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 1. INTRODUCTION 
1.1 Background 
Maize is the second most important crop in Nepal. It is cultivated in 824525 hectare area. Its total production is about 1484112 metric tons. Its average productivity is 1800 kilograms per hectare (MOAD, 2014) .  The hilly area is the most important region for maize production. However, production has been decreasing  and is evident from the data, 2179414 tons in 2011/12 to 1999010 tons in 2012/13 (MOAD, 2014). Some 90 percent of total maize produced is used for home consumption and feeds for animals. Yet, for most subsistence farmers, maize production meets only a part of their annual household food requirements (Gautam, 2008). They are, therefore, particularly vulnerable to external shocks to agriculture. Population growth and the increase in the demand for food, on the one hand, and insufficient growth in farm productivity, on the other, have turned Nepal gradually from a food exporting country to a food- importing country within a few decades (Bhandari & Ghimire, 2007). Changes in climatic variables have further aggravated concerns over maize production and food security. For instance, the maximum temperature in Nepal has increased by 1.8°C over the period 1975 to 2006, and precipitation has become more erratic (Baidhya, Regmi, & Shrestha, 2008). Various data indicates consistent warming and rise in maximum temperature at an annual rate of 0.04 – 0.06º C (Agriculture Environment Division, 2014).Although Nepal has a negligible share in global emissions of greenhouse gases, it is particularly vulnerable to climate change due to its fragile mountain ecosystem. Nepal’s major natural resources, biodiversity and water are at the forefront of climate vulnerability. Response to climate change in Nepal is growing gradually. Action to reduce human contribution to the changing climate are slowly happening but they so far seem too few and too limited to make difference to climate change (CEN, 2007).Climate-related changes have been observed in precipitation patterns, temperature, high intensity floods, landslides, erosion and increased sedimentation (Shrestha, Wake, Dibb, & Mayew, 2009). There appears to be an increase in both precipitaion and drought conditions. Changes in seasonality – weather patterns becoming less predictable, weather events typical of one season occurring in another, increasing extreme events, changes in the behavior of key crops – have meant that traditional and indigenous knowledge on climate and plants relationships have become less reliable.  
Undoubtedly, changes in climatic factors have substantial impacts at the local level as they change the agro ecosystem, resulting in loss of land, livestock and household assets (Pant 2011). Delays in the onset of the monsoon can hamper timely rice plantation which in turn can hamper the cropping cycle. Given the subsistence nature of Nepal’s economy, a slight decline in maize yields can have a devastating impact on household food security in mid hills. Some farmers have begun to take adaptation measures such as changing the agricultural calendar, changing cropping patterns.






2. Statement of the Problem 
Literatures agree that climate changes are taking place (IPCC, 2007).  The mean annual temperature is rising in Nepal and observed data indicates consistent warming and rise in maximum temperature at an annual rate of 0.04 – 0.06 ºC (MoE, NAPA 2010). The topography of Nepal is vulnerable to the effects of climate change and particularly the hills and moutains are more vulnerable. Least developed and developing countries are more vulnerable to natural disasters and climate change induced impacts (WWF, 2006). The traditional agricultural system of Nepal is very complex and precarious as well. Moreover, it is characterized by a scarcity of arable land, reduced employment opportunity, market problems and lack of suitable land management practices. Many hill slopes are being degraded with rapid and irreparable loss of fertile top soil due to flooding and long period drought (Vaidya, Turton, Joshi, & Tuladhar, 1995). 
The total cultivated land in the entire nation was 1420570 ha in 2012/13 from which the total paddy production was 4504503 mt., maize production was 1999010 mt. and wheat production was 1727346 mt. (MOAD, 2014). Likewise, out of total 34.8% of GDP contribution by Agriculture, 49.41% is contributed by cereals alone among which maize has a considerable share. This status of huge maize production proves it as one the topmost prioritized crop in Nepal. Parbat district is also regarded as one of the highlighted areas for maize production and is selected as zone area of maize production under the policy of PMAMP (Tiwari, 2017).  However, since the agriculture in most of the hilly region depends largely on the cultivation and harvesting of rice as well as monsoon rain therefore, Climate change has affected rainfall pattern, rainfall amount and temperature harming crop calendar affecting maize production.  
Due to the poor adaptation practices and weak institutional supports, lack of improved agricultural knowledge on crop diversification and lack of appropriate inputs and credit on right time, The poor, marginalized and disadvantaged people in risk prone areas, who solely depend on natural resources and climate sensitive factors such as agriculture, forestry and biodiversity for their livelihood, are more vulnerable to the climate change impacts. The majority of the farmers depend on the monsoon rain for crop cultivation. So, the changes in the rainfall pattern may be fatal for them. The extreme rainfall and downpour causes landslides, soil erosion and loss of lives as well. The scenarios of rising temperatures, more variation in summer and winter temperature, more erratic and higher intensity of rainfall for few period indicates the possibility of droughts and floods, more often; physical plant damage by flooding and water-logging, loss of irrigation canals as well as related problems such as increased pest and pathogen outbreaks, early blooming, appearance of noxious weed species, enhanced soil erosion and ultimately affecting the livelihood options of farmers (Pathak, 2003). 







3. Rationale of the study:
Several studies and researches have proved the vulnerability of Nepal to climate change for instance The Copenhegan summit of climate change (2009) held in Denmark ranked Nepal in the sixth position for its climate change vulnerability. Rising temperature, change in precipitation pattern together along with loss of local genetic diversity is hitting hardest to subsistence farmers following traditional farming system, indigenous and marginalized people. Climate change and its impacts are now clearly visible on both ecosystems health and people’s livelihoods. It is more pronounced on subsistence and Resource Poor farmers who do not have adequate resources for effectively responding to the impacts of climate change leaving them highly vulnerable to its negative consequences. This study explain about  what the likely impacts on maize crop are, to what extent the production is fluctuation, how people are responding to them, and what the potential roles of the local government and other development partners are in adaptation efforts in the direction of change. 
Effect of climate change encompasses all vital system supporting world populations. Human health, agriculture, forest, water resources and biodiversity will suffer at different scales depending on local conditions. If the increase in temperature exceeds by 1.5to 2.50c, there will be the risk of extinction of plant and animal species by 20-30% (IPCC, 2007).  Assessing the local impact of climate change is essential to plan coping strategy with emerging uncertainties. There is urgent and immediate need to address climate change issues and related hazards as this is serious problem to the farming community. The study prioritized the potential impacts and identifies the effective adaptation strategy through participatory approach with the local communities. Studying the impacts of climate change experienced by farmers could form the base for further research and development of adaptation measures for sustainability of maize crop production and preparing farming community in alternative agriculture to tackle the emerging problem of food security. This research will give a concluding idea about the mid hill farmers’ perception on climate change, its major impacts in production and subsequent effects.





4. OBJECTIVES

4.1 General Objective:
· To assess the impacts of climate change in agriculture and livelihood of farmers in Modi Rural Municipality of Parbat district relevant to maize production 

4.2 Specific Objectives
·  To conduct an effective research on effects of climate change on maize production 
· To document the impact of climate change in livelihood of the farmers of study area 
· To identify the existing climate change issues found in Parbat district 
· To identify adaptation measures to be adopted by the community in maize cultivation 
· To find out and recommend adaptation measures and actions to mitigate impacts.




5. LITERATURE REVIEW:
	Climate is the overall average of weather conditons in a particular place over a long period of time. Climate change is a normal phenomenon for earth as it has been going through considerable changes since its creation some 4.5 billions years ago (IPCC, 2007). It is a slow process and takes millions of years to have visible impacts but the present scenario of climate change resulted from human induced increases of greenhouse gases in the atmospheres has created variation in the mean state of weather variables including temperature, precipitation and wind within a short period of time (Orindi & Siri, 2005).
The increase in temperature in the cropping zone has forced the crops to go through early maturity disturbing the existing cropping pattern, cropping sequence and cropping calendar. Shifting of climatic zones has been observed in the country leading to extinction of several varieties of crop species. Research study showed that Nepal had the highest level of agricultural productivity in South Asia in the early 1960s, but, its agricultural productivity was the lowest in the Subcontinent by the early 1990s (Tiwari M. , 2002).
An analysis done by the Nepal Agriculture Research Council using simulation models for major crops such as rice, wheat and maize suggested that rice yields might increase under elevated CO2 and 4°C increase in the Terai (lowland) (3.4%), hills (17.9%) and mountains (36.1%). Similarly, wheat production might increase by 41.5% in the Terai, 24.4% in the hills and 21.2% in the mountains under elevated CO2, but there would be a significant decrease in production with a 4°C rise. Maize yields were expected to increase in the hills and mountains, but decreased in the Terai with 4°C rise (Gautam, 2008).
 Delayed monsoon is common these days among farmers in Nepal and has been repeatedly observed during the entire period of last decade. It has changed the cropping pattern and crop maturity period forcing delayed planting and harvesting season by a month, which has in turn affected rotation practices. If that is going to be the regular pattern, people will have to respond accordingly to adapt to the changed weather phenomenon and  carry out earlier plantations. It in turn is seen to affect the farmers who cannot cope with the change in climatic parameters and follow the traditional methods of farming leading crop disaster and famines. More floods and glacial lake outbursts are expected to destroy irrigation and water supply systems, roads, bridges, settlements and productive land. Land degradation will reduce crop productivity and put more pressure on remaining fertile land. In the dry season, increased evaporation will lead to water scarcity. Soil moisture deficits, droughts, fire and possible pest outbreaks will decrease crop yields. It is perceived that climate change will have major impacts on ecosystems, land and water resources, health, and major economic sectors such as agriculture in days to come (HDR, 2007). 
Farmers follow a traditional cropping system, relying on rainwater and the seasons. In the past four decades, the agricultural productivity of major grains in Nepal has gone from being the highest in South Asia to the lowest. Since 1960, the number of global Weather related disasters have increased fourfold, real economic losses seven fold, and insured losses (WWF Nepal, 2006).
The crop yields have strong association with the amount of rain it receives on right time. The pattern of precipitation has been noticed fluctuated for the past 30 years in Nepal (Shrestha et al, 2009). Due to over and under precipitation, crop production is highly uncertain. There is decrease in yield in the production of potato, Lentil and Chickpea by 27.8%, 37.6%, and 38.0% respectively from 1987/88 to 1997/98 due to the cold wave in the terai region of Nepal (Malla , 2008). Climate change will have impact on the extinction of biodiversity species and shift in habitat is likely to occur. The uniform rise of rainfall will have positive impact on overall agriculture but skewed rise (extreme event) will have negative impact on soil nutrient loss, flood damage and erosion. Increase in temperature and water resources are expected to lead to a 30% decrease in crop yields in central and south Asia by the mid-21at century (UNDP, 2006). However at a higher latitude, crop yields should increase because there will be a decrease in frost and cold damage. A case study conducted in Manang and Mustang shows that farmers are benefited to the changing climatic condition for the short time as they are growing new vegetables like cauliflower, cabbage, chili, tomato, cucumber and the new plant species that grow previously at lower altitude can be grown at present day (Dahal, 2007).
Due to the excessive drought and high temperature, there was drying of almost 50% of rice seedlings, maize, millet and soybean in most part of the country (Kantipur News, June 22, 2009).  A study in Kabilash VDC in Chitwan, Nepal shown that farmers could not transplant rice in two consecutive monsoons of 2004 and 2005 because of excessive drought (Gurung, 2007). Eastern Terai faced rain deficit in the year 2005/06 by early monsoon and crop production reduced by 12.5% on national basis. Nearly 10% of agri- land were left fallow due to rain deficit but mid western Terai faced heavy rain with floods, which reduced production by 30% in the year (Regmi, 2007b). Early Maturity of the crops due to increase in temperature may help in destruction of existing cropping pattern. Shifting of climatic zones has been observed in the country. Extinction of local basmati rice varieties, some local wheat, maize and other agricultural crops was also observed.



6. METHODOLOGY:
Selection of the Study Area:
Impact of climate change on maize production will be studied in Modi Rural Municpality of Parbat district. Vulnerable and resource poor communities will be selected for the study. 
Preliminary survey:
Preliminary information regarding the demographic, socio-cultural, and topographical settings of the site will be collected by a pre survey field visit which will ne used in preparing questionnaires and designing a sampling framework.
Targeted   communities:
Subsistence, resource poor poor and marginalized communities will be targeted in the study.
Sampling and sample Size:	
From each ward of the RM, 15  farm households will be selected randomly. In totality 120 farm households will be selected from the entire study area.
 Sources of Data:	
The local communities and resource poor farmers who are long experienced in autonomous adaptation of the study area will be the primary source of information. Field Survey will be conducted through structured and semi structured questionnaire, focus group discussion, direct observation and key informant interview. Secondary information will be collected from the various published materials like journals, research articles, proceedings of various NGOs and INGOs, reports of district agriculture development office (DADO). The local political leaders, working agencies, and local government will also the source of secondary information.
Survey Design and Data Collection:
Interview schedule will be prepared to collect primary information from farmers. A co-ordination scheme will be prepared consistent with the objectives of the study, to help and facilitate the questionnaire development.





Pre-testing of Interview Schedule:
Pre - testing of interview schedule will be done by administering the designed interview schedule to the 5% farmers of vicinity area. The final interview schedule will be prepared by taking due consideration of the suggestion obtained during the pre- testing.
Field Survey:
 The pre-tested interview schedule (questionnaire) will be administered to the respondent to collect the primary data. The in-depth information regarding the various aspect of climate change will be collected through face to face interview.
Focus Group Discussion (FGD):
One comprehensive Focus Group Discussion (FGD) will be conducted at the study area after completing the field survey with help of the checklist to verify the result obtained from field survey, to know the various impacts and coping strategies related to climate change. In the FGD participants will be local farmers, all ethnic groups and both male and female are included.
Observation: 
Direct field observation will be carried out around the research sites in the fields of farmers for additional information and for field verification.  

7. Methods and techniques of data analysis
The information collected from both primary and secondary sources will be analyzed by using time line, trend line, ethno history, vulnerability ranking, social mapping and other tools of participatory rural appraisal. The statistical packages for social science (SPSS), Social Analysis System (SAS) and Microsoft Excel will be used for qualitative and quantitative data analysis. Descriptive statistics like frequency count, percentage, charts and diagrams will be estimated. Furthermore, the data will be analyzed by using correlation analysis, simple linear regression, multiple regressions, stepwise regression, t-test analysis and other econometric models. 

The yield function model will be used to study the effect of precipitation and temperature on crop yield. 
     Ln Y= a+ b1T+ b2ln Pt +b3ln Tt 
 Where,
              Y= Yield for years‘t’ 
              T= Time trend
              Pt = Rainfall measured in millimeters for years‘t’ 
              Tt = Temperature measured in degree Celsius for years‘t’ 

The estimated method will be OLS and if there will be serial correlations, an autoregressive model will be used. Parameters b2 and b3 are the elasticities of yield for precipitation and temperature, and these indicate percentage change in yield due to 1% change in these variables. 

8. EXPECTED OUTCOMES:
· The impacts of climate change in agriculture and livelihood of farmers in Modi Rural Municipality of Parbat district relevant to maize production assessed.
· The existing climate change issues found in Parbat district identified
· Potential adaptation measures relevant to maize cultivation assessed. 
· An integrated approach for resilience and mitigation of adverse impact of climate change on cereal crop production developed.
· Awareness raising, risk communication strategies and alternative coping strategies identified for protecting environmental health and sustainable development of agriculture.

9. BENEFICIARIES:
· The primary beneficiaries of the output of this research will be the smallholder farmers and vulnerable communities in the study area.
· Secondary beneficiaries will be the researcher, students, INGOs and NGOs involved in climate change related issues.
· Tertiary beneficiaries will be the policy makers involved in the policy formulation involved in mitigation of the strategies. 



  10. RISKS AND ASSUMPTIONS
· Budget will be available in time. 
· Climatic condition will be favorable. 
· Farmers, political stakeholders and responsible organization/institutions will co-operate in the study.


  




11. WORKING CALENDAR
The working calendar is presented in the form of GANTT chart.
	Particulars 
	Date (Months, year, week)

	
	Jan, 2018
	Feb, 2018
	Mar, 2018
	Apr, 2018
	May, 2018

	
	1
	2
	3
	4
	1
	2
	3
	4
	1
	2
	3
	4
	1
	2
	3
	4
	1
	2
	3
	4

	Pre-study arrangements
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	review of literature
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	preparation of questionnaire
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	pre testing of questionnaire
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	restructuring of questionnaire
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	field survey
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Data entry and analysis
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Draft preparation
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Seminar presentation
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


















12. BUDGET SUMMARY:

	Particulars
	Amount (NRs.)

	Preliminary survey 
	3,000

	Interview schedule preparation and pre-testing
	6,500

	Interviewing and data collection 
	10,000

	Travel expenses 
	5,500

	Validation and Data entry 
	4,000

	Literature collection, communication and Stationery 
	6,000

	Focus group discussion
	5,500

	Analysis of data 
	4,500

	Seminar 
	5,000

	Thesis writing
	10,000

	Sub-total 
	60,000

	Overhead (10%)
	6,000

	Grand total 
	66,600
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