, Jankalyan Trust, Mahad 

 RRC, Shinde Farm House, Kapade, Poladpur 

TCS  CMFRI MRC 

 INCOIS 
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7. Status on Environmental and Social safeguards Aspects: 

 

 

 

 Activity  Environmental 

issue 

addressed 

Social issues 

addressed 

Resolving measures if 

negative impact  

 Introduction of new varieties  Yes  Yes  NIL  

 New Technology interventions 

(Laser leveling, NRM, etc.)  

Yes  Yes  Involvement of panchayat/ 

opinion leaders  

 Water management  Yes  Yes   

 Demonstration of RCTs, INM, 

IPM  

Yes  Yes  Involvement of panchayat/ 

opinion leaders  

 Crop diversification/intensification  yes  yes   

 Improved healthcare for livestock  Yes  Yes   

 PFZ forecasting  Yes  Yes  Community participation  

 Integrated aquaculture  Yes  Yes   

 Establishment of SHGs/ societies 

and Market linkage  

Yes  Yes  Community leader 

involvement  

 Development of RRCs,  and 

community seed banks  

yes  yes  Involvement of panchayat/ 

opinion leaders 

For joint monitoring with  

project staff  
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8. Publication: 

 Research Papers in peer reviewed journals  

Sr.No

. 

Authors, Year, Title of paper, Name of Journal, vol. 

and page no. 

NAAS 

Rating 

Responsib

le Partner 

i.  Pathak H, Sankhyan S, Dubey D S, Bhatia, A and 

Jain, N. 2013, Dry direct-seeding of rice for 

mitigating greenhouse gas emission: Field 

experimentation and simulation. Paddy Water 

Environ, 11:593–601. 

7.4 IARI 

ii.  Bhatia A, Pathak H, Jain N, Singh P K and Tomer, 

R. 2012. Greenhouse gas mitigation in rice-wheat 

system with leaf colour chart-based urea 

application. Env. Monit. Assess. 184:3095-3107. 

7.5 IARI 

iii.  Saharawat YS, Ladha JK, Pathak H, Gathala M, 

Chaudhary N and Jat ML. 2012. Simulation of 

resource-conserving technologies on productivity, 

income and greenhouse gas emission in rice-wheat 

system. J. Soil Sci. Environ. Manage. 3(12):31-44. 

 IARI 

iv.  Bhatia A, Aggarwal, PK, Jain, N and Pathak H. 

2012. Greenhouse gas emission from rice and 

wheat-growing areas in India: Spatial analysis and 

upscaling. Greenhouse Gas Sci Technol. 2:115–

125. 

 IARI 

v.  Chakrabarti B, Singh, S D, Naresh Kumar, N, 

Aggarwal., P K, Pathak H and Nagarajan, S. 2012. 

Low-cost facility for assessing impact of 

carbondioxide on crops. Curr. Sci. 102:1035-1040. 

7.4 IARI 

vi.  Aggarwal PK, Palanisami, K, Khanna M and 

Kakumanu, K R. 2012. Climate change and food 

security of India: Adaptation strategies for the 

irrigation sector. World Agriculture. 3(1): 20-26. 

 IARI 

vii.  Pathak H, Tewari A.N, Sankhyan S, Dubey D.S, 

Mina U, Singh VK, Jain, Nand and Bhatia, A. 2011. 

Direct-seeded rice: Potential, performance and 

problems – A review. Curr. Adv. Agril. Sci. 3: 77-

88. 

3.9 IARI 

viii.  Naresh Kumar, S., P. K. Aggarwal, Swaroopa Rani, 

Surabhi Jain, Rani Saxena and Nitin Chauhan. 

2011. Impact of climate change on crop 

productivity in Western Ghats, coastal and 

northeastern regions of India. Current Sci. 101 

(3):33-42. 

7.4 IARI 

ix.  Pathak H, Byjesh, K., Chakrabarti, B.,Aggarwal, 

P.K. 2011. Potential and cost of carbon 

7.7 IARI 
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sequestration in Indian agriculture: Estimates from 

long-term field experiments. Field Crops Res. 

120:102–111. 

 

x.  Pathak H, Saharawat YS, Gathala M, Ladha JK. 

2011. Impact of resource-conserving technologies 

on productivity and greenhouse gas emission in 

rice-wheat system. Greenhouse Gas Sci Tech 

1:261–277. 

 IARI 

xi.  Bhatia A, Ghosh A, Kumar V, Tomer R, Singh SD, 

Pathak H. 2011. Effect of elevated tropospheric 

ozone on methane and nitrous oxide emission from 

rice soil in north India. Agric. Ecosys. Env. 144: 21-

28. 

7.9 IARI 

xii.  Kumari M, Chakraborty D, Gathala MK, Pathak H, 

Dwivedi BS, Tomar RK, Garg RN, Singh R, Ladha 

JK. 2011. Soil aggregation and associated organic 

carbon fractions as affected by tillage in a rice–

wheat rotation in north India. Soil Sci. Soc. Am. J. 

75:doi:10.2136/sssaj2010.0185. 

7.6 IARI 

xiii.  Gathala MK, Ladha JK, Kumar V, Saharawat YS, 

Kumar V, Sharma PK, Sharma S and Pathak H. 

2011. Tillage and crop establishment affects 

sustainability of south Asia’s rice-wheat system. 

Agron J, 103:1-11. 

7.6 IARI 

xiv.  Sharma SK, Saxena M, Mandal TK, Ahammed YN, 

Pathak H, et al. 2011. Variations in mixing ratios of 

ambient ammonia, nitric oxide and nitrogen dioxide 

in different environments of India. J. Food Process 

Technol. 1:101. doi:10.4172/2157-7617.1000102. 

 IARI 

xv.  Sharma SK, Pathak H, Datta A, Saxena M, Saud T 

and Mandal TK. 2011. Study on mixing ratio of 

atmospheric ammonia and other nitrogen 

components. Proc. Intern. Acad. Ecol. Environ. Sci. 

1(1):26-35. 

 IARI 

xvi.  Bhatia A, Pathak H, Jain N, Singh PK, Tomer R. 

2011. Greenhouse gas mitigation in rice-wheat 

system with leaf colour chart-based urea 

application. Env. Monit. Assess. DOI 

10.1007/s10661-011-2174-8 

7.5 IARI 

xvii.  Saharawat YS, Ladha JK, Pathak H, Gathala M, 

Chaudhary N and Jat ML. 2012. Simulation of 

resource-conserving technologies on productivity, 

income and greenhouse gas emission in rice-wheat 

system. J. Soil Sci. Environ. Manage. 3(12):31-44. 

 IARI 

xviii.  V. V. Singh. 2011.  ‘Road map for mitigating 6.2 CMFRI 
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threats of natural disasters and associated livelihood 

challenges in climatically vulnerable Raigad district 

of Maharashtra’ Indian Journal of Fisheries. 

 

xix.  E. Vivekanandan, V.V. Singh and J. K. Kizhakudan 

(June-2013), Carbon footprint by marine fishing 

boats of India, “CURRENTSCIENCE”, Vol. 104_5 

June, 2013.pp. 361-366. 

  

xx.  V. V. Singh, Atul R. Sathe, and Priyanka S, 

Vichare, 2013. Energy optimisation in fishing 

through mKRISHI® FISHERIES Service in Raigad 

district Maharashtra. International Symposium on 

‘Greening Fisheries ~ Towards Green Technologies 

in Fisheries. Jointly organized by the Society of 

Fisheries Technologists (India) and Central Institute 

of Fisheries Technology, Cochin, May 21-23, 2013, 

Cochin, India 

  

 Books/Book Chapters/Abstract/Popular articles, Brochures, etc. 

 Authors, Year, Title of the papers Name of Book/ Seminar/ 

Proceedings/Journal, Publisher, Page No 

Responsi

ble 

Partner 

 Book/Books Chapters 

i.  Pathak H, Aggarwal, P K and Singh S D (Eds.). 2012. Climate 

Change Impact, Adaptation and Mitigation in Agriculture: 

Methodology for Assessment and Applications. Indian 

Agricultural Research Institute, New Delhi. pp  xix + 302. 

IARI 

ii.  Naresh Kumar, S. 2012. Modeling climate change impacts and 

adaptation strategies for horticultural crops. In: Adaptation and 

mitigation strategies for climate resilient Horticulture. 

(Shivashankara, K.S., Prakash Patil, Selvakumar, G and Sridhar 

V. eds). Indian Institute of Horticultural Research Pub., 23-35. 

IARI 

iii.  Pathak H and Aggarwal, P K. (Eds.). 2012. Low carbon 

technologies for agriculture: A study on rice and wheat 

production systems in the Indo-Gangetic plains. Indian 

Agricultural Research Institute, New Delhi, p. xvii + 78.  

IARI 

iv.  Pathak H, Bhatia A and Jain N. 2012. Crop residues management 

with conservation agriculture. Potential, constraints and policy 

needs. Indian Agricultural Research Institute, New Delhi, vii + 32 

p.  

IARI 

v.  Naresh Kumar S and P.K. Aggarwal, 2011. Climate Change: 

Research Status and Future strategies. In Horticulture to Horti-

Business. K L Chadha, A.K. Singh and V.B. Patel eds. Westville 

Publishing House, New Delhi. Pp 1-15.  

IARI 

vi.  Naresh Kumar, S. 2011. Use of crop simulation models in 

analysis of vulneRability to climate change. In. Agricultural 

Drought: Climate change and rainfed agriculture (VUM Rao, 

IARI 
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AVMS Rao, PV Kumar, S Desai, US Saikia, NN Srivastava and 

B venkateswarlu eds.). CRIDA Publication, Hyderabad pp 214-

219.  

vii.  Naresh Kumar, S. 2011. Climate change scenarios and impact on 

agriculture. In. Agricultural Drought: Climate change and rainfed 

agriculture (VUM Rao, AVMS Rao, PV Kumar, S Desai, US 

Saikia, NN Srivastava and B venkateswarlu eds.). CRIDA 

Publication, Hyderabad pp 220-224.  

IARI 

viii.  Rao K S. 2012. Diversification of rice based Cropping System to 

cope up with climate change (in)Climate Change: Greenhouse 

Gas Emission in Rice Farming and Mitigation Options, 

Bhattacharyya, P., Nayak, A.K., Raja, R. and Rao, K.S. (Eds). 

(2012)., Central Rice Research Institute, Cuttack-753006, Odisha, 

India. (In Press). 

CRRI 

ix.  Kalpesh B. Keni, Punam A. Khandagale and Veerendra V. Singh 

2013. Open sea cage Farming. Compendium of lectures 

“DIMENSIONS IN FISHERIES SCIENCE”, P: 56. 

 

x.  Kapil Sukhadane, Radhika Powar, Veerendra Veer Singh 

(April -June, 2013), “Marine Fisheries Information Service”, 

Window pane oyster collection – an alternative means of income 

for fisherwomen of Kudgaon, Raigad, Maharashtra, No.216_ 

April-June 2013 pp.29-30 

 

 Seminar/ Symposium/Conference/Workshop Proceedings 

i.  Sami I, Gabira M, Khanna M, Singh M, Parihar S S, Mani I and 

Sharma A R. 2012. Effect of resource conservation technology 

and nitrogen levels on moisture conservation and production of 

sorghum (Sorghum bicolor L. Moench). (in) Water for Food 

Conference. Held during May 30-June1st, 2013 at Lincoln, 

Nebraska, USA. 

IARI 

ii.  Singh D K, Khanna M andKaur R. 2012. Assessment of energy 

and carbon foot print of groundwater irrigation: Simple 

methodology but complex to estimate. (in) International 

Workshop on Understanding Water-Energy-GHG nexus for 

future water and food security.  Held during September 27-28, 

2013 at New Delhi, India. 

IARI 

iii.  Patle, G T Singh D K and Khanna M. 2012. Reduction in green 

house gas emission through improved pumping efficiency. (in) 

International Workshop on “Understanding Water-Energy-GHG 

nexus for future water and food security.  Held during September 

27-28, 2013. New Delhi, India.  

IARI 

iv.  Singh V V. 2012. VulneRability of Indian marine fisheries to 

Climate Change. (in) Training Programme on Research Strategies 

for Mitigation and impact of Climate change on fisheries, held 

during 15 November 2012- 5 December 2012 at CIFE, Versova, 

Mumbai, India. 

CMFRI 
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v.  Singh V V. 2012. Technological measures for mitigating climate 

change induced issues in vulnerable areas. (in) Training 

Programme on Research Strategies for Mitigation and impact of 

Climate change on fisheries, held during 15 November 2012- 5 

December 2012 at CIFE, Versova, Mumbai, India. 

CMFRI 

vi.  Singh V V. 2013. PFZ and Wind Advisories through m-

KRISHI® Fisheries Service. (in)  Global Kokan Festival -2013, 

held during 4-7 January, 2013 at BASCO, Goregaon, Mumbai, 

India. 

CMFRI 

vii.  Singh V V and Singh, D. K. 2013. mKRISHI® Fisheries Service 

–Pilot. (in) 3rd User Interaction Workshop 2013. Held on 8th 

March 2013 at INCOIS, Hyderabad, India. 

CMFRI 

 Seminar/ Symposium/Conference/Workshop Presentation  

i.  Dutta, Dipanwita, Sahoo, R N, Khanna, M. Kumar, N and 

Bandyopadhyay S K. 2012. Drought Monitoring in Dhar and 

Mewat District of India through Meteorological, Hydrological 

and Remote Sensing derived Indices, Natural Hazards, 

Presentedin National Symposium on Space Technology for Food 

& Environmental Security & Annual Convention of Indian Soc. 

of Remote Sensing & Ind. Soc. of Geomatics during 5-7 

December, 2012 at Delhi, pp 164. 

IARI 

ii.  Khanna Manoj, Bandyopadhyay, S, Singh A. K, Kumar, Naresh., 

and Padaria, R. N. 2012. Water Management innovation approach 

to strengthen adaptive capacity of the small farm land holders in 

rainfed regions of India. (in) International Workshop on 

Understanding Water- Energy-GHG nexus for future water and 

food security, held during 27-28 September, 2012 at New Delhi. 

IARI 

iii.  Bandyopadhyay S.K,Padaria R. N, Singh, V V, Singh,  DK, 

Kumar, S. Naresh,   Garnayak, LM and Panda  B B. 2013. 

Knowledge based extension application using mobile technology 

for climate change adaptation among small-holder farmers in 

India. (In) 11th Annual CPASW, Climate Prediction Applications 

Science Workshop, April 23-25, 2013 Logan, UTAH, USA. 

IARI 

iv.  R.N.Padaria, S.K. Bandyopadhyay, Manoj Khanna, Naresh 

Kumar, Subhash Chandra and A.K.Singh (2012)Technology 

Demonstrations and Upscaling for Improved Livelihood in 

Climate Vulnerable Drought Regions. National conference on 

Demonstrated Options for Improved Livelihood in Disadvantaged 

areas of India. At Indira Gandhi Krishi Vishwavidyalaya, Raipur.  

On Jan 20-21, 2012 Organised by National Agricultural 

Innovation Project, ICAR, New Delhi and Indira Gandhi Krishi 

Vishwavidyalaya, Raipur. 

IARI 

v.  R. N. Padaria, N. Shivaramane and P. C. Parida (2011) Has Bt 

cotton paved the way for transgenic crops in India- an analysis of 

impact, opportunities and protest. In Int. conference on 

IARI 
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Innovative approaches for agricultural knowledge management. 

Int. society of Extension Education, Nov. 9-12, 2011, New Delhi. 

vi.  Naresh Kumar S 2011. Climate change and Indian agriculture: 

Impacts, adaptation and way forward, invited lecture, 

"International Conference on Perspectives of Climate Change and 

Plant Diversity Inter-Relations" Manipal, Karnataka, University 

Manipal Life Science Centre, 17-19th November, 2011.  

IARI 

vii.  Naresh Kumar S 2011. Crop simulation models in agricultural 

research and management, In Souvenir of Articles on National 

Seminar on Plant Physiology on Sustainable Crop Productivity 

Through Physiological Intervention at Ramnarain Ruia College, 

Matunga, Mumbai 24-25th November, 2011, ISPP Seminar Eds 

Ganesh Iyer and Menon, pp 84-87.(IARI) 

IARI 

viii.  Sehgal, V, K. And Sahoo, R.N. 2010. Monitoring long Term 

Changes in Agroecosystem Using Spatial Datasets to Support 

climate Change Science: Few case Studies. Invited paper 

presented at symposium on “Climate Change and Disaster 

Management”at Map India 2010, 19-20 Jan, 2010, Gurgaon, 

India. 

IARI 

ix.  Bandyopadhyay, S.K. 2009. Linking Future climate change with 

drought in development planning for preparedness and 

mitigation. 2nd India Disaster management congress, 4-6 

November 2009, New Delhi. 

IARI 

x.  Panda B B, Rao K S, Raja R, Tripathi R and NayakA K. 

2012.Performance of aerobic rice under different moisture 

regimes. (in) International symposium on 100 years of rice 

science and looking beyond held during 8 - 12 January, 2012 at 

Tamil Nadu Agricultural University (TNAU), Coimbatore Tamil 

Nadu, India. 

CRRI 

xi.  Rao K S & Panda B B. 2012. Diversification of rice based 

Cropping System to cope up with climate change. Lead paper 

accepted for presentation in “National Symposium on “Rice-

based Farming Systems for livelihood security under changing 

climate scenario” during 27– 29 February, 2012 at College of 

Agriculture, Chiplima, Sambalpur. 

CRRI 

xii.  Panda B B,Raja R, Rao K S, Bandyopadhyay S K, Mohanty, S, 

Nayak, A K, Kumar A, Tripathi R. and Shahid M. 2013.  

Adaptation strategies for sustainable livelihoods in terminal flood 

situations (in) International Conference on ‘Bio-resource and 

stress management’, held during 06 -09th January 2013 at 

Science city, Kolkata, India, (Received Best paper presentation 

Award) 

CRRI 

xiii.  Panda B B., Raja R, Rao K S, Bandyopadhyay, S K, Mohanty, S, 

Nayak, AK , Tripathi, R, Kumar, A, Shahid, M, Mohapatra, B. 

and Das A. 2012. Crop diversification: A climate change 

CRRI 
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adaptation option for sustainable livelihood in flood prone areas. 

(in) 3rd International Agronomy Congress on “Agronomy, 

Ecology and Climate Resilience”, held during 26 - 30th 

November 2012 at IARI, New Delhi, India. 

xiv.  V. V. Singh., Priyanka S. Vichare., Punam A. Khandagle. 

2011.Sector’Abstract of Research article on ‘Enhancing Adaptive 

Capacity of Vulnerable Coastal Fishers in Climatically Sensitive 

District of Maharashtra - A Case Study’  Presented in conference 

on 15.11.2011 and 16.11.2011 on ‘Climate change, Oil Spill and 

Radiation Risk: New Environmental Challenges’ organized by 

NEERI in association with BARC, MPCB, MCGM, BRNS, 

MoEF, CPCB etc.  

CMFRI 

xv.  Singh V V, Khandagale P A and Vichare P S. 2011. Successful 

determination of environmental and social plans for Mumbai 

coast by studying biodiversity of the same. (in) National Seminar 

on Hindi -2011, held on 10th October 2011 at CMFRI Cochin, 

India. 

CMFRI 

xvi.  V. V. Singh., 2011. ‘9th Indian Fisheries Forum held during 19th 

to 23rd December 2011 at CMFRI Cochin, India. National 

Seminar on Hindi -2011’ Conference on ‘Climate change, Oil 

Spill and Radiation Risk, held during 15-16 November 2011 at 

Mumbai organized by NEERI. 

CMFRI 

 Popular Article  

i.  Panda B B and NayakA K. 2011. Swalpajaliya Dhanchash (Odia) 

(Rice cultivation with less water). Baigyanika Padhatire Dhana 

Utpadana Pranali, Central Rice Research Institute, Cuttack 

April, 2011, p 47-49. 

CRRI 

ii.  Singh V.V., Sathe A.R., Vichare P.S. 2011.‘Road map for 

mitigating threats of natural disasters and associated livelihood 

challenges in climatically vulnerable Raigad district of 

Maharashtra’ (in) Book of abstracts of 9
th

 Indian Fisheries Forum 

held during 19
th

 to 23
rd

 December 2011 at CMFRI Cochin, India. 

, p 361. 

CMFRI 

iii.  Singh V.V. 2012. Mumbai RC takes up through m-KRISHI
®

 

Fisheries Service. CMFRI Newsletter No. 132 (January to March 

2012). 

CMFRI 

iv.  Singh V V. 2012. VulneRability of Indian marine fisheries to 

Climate Change. Training manual of ‘Training Programme on 

Research Strategies for Mitigation and impact of Climate change 

on fisheries’; p 144-151. 

CMFRI 

v.  Singh V. V. 2012. Technological measures for mitigating climate 

change induced issues in vulnerable areas. Training manual of 

‘Training Programme on Research Strategies for Mitigation and 

impact of Climate change on fisheries’; p: 152-164. 

CMFRI 

vi.  Singh V. V. 2012. PFZ and wind advisories through m- CMFRI 
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KRISHI
®

Fisheries Service. Fisheries Resources of Konkan 

Region- Utilization and Management, Central Institute of 

Fisheries Education. p:12 – 20. 

 Popular article in other Language  

i.  Panda B B, Rao K S, Raja R, Tripathi R and Nayak A K. 2012. 

Performance of aerobic rice under different moisture regimes. (in) 

International symposium on 100 years of rice science and looking 

beyond held during 8 - 12 January, 2012 at Tamil Nadu 

Agricultural University (TNAU), Coimbatore Tamil Nadu, India. 

CRRI 

ii.  Singh V.V. 2012. Khandagale P.A., Vichare P.S. 2011. 

Successful determination of environmental and social plans for 

Mumbai coast by studying biodiversity of the same. Proceedings 

of ‘National Seminar on Hindi -2011’ ,p 96-97 

 

 Newspaper Article  

 Author, Title of article, Name of Newspaper, Date and Year  

i.  Krishhi vaigyaniko ka Manthan” Dainik Bhaskar, Indore 

14.09.2012  

IARI 

ii.  “Information and technology se door honge khatare”, Patrika, 

Indore 14.09.2012  

IARI 

iii.  Perne S. World Bank Assistance to Environment of Raigard 

district. Sakal, Raigad , 06.02.2010. 

CMFRI 

iv.  Singh V V. Weather forecast now at your mobile. Lokmat, 

Raigad, 17.09.11. 

CMFRI 

v.  Singh V V.  Weather forecast now at your mobile. Ramprahar, 

Raigad, 17.09.11 

CMFRI 

vi.  Singh V V.  Weather forecast now at your mobile. Lokmat, 

Raigad ,18.09.11 

CMFRI 

vii.  Singh V V.  Weather forecast now at your mobile. Lokmat, 

Vasai-Virar , 18.09.11 

CMFRI 

viii.  Singh V. V.  ‘m-KRISHI® Fisheries Service’. Rashtriya Sahara, 

02.01.2012 

CMFRI 

ix.  Singh V. V. ‘m-KRISHI® Fisheries Service’. Economics Times, 

New Delhi, 02.01.2012  

CMFRI 

x.  Singh V. V. ‘m-KRISHI® Fisheries Service’. Times of India, 

12.03.2012 

CMFRI 

xi.  Singh V. V. ‘m-KRISHI® Fisheries Service’. Hindu Business 

line, New Delhi, 02.01.2012 

CMFRI 

 

9. Media Products Developed/Disseminated: 

S.No. CD, Bulletins, 

Brochures,  Manual etc. 

(Year wise) 

No. of 

Copies 

Distribution Responsi

ble 

partner 
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i.  Farmers’ training on 

climate change 

adaptation- Mewat 

20 20 IARI 

ii.  Farmers’ training on 

climate change 

adaptation-Dhar 

25 25 IARI 

a.  Drought contingency 

plan  for Mewat 

(Brochures) 

200 Distributed among farmers and 

stakeholders  

Uploaded on website of the 

Institute 

http://www.cca.iari.res.in/downlo

ad/download/MEWAT%20contin

gency%20plan%202012.docx 

IARI 

iii.  Technology bulletin on 

“Naveen – A high 

yielding rice variety for 

irrigated and boro lands 

135 To the farmers in project area 

i.  

ii.  

 

CRRI 

i.  Technology Bulletin 

(Odia) on “Jalamagna 

Banyaplabita Jamire 

Durga Dhanchash” 

95 To the farmers in project area CRRI 

ii.  Technology Bulletin 

(Odia) on 

“Dhanachashara 

Masikia Karyakram 

Panjika” 

75 To the farmers in project area CRRI 

iii.  CMFRI collaboration 

with TCS. 2012. m-

KRISHI
®

 Fisheries 

Service: training 

manual. CMFRI, 

Mumbai (DVD) 

54 44 CMFRI 

& TCS 

 Bhadsavale C. H. and 

Singh V.V.2012. Pra. 

Chi. Rice Plantation 

technique. CMFRI, 

Mumbai (DVD) 

100 70 CMFRI 

& TCS 

 Bhadsavale C. H. and 

Singh V.V.2012. Pra. 

Chi. Rice Plantation 

technique. CMFRI, 

Mumbai (Leaflet) 

100 90 CMFRI 

& TCS 

 Training manual of m-

KRISHI
®

 Fisheries 

Service’. CMFRI, 

50  CMFRI 

&TCS 

http://www.cca.iari.res.in/download/download/MEWAT%20contingency%20plan%202012.docx
http://www.cca.iari.res.in/download/download/MEWAT%20contingency%20plan%202012.docx
http://www.cca.iari.res.in/download/download/MEWAT%20contingency%20plan%202012.docx
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Mumbai (Training 

Mannual) 

 

10. Meetings/Seminars/Trainings/Kisan Mela, etc. organized: 

Responsi

ble 

Partner 

Training Workshop Exposure Visit Other Programme 

(Meeting) 

 No. Partic

ipants 

No. Participants No.  Participants No.  Participants 

IARI 31 1268 7 209 - - - - 

CRRI 14 620 1 42 2 45 8 255 

OUAT 3 90 - - - - 2 70 

CMFRI 10 188 7 243 18 772 14 485 

TCS 50 520 5 120 16 340 - - 

         

11. Performance Indicators: 

S. 

No. 

Indicator No. 

i.  Number of new technologies developed and introduced in the 

project area  

4 

ii.  Number of improved technologies introduced  in project  areas  16 

iii.  Number of improved technologies adopted in these areas 11 

iv.  Number of farmers / fishermen involved in consortia activities  23502 

v.  Increase in agriculture services and processing enterprises in project 

area 

4 

vi.  Number of farmers groups involved in consortia activities 128 

 

 

12. Employment Generation (man-day, Year): 

S.No. Type of Employment Generation Employment Generation up to 

End of Sub-Project 

1.  Digging the well at RRC, Jankalyan 

Trust Farm, Nandgaon, Mahad 

50 

      2. Construction of Aquaculture 

Demonstration Pond at RRC, 

Shinde Farm, Kapade Village, 

Poladpur 

50 

    3.  Through Stiching and tailoring 

center 

Group members earned additional 

income of Rs 30 per day per 
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member by stitching of pillow 

covers and a group of 5 women 

earned an income of Rs 15,000 on 

a contract for preparing 200 

school dresses in Mewat. 

13. Assets Generated 

 

Equipment 
S.No

. 

Name of the Equipments with 

Manufacturers Name, Model 

and Sr. No. 

Year of 

purchase 

Quanti

ty 

(Nos.) 

Total cost 

(Rs.) 

Responsibl

e Partner 

i.  24” Desktop computer 07.02.2011  74000/- CMFRI 

ii.  Software CD  11.02.2011  8500/- CMFRI 

iii.  All in one printer 11.03.2011  45196/- CMFRI 

iv.  Field photometer 25.02.2011  236000/- CMFRI 

v.  Digital balance 24.02.2011  79060/- CMFRI 

vi.  Hydrographical probe 14.03.2011  814200/- CMFRI 

vii.  Portable projector with Screen 

and tripod stand 

18.03.2011  52381/- CMFRI 

viii.  High end mobile display 

device 

19.03.2011  189795/- CMFRI 

ix.  Mobile display device 19.03.2011  35238/- CMFRI 

x.  Digital Camera 19.03.2011  49000/- CMFRI 

xi.  High end Remote Control 

wireless projector with Screen 

and tripod stand 

19.03.2011  120870/- CMFRI 

xii.  Portable Amplifier System 28.03.2011  37350/- CMFRI 

xiii.  Digital Camera 24.12.2011 - 32000/- CMFRI 

xiv.  27” Desktop computer 24.12.2011 - 174000/- CMFRI 

xv.  LCD Projector 28.12.2011 - 110250/- CMFRI 

xvi.  Multiparameter 19.01.2012 - 219572/- CMFRI 

xvii.  Transparency Meter 19.01.2012 - 49849/- CMFRI 

xviii.  GIS software 31.03.2011  5.38 (Lakh) CRRI 

xix.  Computer Dell 31.03.2011  0.38 (Lakh) CRRI 

xx.  Computer Dell 16.01.2012  0.69(Lakh) CRRI 

xxi.  Image Processing Software 

(ENVI) Latest version 

21.03.2011  3.39150 

(lakh) 

IARI 

xxii.  ARC GIS Software 28.03.2011  4.54650(lak

h) 

IARI 

xxiii.  Portable weather Monitoring 

Kit 

21.03.2011 4 1.62788(lak

h) 
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xxiv.  Portable voice recorder 28.01.2011  0.52370 

(lakh) 

IARI 

xxv.  Laser Guided land leveler 25.03.2011  5.80000 

(lakh) 

IARI 

xxvi.  Laser Printer (CLL 3525 DN) 31.03.2011  0.55627 

(lakh) 

IARI 

xxvii.  Soil Moisture Meter 29.03.2011  2.02860  IARI 

xxviii.  Laptop, Dell  18.02.2011  0.64995 IARI 

xxix.  Hand held GPS 30.03.2011  2.62500 IARI 

xxx.  Computer  with UPS and other 

accessories 

14.02.2011  2.39396 IARI 

xxxi.  Electronic Board (Size 1700) 

with accessories 

03.01.2011  0.82908 IARI 

xxxii.  Visualizer Model No. 52  03-01-2011  1.47094 IARI 

xxxiii.  LCD Multimedia projector 10-11-2010  0.75819 IARI 

xxxiv.  Photocopier machine, Taskalfa 24.4.2010  1.01920 IARI 

xxxv.  Window Airconditioner (1.5 

ton) L.G. 

15.6.2010 2 0.45375 IARI 

xxxvi.  Computer &  accessories 14.10.11 

  

2 1.92585 IARI 

xxxvii.  SPSS Software IBM 31.12.2011  4.08945 IARI 

xxxviii.  AC (One) split 7.11.2011  0.36113 IARI 

xxxix.  Visualizer 25.11.2011  1.23791 IARI 

xl.  Handycam 22.12.2011  0.75971 IARI 

xli.  UPS (%KVA) 11.10.2011  2.39047 IARI 

xlii.  Aqua Fertilizer Drill 03.12.2011  0.86900 IARI 

xliii.  Portable weather Monitoring 

Kit 

10.02.2012 4 4.64500 IARI 

xliv.  AC  11.06.2010 1 0.31250 IARI 

xlv.  Rotavatar Oct, 2011  0.96000 IARI 

 2012-2013     

 Low Tunnel production system 

(shed net cum poly houses)  

25.03.2013 50  30.09 IARI 

i.  Sprinkler systems  9.01.2013 25 5.53 IARI 
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ii.  Raingun systems  9.01.2013 15 3.68 IARI 

iii.  Zero energy cool chamber 

(Multiple numbers/series)  

18.01.2013 10 2.19 IARI 

iv.  UPS (3 KVA ) for kiosk  6.09.2012 2 1.69 IARI 

v.  Software (for information 

kiosk module)  

30.03.2013 2 1.39 IARI 

vi.  Power sprayer  11.01.2013 10 1.65 IARI 

vii.  Knapsack sprayers  12.11.2012 

&19.03.2013 

10 0.81 IARI 

viii.  Drip irrigation  18.12.2012 15 4.89 IARI 

ix.  Seed drill multi-purpose/seed 

cum fertilizer drill  

19.12.2012 2 1.01 IARI 

x.  Multi grain thresher  20.03.2013 4 4.00 IARI 

xi.  Electronic video/Audio video 

display unit with media player  

19.03.2013 

12.03.2013 

18.03.2013 

7 5.89 IARI 

xii.  Communication system 

(battery operated) 

23.03.2013 5 2.98 IARI 

xiii.  Data processing unit, advance 

computing system/data storage 

device/computers with UPS 

and accessories and basic 

softwares  

Feb. & 

March, 2013 

10 8.71 IARI 

xiv.  Dalia machine 23.03.2013 9 1.87 IARI 

xv.  Tomato processing plant 20.03.2013  0.43 IARI 

xvi.  Mini Dal mill 23.03.2013  1.07 IARI 

xvii.  Spices Grinder 06.02.2013  0.85 IARI 

xviii.  Chilli grinder 30.10.2012  0.48 IARI 

xix.  Cocoons 

Mobile seed processing  plants 

and accessories 

Processing platform 

i. 16.02.2013 

ii. 12.02.2013 

 

March, 2013 

 16.82 IARI 
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Tractor 28.03.2013 

xx.  mKrishi compatible  mobile 

hand sets 

28.12.2013  1.97 IARI 

xxi.  Real Time Data, Acquisition 

system  

30.01.2013  8.71 IARI 

xxii.  Automatic rainfall & Relative 

Humidity with Remote 

Monitoring facility 

November 

and 

December, 

2012 

 10.84 IARI 

xxiii.  Soil Moisture sensors with 

Remote monitoring 

27.11.2012  10.17 IARI 

xxiv.  Branded mobile handset 

Model: NOKIA ASHA 200 

30.11.2012 50 1.90 CMFRI 

xxv.  LCD projector 

Model: SONY VPL-EX-120 

11.01.2013 5 1.71 CMFRI 

xxvi.  Mobile display and imaging 

device 

Model: DELL Latitude E5420 

25.02.2013 3 1.38 CMFRI 

xxvii.  Audio visual system  5 0.52 CMFRI 

xxviii.  Video and display screen   0.54 CMFRI 

xxix.  Branded mobile 

communication and display 

device 

 1 2.25 CMFRI 

xxx.  Mobile imaging device 

(satellite image) with 

advanced graphics having 

light wt. and long battery 

back up 

  0.69 CMFRI 

xxxi.  Digital camera   5 0.79 CMFRI 

xxxii.  Branded mobile handset 

Model: NOKIA ASHA 200 

18.03.2013 105 4.25  TCS 

xxxiii.  mKRISHI IVR System 

(including the IVR Server, E1 

Card, IVR Licenese, etc.) 

14.03.2013  5.58  TCS 

xxxiv.  Project setup laptop 18.03.2013  0.75  TCS 

Works 

Sr. 

No. 

Name of the Work with 

Manufacturers / Contractors Name, 

Year of 

purchase 

Total 

cost (Rs.) 

Respon

sible 
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Model and Sr. No. Partner 

1. Providing & applying melamine 

polishing(outside room)  

M/s Harshith Construction, Mumbai 

14.03.2011 17,910/- CMFRI 

2. Providing & applying melamine 

polishing (inside room)  

M/s Harshith Construction, Mumbai 

18.03.2011 17,720/- CMFRI 

3. Work renovation of Force measure M/s 

Sri Bhagavathi Construction, Mumbai. 

02.02.2012 1,95,265/- CMFRI 

4. Work renovation of Hydrographic 

Lab/Record room  

M/s Sri Bhagavathi Construction, 

Mumbai. 

06.02.2012 3,38,657/- CMFRI 

5. Work renovation of PFZ Laboratory 

Phase II  

M/s Harshith Construction, Mumbai 

10.02.2012 1,27,166/- CMFRI 

6. Wall Wooden Cabinet / AC Panel M/s 

Harshith Construction, Mumbai 

01.03.2012 1,42,853/- CMFRI 

7. Dis mantling old / existing plaster or 

skirting ranking  

M/s Harshith Construction, Mumbai 

11.03.2013 19,035/- CMFRI 

8. Wall painting with readymade plastic 

emulation paint  

M/s Sri Bhagavathi Construction, 

Mumbai. 

14.03.2013 20,531/- CMFRI 

9. Fixing internal walls with 18mm cement 

plaster in to under layer 12mm thick  

M/s Harshith Construction, Mumbai 

16.03.2013 20,756/- CMFRI 

10. Providing & laying chemestics RWP 

plus water proofing chemical treatment 

(710 sq. feet)  

M/s Sri Bhagavathi Construction, 

Mumbai. 

19.03.2013 20,981/- CMFRI 

11. Providing & laying chemestics RWP 

plus water proofing chemical treatment 

(746 sq. feet)  

M/s Sri Bhagavathi Construction, 

Mumbai. 

21.03.2013 19,969/- CMFRI 

12. Removing & Fixing of aluminum 

window and aluminum jali  

M/s Harshith Construction, mumbai 

31.05.2013 20,565/- CMFRI 

13. Cost of electric sockets & switches M/s 

Shree Durga Trading Co., Mumbai 

04.06.2013 20,411/- CMFRI 

14. Providing & Fixing of LED Light, lock 

set and wall fan 

08.07.2013 21,706/- CMFRI 
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M/s Shree Durga Trading Co., Mumbai 

15. Cost of entire surface cleaning and 

crack filing & supply of tadpatri  

M/s Sri Bhagavathi Construction, 

Mumbai. 

26.07.2013 21,544/- CMFRI 

16. Material for wall wooden cabinet with 

inside sun mica and stainless  steel 

handle 

M/s Harshith Construction, mumbai 

27.07.2013 22,916/- CMFRI 

17. Making and fixing wall wooden cabinet, 

stainless steel & brass handle,  

M/s Harshith Construction, Mumbai 

27.07.2013 18,866/- CMFRI 

18  Providing and fixing of good quality 

mirror with frame, exhaust fan 4 inch 

and 9 inch and LED light  

M/s Harshith Construction, Mumbai 

21.08.2013 20,475/- CMFRI 

 

Revenue Generated 

(Details may be given on revenue generated in the sub-project viz. sale of seeds, 

farm produce, products, patents, commercialization, training etc.) 

Sr.No. Source of Revenue Year  Total 

amount 

(Rs.) 

Responsible 

Partner 

i.  Collected from farmers 

after distribution of farm 

and livestock inputs 

2011-12 1.00 Lakh IARI 

ii.  Collected from farmers 

after distribution of farm 

and livestock inputs 

2012-12 1.73 Lakh IARI 

 

Livestock 

S.No. Details of Livestock 

(Breed, etc.) 

Year of 

procurement/ 

Production 

Nos. Total 

amount 

(Rs.Lakhs) 

Responsible 

Partner 

1 Goat  2011-14 226 14.09 IARI 
 

 

14. Awards and Recognitions 

 

S.No. Name, Designations 

Address of the Person 

Awards, Recognition (with 

Date) 

Responsible 

Partner 

i.  2011-12   
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ii.  DR. R. N. Padaria, 

Principal Scientist, Div. 

of Agril. Extension, 

IARI, New Delhi 

Best Teachers Award(20
th

, 

February, 2012) IARI, New 

Delhi 

IARI 

iii.  Dr. Subhash Chander, 

Principal Scientist, Div. 

of Entomology, IARI, 

New Delhi. 

Sukumar Basu Award (2009-

10) 

IARI 

iv.  Dr. S. Naresh Kumar 

Principal Scientist, 

CESCRA, IARI, New 

Delhi 

Fellow of Indian Soc. Plant 

Physiology 

IARI 

v.  Dr. H.Pathak,  Principal 

Scientist, CESCRA, 

IARI, New Delhi 

 

i. S.K.Mukherjee Memorial 

award,  ISC 2011 

ii. DARE/ICAR Co-odinator 

for UNFCCC 2011 

IARI 

vi.  IARI Team at Div of 

Env. Sc 

Agriculture Leadership 

award 2011 

IARI 

vii.  2012-13   

viii.  Entire team of 

mKRISHI® service 

The APAC Awards received 

on 

20 July 2012 at Park Royal 

Hotel, Singapore 

TCS 

ix.  Dr. V. V. Singh & Dr. 

Arun Pande 

‘Certificate of Appreciation’ 

from NAIP in presence of 

Hon. DG, ICAR, Hon. 

Governer of Goa, Hon. 

Minister of Agriculture, M.P 

for showing effective PPP in 

developing mKRISHI® 

Fisheries service 

CMFRI 

x.  Panda, B.B., Raja R., 

Rao K. S., 

Bandyopadhyay 

Best paper presentation 

Award, 2013 

CRRI, Cuttack 

and CPI 

 2013-14   

xi.  Dr. A.K. Singh Shri A. K. Singh Memorial 

“Gram Sanskriti Award for 

Agritechnology” in the field 

of “Transfer of Technology”. 

IARI 

xii.  Raja, R, Nayak, AK, 

Panda, BB, Lal, B, 

Best Poster Paper Award for 

“Effect of spatio-temporal 

CRRI 
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Tripathi, R,  Shahid, Md, 

Thilagam, VK, Mohanty, 

S, Samal, P, Gautam, P 

and Rao, KS.  

variability in meteorological 

drought at block level rice 

productivity in Eastern 

Indian state of Odisha” in 

ARRW Golden jubilee 

International symposium, 

March 02-05, 2013, CRRI, 

Cuttack, India.  

 

 

 

15. Steps Undertaken for post NAIP Sustainability: 

 Sustainability fund creation for community use at post project period 

 Setting of Rural Resource Centers ( 9 in Dhar, Mewat, Raigad and Ganjam 

districts) for resource sharing and custom hiring. 

 Convergence of development agencies  

 Creation of community nursery and Community water harvesting structures 

 Open sea cages will be installed at Alibag, Adgaon, Bharadkhol& Bagmandala 

for lobster production including tribal communities. 

 Fresh water cages will be installed at fresh water cooperative societies including 

tribal communities 

 56 Fishermen Cooperative Societies in the Raigad district are trained for 

mKRISHI
®

FISHERIES Service 

 

16. Possible Future Line of Work: 

All the interventions viz. crop based, Natural Resource management, Animal 

based, Non- Farm Based and Socio-economic will be extended in nearby and  all 

selected  villages under projects. 

17. Personnel 

(Staff of Lead Centre & Partner-wise, their Name, Designation, Discipline and 

Duration) 

 From-To (DD.MM.YYYY) 

Research Management (CL)  

Dr. H.S. Gupta, Director, IARI, New Delhi  

IARI  

Scientific (CPI, CCPI, Others)  

Dr. S.K. Bandhyopadhyay (CPI), Principal 

Scientist, CESCRA, IARI, New Delhi. 

 

Dr. M. Khanna (CoPI), Principal Scientist,  
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WTC, IARI, New Delhi 

Dr. H. Pathak (CoPI) Principal Scientist, 

CESCRA, IARI, New Delhi. 

 

Dr. S. Chandra (CoPI), Principal Scientist, 

Div. of Entomology, IARI, New Delhi. 

 

Dr. A.K. Ganguly (CoPI), Ex- Principal 

Scientist, Div.of Nematology, IARI, New 

Delhi. 

 

Dr. I. Sekar (CoPI), Principal Scientist, Div. 

of  Agril.Economics, IARI, New Delhi 

 

Dr. R.N. Padaria (CoPI), Principal Scientist, 

Div. of Agril. Extension, IARI, New Delhi 

 

Dr. S. Naresh Kumar (CoPI), Principal 

Scientist, CESCRA, IARI, New Delhi 

 

Dr. A.K. Singh (CoPI),Senior Scientist, Agril. 

Extension, IARI RS, Indore. 

 

Dr. R.N. Sahoo (CoPI), Senior Scientist, 

Agril. Physics, IARI, New Delhi 

 

Dr. B. Banerjee (CoPI),Scientist (SS), 

CESCRA, IARI, New Delhi 

 

Dr. Vijay Punia (CoPI), Scientist, Agronomy, 

IARI, New Delhi 

 

Technical   

Mr. Suresh Prasad  

Mr. N.K.Singh  

Contractual  

Mr. Kamlesh K. Lakhna (SRF)  30-08-2010 to 31-12-2010 

Mr. Nitin Chauhan (SRF) 23-08-2010 to 01-10-2010 

Ms. Purbi Chanda (SRF) 01-09-2010 to 01-08-2011 

Ms. Surbhi Jain (SRF) 19-08-2010 to 03-03-2011 

Mr. Vaseem Khan Nayata (SRF) From 11-11-2010 and  at present  

status resigned 

 Mr. Manohar Bunkar (SRF) From 13-09-2010 and  at present 

status resigned 

Mr. Dipanvita Dutta (SRF)  From 17-10-2011 to 16-10-12 

Mohd. Rashid Sheikh (SRF) From24
-
02- 2011 

 Mr. Chander Kumar 01-03-2011 to 10-4-12 

Mr. Robinson John (SRF) From 07-02-2012 

Mr. Raghuvir Singh Jatav (SRF) From 13-07-2012 

Mr. Devesh Pratap (SRF) From 08-01-2013 

Mr. Lekh Ram Gurjar (SRF) From 01-02-2013 

Dr. Renu Kumari (RA) From 14-02-2013 

Mr. Bhupesh Patidar Resigned on 16-03-2013 

Mr. Narendra Rathore (SRF) From  06-08-2013 
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Mr. Rahul Satarkar (SRF) From 13-08-2013 

Mr. Bharat Kumar Dhanak (SRF) Resigned on 29-07-2013 

Mr. Sourabh Singh (SRF) From January,  2013 

CMFRI  

Scientific (CPI, CCPI, Others)  

Dr. Veerendra Veer Singh, Principal Scientist 

& CCPI, 

From 18
th

 September 2009 

Miss. Priyanka Sadanand Vichare (SRF) 16 December 2010 to 12April 2013 

Mr. Atul Raosaheb Sathe (SRF) 24
th

 December 2010 to 16
th

 August 

2011 

Mr. Mohhomad  Zuber Sheikh Usman (SRF) From 26
th

 September 2011 to 25
th

 

September 2012 

Mr. Atul Raosaheb Sathe (SRF) From 18
th

 August 2012 

Mr. Shreyas Sudhakar Ghatage (SRF) From 25August 2012   to 31 August 

2012 

Mr. Murari Satyavijay Bhalekar(SRF) From 28 August to 1 December 

2012 

Mr. Kapil Sukhdev Sukhadane (SRF) From 6 November 2012 to 19 

August 2013 

Mr. Kalpesh Bhuvaneshwar Keni (SRF) From 7 November 2012 

Mr. Amol Dnyaneshwar So(SRF) From 27 May 2013 

Mr. Dhan Bahadur Thapa (SRF) From 1 June 2013 

CRRI  

Scientific (CPI, CCPI, Others) 

Dr. K.S. Rao (Pr. Sc.) April 2010 – till date 

Dr. B.B. Panda (Sr. Sc.) April 2010 – till date 

Dr. R. Raja (Sr. Sc.) November 2011 – till date 

Dr. S. Mohanty (Sc.)2010 July 2010 – till date 

Technical  

Contractual 

Mr. A. Das (SRF) Nov 2010 to Feb 2013 

 Mr. P. Swain (SRF) Dec 2010 to Sept 2011 

B.Mohapatra (SRF) Nov 2011 to Jan 2013 

P. Mohapatra (SRF) 25.04.2013 – till date 

S. K. Sahoo 25.04.2013 to June 2013 

M. Nayak (SRF) 01.08.2013 – till date 

 

19. Governance, Management, Implementation and Coordination 

Composition of the various committees (CIC, CAC, CMU, etc.) 

 

List of Meetings organized (CIC, CAC, CMU, etc.) 

 

Sr. Details of the Date Place and Address 
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.No. meeting (Where meetings was 

organized) 

1. CIC 25/02/2011 CESCRA, IARI, New 

Delhi 

  01/12/2011 -do- 

  07/01/2012 -do- 

  15/05/2012 -do- 

  23/01/2012 CRRI, Cuttack 

2.  CAC 24/06/2010 CESCRA, IARI, New 

Delhi 

  6/01/2012 -do- 

  23/01/2013 CRRI, Cuttack 

  20/02/2013 -do- 

3. CMU 01/12/2011 -do- 

  07/01/2012 -do- 

 

Part-III: Budget and its Utilization 

Statement of Expenditure (Final) 

STATEMENT OF BUDGET UTILIZATION-GEF Grant (US $2.58 Million) 

Name of 

Institution  

Expenditur

e 

Expenditure Expenditure Expenditure Expenditure Expenditure Total 

 2009-10  2010-11  2011-12  2012-13  2013-14  2014-15  Expenditure  

             (Lakh Rs.) 

 IARI, New 

Delhi  8.6125 88.8158 190.1959 296.0049 179.28222 2.77 765.68132 
CMFRI, 

Mumbai  0 29.5916 53.0606 92.80643 143.79991 1.55 320.80854 
CRRI, 

Cuttack  0 17.59179 32.635 41.1956 37.65276 0.4 129.47515 
OUAT, 

Orissa  5.4772 7.6752 30.6682 27.1887 20.76213 o.53 92.30143 
TCS, 

Mumbai  0 0 0 35.85025 125.05496 

 

160.90521 
Sub Total  

14.0897 143.6744 306.5597 493.0459 506.55198 5.25 1469.17165 

 

 

Period from (Inception to 31
st
 August, 2013. 
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Sanction Letter No. NAIP(SRLS-G)III(2)/2009 

Total Sub-Project Cost Sanctioned/Revised 

Sub-Project Cost 
1469.17165 

Date of Commencement of Sub-Project 18
th

 September 2009 

Duration 4 and half years 

Fund Received in each year  

I Year 14.0897 

II Year 143.6744 

III Year 306.5597 

IV Year 493.0459 

V Year 506.55198 

Bank Interest received on fund  

Total Amount received 1469.17165 

 

SOE in detail- hard copy already provided 

 

Declaration 

 

This is to certify that the final report of the Sub-Project has been submitted in full 

consultation with the consortium partners in accordance with the approved objectives 

and technical programmes and the relevant records, note books materials for the same. 

 

 

Place:-  

Date:-Signature of Consortium Principal Investigator 

 

Organization Name Consortium Co-Principle 

Investigations 

Indian Agricultural 

Research Institute 

Dr. S.K.Bandyopadhyay As per list above 

   

 

Place: 

Date: 

Comments of Consortium Leader 

Place: 

Date:                                                                           Signature of Consortium Leader 

 


