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The opportunities available for rural households in the Himalayan region to cope with changing 
climate should involve acting in shorter timescales with development agenda of the region. The  
present article is an attempt to propose pathways of using available climate information to solve 
local problems caused by climate change. Existing information systems and databases can be  
organized to understand the solutions of climate change which can be appropriately implemented in 
highland areas. The study suggests systematically capitalizing the existing indigenous wisdom, current 
climate variability databases and growing information technology to help highland people cope 
under the local climatic constraints. 
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THE changing dynamics of global climate change is com-
plex and to a great extent uncertain to predict. The pre-
dicted change in global temperature can increase the 
frequency of mountainous hazards, and alter the ecosys-
tem and discourse of development process. The impacts 
of climate change can be more severe in the Himalayas 
because variability of climate in different elevations fluc-
tuates in warm and cold regimes. Scientific predictions 
point out that the Himalayan region has been experien-
cing warming at a greater pace than the global average of 
0.74°C over the last 100 years1,2. The impacts are already 
tangible, as the fragile, high-altitude ecosystem has begun 
to erode3–5. The amalgamation of climate change with 
high rugged topography, tectonic activities and steep 
slopes can induce hazards like landslides, flash floods, 
avalanches, and glacial lake outburst floods adding sig-
nificant stresses on the rural development, livelihoods, 
health, and productive asset of highland communities and 
downstream populations3,6. 
 Theoretically, there are two generic response options to 
address climate change. First, mitigate the causes of cli-
mate change by gradually trimming down carbon emis-
sion. Second, adapt to variability in climate change and 
cope with irreversible changes. It refers to the changes in 
the behaviour and response of people to changes in their  

immediate natural and socio-economic systems. The  
impact of variability of climate change on rural livelihood 
of highland communities is due to both ex-post and  
ex-ante factors. The ex-post impact of uninsured climate-
induced natural disaster can have long-term consequences 
on rural livelihoods of highland communities through  
direct loss of crop and livestock, damage to productive 
assets of households and sometimes problems in health 
and life. The vulnerable households are struggling with 
different adaptation strategies like mobility, drawing 
down inventory, diversification, depending on common 
property, market exchange and reducing consumption and  
social obligation to deal with the looming crisis.  
Abandonment of primary activities and migrating to  
urban centres are extreme examples in this region. These 
patterns of coping mechanism to build a better life for 
themsevles have high probability of long-term poverty 
and even destitution7–10. Many uncertainties are added to 
these challenges due to the gap in comparable data on 
climate change in the region causing substantial loss of 
opportunity of rural livelihood. Without legitimate 
knowledge about the next climate-induced natural hazard, 
vulnerable households started applying a range of precau-
tionary ex-ante strategies to protect against probability of 
calamitous loss and decrease in productivity due to  
inefficient and exploitive resource use, which led to com-
promise in profitability11. Information is essential for  
informed decision, to minimize the loss from climate  
catastrophe and overall to facilitate the climate  
change adaptation. The complexity in understanding the 
climate phenomena leads to no end-to-end approach, 
therefore households’ decision-making tools should be 
different for different regions. Therefore, this article aims 
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to analyse the significance of climate information service 
system (CISS), particularly in rural and remote areas of 
the Himalayan region for adaptation at the grassroots 
level as innovative strategies to protect the rural liveli-
hood of highland communities. The proposed CISS will 
focus not only on advance critical aspects of climate  
science, but also scientific understanding of the impact of 
climate change to user-driven needs. 

Climate change adaptation and information 

The dynamic nature of humans and climate and its impact 
on biophysical and socio-economic systems present an 
opportunity for developing practical adaptive capacity at 
the grassroots level. Theoretically, practical adaptive  
capacity is conceived as the ability of human systems to 
cope with climate change, which depends on features 
such as wealth, technology, education, traditional know-
ledge, information, skills, infrastructure, access to re-
sources and management capabilities. It can take many 
forms such as bottom-up or top-down, reactive or predic-
tive, autonomous or planned. It has been tested and 
thought out as an effective tool to cope with the looming 
crisis12–14. Climate change adaptation is a challenge  
because the scale and speed of the adjustments required is 
unprecedented, and the nature of the anticipated changes 
remains highly complex and uncertain. One of the most 
important components required for practical adaptation is 
climate information. Climate information availability at 
appropriate times facilitates rational decision making and 
enhances the capacity of rural households, where adverse 
impacts of extreme climatic events may be compounded 
by poverty, environmental degradation, inadequate social 
safety nets and poor governance. Effective capacity-
building requires a long-term commitment to address  
capacity gaps in knowledge generation and its dissemina-
tion, as well as in the processes that catalyse efforts to 
move from knowledge to sustained action and adaptation 
measures. The cost of uncertainty to map the future cli-
mate variability will adversely impact the livelihoods  
of rural households in the Himalayan region. The degree 
of uncertainty of vulnerable households in the highlands 
can be reduced by providing climate information which 
can protect the rural livelihoods by enabling the house-
holds to adopt improved technology, diversifying produc-
tion strategies and investing more profitable stakes when 
conditions are favourable. Uncertainty can be reduced by 
analysing historic climatic data, monitoring and predict-
ing seasonal forecasts that match the period of many  
climate-sensitive decisions by rural households. The geo-
logical climatic records, real-time monitoring and short-
term weather predictions have to be disseminated to rural 
households in local languages. Hence seasonal prediction 
will be the object of research in climate science that will 
definitely yield useful insights for rural climate informa-

tion services in inaccessible rugged topography. The 
main pillars of practical climate change adaptation are 
climate information generation, information dissemina-
tion and informed action. 

Conceiving a CISS for Himalayan region 

The first-generation approaches of climate change adap-
tation are derived from global climate models downscaled  
to regional scenario or local scales15–17. These down-
scaled models are a simplified version of the climate of 
the locality, and have commonly been limited to changes 
in mean temperature, rainfall and sea level. The classical 
global models have made significant contributions to the 
theoretical understanding of potential climate impacts. 
Their deficiencies soon became apparent. For instance, 
crop yields are sensitive to temperature variability, sea-
sonality, rainfall distribution and other local microcli-
matic effects. The scale used for crop climate models are 
generalized for larger areas and their limitation to mean 
temperature and rainfall calls into question the validity of 
the estimated impacts18,19. The second approach available 
is the bottom-up approach, i.e. adaptation methods rele-
vant at the local scale or grassroots level. This approach 
was first articulated in the United Nations Environment 
Programme (UNEP) guidelines, but more fully captured 
in the Adaptation Policy Frameworks (APF) for Climate 
Change20. The assessment processes involve local stake-
holders’ empirical knowledge based on actual observa-
tion of current climate risks and how communities  
cope with them. The dimension of new risk can be intro-
duced and assessed by existing knowledge of local stake-
holders. 
 Information related to climate change like tracking  
meteorological patterns, forecasting impacts and assess-
ing risks is crucial for planning climate change adaptation 
at the local level; for example, farmers having access to  
information on change in rainfall patterns or temperature 
and also to technology can make a difference in produc-
tion. Climate information is to be combined with other  
information for assessing the risk, good decision for loss 
reduction strategies and timely information to local stake-
holders; for example, forecasting and monitoring floods 
needs weather data to be combined with hydrological 
data to provide information about the likelihood of flood-
ing and project impact according to vulnerability. Hence 
information, knowledge and communication that are re-
lated to climate variability will be the way and means for 
protecting rural livelihoods of highland communities. The 
proposed CISS model is expected to develop capacity of 
local stakeholders and decision makers for developing 
policy using application of climate services for socio-
economic benefits of the region. Three steps need to  
be followed in developing CISS: generation of climate  
information database, information dissemination and  
informed action (Figure 1). 
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Figure 1. Climate information service system model. 
 

Generation of climate information database 

The first step for adaptation at the local level is the crea-
tion of a database of climate risks related to different 
timescales and different stakeholders. This will consist of 
both spatial and non-spatial database. Spatial information 
about climate variability can be captured from satellite 
imagery, aerial photographs, survey using remote sens-
ing, geographic information system (GIS), cartography 
software and also global positioning system. The non-
spatial climate data are taken from traditional station 
networks, perception of local stakeholders, information 
from eKiosks and other research organizations working 
on climate variables like current climate variability, cur-
rent climate risks and short-term weather forecasts. Test-
ing, validation and adaptation of these data and research 
findings of specific local conditions could be used for  
developing the best adaptation strategy. All the informa-
tion needs to be combined through a rational database 
management system (RDMS). Institutional structures for 
monitoring, archiving and climate risk research must be 

strengthened, where none exists currently. The developed 
RDMS will certainly gather and recognize the scattered 
pages of academic journal and technical reports on cli-
mate studies and experiments that could help vulnerable 
groups and planning agencies at the grassroots level. 
Hence, a society cannot solve these looming crises by  
depending on external global databases, but has to  
develop indigenous methods to solve these problems. The 
RDMS of climate variables can be created following the 
mechanism shown in Figure 2. 

Information dissemination 

The second pillar of CISS is dissemination of information 
at the local level to adapt to climate change. There is  
a fast-growing domain of information on climate, includ-
ing information about current climate variability, and  
improving global and regional models of the future cli-
mate change. Understanding of climate systems and the 
ability to forecast short-term and medium-term weather 
and seasonal climate have also improved over the past 
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Figure 2. Generation of climatic variable database. 
 
 
few decades at the global level. Decision makers at 
household require smaller spatially scaled climate predic-
tion models for tracking meteorological patterns, forecast-
ing impacts and assessing risks in the context of climate 
change from global to regional and eventually at local 
level. However, this information needs to be well targeted 
and disseminated to the rural households. Such informa-
tion is available in research mode, but not in user-friendly 
format to the rural households for decision making. Cor-
rect and relevant information at the appropriate time can 
help understand the climate vulnerability and take appro-
priate decisions for coping and minimizing adverse  
impacts. It has been realized that climate change and cli-
mate-induced vulnerability-related information does not 
reach the poor, particularly in rural and remote areas. 
Therefore, an effective information delivery mechanism 
can be established with the application of information and 
communication technologies (ICT). They can be instru-
mental in providing not only the means of connectivity to 
isolated communities in the highlands to get the informa-
tion, but also help them in knowledge-sharing and social 
networking. The local community can provide indigenous 
knowledge and can also get information about the advan-
ced research and technologies from universities and insti-
tutions in the Himalayan States from RDMS (Figure 2). 
Application of ICT can improve the knowledge base, help 
in efficient and appropriate land use, and facilitate the 
preservation of natural resources inventory to provide 
sustained supply of life-supporting environment. Natural 
resources management, climate literacy, improved public 
health, human welfare and strengthened social, economic 
and governmental institutes will facilitate local-level ad-
aptation. These are the ways and means for a practical 
adaptation process. 

 In this context, eKiosks (Telecentre, Community  
Information Centre, Gyan Chaupal, Common Service 
Center, etc.), mobile telephony, radio and social network-
ing communication systems would be crucial in the dis-
semination of information to the poor and vulnerable 
sections of the society in remote areas. Climate-related 
information and knowledge can be delivered to them 
through establishing eKiosks which are equipped with 
computers and connected to the internet and data sources. 
Thus eKiosks can be developed as a repository of know-
ledge and information regarding climate, agriculture,  
development programmes and natural calamities for the 
rural populations. Mobile telephony and radio are also  
viable means of information dissemination. Radio is a 
traditional means of information dissemination, whereas 
mobile phone is fast and cost-effective means of delivery 
of information. The Census of India 2011 shows21 that 
the number of mobile phones has grown to 53.2%. There-
fore, spread of information in local languages is now  
easily possible in rural and remote areas as well. 

Informed action 

The third aspect is to act on the information. Action on 
information should be taken at both the top and bottom 
levels. At the top level, the decision makers should be 
mobilized to formulate appropriate policies and strate-
gies. At the bottom level, people need to utilize the  
information and act to cope with challenges posed by 
climate. Capacity-building to promote the development of 
robust systems for climate risk communication is key. 
Therefore, relevant capacity-building measures include 
actions to assess risk communication needs and appropri-
ate modalities, development or scaling up of risk commu-
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nication tools and methods appropriate to the needs of 
end-user communities, training of trainers for climate risk 
communication, platform to assess policy needs for sup-
porting both climate risk communication and adaptation 
measures identified through the sensitization process. 
 The most remarkable aspect of informed action is the 
bottom approach to involve people in the adaptation and 
development process. People’s participation in the plan-
ning and implementation at the grassroots level in the  
adaptation and development process would have multiple 
benefits. The rationale behind the participatory approach 
is that local people have conventional wisdom for judi-
cious use of natural resources. Since poor people rely on 
natural resources for their livelihood, they ought to be  
involved in mechanisms of development of the locality. 
Secondly, the local community is emotionally attached to 
the local environment. They generally do not harm the 
natural harmony. Thirdly, decentralized planning is the 
best possible way to ensure people’s participation and to 
make them aware of the climatic problems. Fourthly, it 
would also strengthen the grassroots democracy and bring 
marginalized sections of the society in the mainstream of 
development. Bringing these sections of the society will 
promote inclusive development as well as facilitate their 
role in conservation of natural resources on which they 
heavily rely for survival. Therefore, informed action 
needs to involve both top and local level people to put  
information into action. 

Challenges to CISS 

Establishing the system for information delivery appears 
to be an elaborate process. It involves problems at both 
conceptual and practical levels of CISS. First, a growing 
amount of information on climate change in the form of 
weather forecasts, seasonal forecasts, climate change sce-
narios, climate-induced vulnerabilities, adaptation meth-
ods and so on, is available for use. However, in most of 
the cases, the information does not reach the potential 
end-users in an accessible way so that they can interpret 
and use it. In addition, information available on the 
global scale generally is not applicable for local areas. 
Second, in some cases, information on climate variability 
is available, but the process and the capacity for integrat-
ing this information into vulnerability and capacity  
assessments, to feed into adaptation strategies, poverty-
reduction strategies and planning at the local level, etc. is 
lacking. Third, in many states of the Himalayan region, 
historic meteorological data are not available for more 
accurate predictions. Since it has been argued that the  
developing world would be the hardest hit by climate 
change, inaccurate predictions would certainly make the 
problem more complicated. Fourth, there is lack of rele-
vant information in the local and social contexts. Infor-
mation should be provided to complement the local 
knowledge and be locally relevant; thus people can easily 

practice and get accustomed to it. Fifth, risk assessment 
for shorter terms such as for a period of five years or a 
decade is essential for practical adaptation to climate 
variability. Currently, most of assessment has been done 
for longer periods, i.e. 20 years, 50 years, etc. that gener-
ally appears to be meaningless for common people who 
look for immediate solutions for current problems. Sixth, 
there is also lack of observational climate data for many 
inaccessible regions. Observational data are required for 
tracking long-term climate trends and integrating this  
information with approaches to deal with climate vari-
ability. 
 Apart from these methodological and theoretical lacu-
nae in prediction and interpretation of climate change, 
there are other challenges in establishing the system of 
effective information delivery to the rural households in 
high elevation. Despite the revolution in ICT, the reach of 
these technologies and quality of services to common 
people are still low in the developing countries, including 
India. Internet penetration and its awareness in rural areas 
is poor. According to a survey conducted in 2009 by the 
Internet and Mobile Association of India and Indian Mar-
ket Research Bureau, an overwhelming majority in rural 
hinterland (84%) is not even aware of the internet22. 
About, 38% is aware of the internet, but does not feel the 
need to use the same22. India’s rural mobile teledensity23 
is only 35%. Therefore, narrowing the digital divide is 
still a challenge. Second, awareness level of people about 
these technologies and services is quite low. They gener-
ally rely on the traditional sources of information rather 
than the use of advanced technologies to tackle natural  
and climate-induced calamities. Third, there is lack of 
supporting infrastructure for building an operational  
information system such as electricity, skilled human  
resources and so on. Unfortunately, such infrastructural 
facilities are not available in rural and remote areas of the 
Himalayan region. Fourth, the problem in this context is 
content creation in local languages. People do not com-
municate or understand English in rural areas, and there-
fore information available in English is meaningless for 
them. Last but not the least, deployment of, ICT in rural 
areas depends on the will of the political elite of the 
country. Transformative impacts of ICT have the poten-
tial to erode the traditional social power balance. There-
fore, the political elite are always sceptical to deployment 
of any system that can easily and openly provide informa-
tion to people. 

Conclusion 

The impacts of climate change are real and its trends  
appear to be uncertain. To cope with climate catastrophe, 
a well thought-out strategy for adaptation is warranted. 
Information is critical for adaptation, particularly for  
rural households in the Himalayan region. Bottom-up  
approach is an appropriate and effective method to  
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provide information and to increase awareness among the 
people at the grassroots level about climate change and 
its implications. The social security and disaster man-
agement mechanisms in the fragile ecosystem are not so 
strong to meet the challenges posed by climate change. 
The raw climate information has to be translated to quan-
titative terms, and uncertainties should be stated in prob-
abilistic terms for effective decision making for rural 
households. Therefore, correct information and effective 
way of its dissemination are crucial for coping with cli-
mate change, particularly for vulnerable households who 
are the hardest hit by natural calamities. The conceptual 
framework of the CISS model structure and the flow 
pathways are further steps for inclusive development in 
fragile rugged topography as majority of the population 
in this area depends upon agriculture and natural re-
sources for its livelihood. The structure of the CISS  
attempts to understand the impacts of climate change, 
broadly disseminate information about the impact, and 
facilitate capacity-building of vulnerable sections of the 
society to act upon the information. 
 In order to provide information to local communities 
and to address the current challenges, there is an urgent 
need for massive expansion of infrastructure such as elec-
tricity, connectivity, both internet and telephone, for the 
establishment of ICT-enabled systems. The local gov-
ernments need to be helped not only in dissemination of 
information, but also in promoting people’s participation 
at the local level. Civil society organizations should be 
encouraged to play a role in bridging the gap between 
people and government. The development programmes 
should be integrated with adaptation and environment to 
make them least detrimental to nature. This typology is a 
suite of innovative interventions for protecting rural live-
lihoods of vulnerable households and for reducing rural 
poverty in the face of changing climate. The comprehen-
sive approaches of CISS depend on the action of rural 
households, climate monitoring institutions and response 
institutions in bridging the gaps among highland commu-
nities and meeting the challenges of climate-proofing of 
rural livelihoods in Himalayan region. 
 
 

1. Du, M. Y., Kawashima, S., Yonemura, S., Zhang, X. Z. and Chen, 
S. B., Mutual influence between human activities and climate 
change in the Tibetan Plateau during recent years. Global Planet, 
Change, 2004, 41, 241–249. 

2. IPCC, Climate change: an assessment of the intergovernmental 
panel on climate change. Synthesis Report, Valencia, Spain, 
(2007); available at http://www.ipcc.ch/pdf/assessment-report/ar4/ 
syr/a r4_syr.pdf, accessed on 5 July 2009. 

3. Shrestha, A. B., Wake, C. P., Mayewski, P. A. and Dibb, J. E., 
Maximum temperature trends in the Himalaya and its vicinity: an 
analysis based on temperature records from Nepal for the period 
1971–94. J. Climate, 1999, 12, 2775–2787. 

4. Liu, X. and Chen, B., Climatic warming in the Tibetan plateau 
during recent decades. Int. J. Climatol., 2000, 20, 1729–1742. 

5. New, M., Lister, D., Hulme, M. and Makin, I., A high-resolution 
dataset of surface climate over global land areas. Climate Res., 
2002, 21, 1–25. 

6. Tse-ring, K., Sharma, E., Chettri, N. and Shrestha, A., Climate 
change vulnerability of mountain ecosystems in the Eastern Hima-
layas. International Centre for Integrated Mountain Development, 
Kathmandu, Nepal, June 2010. 

7. Carter, M. R. and Barrett, C. B., The economics of poverty traps 
and persistent poverty: an asset-based approach. J. Dev. Stud., 
2006, 42, 178–199. 

8. Dercon, S., Growth and shocks: evidence from rural Ethiopia. J. 
Dev. Econ., 2004, 74, 309–329. 

9. Dercon, S. (ed.), Insurance Against Poverty, Oxford University 
Press, Oxford, 2005. 

10. McPeak, J. G. and Barrett, C. B., Differential risk exposure and 
stochastic poverty traps among East African pastoralists. Am. J. 
Agric. Econ., 2001, 83, 674–679. 

11. Mishra, M., Khawas, V., Singh, A., Timsina, K., Bhutia, K. D. O. 
and Bala Sundareshwaran, A., Vulnerability of highland commu-
nities to climate induced change and practical adaptive capacity. 
Int. Geogr. Union Proc., 2011 (in press). 

12. Stern, N., The Stern Review on the Economics of Climate Change, 
HM Treasury, UK, Cambridge University Press, 2006; available at 
http://www.hm-treasury.gov.uk/independentreviews/stern_review_ 
economics_climate_change/sternreview_index.cfm. 

13. IPCC, Climate change: impacts, adaptation and vulnerability. Re-
port of the Working Group II of the Intergovernmental Panel on 
Climate Change (eds Parry, M. L. et al.), Cambridge University 
Press, Cambridge, 2007. 

14. Special topic: The Stern Review Debate, Climatic Change, 2008, 
vol. 89, pp. 173–449; doi:10.1007/s10584-008-9433-x. 

15. Carter, T. R., Parry, M. L., Harasawa, H. and Nishioka, S., IPCC 
technical guidelines for assessing climate change impacts and  
adaptations, Department of Geography, University College, Lon-
don, 1994. 

16. United Nations Environment Programme, In Developing Strate-
gies for Climate Change: The UNEP Country Studies on Climate 
Change Impacts and Adaptation Assessment Report 2 (ed. 
O’Brien, K.), CICERO, Oslo, 2000. 

17. Burton, I., Huq, S., Lim, B., Pilifosova, O. and Schipper, E. L., 
From impacts assessment to adaptation priorities: the shaping of 
adaptation policy. Climate Policy, 2002, 2, 145–159. 

18. Parry, M. and Rosenzweig, C., Food supply and risk of hunger. 
The Lancet, 1993, 342, 1345–1347. 

19. Smit, B., Burton, I., Klein, R. and Wandel, J., An anatomy of  
adaptation to climate change and Variability. Climate Change, 
2000, 45, 233–251. 

20. Feenstra, J. et al., Handbook on Methods for Climate Change Im-
pact Assessment and Adaptation Strategies (Version 2.0), United 
Nations Environment Programme, Nairobi and Institute for Envi-
ronmental Studies, Vrije Universiteit, Amsterdam, 1998. 

21. The Census of India, 2011. 
22. Internet and Mobile Association of India, Internet in rural India in 

2009; http://www.iamai.in/Upload/Research/Internet_for_Rural_ 
India_44.pdf (accessed on 19 March 2012). 

23. Cellular Operators Association of India, Indian mobile services 
sector–struggling to maintain sustainable growth, 2011; 
http://www.pwc.com/en_IN/in/assets/pdfs/publications-2011/PwC- 
COAI-White-Paper-Indian-Mobile-Services-Sector.pdf (accessed on 
19 March 2012). 

 
Received 14 May 2012; revised accepted 14 November 2012 

 


