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Agents: People manage systems. The performance 
of a system depends on a multitude of factors 
including diverse human behaviour and interests that 
are difficult to control, predict or manipulate.  Both 
as recipient of services from systems and managing 
them people are key. Broadly, three main types of 
agents—the government, market actors and civic 
or community groups—have different behavioural 
incentives in different circumstances. With respect 
to the management of key system components 
understanding behaviour of agents is central to 
building resilience and adaptive capacity. Because 
agents can engage in deliberation, independent 
analysis, voluntary interaction and making strategic 
choices in the face of new information, developing 
their capacity to do so is an important part of 
resilience building (Tyler and Moench, 2012). Socially 
or economically marginalised populations (or agents) 
generally have the lowest levels of access to resources 
and to systems and the services that they produce. 
As a result, such agents are among the first affected 
when the flow and stock of goods and services 
provided by systems are disrupted. Such populations, 
along with similarly marginalised institutions, have 
the least political, economic, and technical ability to 
address the failure or improve the management of a 
system.

Institutions: Institutions within a society either 
create opportunities or introduce constraints for 
agents to manage systems and access services 
from them. Both informal and formal “rules in use” 
govern the expectations of agents. Institutions 
also shape the behaviour of agents and modulate 
interactions among them in response to stress (Tyler 

and Moench, 2012). They can play a positive role in 
the development and management of systems but 
can also create hindrances. Institutional factors can 
often limit the scope of action, which agents take 
in response to changes and stresses on systems. 
With regard to livelihood, employment and food 
security, patriarchal, caste and ethnic-based, and other 
discriminatory social institutions can impede actions 
for achieving wellbeing, as do institutional constraints 
such as prices and policies.

In the above schema, the conception of vulnerability 
as a function of the exposure and robustness of 
systems; the social marginality of agents; and 
the accessibility of institutions and their capacity 
and willingness to empower is both useful and 
appropriate. Vulnerability is greatest among 
marginalised populations that depend on fragile 
systems that are exposed to the negative impacts of 
climate change and where institutional constraints 
limit their ability to deal with shocks. Developing 
an understanding of agents and their behaviours 
and the institutions that shape them are important 
to build adaptive capacity and resilience. This set of 
relationships in the CRF has four key components; 
exposure, system fragility, institutional constraints and 
social marginality. Formulaically, the relationship is 
expressed as follows, 

Vulnerability=f (Exposure+Fragility of 
systems+Constraining institutions+Capacity of 
marginalised agents)

Tyler and Moench (2012) have elaborated on 
characteristics of systems and agents while Friend 

TABLE 2: ELEMENTS OF CORE AND BRODER SYSTEM

Systems Explanations

Core Energy, Drinking Water, Land, Forest, Food, Ecosystem services 

Secondary Transport and mobility, Communications, Livelihood (Agriculture, Water, Forestry, Shelter) 

Tertiary Markets, Financial services, Health system, Education, Social networks, Non-farm production 
systems 
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and Klune (2013) focus on institutional attributes 
that foster resilience in urban context.  Even in urban 
regions where systems are tangible, these evolving 
concepts though fuzzy are useful because they allow 
the real world complexity to be disaggregated. The 
use of these concepts also provide analytical basis to 
deal with uncertainty, planning to build resilience and 
adaptive capacity in the rural context of WDR where 
the distinction between urban and rural contexts 
is blurring (DST, 2009). In the following sections we 
explain the resilience attributes of systems, agents 
and institutions. 

Systems characteristics: Societies invest on many 
types of systems, which provide basic services, 
help undertake economic activities and create 
opportunities for people to address the problems 
they face.  Some of such systems include water 
supply, food supply and the environmental system 
within which they function. Other systems are related 
with energy supply, transport and communications. 
Systems are present in both rural and urban contexts 
and their performance in achieving resilience 
depends on following three characteristics. 

Flexibility and diversity in key system components:  
The flexibility of each component of a system helps 
make it more resilient. In other words, flexibility is 
the ability of the component to function under a 
broad range of conditions, minimise the chance that 
overall system will experience total failure when it 
is subjected to stress. In the case of a water system, 
for example, the ability to function in conditions of 
both very high and very low flows is one example 
of flexibility. The idea of flexibility is also linked to the 
ability to shift approaches and strategies to avoid 
pathway lock-in (Thompson, 1994) and explained by 
defining inflexible technology.  Diversity, the number 
of qualitatively different system components that 
provide the same function or service, is another 
contributor to resilience. Multiple components versus 
a central node will protect against a site-specific 
threat and make a system more resilient (Godschalk, 
2003). In a food system, the examples of diversity are 

ability to access grain produced in different regions 
and/or reliance on different types of grains.

Redundancy and modularity: Redundancy is 
a measure of the number of different system 
components that work parallel to each other, 
providing an identical service and serving as spare 
capacity for each other. Systems designed with 
multiple nodes ensure that failure of one component 
does not cause the entire system to fail (Godschalk, 
2003). In a transport system, for example, multiple 
roads to the same location provide a degree of 
redundancy: if one is blocked another can be used.  
Modularity, on the other hand, is the number of 
system components that are identical and can easily 
replace each other. For example, a transport system 
with roads is more modular than one based on 
railway trains because, in the former, if one type of 
vehicle fails, whether trucks or cars or motorcycles, 
others can be used, but in the later, only trains, 
and trains of a fixed gauge, can ply on fixed tracks. 
Redundant and modular characteristics help enhance 
resilience but have cost implications because 
additional investment will be needed. 
Safe failure: Based on more engineering discipline, 
this characteristic suggests that the system that 
experiences a partial or gradual failure without 
total sudden collapse is likely to be more resilient. 
Such behaviour of a system results, if it has capacity 
to buffer shocks and/or if the thresholds at which 
the failure of any given component will result in a 
sudden, catastrophic failure of the entire system are 
high. To take an example from flood management, 
approach based on building embankment or 
levee systems are subjected to sudden failure if 
even a single embankment is overtopped, but 
those approaches that preserve open flood plains 
are inundated only gradually, as flood levels rise. 
Where irrigation is concerned, rain-fed systems are 
vulnerable to sudden failure if droughts are common, 
but irrigated systems that can access groundwater 
have at least a temporary buffer if there is no rainfall 
for an extended period.
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Agents’ characteristics: While physical 
characteristics mentioned above are necessary to 
build resilience, it must be understood that they 
themselves are insufficient condition for overall 
resilience if the characteristics of those managing and 
operating them are not considered. Agents that are 
resourceful, responsive and possessing ability to learn 
are resilient. 

Resourcefulness: Agents must have access to a variety 
of psychological, social and physical resources, all 
of which are inextricably interlinked. They must be 
able to act effectively or imaginatively, in difficult 
situations. In the case of food systems, agents who 
have access to social networks and financial and 
xtechnical resources from which they can acquire or 
borrow either food or the money or inputs to buy or 
grow it respectively are more resilient than those who 
are isolated and without such support.   

Responsiveness: How does an agent respond to stress 
or new information depends on worldview of the 
agent and source of disruptions he or she faces as 
well as the incentives he or she has.  Market agents, 
for example, tend to respond quickly to prices and 
economic opportunities but discount information 
about long-term conditions. They may also respond 
in ways that decrease overall system functioning (e.g. 
by hoarding during periods of food shortage). Civic 
movement groups, in contrast, will use information to 
highlight long-term risks. Government agencies, for 
example, resort to tested procedures that may not suit 
emerging realities to respond effectively to many local 
needs to build security because they are impeded by 
institutional conditions and bureaucratic inertia. 

Ability to learn: The ability to learn refers to the social, 
educational, and institutional factors that enable 
agents to learn as conditions change and to switch 
strategies accordingly. In case of food systems, the 
ability to learn is evidenced by the adoption of 
new varieties of crops as well as by the formation 
of cooperatives and other local organisations that 

provide advantages to members despite the odd 
constraint institutional rules may impose. 

Institutions’ characteristics: Institutional resilience 
requires recognising the role of access rights and 
entitlements, decision-making processes, information 
flows and application of new knowledge (Friend and 
Klune, 2012) discussed as follows.

Access rights and entitlements: Rights and 
entitlements to use key resources or access systems 
should be clear in a resilient system. Institutions that 
differentially constrain rights and entitlements can 
limit access to systems or services that they provide 
and thus reduce resilience. Structures of rights and 
entitlements should not systematically exclude 
specific groups from access to critical systems or 
capacities. They should enable collective action, and 
foster access to basic resources.

Decision making processes: Decision-making 
processes, particularly in relation to development and 
systems management, should follow widely accepted 
principles of good governance, mainly; transparency, 
accountability and responsiveness. These processes 
include recognition of those groups most affected 
as providing legitimate inputs to decision-making 
processes that are transparent, representative, and 
accountable. Creating opportunities for diverse 
stakeholders to provide input to decisions will be 
necessary while dispute resolution processes must be 
accessible and fair.

Information flows: Households, communities, 
businesses and other decision-making agents should 
have access to accurate and meaningful information 
to enable them take judgments about risk and 
vulnerability. Such information helps assess options 
for building resilience and make strategic choices for 
adaptation.

Application of new knowledge: Institutions that 
facilitate the generation, exchange and application 
of new knowledge enhance resilience. Many 
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organisations are designed to meet single function 
and are focused on preserving and maintaining 
existing structures, authority, procedures and 
practices. Organisations, created to build flood control 
structures, for example, are interested only in pursuing 
such a strategy stifling resilience. Multi functional 
organisations on the other hand, are much open to 
alternatives.  Building resilience requires innovation in 
generating new knowledge in order to reduce risk in 
the face of changing circumstances.

Thus, systems, agents and institutions that lack one 
or more of these characteristics are not likely to be 
resilient nor do they help build adaptive capacity (See 
Table 3). Lack of such characteristics deprive and often 
make the socially and/or economically marginalised 
communities more vulnerable when faced with 
climate change risks. They, for example, often do not 
have access to the finances and other key resources 
essential to shift strategy. In addition, they are also 
frequently locked in social or political relationships 
that limit their ability to respond to emerging 
constraints and to learn from experience. This idea 
of resilience itself, therefore, can be a potential entry 
point for achieving societal transformation (Pelling 
and Manuel-Navarrete, 2011) to adjust to different 
kind of shocks including vulnerabilities due to climate 
change and for operationalising the idea of resilience.

To assess vulnerability, the researchers conducted 
an investigation of the status of systems in the study 
Village Development Committee VDCs and ranked 
the VDCs and their sub-populations according to 
their vulnerability. In the next stage the researchers, 
progressed to plan strategies to increase their 
resilience. They helped locals to contemplate future 
climate scenarios, future hazards and their exposure 
to them, and potential changes in vulnerabilities 
given the high levels of uncertainty regarding the 
future. Reminding community members that no 
unitary path could possibly provide all the solutions 
to what is sure to be a complex future, researchers 
facilitated the identification of as many options 
as possible for enhancing resilience and building 
adaptive capacity, keeping in mind existing systems, 
agents and institutions. These options were compiled 
into local resilience plans, one for each VDC. This 
approach required researchers to pursue a shared 
approach to mutual learning among the analysts and 
local stakeholders. The SLD approach embodied a 
broad philosophy that in a future becoming complex 
and uncertain, problems should be sliced differently 
to identify suite of methods and pathways rather 
than choose a single path for building resilience.  
Using this approach the condition in the study VDCs 
were anlaysed by considering core and higher-level 
systems listed in Table 2.  

TABLE 3: SUMMARY OF RESILIENCE CHARACTERISTICS 

Elements Systems Agents Institutions

Characteristics

Flexibility and diversity Resourceful Recognition of access rights and entitlements

Redundancy and 

modularity

Responsive Decision making processes follow principles of 

good governance

Fail safe Ability to learn Transparent information flows

Able to apply new knowledge
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5. THE TRANSECT 

The study explored the role of cross scale 
implications of the above factors in relation to 
climate change in selected locations of a transect in 
Nepal’s WDR in the Gandak basin.  It also examined 
the broader role information technology, education, 
health, tourism, culture, communication and energy 
It selected six VDCs in six of the 16 districts in the 
WDR (Figure 8): Kagbeni VDC in Mustang District 
of the Trans-Himalayan region, VDCs Ramche, 
Hansapur, Rupakot, and Madanpokhara in Myagdi, 
Arghakhachi, Kaski, and Palpa Districts of the Mid-Hill 
region, and Dubiya VDC in the Kapilbastu District 
of Tarai. Rupa Lake watershed was also selected.  At 
the end of two-and-a-half years, researchers have 
conducted an extensive literature review; Shared 
Learning Dialogues (SLDs) with stakeholders; 
vulnerability assessment, analysis, and ranking of 

the six VDCs and one watershed as well as developed 
local resilience plans and assessed local food baskets. 
Before we present the details of the study the region 
where the study was implemented is introduced.   

5.1 PHYSICAL SYSTEM 
The WDR extends from the Tibetan plateau to the 
Indo-Gangetic plain of Uttar Pradesh, ranging from an 
altitude of more than 8,000 masl to about 100 masl in 
just about 150 km in horizontal distance. The transect 
covers six major physiographic zones of South Asia:  
the Trans-Himalayan plateau, High Himalaya, Mid-
Hills, Chure, Bhabar, and Tarai (Table 4).  Three types of 
rivers drain the Gandak basin. The first type comprises 
the Kali Gandaki, Marshyangdi, and Seti, all snow-fed 
and originating in the High Himalaya. The second 
types are the above-mentioned river’s tributaries, 
originating in the Mid-Hills fed by monsoon rain. 
The third type such as the Tinau and Banaganga, 
originates in the Chure range. The WDR region 
comprises of all eight ecological zones found in Nepal, 
from the cold desert to the tropical Tarai and all the 
transitions in between. In terms of land use categories, 
20.1 per cent of the land in the WDR is agricultural, 
31.5 per cent is forested, and 14.9 per cent is grassland 
and 33.5 per cent is variously classified as barren land, 
shrub land and others (Table 6).  The ecological and 
social systems these zones support are as diverse as 
the zones themselves.  More than 100 ecosystems, 75 
different types of vegetation and 35 different types of 
forest are home to 635 species of butterflies (4.2 per 
cent of the global total), 185 species of freshwater fish 
(2.2 per cent), 43 species of amphibians (11 per cent), 
100 species of reptiles (1.5 per cent), 860 species of 
birds (8.5 per cent) and 181 species of mammals (4.2 
per cent) (Bhuju et al., 2007; Magar, 2006).

FIGURE 8:  LOCATION OF THE CASE STUDY 
VDCS  AND KALI GANDAKI RIVER 
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The WDR comprises 16 districts, three—Kapilbastu, 
Rupandehi and part of Nawalparasi—in the Tarai; 
three—Manang, Mustang and northern Gorkha—
in the Himalayan region; and 10 in the Mid-Hills.  
According to the 2011 Census, the WDR has 1,066,362 
households and a total population of 4,921,775—
2,292,597 males and 2,629,178 females.  The sex 
ratio (number of males per 100 females) is highest 
in Manang District (127) and lowest in Gulmi District 
(76). Manang District has the lowest population 
density (3 person per sq km) and a negative decadal 

population growth of 31.80 per cent. Over 80 per 
cent of its population depends on agriculture for their 
livelihood. The discrepancy between the proportions 
of households with and without food deficits are 
more than half in some district, like Lamjung, Baglung, 
Gulmi, Arghakhachi, Syangja, Nawalparasi, Rupandehi, 
and Kapilbastu, but not in all. The disparity in Myagdi, 
Tanahu, Parbat and Palpa, for example, is limited. 
Households which experience many months of food 
deficit have little incentive to continue pursuing 
livelihoods based on agriculture and other natural 
resources but have few other options. 

TABLE 4:  CHARACTERISTICS OF THE REGION ALONG THE TRANSECT

Region Geology and soil Elevation (masl) Climate

High Himalaya Limestone and shale. Much physical weathering.  
Stony soils.

> 4,000 Alpine to arctic

High mountains Phyllite, schists, and quartzite. Resistant to 
weathering Shallow soils.  

2,200 – 4,000 Cool to sub-
alpine

Mid-Hills Phyllite, schists, quartzite, granite, and limestone. 
Stony and coarse soils. Conifer forests commonly 
found with quartzite.

1,000-2,500 Temperate

Chure Testing mudstone, siltstone, and sandstone. Steep 
slopes and weakly consolidated bedrock. High 
rates of surface erosion despite t hick vegetation.

200-1,500 Moist 
subtropical

Bhabar Boulder zone south of the Chure. High recharge rate. 150 Humid tropical

Upper Tarai Sloping.  Recently deposited alluvium. 100

Lower Tarai Very gently sloping.  Recently deposited alluvium. < 100

TABLE 5: LAND-USE IN WDR

Land use Forest Shrub land Grass land Barren land Cultivated land Others

Area (Km2) 9237 1374 4366 2266 5930 6184

Percentage 31.5 4.7 14.9 7.7 20.1 21.1

Source:  DoS (1993)
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The status of core and other systems in WDR are 
summarised in table 6. While the core systems 
are deficit other systems (road, food distribution 
and communication etc.) are fragile, clearly their 
density and quality inadequate. Within the resilience 
framework of systems, agent sand institutions, for 
population to adapt all three are systems important. 
The capacity of population to adapt is about these 
attributes as much as about physical systems that 
function as gateways to services. 

5.2 CLIMATE CHARACTERISTICS 
The ASM dominates the annual precipitation pattern 
of the WDR. Its influence is due in part to the large 
topographic influences of the Himalayas and the 
height and distribution of the Indonesian and the 
Philippines archipelagos, without which the ASM 
would either be weaker or not exist at all (Hahn and 
Manabe, 1975; Song et al., 2009; Neale and Slingo, 
2003). The climate of a location, or its 30-year average 
weather, is largely determined by two factors: local-

District Edu-
cation 

Literacy rate Coverage (%) Energy Com-
munica-
tion

Mobil-
ity 

Food Bank

No. of 
edu-
cation 
insti-
tution 

Av-
er-
age 

Fe-
male 

Drink-
ing 
water 

Sani-
ta-
tion 

Elec-
tricity 
(%)

No. of 
Solar  
home 
sys-
tem 

 % of 
HHs 
using 
fire-
wood

Popu-
lation 
using 
LPG 
(%)

Number 
of 
Biogas 
plants

Number 
of 
phone 
lines 

Length 
of road 

Cereal 
produc-
tion (MT)

Ar-
ghakanchi 690 74.8 67.9 76.5 46.2 59.4 5,639 93.5 5.5 89 827 171. 63233 2

Baglung 995 74.4 67.9 88.9 79.8 81.8 2,253 88.5 10.4 109 2,767 154.1 107365 10

Gorkha 898 68.8 61.9 62.9 72.7 76.4 3,415 73.8 18.2 2558 1,699 177.2 111768 9

Gulmi 995 57.8 46.6 88.6 81.4 64.2 7,537 92.2 6.8 244 993 127 87634 5

Kapilbastu 822 58.5 48.6 95.2 57.6 63.7 414 54.3 7.3 3106 2,852 223 325893 5

Kaski 1357 83.9 77 92.5 87.5 95.5 929 32.5 61.1 5376 29,755 113 150577 58

Lamjung 680 73.6 66 88.3 80.5 76.8 2,792 80.6 12.1 4364 983 72 87467 9

Manang 58 75.5 65 97.6 65.1 88.9 121 97.9 1.6 0 114 60 1435 0

Mustang 98 68.6 58.6 91.7 62.9 71.2 842 54 18.1 0 222 181 2366 2

Myagdi 466 74.2 67 87.4 81.2 68.6 3,135 86.5 12.1 190 1,037 31 53827 5

Nawal-
parasi 1321 72.8 64.8 86.9 62 80.9 5,411 71 17 6574 4,921 204 260781 12

Palpa 893 66.2 72.1 79.1 76 73 4,537 61.6 11.5 20096 2,554 199.6 84010 6

Parbat 614 76 68.6 82.5 90.1 80.2 1,589 86.2 12.6 151 1,212 85.6 66235 4

Rupan-
dehi 1286 72 63.1 97.5 44 81 388 34.3 34.2 5171 24,038 163.7 392120 64

Syangja 1127 78.2 71.2 82.8 89.4 86.5 2,054 82.1 14.2 1839 2,146 156.9 187913 9

Tanahu 1101 76.7 69.9 75.2 83.3 77.1 7,414 69.2 21.4 6639 4,543 161.5 136960 15

TABLE 6: STATUS OF SYSTEMS IN THE DISTRICTS OF WDR 
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scale features and large-scale climate patterns. 
Local-scale features encompass factors such as terrain 
relief, elevation, aspect, vegetation type and land use. 
Spatial and temporal variability of precipitation and 
temperature in Nepal including the WDR is governed 
by large-scale climate patterns such as the ASM, El 
Niño Southern Oscillation (ENSO) and snow-cover 
over the Himalaya (Opitz Stapleton, 2007). Within the 
AMS, Nepal has four seasons:

i. Pre-monsoon (March-April-May)—Dry and hot, 
with occasional rain showers.

ii. Summer monsoon (June-July-September)—Very 
hot and rainy, with 80 per cent of annual rainfall.

iii. Post-monsoon (October-November)—Cooler 
and humid.

iv. Winter monsoon (December-February)—Cold 
and drier

The pre-monsoon season is characterised by hot, 
dry weather; scattered rainfall; and moderate to 
strong westerlies. The pre-monsoon season also 
has the highest temperatures, which may reach 
40°C during the day in some areas of the Tarai. The 
hills and mountains, however, remain cool. As the 
monsoon season approaches, humidity increases 
and thunderstorms are common. During this period, 
rainfall occurs in brief, high intensity events over 
narrow bands (Nayava, 1980). The post-monsoon 
season lasts until about November and is followed 
by winter, which is generally dry and cold, although 
the westerlies usually bring precipitation—rain 
in the lowlands and snow in the high mountains 
(Shrestha, 2000). The estimate for winter precipitation 
is notoriously low since much snow falls in High 
Himalayan regions where numbers of meteorological 
stations are very few. 

Since 1962, the Department of Hydrology and 
Meteorology (DHM) has regularly monitored climate-
related data throughout the county. Every year, it 
publishes summary of data in bulletins and the data 
is available in electronic form. At present, there are 
337 precipitation, 154 hydrometric, 20 sediment, 
68 climatic, 22 agro-meteorological, nine synoptic 
and six aero-synoptic stations across Nepal, but they 
are not enough to capture all the diverse climate 
regimes in the country.  In particular, the paucity of 
meteorological stations at 2,000-4,000 masl and their 
absence at higher elevations and the lack of data on 
snowfall make it particularly difficult to characterise 
the climate of higher elevations. The stations in WDR 
are shown in Figure 9.

According to Practical Action (2009), the annual mean 
precipitation in Nepal is 1,857.6 mm, 80 per cent of 
which falls in the four monsoon months of June, 
July, August, and September. The range in annual 
precipitation is considerable: the southern slopes of 
the Annapurna and Dhaulagiri ranges get more than 
5,000 mm while Tibetan plateau, north of the range 
sees less than 250 mm. The AMS typically reaches 

FIGURE 9:  METEOROLOGICAL STATIONS IN THE WDR
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eastern Nepal in mid to late June and advances 
westwards, covering the whole country within a 
week. As the monsoon migrates, the amount of 
precipitation fluctuates from east to west, exhibiting 
macro, meso and micro-scale variations (Domoroes, 
1978).  

While inter-annual variations are large and some 
years are too wet and others too dry, there is no 
significant trend in precipitation over the years and 
the annual swings seem to be a reflection of natural 
cycles while an intra-annual trend is observed:  July is 
the wettest month and November the driest (MoSTE, 
2010).  The distribution of extreme rainfall however, is 
different from the annual and seasonal distributions of 
precipitation. Local features also cause high variations 
in temperatures from south to north and by elevation, 
which are characteristic of the WDR. In Mustang, 
during December–February, minimum temperatures 
at elevations below 3,000 m are typically above 

7.8 - 11 12 - 14 15 - 16
17 - 19 20 - 21 22 - 23 24 - 25

TEMPERATURE

0 8 16 km

FIGURE 10:  MEAN ANNUAL AVERAGE 
TEMPERATURE IN WDR

freezing and freezing at higher elevations.  In contrast, 
temperatures in Tarai districts including Rupandehi 
and Kapilbastu end to be warm throughout the year: 
22-27oC on average in the winter and over 37oC in 
the summer (see Figure 10).  In the Mid-Hills, average 
temperature ranges between 12-16oC. On average, 
temperature decreases by 6ºC for every 1,000 m 
increase in altitude (Jha, 1992). 

The marked differences in the climatic conditions 
of various areas in the WDR are in part a result of 
rapid changes in elevation within a short distance. 
The Himalayan ranges in the region and the 
monsoon system create substantial local variations 
in temperature and precipitation. The Tarai plains 
are much hotter and wetter than the Himalayan 
regions.  Local topographic features, like steep 
gradients both in the east-west and north-south 
directions, also determine precipitation, as does 
elevation. In fact, precipitation on a valley floor can 
be up to eight times that on the ridge above (Lang 
and Barros, 2001). To be more specific, the districts 
at higher elevations--Mustang, Myagdi, Manang and 
Kaski (2,000–4,000 masl) receive less precipitation 
and experience a shorter monsoon season than 
the districts of Arghakhachi, Palpa, Rupandehi and 
Kapilbastu, which are at lower elevation (100–2,000 
masl). The distinction between higher and lower 
district however is not explicit. Kaski, for example, has 
surface in the elevation range of [] 450 masl while 
Arghakhanchi reaches [] which can receive scattered 
snowfall. The difference in elevation does exert 
influence on the rainfall. 

For example, the AMS does dominate both Mustang 
and Rupandehi but the former gets most rain in 
March and April and the latter in July, when on 
average 650 mm of rain falls. (Figure 11 a, b c and d) 
The difference in precipitation between the districts 
in the north and south of the Annapurna and 
Dhaulagiri ranges is also vast: in any given month, 
rain fall is ten times more on the south of the range. 
Such local variations must be accounted for when 
assessing vulnerability and building resilience to 
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climate change.  As is the case for Nepal as a whole, 
the onset and withdrawal of the AMS in the WDR 
shows considerable variability.  Inter-annual variability 
in the amount of precipitation is also significant: the 
large bars (Figure 12) reflect the large inter-quartile 
(25th to 75th percentile) monthly precipitation range 

over the period 1977-2009 for two stations, one in 
the north of the WDR (Mustang 601) and other in 
the south (Myagdi 609). It is clear from the bars that 
monsoonal variability is high in all regions and that 
non-monsoonal variability is high in the north.

FIGURE 11: RAINFALL CHARACTERISTICS IN WDR 
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FIGURE 12: MONTHLY MAXIMUM AND MINIMUM TEMPERATURES FOR MUSTANG AND RUPANDEHI DISTRICTS

Mustang 601:  
Monthly MaxiMuM teMperature 1975-2009

Mustang 601:  
Monthly MiniMuM teMperature 1975-2009

Rupandehi 703: Total monthly precipition 1977-2009 Rupandehi 601: Total monthly precipition1977-2009

The lines represent the median total monthly precipitation value. The bars represent the inter-quartile range. Note 
the difference in scales of precipitation. How does this characteristic relate to climate change andthe alternations it 
induces is an important question. This alternation is one of the factors that create new source of vulnerabilities.

FIGURE 13: MONTHLY PRECIPITATION TOTALS FOR MUSTANG AND RUPANDEHI DISTRICTS
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FIGURE 14: PRECIPITATION TRENDS FROM 1978-2008 IN MYAGDI EAST

Myagdi East Index: DJF 1978-2008 Myagdi East Index: MAM 1978-2008

Myagdi East Index: JJAS 1978-2008 Myagdi East Index: ON 1978-2008
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6. STUDY PROCESS

The study was carried out in three stages (Figure 15). 
In the first stage, SLDs were held to select which VDCs 
would serve as study sites and to assess the status 
of the systems in each ward within the VDC.  This 
exercise prepared the ground for the second stage: 
developing a method of assessing vulnerability and 
ranking the wards by vulnerability. At the same time, 
the SLDs helped researchers identify agents and 
assess their capacity to access resources, respond 
effectively, and to learn as well as to determine 
their roles in decision-making and interacted with 
institutions. The third stage involved developing 
future scenario and planning for building resilience 
of each VDC. Plans were drafted, autonomous 
adaptation practices were recognised, and viable 
options were selected.

6.1 SLDS 
The process used SLD to accomplish its goal of 
assessing interactions among systems and drivers of 
change, climate and others is useful to identify points 
of entry for building resilience and adapt. Shared and 
mutual learning by all participants is an approach 
to participatory planning and problem-solving 
appropriate for complex situations. This approach 
assumes that by fostering iterative deliberation 

between local practitioners and external analysts 
and the sharing of their sector- and/or group-specific 
knowledge, the quality and effectiveness of decision-
making improves. The SLD process is not simply 
a series of meetings but rather a semi-structured, 
dynamic, and strategically facilitated succession of 
interactions. Its structure and composition can be 
readily adapted to meet the needs of the organisers 
as well as the social context, and the facilitator may 
choose to use any number of tools and techniques to 
generate discussion and interaction (Moench, et al., 
2011; ISET, 2010).

Such interactions are critical and were first recognised 
during the 1960s and 1970s by anthropologists, 
social scientists and rural development practitioners 
who considered the roles of technologies, modes of 
organisations and cultural practices. The approach 
has evolved over time to generate new insights 
in a changing context by bringing scientific and 
local knowledge and perceptions together (Dixit 
and Moench, 2010). Shared learning processes, 
when iteratively and carefully implemented, can 
help to break down established disciplinary and 
psychological divides that cause groups to reject or 
discount other sources of information, insights, and 
perspectives that are alien to them and challenge 
their worldview. The SLD process is especially useful 
for addressing challenges, which are so complex that 
no single source of knowledge can suffice for making 
strategic decisions. Resilience building and adapting 
to climate change is one such challenge. Ultimately, a 
shared learning process can assist decision-makers in 
public and private sectors, civil society, communities 
and households to identify possible interventions 
to overcome potential constraints, and set priorities 
(Moench et al., 2011; ISET, 2010).

This method enabled researchers to engage with 
stakeholders for two-and-a-half years in an iterative 
process of deliberation. It involved sharing of sectoral 

FIGURE 15:  SLD STAGES OF STUDY
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and politically-motivated closures that disrupted 
food flow. A household survey on food production 
and consumption was conducted to assess the 
comparative food basket and income range of the 
most and least vulnerable wards of each of the six 
VDCs. To select households, researchers used stratified 
random sampling, with the most and the least 
vulnerable and one moderately vulnerable ward as 
strata.  See Table 7 for a list of all the activities, tools 
and analyses used in the study.

6.2 SCOPING AND SELECTION OF 
STUDY SITES 
The WDR was chosen based on the study team’s 
previous experience in the region and for logistical 
ease. The diversity of the region—its two mountain, 
11 hills, and three plains districts—and eight 
ecological zones—required that the researchers do 
considerable narrowing down to find representative 
locations for case studies. This was accomplished 
with a three-step iterative process. First, during a 
transect walk from the Tarai to Mustang, researchers 
conducted SLDs at selected 13 sites.  Next, they 
synthesised the lessons from the SLDs and developed 
an approach to selecting the vulnerable districts. After 

or group-specific knowledge and experience among 
local practitioners and external experts so that they 
can collectively generate new understandings that 
improve the quality and effectiveness of decision-
making (ISET, 2011). The shared learning process was 
coupled with other research methods such as, surveys, 
secondary data analysis, literature review, informal 
consultations and key informant interviews. GIS 
mapping further focused researchers’ understanding 
of the interactions among systems and the likely 
impacts of climate change on local’s systems including 
food and thereby on food security. These insights 
helped identify strategies to build resilience and 
strengthen capacity to adapt in the study sites. The 
lessons are useful to examine inter-linkages among 
various elements of the system ranging from local to 
national, assess vulnerability to climate change and 
build resilience and adaptive capacity.

Researchers also made an assessment of the local-
level food production, distribution, and consumption 
timeline and discussed issues such as changes in 
local cropping patterns and farming practices in SLDs; 
difficulties in accessibility and distribution due to low 
production, the sufficiency of roads and vehicles, 

BOX-1: SHARED LEARNING DIALOGUES
  
Shared learning dialogues (SLDs), which are simply 
structured discussions between researchers and local 
focus groups, are at the heart of a small-scale iterative 
process of deliberation and mutual learning. There are 
many benefits of SLDs. They,  

n Enable researchers to assess the capacities of target 
groups

n Generate new information and enable the 
innovative use of existing information 

n  Establish a platform where local practitioners and 
external experts can work together to learn and 
generate knowledge 

n Cross disciplinary and organisational boundaries 
and scales of governance

n Foster participatory planning and effective 
decision-making

n Translate theoretical concepts into local languages 
and help local insights be embraced in theories

Learning

Local experience 
scientific study

SLDs to review lessons 
revise plan

Act

Act

Act
Monitor, document and, 
using SLDs, reflect

Monitor, document and, 
using SLDs, reflect

Monitor, document and, 
using SLDs, reflect

SLDs to review lessons 
revise plan

SLDs to plan 
implementation

Time

Adaped from Lewin (1946)

© ISET
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identifying the districts, the researchers determined 
VDCs for detailed study on the basis of discussions 
with local stakeholders. 

The district-level vulnerability assessment was based 
on the method suggested by IPCC. It considers 
vulnerability as a function of three factors: exposure, 
sensitivity and adaptive capacity. For each of the 
three factors, different indicators were selected for 
measurement: to assess sensitivity, researchers used 
human and ecological characteristics; to assess 

exposure, regional temperature and precipitation 
data; and adaptive capacity, socio-economic data 
and the presence of infrastructure. Thus 16 indicators 
from secondary sources (CBS data for each district) 
were used.  For each indicator, the WDR’s 16 districts 
were ranked from 1 to 16, with 1 being the least and 
16 being the most vulnerable, and added to create 
a composite rank for each district ranging from 1 to 
256.  With the districts ranked, the WDR was then 
divided into three broad ecological regions—Trans-
Himalayan, Mid hills, and Tarai—even though it has 
eight regions. This division sufficed for the purpose  
(See Figure 16). 

Research Activities Tools Analysis

Community questionnaires 
through SLD

Semi-structured questionnaires Status of systems as gateways to 
services 

Vulnerability ranking Excel sheets and GIS maps Identification of most and least 
vulnerable wards

Marginal community identification Who and why sheets Status of marginal community

Food system (production, 
consumption, distribution) 
charting

Cereals, vegetables and fruits production, 
consumption and market matrix
Crop cycle mapping

Understanding of local food system 
and its fragility

Visioning of 2030 scenario with 
climate lens

Systems as gateways with temperature and 
precipitation change matrix

Systems  as gateways in 2030 in six 
VDCs and a watershed unit

Assessment of threats to forest, 
biodiversity and livelihood

Threat Reduction Assessment (TRA) tool Tracking of changes in dependency on 
forest and biodiversity and changes in 
livelihood options

Local resilience planning Identifying of critical physical and social 
system
Uncertainty Analysis and scenario 
development
Identifying options through qualitative CBA 

Local resilience plan with scrutinized 
options

Interaction with marginal 
community

Focus group interviews Ground truthing of challenges faced by 
most vulnerable community

Food status survey Household survey on food production with 
consumption, distribution and income 
details

Comparative food basket and income 
basket of most vulnerable, least 
vulnerable and moderate level wards 
of six VDCs

TABLE 7: SUMMARY OF ACTIVITIES AND TOOLS
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Next, the most vulnerable district in WDR from 
each ecological region was chosen: Mustang in 
the Trans-Himalayan, Arghakhachi in the Mid-Hills 
and Kapilbastu in the Tarai. Then, SLDs with local 
officials and stakeholders were conducted to identify 
the most vulnerable VDCs in each of three chosen 
districts—Kagbeni, Hansapur, and Dubiya respectively 
in Mustang, Arghakhachi and Kapilbastu. Given 
the diversity of the WDR, three VDC would not be 
representative and it was purposively decided to 
include three additional VDCs for the study and the 
uniqueness of the VDCs were considered in their 
selection: Ramche, Myagdi District; Rupakot, Kaski 
District; and Madanpokhara, Palpa District. Ramche 

VDC was selected because the community had 
begun use of Internet for many purposes (Dongol, 
2012); Rupakot because of its proximity to the fast 
urbanising Lekhnath Municipality and to the Rupa 
Lake watershed; and Madanpokhara, because 
people here are better organised, educated and 
possess higher income due to commercial farming 
of vegetables.  Rupa Lake watershed was selected 
as seventh case study and helped explore the use 
of the methodology for developing an approach for 
ecosystem based adaptation (EbA). The details of 
the VDCs are summarised in Table 8 and case study 
locations are shown in, Figure 17. 

FIGURE 16: DISTRICTS LEVEL RANKING
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VDC Elevation 
range 
(altitude 
m)

Temperature 
range 
(Max and Min 
in oC) 

Annual 
precipitation
(mm)

Population 
& 
area  (ha)

Popn 
Density/
km2

Ethnic 
composition 

Major 
economic 
activities 

Special 
characteristics 

Kagbeni 2,785 to 
6,183  

Max - 16.4 to 
17.9
Min - 4.6 to 
6.4

198 in 90 days 14561, 
285072 

5 Gurung, Thakali, 
Magar, Dalit and 
Chhetri, Gurung 
community 
dominant

Tourism, 
remittance and 
agriculture 

Tourism viable area, 
Traditional Mukhiya 
system (village chief) 
is in practice   

Ramche 950 to 
3,263 

Max - 26.4 to 
28.9
Min - 11.7 to 
16.85

2,797 in 163 
days

 2247*, 
2602**

86.4 Magar 92 per 
cent, six per cent 
Dalit, and rest are 
Brahmin and Teli 

Agriculture, 
tourism, 
remittance and 
local industries 

Wireless internet,  
health treatment 
through telemedicine, 
community led eco-
lodge

Hansapur 1,024 to 
2,105

Max - 18.9 to 
20.4 
Min - 14.9 to  
16.2

1,815 in 150 
days

10,385* 
,2851** 

364.2 Gharti, Pun, and 
Rana Magar are 
the major ethnic 
groups 

Remittance, 
agriculture, 
business and 
services

Most vulnerable 
among six VDCs, 
remittance flow is 
high, haphazard road 
construction  

Rupakot 650 to 
1,412

Max - 25.9 to 
27.3
Min - 14.4 to 
15.7 

3,990 in 194 
days

4652*, 
1854.9** 

250.8 Chhetri, Bhraman, 
Gurung, Magar, 
Muslim, Damai  
and Kami are 
major ethnic 
groups     

Agriculture, 
service 
remittance,
local industries  
and tourism

Initiation on 
conservation of Rupa 
lake establishing 
Rupa cooperative 
and  biodiversity 
conservation centre

Madan
pokhara

560 to 
1,240

Max - 23.1 to 
24.5 
Min - 12.1 to 
13.1 

1,588 in 120 
days

7950* 
,1819.3** 

436.9 Magar and 
Tamang 58 per 
cent followed by 
Brahmin/Chhetri 
34 and Dalit eight 
per cent. 

Commercial 
farming, 
service and 
remittance  

Commercial 
vegetable farming, 
female literacy rate is 
higher than national 
average, diversified 
livelihood options

Dubiya 123 to 
1,124  

Max - 30.3 
to 32
Min - 17.9 to 
19.5 

1,668 in 180 
days

5598*, 
7558**

74.1 Tharu are the 
dominant ethnic 
group followed 
by Brahmin and 
Chhetri

Agriculture, 
remittance and  
wage labour  

Four locally built 
ponds to store 
rainwater, indigenous 
Tharu knowledge 
used in farming 

TABLE 8: DETAILS OF CASE STUDY VDCS






















































































































