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Abstract 

Climate change is inevitable and cannot be prevented and thus addressing the impacts of climate 
change through mitigation measures has become a continuous process and an important subject 
in natural resource management and sustainable livelihoods. The impacts of climate change in 
farming are unavoidable and more so small-scale farming communities are worst effected and 
face the impacts manifested through droughts, water scarcity, wind storms, floods, Human Wild 
Life Conflict, pest and disease outbreak and so on.  

Understanding the impacts of climate change and developing solutions to enable farmers adapt to 
the changing climate is better through an inclusive approach of participatory vulnerability 
assessments and determining the solutions. A package of climate resilient farming practices – 
Climate Smart Agriculture (CSA) technologies and solutions to fit within the local conditions 
implemented in Ngarpontang Climate Smart Village in Bhutan over a period of some five years 
have resulted in enhancing community resilience to climate change impacts and livelihoods 
through increased crop yields, income and enhanced food security. More land is put under 
cultivation and green house gas emission from farms have been channeled into proper utilization 
and community social capital has also improved.  

Putting together a package of CSA technologies with validations through PVS prior to 
interventions and replicating success stories through a holistic community approach can bring 
about lasting impacts contributing to enhancing community resilience    
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Introduction 

Small scale farming households in Bhutan are faced with impact of climate change manifested in 
the form of glacier lakes outburst, flash floods, windstorms, erratic rainfall, outbreak of new pests 
and diseases, increasing human-wildlife conflicts with wild animals damaging the crops, and 
increasing incidences of forest fire (CIAT World Bank 2017).  While climate change is inevitable 
and its impact on farming cannot be prevented, mitigating its impact can be done to ensure farming 
continue to be sustainable. Globally transformation in farming practices modifying existing 
practices, adding new components is a continued process. Appropriate choice of CSA practices 
needs to be identified to fit within different agro ecology and put these into practice to help farmers 
enhance adaptive capacity, build resilience and resource use efficiency in agriculture production 
systems and mitigate the impacts of climate change (Dahal, 2019). 

Climate Smart Agriculture  (CSA) according to the Food and Agriculture Organizations ( FAO)  
is an approach that sustainably increases productivity, resilience (adaptation), reduces greenhouse 
gases (mitigation), and enhances the achievement of national food security and development 
goals” (FAO, 2013).  This concept has been in practice since 2010 after FAOs proposal at the 
Hague Conference on Agriculture, Food Security and Climate Change. Since then, several 
development projects have experienced positive strides in CSA as reported in FAO (2021), almost 
a decade of its practice.  Results from studies indicate that CSV approach has a high potential for 
scaling out promising climate-smart agricultural technologies, practices, and services (Agarwal, 
et.al., 2018). 

Considering the potentials and suitability of the concepts in the context of Bhutan’s small scale 
farming to enhance resilience to climate change impacts and ensure sustainable livelihood sources, 
the ongoing Commercial Agriculture and Resilient Livelihoods Program ( CARLEP – IFAD / 
MoAF) began implementation of a set of climate smart interventions in some of the selected 
villages of eastern Bhutan as a part of  Climate Change Adaptation strategies. A total of 12 Climate 
Smart Villages (CSVs) has been identified for interventions through CARLEP – IFAD/MoAF. 
Intervention needs have been identified and implementation began in 2016 in identified villages 
case by case depending on fund availability for the 12 selected villages. Interventions are also in 
line with a detail analysis for Bhutan carried out in Tenzin, et. al., 2019. 

Ngarpontang Village  in Thangrong geog of Mongar was taken as a pilot site in 2016 where a 
package of interventions designed based on vulnerability assessment conducted prior to 
intervention was initiated followed by gradual interventions in other villages identified to be 
supported through the project in successive years. 

This paper is written to document impacts on livelihoods, income and enhancing climate resilience 
of farming community within the context of Bhutanese small holder farming system taking the 
case of Ngarpontang CSV where interventions began in 2016 and have now reached stages of 
visible impacts and thus draw lessons and experiences for similar interventions to be replicated in 
other villages in the remaining part of the project and beyond particularly in the post COVID 19 
pandemic as outlined in IFAD, 2021 from similar climate adaptation projects in the Asia and 
Pacific Region.  
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Ngarpongtang CSV and its status prior to intervention 

Ngarpontang cheog under Thangrong geog of Mongar Dzongkhag with 50 households as shown 
in Figure 1 is composed of two main villages Beekhulung and Ngarpongtang. Resource and 
livelihoods Analysis carried out through a Participatory Vulnerability Assessment (PVA) with a 
set of field diagnostic tools and frameworks outlined in various studies (SNV & DoA, 2015a; 
Somda et al., 2011; Ulrichs et al., 2015) identified the communities high reliance on maize farming,  
off farm activities, community forest, resin tapping, crop and livestock rearing.  The village face 
severe water scarcity and people trekked for hours to the nearest reliable source of water and thus 
water was barely enough for drinking. Irrigation for the farmers of Ngarpontang was solely from 
seasonal rainfall and the moisture conserved in the soil thereafter.  

 

 

Figure 1. Study site Ngarpentang Village. Source: Tshering et.al., 2017 

Crop diversification was a limitation and the impacts of climate change on livelihoods are no 
exception for the farmers of Ngarpentang. Historical recollection as reported in Tshering et.al., 
2017 mentions drought in three instances in 1994, 2007 and 2014. Heavy rainfall in 1998 followed 
by wind storm in 2007 and Hail storms consecutively in 2015 and 2016.   

Tshering et.al., 2017 identified key areas of Climate Smart Agriculture (CSA) interventions 
through Participatory Vulnerability Assessment prior to interventions to ensure interventions are 
based on the problems faced by the community. These interventions are such as Promotion of 
water use efficient technologies, water harvesting, promotion of stress tolerant varieties of crops 
(indigenous and improved varieties); permaculture practices and biogas technology, Sustainable 
land management techniques, crop diversification, promotion of protected agriculture (Low cost 
polyhouses), promotion of native breeds of poultry, Integrated pest and soil fertility management 
techniques and awareness of farmers on climate impacts and coping mechanisms. Subsequently, 
interventions began thereafter. 
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Interventions, implementation and progress made 

ARDC Wengkhar and implementing agencies in partnership with the Commercial Agriculture and 
Livelihoods Enhancement Program ( CARLEP – IFAD / MoAF) carried out the interventions since 
2017 onwards through to 2021. The five-year implementation of set of interventions have led to 
the following progress reported every year as indicated in Table 1. 

Table 1.  List of Climate Smart Agriculture Technology interventions in Ngarpongtang CSV 2017 to 2021 

Climate Smart 
Interventions 

Implementation Approach Physical Achievements Expenditures 

Dryland 
Irrigation 

Community Based intervention – 
Labour and local materials from 
Community and hard ware 
materials and TA from Project 
support 

Km 50 hh (52% Women Farmers); 
147 Acres of dryland command 
area 

Nu. 3.177 Million ( 
Project 2.455 
Million + 
Beneficiary 
Contribution 0.722 
Million 

 Pipes, Sprinklers with stand, mini 
wobbler sprinkler head 

A set each to all 50 hh provided at 
30 % cost sharing 

Nu. 0.116 Million ( 
70:30 cost sharing) 

Soil Fertility 
Improvement 
Technologies 
and Electric 
Fencing 

Hands on Training on soil fertility 
improvement technologies 
(Composting use of FYM and Bio 
slurry, vermicomposting; Liquid 
manure, Biochar, BMS – Bhutan 
Microbial solutions and mulching) 
and Hedgerow plantations 

Almost all households attended 
the hands on training   

Nu. 0.091 Million 
(Materials supported 
by Project and 
Labour contribution 
by beneficiaries) 

Community Solar Electric 
Fencing 

Electric fence – 6 Km protecting 
138 acres for 50 households (EU – 
CCAP support) 

Liquid Manure preparation 
materials (Barrel, CPVC Pipes, 
Bipcock, Tank nipple) 

A set issued to all 50 households 
with hands on training on how to 
prepare liquid manure through bio 
digestion 

Nu. 0.284 Million  

Cereal Crop 
Diversification 
and Home stead 
Nutrition 
garden 

Heat and Drought tolerant Crops 
(Spring Paddy, Soyabean) 

50 hh; homestead nutrition garden 
10 acres 
 

Nu. 0.050 Million 

Horticulture 
Crops 
Diversification 

Heat and Drought tolerant Crops ( 
Avocados, Mangoes, 789 
seedlings; Pineapple –15,000 
slips) 

50 hh Mixed Fruits coverage of 
about 8 acres 

Nu. 0.080 Million 
Mangoes and 
Avocados 
Nu. 0.384 Million 
Pineapples 

GHG Reduction Bio gas installation to use gas from 
farm waste 

12 Bio gas installed 
Reduced use fire wood, LPG, 
electricity, kerosene 

Nu. 0.176 Million 
Materials cost from 
Project. Labour for 
installation by 
beneficiary 

Weather station Establishment of weather station A weather station to record local 
climate data installed  

Nu. 0.271 Million 

Total Cost Nu. 4.629 Million 

Source: ARDC Wengkhar Activity Completion Reports 2017-18; 2020-21 and 2021-22 
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Assessments of impacts of climate smart interventions in Ngarpontang CSV : Methodologies 

In 2021, CARLEP – OPM, MoAF assessed the Climate Smart Agriculture Interventions and its 
impacts on livelihoods and enhancing community resilience for Ngarpontang CSV. The following 
sections of this paper will provide impacts of the interventions. 

Ngarpontang CSV has 50 households, out of which 33 households were randomly selected for the 
survey using Yamane’s formula: n=N/1+Ne2 (Formula 1). This formula has a 90% confidence 
interval and 10% error level (Israel, 1992). The sampling will be done based on simple random 
sampling technique. However, four households were missing during the survey, due to which only 
29 households were interviewed representing 58 % of the total beneficiary households.  

The household survey was conducted with a sample size of 33 respondents determined  

𝑛 =  

(Where, n= required responses; e2 = error limit; N= sample size 

N= 50 

𝑛 =
( . )

 = 33 respondents 

 

Data was collected through Focus Group Discussion and structured questionnaire survey of 29 
households recorded through Kobo Tools Box and was analyzed using descriptive analysis using 
Microsoft Excel. Survey questionnaire were pretested prior to conducting the survey. 

Results and findings of the Impact Assessment 

The results of the Impact assessment are explained in the following sections: 

Land Use Changes 

Farmers in Ngarpentang solely depends on dry land agriculture with an average land holding of 
2.4 acres. In order to cope with the shortage of land, more than 24 % of the survey respondents 
leased in land ranging from 0.22 acre to 1.32 acres with an average land leased in at 0.64 acres. 
Land being the main resource for production is a major limitation for farmers and thus can make 
farmers highly vulnerable to food shortage.  Climate Smart Agriculture interventions such as 
cereals and vegetables diversification, electric fencing and improvement in irrigation in 
Ngarpontang has expanded cultivation by 8 %. Land use change into orchard development has 
also increased by 0.32 acres per household thereby enabling land use changes that can directly 
impact on enhancing food production.  

Crop diversification and  climate smart production technologies 

Climate smart technology interventions have led to increasing diversification of crops enabling 
increase in household food security and income generation. Water being a scare resource has been 
the major limitation in the past which through the spring water harvesting interventions (reservoir 
tanks and pipe connections from source to tank) have resulted in promoting home stead nutrition 



6 
 

garden and diversification of crops. Fruits diversification through planting of mangoes, dragon 
fruit, avocado, mandarin and pineapple has increased by 211% and fruit production has also 
increased by 36%. Table 2 provides information on the average production and area increase 
through the crop diversification and intensification activities.  

Table 2.  Crop diversification and average increase in production and area Ngarpontang CSV 

Type of crops Major crops 
Average Production 
Increase Kg/HH  %  Area Increase  

Solanaceae 
Eggplant, chili, tomato and 
potato  8.25 to 45.07 281 

Legumes Beans and Peas 24.14 to 57.82  157 

Cole crops 
Broccoli, cauliflower, and 
cabbage 

0.74 to 49 .0 
1900 

Root crops Carrot and radish 7.3 to 83.0 533 

 

While there is significant shift in fruits and vegetables diversification that led to a drop in 15 % 
maize cultivation as shown in Figure 2 and 3, the average productivity of maize increased from 
1,326 to 1,490 kg per acre due to the introduction of hybrid and heat tolerant maize variety and 
enhanced soil fertility which offsets the negative impacts of decrease in cultivation of maize. In 
addition, 65 % of the total households have also adopted upland paddy ( with tolerance to drought 
) on some 0.30 acres per household that adds to the household food security and reduce rice 
purchase leading to income savings. 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Graph showing Area Coverage under cereal and vegetable cultivation BEFORE and AFTER the 
intervention in Ngarpontang CSV 
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Figure 3Error! No text of specified style in document..  Graph showing cereal and vegetable production BEFORE 
and AFTER the project intervention in Ngarpontang CSV 

 

 

 

 

 

 

 

 

Figure 4.  Graph showing number of fruit trees BEFORE and AFTER the intervention in Ngarpontang CSV 
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Figure 5.  Graph showing fruit production BEFORE and AFTER the intervention in Ngarpontang CSV 

 

Figure 6. Graph showing fruit production BEFORE and AFTER the intervention in Ngarpontang CSV 
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and vegetable garden at the time of this study but it has now increased to 12 households.  

Likewise, 97% of the respondents reported an increase in area under cultivation due to an increase 
in water availability, water-saving technologies and improved crop varieties adoption. While 100% 
of the respondents reported an increase in crop yield. Crop loss to wild life damage is one of the 
major constraints in farming. Interventions through establishment of electric fencing have enabled 
effective crop protection due to which 97 % of respondents in the survey reported not losing their 
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crops to wild animals which contributed to the increased food availability and enhancing 
resilience. 

As a part of the interventions in commercial farming and enhancing resilience through adoption of 
climate resilient crops, a total of some 20 acres of land in Ngarpontang was recently identified and 
linked with the Bhutan Agro Industries for contractual farming of pineapples thus establishing a 
market linked production of a cash crop that will contribute immensely in increasing the household 
income. Plantations to top up initial cropping is underway led by the geog agriculture office and 
farmers with supports from the ongoing fruit intensification program supports from the project. 

Integrating livestock farming with crops 

Rural communities sustain their farming through integration of livestock and crop farming and this 
has been the practice for ages. Enhancing community resilience should look at integrated farming 
practices for long term sustainability and effectiveness of interventions.  

As a part of the CSV interventions, farmers were supported with poultry birds particularly native 
breeds, fodder resources – planting materials. Improved fodders and pastures from 0.04 to 0.17 
acre per hh on an average have led to improvement of cattle breeds by 4 %  as farmers started to 
keep improved breeds which resulted in the mean annual milk production per hhs  to increase by 
11 %  (624 to 698 liters milk). There has also been a shift from the traditional free grazing to semi 
stall feeding practices. In poultry, the average number of improved poultry breeds per households 
has increased by 54 % with an annual egg production growth by 130 %  that comes as a significant 
complimentary support to food and income increase.  

Impacts on Income 

Climate Smart Technology Interventions particularly crop diversification, electric fencing and 
spring water harvesting have impacted positively for both on farm and off farm income sources 
through increased yield. Assessment survey after the CSA interventions showed significant 
increase in mean income earned from vegetables per households from zero earning to Nu. 1,517. 
Likewise, the mean income from cereal increased from Nu.63 to Nu 974 per HHs, and the mean 
income from fruits increased from Nu.672 to Nu 1,525 per households. Off-farm income has also 
increased from Nu. 37,112 to Nu. 50,710 after the project intervention because the time they spend 
earlier in crop guarding or fire wood collection or collecting water can now be used for off farm 
works. 

Food shortage and self sufficiency 

Recent survey showed that promotion and adoption of  CSA technologies have reduced food 
shortages by almost 100 % as shown in Table 3. Farmers now do not face food shortages unlike in 
the past.  Food shortage  reduction is also due to crops protected through use of electric fencing. 
Assessment of the food self-sufficiency in this CSV showed that only 28 % had sufficient food for 
the year which has now increased to some 79 % respondents reporting sufficient food for the year.  
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Table 3. Food sufficiency in Ngarpontang CSV 

 % respondents reporting Household food sufficiency in Months 
0-2 months 3 – 5 months 6-9 months 10 to 12 months 

Pre intervention response  3.4  14. 0 55.0 28.0  
Post intervention response  0  7.0  14.0  79.0 

 

Reducing Green House Gas emission 

Methane emission, use of bio resources such as fuel wood, Liquified Petroleum Gas ( LPG) and 
electrical energy are common contributing factors to green house gas emission and thus negatively 
impacting on climate change. The integration of livestock farming with crop diversification is good 
permaculture practice resulting in complimentary effects through the promotion of Bio Gas 
Technology. 

Ngarpontang village has established a total of four biogas units which increased to 12 now through 
which gas for cooking and bio slurry for nutrient enrichment of soil is enhanced. 83 % of the bio 
gas users report that there has been reduction in fire wood, electricity and LPG usage which not 
only reduced drudgery on women ( not having to collect firewood) but also contributed to cost 
saving from not having to pay for LPG. Farm productivity have seen improvement in all biogas 
adopters after application of bio slurry to their farm land. Currently, more farm households in 
Ngarpontang are now coming forward to adopt biogas which will further bring about positive 
changes in reducing green house gas emissions and result in energy savings. 

 

Conclusions 

Small holder farmers are vulnerable to climate change impacts for which mitigations designed 
considering appropriate coping mechanisms of integrated farming through a package of 
interventions based on the needs of the community can bring desired changes in mitigation for 
climate change impacts. Climate Smart Village approaches as tried out in the case of Ngarpontang 
CSV demonstrates significant positive impacts that on replication can bring about enhancing 
resilience of communities. Crop diversification supplemented with irrigation water, plant 
protection, soil fertility management technology interventions contributed to significant increase 
in area under cultivation, yield increase and income, which is further supplemented through the 
integration of livestock and poultry components. 

Appropriate greenhouse gas reduction and energy consumption options like bio gas have shown 
multiple benefits of effective utilization of bio resources which can contribute to reducing 
greenhouse gas – methane. The interventions resulting in increased cropping area and its impact 
on carbon sequestering was not looked at as it not within the scope of this study. But definitely, 
there can be a positive impact which opens up further research in CSV and its impact on carbon 
sequestering and lastly the implementation of the interventions has brought together community 
closer for collective efforts, the benefits of which has enhanced social capital and thus community 
resilience to mitigate climate change impacts.  
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The lessons from the case of Ngarpontang CSV provides sufficient evidences that can contribute 
to building evidence base of CSA, justify policy decisions to continue investments in CSA 
interventions. While CSA practices are cost intensive, its long term benefits through significant 
contributions in enhancing the livelihoods and resilience to climate change impacts enabling small 
scale pro poor communities to adapt to mitigating impacts of climate change will be worth the 
investment. 

DoA, 2021 compiled a package of some 46 CSA technologies existing within the research and 
development programs and agencies. These in relation to suitability through Participatory 
Vulnerability Assessments prior to interventions can add more choice of interventions in 
enhancing climate resilience 
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