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ABSTRACT
The study examined the farmers’ perceptions regarding climate change, types of adaptation strategies,
factors influencing adaptation choices and barriers to adaptation, in the low-hill zone of Himachal Pradesh in
India. In low-hill zone, 202 farm households were randomly considered for the study. In the region, 62.4 % of
the farm households were of the opinion that temperature has increased during the last 10 years, whereas,
57.9% of the respondents have perceived that there is a decrease in rainfall in low-hills of the state. In this
part of the state, people have switched over to off farm jobs to meet their livelihood as perceived by 89.1
percent of the respondents. At farm level, farmers have adopted irrigation, crop diversification, change of
sowing/planting dates and crop variety as the strategies to cope up with the changing situation. About 50%
of the people have perceived that high cost of adaptation, limited knowledge of adaptation measures, lack of
access to technology, labour availability and early weather warnings were the main barriers to climate change
adaptation. In the region, adaptation to climate change was influenced by education level, household and
farm size, access to irrigation and credit, and number of salaried persons in the household.
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INTRODUCTION

Climate change is taking place at a time of increasing de-
mand for food, fibre and fuel and has the potential to irre-
versibly damage the natural resource base on which agri-
culture depends. Climate change is likely to intensify high
temperature and low precipitation. Its most dramatic im-
pacts have been reported to impact smallholder and sub-
sistence farmers (Mendelsohn & Dinar 2009). Rural areas
being natural resource dependant are becoming vulnerable
to climate change. Agriculture contributes to 13.7% of the
Indian GDP and is the source of employment for 22% of the
total population (FAO 2013). About 52% of the India’s popu-
lation is still dependant on agriculture for their livelihood
and employment (Joshi et al. 2011). During the recent past,
weather patterns all over the world are changing and the state
of Himachal Pradesh is no exception to these changes. A
significant rise in maximum, minimum temperature and de-
crease in precipitation has been reported by various workers
(Vidya et al. 2015, Bhardwaj & Sharma  2013) in north-
western Himalayan region. In the state, about 80 percent of
the farmers rely on the rainfed agriculture for their liveli-
hood. Since climatic factors serve as direct inputs to agricul-
ture, any change in them is bound to have a significant im-
pact on crop yields and production. Studies have shown a
significant effect of change in climatic factors on the aver-
age crop yield (Dinar et al. 1998, Seo & Mendelsohn 2008

and Cline 2007). Therefore, variety of adaptation strategies
to mitigate the negative effects of climate change effects and
maintain their livelihoods are urgently needed (FAO 2009).
Adaptation in the agriculture sector means addressing the
negative impacts of climate change and making use of the
opportunities that often come with a changing climate. The
overall aim of adaptation in agriculture is to reduce farmers’
vulnerability and improve their adaptive capacity. Different
modern technologies have been developed and introduced
at the farm level in order to achieve the Millennium Devel-
opment Goals (Rosegrant et al. 2008). About 70 % of the
population in developing countries like India live in rural
areas, where agriculture is their main source of livelihood
(IPCC 2007). Therefore, it is reasonable to expect that farm-
ers in developing countries may be less able to adapt to cli-
mate change due to credit constraints or less access to adap-
tation technology. It is necessary that climate change adap-
tation is not separated from other priorities but is integrated
into development planning, programmes and projects (World
Bank  2008). Adaptation strategies to climate change will
have to be based on sustainable agriculture practices. Such
practices are better suited for local climatic variability.

In the low hill zone of Himachal Pradesh, farmers have
perceived the changes in climatic parameters (Rana et al.
2013). Adaptation strategies are being implemented at local
level in order to enhance their capacity to cope up with such
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changes. However, these local adaptations have not been
valued and documented so far and hence, recognizing and
documenting the local adaptation strategies is an important
entry point to strengthen the resilience of local people to
climate change. Analysing local adaptation is, therefore, im-
portant, as this will be instrumental in finding solutions to
address the future uncertainties of climate change in the re-
gion. Thus the present study intended to assess the farmers’
perception to climate change and the adaptation strategies
adopted by farmers at farm level in the low hills of Himachal
Pradesh.

MATERIALS AND METHODS

Study area: The study was carried out in the low hills sub-
tropical region of Himachal Pradesh, which occupies about
35% of the geographical area and about 40% of the culti-
vated area. This region consists of foothills and valley area
up to 800 meters above mean sea level. The soils of low
hills are shallow and light textured. The major crops of the
region are rice, wheat, citrus, mango, litchi, guava, vegeta-
bles and barley. The average annual rainfall of this zone is
about 130 cm.

Research design and data collection: To conduct the study
in the low hills subtropical region of Himachal Pradesh, the
two districts namely Kangra and Hamirpur were considered
(Fig. 1). In each district two administrative blocks were se-
lected. In Kangra district, Fatehpur and Rait and in Hamirpur,
Hamirpur and Bhoranj blocks were selected. A total of 202
farmers was selected randomly from the four administrative
blocks. Face to face interviews were conducted with indi-
vidual farmers using a structured questionnaire, administered
in the year 2014, in order to determine the farmers’ percep-
tions  to climate variability and change and the adaptation
strategies adopted by farmers at farm level. Data were coded

and analysed using Statistical Package for Social Sciences
(SPSS) plus 21 version. Descriptive statistics based on sum-
mary counts of the questionnaire structure were used to pro-
vide insights into farmers’ perceptions regarding climate
change and adaptations adopted. Elements of the survey ques-
tionnaire collected information on major components: (1)
Perceived changes in specific climatic events; (2) farmers’
adaptation strategies to climate change; and (3) important
hindrances to adaptation strategies that had been encoun-
tered by the farmer over the last 10 years.

Adaptation is a dichotomous dependent dummy-variable
in the data. The dummy was determined by assigning a value
of one for farmers who indicated that they had taken adap-
tive measures in response to the negative effects of climate
change and a value of zero for farmers who indicated they
did not engage in any adaptive measures at all in response to
the negative effects of climate change. Logit regression was
used to identify the socio-economic factors affecting the farm-
ers’ adoption of adaptive strategies, using the functional form
of logit model expressed by Gujrati & Porter (2009) as:

Pi = 1/1 + e-(°+ 
i
X

i
)         ...(1)

For simplicity equation (1) can be expressed as
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Fig. 1: Study districts showing selected administrative blocks in low-hills area of Himachal Pradesh.
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The explanatory variables are hypothesized to affect the
farmers’ adoption decision of an adaptation measure. Based
on the review of adoption and adaptation literatures, and
past research findings, eight potential explanatory variables
were considered in this study and examined for their effect
on a farmer’s adoption decision of an adaptation option to
climate change and variability. Description of explanatory
variables and their statistics are presented in Table 1.

A positive and significant variable is interpreted by con-
sidering its higher chance of being in that choice group rela-
tive to that of reference one. This means that changes in the
variable will increase the probability of a farmer to adapt to
climate change. A negative and significant sign will mean
that the probability of a farmer adapting to climate change
is lower than that of the reference point. An insignificant
variable irrespective of sign will mean that changes in the
variables have no effect on the probability of a farmer adapt-
ing to climate change.

RESULTS AND DISCUSSION

Farmers’ perception in experiencing climatic events: In
the low hills of Himachal Pradesh 62.4% of the respondents
have perceived that during the last 10 years the temperature
has increased (Table 2). The farmers perception in the re-
gion is in line with the findings of  Bhutiyani et al. (2007),
who, after analysing weather data reported increasing trend
in maximum, minimum, mean and diurnal temperature range
over the northwestern Himalayan region during the 20th
century. In the region, 57.9% of the respondents were of the
opinion that the number of rainfall days has decreased and
on the other hand, 61.4% of the respondents felt an increase
in the rainfall intensity in the region. The results are in agree-
ment with the findings of  Dash et al. (2007), Goswami et al.
(2006), Lal (2003), Mirza ( 2002) who have also observed
high intensity rains and decrease in total annual rainfall in
many parts of Asian countries. In low-hills of Himachal
Pradesh the duration of seasons has also been found to
change during the last 10 years. In the region, 57.9% of re-
spondents were of the opinion that summer season duration
has increased, whereas the duration of winters has decreased
as perceived by 49% of people. This finding agrees with the
study of Rana et al. (2013), where more than 50% of the
farmers experienced long summer and short winter season

Table 1: Description of explanatory variables used to predict farmers adaptation to climate change in low hills of Himachal Pradesh.

Explanatory variables Mean Standard Description
deviation

X1 : Gender of the household  head 0.75 0.44 Dummy takes the value one if male and zero otherwise
X2 : Education level of the  household head         10.06 3.60 Continuous
        (Years of schooling)
X3 :  Household size (Number  of family members in 6.79 2.05 Continuous
         household)
X4 : Farm size in kanals 23.25 12.36 Continuous
X5 : Number of salaried  persons in the household 2.29 0.86 Continuous
X6 : Access to irrigation water 0.74 0.44 Dummy takes the value of one if there is access

and zero otherwise
X7 : Access to credit services 0.91 0.29 Dummy takes the value of one  if there is access and

zero otherwise
X8 : Access to extension services 0.57 0.50 Dummy takes the value of one if there is access and

zero otherwise
X9 : Membership to CBO’s and welfare organizations 0.18 0.38 Continuous

Table 2: Distribution of responses to perceived changes in specific climatic events.

Climatic event                                                                                                     Response %
Increased No Change Decreased Do Not Know

Temperature 62.4 34.2 1.5 2
Rainfall 6.4 35.6 57.9 -
Rainfall intensity 61.4 28.2 10.4 -
Summer season duration 57.9 42.1 - -
Winter season duration - 38.1 49 12.9
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in the low hill zone of Himachal Pradesh.

Farmers adaptation strategies to climate change and vari-
ability: The majority of the people (89.1%) in the low-hill
zone of Himachal Pradesh were of the opinion that under
changing climatic situation, off farm activities were being
adopted by the people as an alternative to meet their liveli-
hood (Fig. 2). The present shift to off farm activities may be
ascribed to low output from the farms. Shift to non-farm
activities was also reported by Morton (2007) as an impor-
tant adaptation strategy in response to climate change. To
cope up with the situation of climatic variability, 80.2% of
the people considered irrigation as a suitable practice to adapt
climate change. This was probably due to less and erratic
rainfall in the region. Next to irrigation, crop diversification
at the farm was perceived 57.9% respondents as an adapta-
tion to climate change which was followed by change of crop
sowing/planting dates (51.5%) and a variety (48.5%), build-
ing water harvesting structures (47.5%), mixed crop live-
stock system (44.1%), adoption of soil conservation prac-
tices (41.1%), reducing livestock (38.1%) and use of drought
resistant crops (30.7%). Similar kind of adaptation strate-
gies to climate change have also been advocated in other
parts of the world (Rosegrant & Cline 2003, Eckhardt  2009,
Asfaw & Lipper  2011, Varadan & Kumar 2014).

Barriers to adaptation: In the region, high cost of tech-
nologies was perceived (86.6% respondents) as the major
barrier to adaptation (Fig. 3). Low income, farm output un-
certainty, low access to market resources may be ascribed as
the possible reason for not adopting new costly adaptive tech-
nologies. This response was followed by limited knowledge
on adaptation measures (70.3%), absence of government

policy on climate change (68.8%), lack of access to technol-
ogy (66.3%), labour (64.9%) and early warning informa-
tion (61.4%), unreliability of seasonal forecast (55%), inef-
fectiveness of indigenous methods (44.6%), lack of exten-
sion services (43.1%) and inability to access improved crop
varieties/seeds (41.6%). Lower education level, less interest
and backwardness of the area might have resulted in such
barriers. The findings indicate a need for further detailed
research into the implication of such barriers in order to move
towards an improved adaptation and to identify most suit-
able mean to overcome these barriers. Other barriers to ad-
aptation include government subsidy on farm inputs (38.6%),
lack of access to irrigation facilities (26.2%), shortage of
land (22.3%), lack of credit facilities (18.8%), insecure prop-
erty rights (12.4%) and lack of access to water (8.9%). Lack
of information on choice of adaptation options and financial
resources, shortage of land, poor potential irrigation as well
as labour constraints as the factors inhibiting adaptation to
climate change effects, were also reported in various studies
(Deressa et al. 2008, Amdu et al. 2013, Acquah & Frempong
2011, Kumar et al. 2013).

Determinants of farmers’ adaptation: Out of the nine ex-
planatory variables hypothesized to affect farmers’ adapta-
tion education level, household and farm size,  access to irri-
gation water and credit and number of salaried persons’ in
the household were found to be the statistically significant
factors (Table 3). The regression model resulted in a posi-
tive coefficient (+ 0.298) for education level, which implied
that the probability of adaptation to climate change is greater
for those who have higher educational attainment compared
to less-educated or illiterate farmers. This is probably due to

Fig. 2: Farmers’ response to adaptation strategies.
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the reason that educated farmers have more knowledge, a
greater ability to understand and respond to anticipated
changes and to forecast future scenarios. Further, they have
greater access to information and opportunities than others,
which might encourage adaptation to climate change. Sev-
eral studies also found that education positively and signifi-
cantly affects the adoption of technology (Adesina & Baidu-
Forson 1995, Alam 1995, Maddison 2007, Adeogun et al.
2008, Quayum & Ali 2012).

A positive and significant a coefficient of 1.059 was ob-
served with respect to adaptation strategies based on family
size. This may be due to the reason that large family size is
generally utilized as labour in agricultural operations. The
present perception of farmers is in line with Deressa et al.
(2008, 2009), who have also advocated that large family size
makes available more labour which can better facilitate the
adoption of adaptive measures against climate change ef-
fects. Similar reasons for large household size were also re-
ported by Mignouna et al. (2011), Tiamiyu et al. (2009). The
present results are in contrary to Apata et al. (2009) who
advocated that large household size reduces the probability
of adaptation to climate change.

A  positive and significant relationship with a coeffi-
cient of 0.072 between farm size and adaptation to climate
change effects was observed, which indicated that the large
farm size encourages the adaptation and discourages diver-
sifying income. The results are in agreement with the find-
ings of  Gutu et al. (2012) and Nabikolo et al. (2012) who
observed  that farmers with large farm size do have a better

level of adapting to climate change impacts.

Availability of credit, enhances the probability of a farmer
to adaptation as indicated by the positive sign of the coeffi-
cient (+ 2.080) and was found to be statistically significant.
The result implies the important role of increased institu-
tional support in promoting the use of adaptation options to
reduce the negative impact of climate change. Access to
credit eases the financial constraints faced by the farmer. The
farmer will be in a position to finance adaptation of new
technologies such as improved crop variety seed and ferti-
lizer. The positive relationship between level of adaptation
and credit availability was also suggested by Gbetibouo
(2009), Deressa et al. (2009), Fosu- Mensah et al. (2010),
Yirga (2007), Pattanayak et al. (2003).

Highest positive coefficient (4.041) was observed in ac-
cess to irrigation water (significant at 1% level) implying
that access to irrigation have a strong influence in adapting
to climate change in the low hill region of Himachal Pradesh.
This is probably due to the reason that higher access to irri-
gation develop more interest of the farmers’ in increasing
farm productivity and more they are likely to adapt. The
present results contradicted the study based on the argument
that farmers who have access to irrigation water are more
resilient to climate change and are less likely to take adapta-
tion measures (Gbetibouo 2009).

A negative relationship was observed between the
number of salaried persons in the household and the level of
adoption (coefficient = -2.006) which indicated that sala-
ried people have less interest to use new adaptation prac-

Fig. 3: Household level barriers to climate change adaptation strategies.
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Table 3: Parameter estimates of the logistic regression model.

Variables Coefficient Robust standard error p-value Exp(B)

Constant -9.981 3.274 0.002 0.000
Gender 22.400 0.002 0.993 5.349E9
Education years 0.298** 0.140 0.033 1.347
Household size 1.059* 0.412 0.010 2.883
Farm size 0.072** 0.036 0.047 1.075
Number of salaried persons’ in the household -2.006** 0.956 0.036 0.135
Access to irrigation water 4.041* 1.455 0.005 56.906
Access to credit services 2.080*** 1.242 0.094 8.007
Access to extension services -1.181 0.999 0.237 0.307
Membership to CBO’s and welfare organizations -1.565 1.094 0.152 0.209

*Significant at 1% level of significance ; **Significant at 5 % level of significance; ***Significant at 10 % level of significance

tices in the region. This tendency of employed people may
ascribe to less return from farming activities in the region
which is more or less of traditional type.

Gender, access to extension services and membership to
CBO’s and welfare organizations, were not statistically sig-
nificant in the model. In certain ways these results are sur-
prising in light of the theory surrounding their use as devel-
opment instruments and as climate change adaptation strat-
egies in general.

CONCLUSION

The present study indicated that farmers of the low hills of
Himachal Pradesh have also perceived the impacts of cli-
mate change in consonance with the scientific studies being
conducted by various workers. In the region, farmers have
started identifying adaptation practices to combat climate
change. Shift to off farm activities, irrigation, crop diversi-
fication, change of crop planting/sowing dates and use of
suitable crop varieties were the widely used adaptation meas-
ures in the region. However, the high cost of adaptation, lim-
ited knowledge on adaptation measures, lack of access to
technology, labour availability and early weather warnings
were the main barriers to adaptation in the region. Adapta-
tion to climate change is being positively influenced by edu-
cation level, household and farm size, access to irrigation
and credit availability.

ACKNOWLEDGEMENTS

The paper is based on the first author’s Ph.D. study at De-
partment of Environmental Science, Dr. YS Parmar Univer-
sity of Horticulture and Forestry, Nauni (Solan) HP, India.
The author is thankful to Department of Science and Tech-
nology under Ministry of Science and Technology, India for
providing financial assistance in Ph.D. Studies in the form
of INSPIRE Fellowship. Last but not least, the author is grate-
ful to the participant farmers from the study area for their

kind assistance in providing information about their farm.

REFERENCES
Adeogun, O.A., Ajana, A.M., Ayinla, O.A., Yarhere, M.T. and Adeogun,

M.O. 2008. Application of logit model in adoption decision: a study
of hybrid clarias in Lagos State, Nigeria. Am.-Eurasian J. Agric.
Environ. Sci., 4: 468-472.

Amdu, B., Ayehu, A. and Deressa, A. 2013. Farmers’ perception and adap-
tive capacity to climate change and variability in the upper catchment
of Blue Nile, Ethiopia. African Technology Policy Studies Network
(ATPS), Working Paper No. 77

Acquah, H. and Frempong, F. K. A. 2011. Farmers perception of impact
climate change on food crop production in Ketu North district in the
Volta Region of Ghana. In: Proceedings of the 1st World Sustain. Fo-
rum, 1-30 November 2011. Sciforum Electronic Conference Series,
Vol. 1.

Adesina, A.A. and Baidu-Forson, J. 1995. Farmers’ perceptions and adop-
tion of new agricultural technology: evidence from analysis in Burkina
Faso and Guinea, West Africa. Agric. Econ., 13: 1-9.

Alam, S. 1995. Factors affecting adoption and use of power tillers in Bang-
ladesh agriculture-an economic study. In: Bureau of Socio-Economic
Research and Training. Bangladesh Agricultural  University:
Mymensigh, Bangladesh.,  pp. 1-54.

Apata, T.G., Samuel, K.D. and Adeola, A.O. 2009. Analysis of climate
change perception and adaptation among arable food crop farmers in
South Western Nigeria. Federal Department of Agricultural Econom-
ics and Extension Services, University of Technology, Ondo State,
Nigeria.

Asfaw, S. and Lipper, L. 2011. Economics of PGRFA management for
adaptation to climate change: a review of selected literature. Back-
ground Study Paper No. 60, Agricultural Economic Division, Rome,
Italy.

Bhardwaj, S.K. and Sharma, S.V. 2013. Horticulture crop production in
Northwestern Himalayas under changing climate scenario. Sci. Park.,
1: 1-7.

Bhutiyani, M. R., Kale, V. S. and Pawar, N. J. 2007. Long-term trends in
maximum, minimum and mean annual air temperatures across the
Northwestern Himalaya during the twentieth century. Climatic Change,
85: 159-177.

Cline, W. R. 2007. Global warming and agriculture: impact estimates by
country. Peterson Institute of  International Economics, NW, Wash-
ington, D.C., U.S.A.

Dash, S. K., Jenamani, R. K., Kalsi, S. R. and Panda, S. K. 2007. Some
evidence of climate change in twentieth-century India. Climatic
Change, 85: 299-321.



901FARMERS’ RESPONSE AND ADAPTATION STRATEGIES TO CLIMATE CHANGE

Nature Environment and Pollution Technology  Vol. 15, No. 3, 2016

Deressa, T. T., Hassan, R. M., Ringler, C., Alemu, T. and Yesuf, M. 2008.
Analysis of the determinants of farmers’ choice of adaptation meth-
ods and perceptions of climate change in the Nile Basin of Ethiopia.
International Food Policy Research Institute (IFPRI), Discussion Pa-
per No. 798, Washington, DC.

Deressa, T. T., Hassan, R. M., Ringler, C., Alemu, T. and Yesuf, M. 2009.
Determinants of Farmers’ choice of Adaptation Methods to Climate
Change in the Nile Basin of Ethiopia. Global Environmental Change,
19: 248-255.

Dinar, A., Mendelsohn, R., Evenson, R., Parikh, J., Sanghi, A., Kumar, K.,
McKinsey, J. and Lonergen, S. 1998. Measuring the impact of climate
change on Indian agriculture. Technical Report, The World  Bank,
Washington, D.C., U.S.A.

Eckhardt, N.A., Cominelli, E., Galbiati, M. and Tonelli, C. 2009. The fu-
ture of science: food and water for life. Plant Cell, 21: 368-372.

FAO 2013. FAO Statistical Yearbook 2012-2013. Food and Agricultural
Organization, Rome.

FAO 2009. Coping with a Changing Climate: Considerations for Adapta-
tion and Mitigation in Agriculture. Rome.

Fosu-Mensah, B. Y., Vlek, P. L. G. and Manschadi, A. M. 2010. Farmers
perceptions and adaption to climate change: a case study of
Sekyedumase District in Ghana. Centre for Development Research,
University of Bonn.

Gbetibouo, G. A. 2009. Understanding farmers’ perception and adapta-
tions to climate change and variability. Washington, DC: International
Food Policy Research Institute.

Goswami, B. N., Venugopal, V., Sengupta, D., Madhusoodanam, M. S.
and Xavier, P. K. 2006. Increasing trends of extreme rain events over
India in a warming environment. Science, 314: 1442-1445.

Gujarati, D.N. and Porter, D.C. 2009. Basic Econometrics. 5th ed.,McGraw-
Hill: New York, NY, USA.

Gutu, T., Bezabih, E. and Mengistu, K .2012. Analysis of vulnerability and
resilience to climate change induced  shocks in North Shewa, Ethio-
pia. Script Journals. J. Agric. Sci., 3(6): 871-888.

IPCC-Intergovernmental Panel on Climate Change 2007. Food, fibre and
forest products. In: Parry, M.L., Canziani, O.F., Palutikof, J.P., van
der Linden, P.J., Hanson, C.E. (eds.) Climate Change 2007: Impacts,
Adaptation and Vulnerability. Contribution of Working Group II to
the Fourth Assessment Report of the Intergovernmental Panel on Cli-
mate Change.

Joshi, P., Trivedi, T., Sharma, R., Verma, S., Bharti, V. and Gyota, K. 2011.
ICAR’s Vision 2030. Indian Council of Agricultural Research, New
Delhi.

Kumar, N. S., Tevari, P. and Singh, A. 2013. A study on constraints faced
by farmers in adapting to climate change in rainfed agriculture. J. Hum.
Ecol., 44(1): 23-28.

Lal, M. 2003. Global climate change: India’s monsoon and its variability.
J. Environ. Stud. Policy, 6: 1-34.

Maddison, D. 2007. The perception of an adaptation to climate change in
Africa. Policy Research Working Paper, The World Bank, Develop-
ment Research Group, Sustainable Rural and Urban Development

Team, Pretoria, South Africa
Mendelsohn, R. and Dinar, A. 2009. Climate change and agriculture, an

economic analysis of global impact, adaptation and distributional ef-
fects. Cheltenham: Elgar.

Mignouna, D.B., Manyong, V.M., Rusike, J., Mutabazi, K.D.S. and
Senkondo, E.M. 2011. Determinants of adopting imazapyr-resistant
maize technologies and its impact on household income in Western
Kenya. Ag. Bio. Forum, 14: 158-163.

Mirza, M. Q. 2002. Global warming and changes in the probability of oc-
currence of floods in Bangladesh and implications. Global Environ.
Change, 12: 127-138.

Morton, J.F. 2007. The impact of climate change on smallholder and sub-
sistence agriculture. Proc. Natl. Acad. Sci., 104: 19680-19685.

Nabikolo, D., Bashaasha, B., Mangheni, M.N. and Majaliwa, J.G.M. 2012.
Determinants of climate change adaptation among male and female
headed farm households in eastern Uganda. Afric. Crop Sci. J., 20(2):
203-212.

Pattanayak, S. K., Mercer, D. E., Sills, E. and Jui-Chen, Y. 2003. Taking
stock of agroforestry adoption studies. Agroforestry Systems, 57(3):
173-186.

Quayum, M.A. and Ali, A.M. 2012. Adoption and diffusion of power tiller
in Bangladesh. Bangladesh J. Agric. Res., 37: 307-325.

Rana, R.S., Bhagat, R.M., Kalia, V., Lal, H. and Sen, V. 2013. Indigenous
perceptions of climate change vis-à-vis mountain agricultural activi-
ties in Himachal Pradesh, India. Indian J. of Traditional Knowledge,
12(4): 596-604.

Rosegrant, M.W. and Cline, S.A. 2003. Global food security: challenges
and policies. Science, 302: 1917-1919.

Rosegrant, M.W. C., Ringler, T., Benson, X., Diao, D., Resnick, J., Thurlow,
M. and Orden, D. 2008. Agriculture and achieving the millennium
development goals. World Bank Report No. 32729 GLB, World Bank:
Washington, DC, USA.

Seo, N. and Mendelsohn, R. 2008. A Ricardian analysis of the impact of
climate change on South American farms. Chilean Journal of Agricul-
tural Research, 68(1): 69-79.

Tiamiyu, S.A., Akintola, J.O. and Rahji, M.A.Y. 2009. Technology adop-
tion and productivity difference  among growers of new rice for Af-
rica in Savanna Zone of Nigeria. Tropicultura., 27: 193-197.

Varadan, R. J. and Kumar, P. 2014. Indigenous knowledge about climate
change: validating the perceptions of dryland farmers in Tamil Nadu.
Indian Journal of Traditional Knowledge, 13(2): 390-397.

Vidya, D., Aggarwal, R.K., Mahajan, P.K., Negi, Y.S. and Bhardwaj, S.K.
2015. Trend analysis of weather parameters and people perception in
Kullu district of western Himalayas region. Environ. Ecol. Res., 3(1):
24-33.

World Bank 2008. Climate Change Adaptation and Mitigation in Devel-
opment Programmes: A Special Guide Washington DC: World Bank.

Yirga, C. T. 2007. The dynamics of soil degradation and incentives for
optimal management in Central Highlands of Ethiopia. PhD Thesis,
Department of Agricultural Economics, Extension, and Rural Devel-
opment. University of Pretoria, South Africa.



902 Nancy Loria and S. K. Bhardwaj

Vol. 15, No. 3, 2016  Nature Environment and Pollution Technology


