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Research Reports

The publications in this series cover a wide range of subjects—from computer
modeling to experience with water user associations—and vary in content from
directly applicable research to more basic studies, on which applied work ultimately
depends. Some research reports are narrowly focused, analytical and detailed
empirical studies; others are wide-ranging and synthetic overviews of generic
problems.

Although most of the reports are published by IWMI staff and their
collaborators, we welcome contributions from others. Each report is reviewed
internally by IWMI staff, and by external reviewers. The reports are published and
distributed both in hard copy and electronically (www.iwmi.org) and where possible
all data and analyses will be available as separate downloadable files. Reports
may be copied freely and cited with due acknowledgment.

About IWMI

IWMI’'s mission is to provide evidence-based solutions to sustainably manage water
and land resources for food security, people’s livelihoods and the environment.
IWMI works in partnership with governments, civil society and the private sector
to develop scalable agricultural water management solutions that have a tangible
impact on poverty reduction, food security and ecosystem health.
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Summary

Rural people in Nepal and other developing
nations are part of complex social-ecological
systems. Efforts to understand and provide
assistance to rural people must integrate
knowledge from a variety of perspectives.
However, communicating diverse insights and
emphasizing their interactions can be difficult.
This report documents the use of a role-playing
game, supported by an agent-based model, to
demonstrate the interaction between migration,
social capital and the effectiveness of water
storage. The importance of these interactions
was highlighted by fieldwork that took place at
several sites in the Koshi River Basin. The model
underlying the game was a stylized representation
based on the Indrawati Subbasin northeast of
Kathmandu, Nepal. The objectives of the game
included enhancing the engagement of project
supporters with the research results, and to
foster networking that may facilitate greater future
interaction.

Several broad themes emerged from the field
studies. Rural households in the hill and mountain
regions, in particular, often depend on post-
monsoon rainfall to meet basic needs. Climate
change promises to increase their vulnerability.
Remittance income from family migrants is often
an important means of managing local vulnerability.
However, emigration and the resultant social
instability in rural villages tend to reduce social
cohesion. This, in turn, increases challenges with
implementing and sustaining projects that serve
the village as a whole. Consequently, interventions
such as building water storage systems may have
complex and unanticipated impacts.

Simulation models have long been used to
explore the implications of interventions on social,
economic and physical systems. Agent-based
models have emerged as an effective way to
incorporate the complex interactions of social-
ecological systems. Coupling team-based role-

playing games with agent-based simulation models
can facilitate cooperation between people who
otherwise seldom interact, and forces participants
to actively engage with the management challenges
inherent in a complex system.

An agent-based model was built to stylistically
capture interactions between migration, social
capital and the effectiveness of water storage. It
was used in a role-play tournament conducted as
part of the final meeting of a research partnership
between the Department of Irrigation, Nepal,
International Water Management Institute (IWMI),
and the University of British Columbia. The
tournament was effective in engaging participants
with the research results built into the model, and
at facilitating cooperation between people who
otherwise have little time to work together. Further
development of such tournaments, particularly
focussed on people whose responsibilities
are more closely connected to implementing
interventions, was recommended. Improving
model precision in both the physical and social
dimensions was seen as critical, pointing to the
importance of continuing work to understand how
social forces interact to impact the effectiveness
of development interventions. Finally, building
the model with participation from village farmers
to project managers will enhance its credibility,
and make both building and use of the model
an effective way to help identify interventions
that best suit the local context. The tournament
results also highlighted the important impacts
that policy can have. The winning policy both
encouraged migration of households with limited
local opportunities and enhanced the situation
of the remaining households. This reinforces
the view that migration is one part of the
agricultural transition that accompanies economic
development, and plays an important role in
enhancing the livelihoods of those who stay and
those who leave.

Vi
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Introduction

Rural Nepali villages are embedded within
social-ecological systems (Schlueter et al. 2012;
Berkes et al. 2003). Social-ecological systems
are complex and adaptive systems involving
social actors, institutions and the ecosystems
that they inhabit (Glaser et al. 2008). The
impact of interventions, such as building water
storage systems, must be assessed within the
context of the complex system into which they
are introduced. These assessments can be
complicated and time consuming, and therefore
may not occur. In this report, we describe the
development and implementation of a role-playing
game that engages experts with some aspects of
these complex social-ecological systems.

This research is part of a larger study on
water storage in the Koshi River Basin, which is
carried out in collaboration with the Department of
Foreign Affairs, Trade and Development, Canada
(formerly Canadian International Development
Agency [CIDA]), International Water Management
Institute (IWMI), Department of Irrigation, Nepal,
and the University of British Columbia, Canada.
The larger study highlighted the complexity of
the social-ecological system of the villages in the
hill region. Results emphasized the interacting
roles of different environmental, economic and
sociopolitical drivers that determine how water
storage interventions ultimately impact rural
livelihoods. A competitive role-playing game,
supported by an agent-based model, was seen as
a vehicle to enhance the engagement of project
partners and other experts with these complex
interactions.

The role-playing game was built on a model
that incorporates interactions between a few of

the important drivers which emerged from the
field research. Rural households are faced with
an uncertain climate and therefore uncertain
crop yields, while being embedded in an evolving
economy and a changing village social structure.
At the most fundamental level, households can
choose to migrate or remain where they are.
With institutions that enable remittances, there is
an intermediate choice, which is to send some
household members away and count on those
remittances to boost household income. The
model is built to incorporate this ‘stay or go’
decision and some aspects of the complicated
way that this decision impacts on a rural village
economy.

In what follows, we begin with a limited
exploration of the literature studying migration and
that exploring social capital — here referring to the
reciprocal relationships, norms of behavior, and
networks that facilitate collective action (Hayami
2009). In our case study, social capital is an
important lubricant within the village economy,
enabling easier and cheaper construction and
maintenance of water storage systems. We also
briefly survey some work examining games as
tools for education and policy examination. Then,
a more detailed description of the study site is
provided. We briefly mention a few results from
the initial explorations, and then describe some
of the main results. This is followed by a general
description of the model, and further details of the
model can be found in the Appendix. We then
discuss how the model was used in a role-playing
tournament. Finally, we describe and discuss the
results of the tournament, and some implications
drawn from the model.



Background

The decisions made by villagers both impact and
are impacted by the ecological processes in the
village locale. For our model, and the resultant
tournament, we focus on the interactions between
three main features: water storage, migration and
social capital.

Water Storage

Little needs to be said about the role water
storage can play in enhancing rural livelihoods,
all else being equal. Water storage flattens the
hydrograph, moving water from the rainy season
to the dry season. This enables greater crop
yields in the dry season, which contribute directly
to enhancing livelihoods. Where climate change
promises to increase variation in precipitation,
storage can play an important role in adapting
to this change (McCartney and Smakhtin 2010)
Our work departs from ‘all else being equal’,
exploring how migration and changes in social
capital impact on the effectiveness of investments
in water storage.

Migration

Migration is a complex phenomenon. Early work
(Todaro 1969; Harris and Todaro 1970) described
migration as a response to an ‘expected’ urban
wage being higher than the prevailing rural
wage. So long as the probability of getting a
job was high enough that the average earnings
of all migrants (employed or not) was higher
in the urban area, migration would continue.
While consistent with some observed facts,
this simple explanation was quickly seen to be
lacking (Byerlee 1974). For many developing
nations, migrants contribute remittances to those
family members who remain behind. For Nepal,
remittances account for as much as 20% of
the gross domestic product (GDP) (Sapkota
2013). Remittances maintain a linkage between
the migrant and the remaining family, where

those who stay behind continue to be impacted
after the migrant has left. Thus, in more recent
analyses of migration in developing countries,
the decision to have a family member migrate is
seen as a household adaptation strategy rather
than an individual choice (Moench and Dixit 2004;
Hoermann and Kollmair 2009) .

Where wage differentials pull migrants,
environmental factors can push them. Using
the sustainable livelihoods framework as
an organizing principle, de Sherbinin et al.
(2008) surveyed previous work and concluded
that environmental degradation is one factor.
However, its effects are attenuated by household
connections, having more marketable skills
and having the resources to pay the migration
costs. They also argue that migration cannot
be disconnected from remittances, emphasizing
the household level nature of the migration
decision. For the Chitwan Valley in Nepal,
Massey et al. (2010) found that environmental
degradation is strongly related to local migration,
but only weakly related to long-distance migration.
Human capital and having a network (friends
and relatives at the destination), in particular,
were important for distant moves (see also
Naivinit et al. 2010; World Bank 2011; UN
RCHCO 2013). Migration is an important way for
households to adapt to environmental change,
but which households make use of this strategy
and how they do depends on the household
context. Fundamentally, there is a cost involved
in this strategy with households investing in
migration, where they expect the payoff to make
it worthwhile.

Social Capital

Hayami (2009) described social capital as the
reciprocal relationships, norms of behavior and
networks that facilitate collective action. Out-
migration seems to reduce the willingness to
contribute both labor and funds to communal
infrastructure, consistent with a reduction in social



capital. Within Nepal, Lam (1999) compared
150 government- and farmer-managed irrigation
systems and found that their success depended
heavily on the social relations between farmers
receiving water from the system. Social capital
is easily eroded by undermining the sources of
mutuality, and immigration and emigration (Ostrom
2001).

Community management of watersheds and
water systems has been popular of late (Pretty
2003). However, the sustainability of externally
induced collective projects is questionable
(Adhikari and Goldey 2010). Again, within
Nepal, Lam (1996) showed that infrastructure
interventions can erode the need for collective
action, and consequently fail to achieve the
expected results. In something of a corollary,
Michelini (2013) found that the inability of settlers
in a frontier agricultural region of Argentina
to develop social capital contributed to low
productivity. Bouma et al. (2008) used a trust
experiment to measure social capital in a set of
Indian villages. Villages where the average trust
level was high were more likely to contribute to
the operation and maintenance of infrastructure
that reduced soil erosion. However, the level
of trust was not related to the contribution of
villagers to the construction of such infrastructure.
Since villagers are often paid by nongovernmental
organizations (NGOs) or the government for their
contribution to constructing such infrastructure,
this may have weakened their incentive to
contribute.

Introducing interventions, such as water
storage, into the village system may lead to
surprising behavior. Several studies (Ostrom 2001;
Lam and Ostrom 2010; Lam 1999) have shown
the many ways in which Nepali communities
have developed institutions and arrangements
that enable them to solve difficult coordination
problems and sustain livelihoods. They have also
shown that well-intentioned interventions can lead
to unintended consequences, sometimes even
making the situation worse than it was prior to the
intervention (e.g., Lam 1996). Interventions should
not be made without considering the overall social
context into which they will be introduced.

Agent-based Modelling

Exploring complex relationships, such as those
between climate variability, water storage, social
capital and migration, requires a technology that
can represent multiple, independent interacting
entities. Agent-based Models (ABMs) are well
suited for this purpose. An ABM consists of a set
of heterogeneous agents, an environment which
the agents inhabit, and rules and institutions
governing the interaction between agents and
between agents and their environment (Railsback
and Grimm 2011; Tesfatsion 2002). Agents can
be people, households, animals, plants, etc. They
are entities whose own behavior depends on,
and affects, the behavior of other agents and the
environment. ABMs can show emergence, where
(sometimes unexpected) properties of the system
emerge from the behavior and interactions of the
component parts.

The well-known Artificial Anasazi model (Axtell
et al. 2002) is a classic example of using an ABM
to explore the interaction between environmental
and societal evolution. Several other projects
have focussed specifically on watershed
management in developing nations. Lansing
(Lansing 2009; Lansing and Kremer 1993) built
a model where groups of farmers with irrigated
plots are organized into clusters, locally known
as subaks, mimic the choices of more successful
neighboring subaks. This simple behavior, over
the watershed, generates a staggered pattern
of planting and fallowing that effectively shares
water and reduces pest populations. Becu et al.
(2003) explored the effect of different interactions
between upstream and downstream water users
in a small Thai catchment. Failure of coordination
or water theft is found to exacerbate upstream/
downstream differences and wealth inequality.
Barreteau et al. (2004) developed a model of
a Senegalese watershed and examined how
different mechanisms of coordination between
irrigators affect the long-term viability of the
system. Schliter and Pahl-Wostl (2007) compared
centralized and decentralized management of
a watershed with both a fishery and irrigated
agriculture. They found that the presence of a



fishery creates a reciprocal dependence — the
order of access to fish is the opposite of the order
of access to water — that increases the resilience
of the decentralized solution. Some researchers
have also built ABMs collaboratively with those
being modelled, as a means of facilitating
cooperation and resource sharing (Barnaud et al.
2007; Naivinit et al. 2010; Barnaud et al. 2006).
A number of ABMs have also been built
to explore migration processes. Kniveton et
al. (2011) built an ABM to explore migration in
Burkina Faso, calibrated using data studied by
Henry et al. (2004). The attitudes, norms and
adaptive capacity of agents change through their
experiences, interactions with other agents, and
as influenced by climate and policy scenarios.
Model results are consistent with the observations
made by Henry et al. (2004), and suggest that
climate affects long-term international migration.
Berman et al. (2004) examined how a small arctic
community may evolve in response to climate
change and various policy scenarios, and found
that migration is an important adaptation strategy.

Games and Education

Water management is inherently multi-disciplinary,
and simulation games are being recognized as
an effective way to enhance learning among
water management professionals (Rusca et al.
2012; Hoekstra 2012). Games played by multi-
disciplinary teams facilitate communication,
exchange of viewpoints and perceptions, the
creation of awareness about existing and/or
looming challenges, and mutual learning across
disciplinary boundaries. Partnering gaming and
modelling can help unpack the ‘black box’ of
the model, when those playing the game are
connected to the entities being modelled. Rapidly
advancing computer technologies are enabling a
level of realism previously impossible, which can
enhance the engagement and learning potential
of educational gaming (Hatley 2013; Kapp 2012).
Developing educational games is time consuming,
and outcomes are not guaranteed. However,
carefully designed and executed games are often
found to enhance learning outcomes.

By simulating the interactions of collections
of heterogeneous agents, ABMs can provide
the realistic behavior required for effective
engagement with water management experts.
The realism is further enhanced, if the model is
built using results of related fieldwork or even
more by involving people directly in the model-
building process. For example, Castella et al.
(2005) used a role-playing game to identify the
behavioral patterns for a sample of Viethamese
villagers. These patterns were then used to
calibrate an ABM of watershed-scale land-use
change. The villagers found the resultant model
consistent with their beliefs about how land-use
change is likely to evolve. However, higher level
administrators did not see the model as being
useful for policy formation. The authors of this
report suggest that involving stakeholders from the
village level to regional government level in the
model-building process will be more effective by
better integrating the realities of the policy process
with the experience of local villagers. In later
work, Castella et al. (2007) argued that better
policy results can be achieved by integrating the
results of modelling exercises at different scales.
ABMs are able to model complex processes, and
have the potential to demonstrate the implications
of policy decisions in complex environments
where other approaches are challenged (Lempert
2002). However, to date, engaging policymakers
with the models in ways that clearly improve
policy decisions has been difficult (Schlueter
et al. 2012). The results presented here build
on this earlier work, using an ABM to engage
senior government and professional experts with
the complex interactions observed during field
research. This approach enhances engagement
with the research results, and thereby increases
the likelihood that these results will enter into
future policy discussions.

The role-play tournament described in this
report follows a similar tournament developed
by the Science and Technology Branch (STB)
of Agriculture and Agri-Food Canada (AAFC).
The Invitational Drought Tournament (IDT) was
envisioned as a way of engaging stakeholders
and experts with the challenge of managing an
artificial watershed, building bridges between



the participants who otherwise may seldom
interact (Hill et al. 2014). By implementing a
realistic watershed model, the IDT provided an
environment where potential knowledge gaps and
vulnerabilities in current response plans can be
identified and assist in making preparations for
future climate extremes (Brislawn and Black 2012;
AMEC Environment and Infrastructure 2012; Hill
et al. 2014).

A tournament was normally a daylong
workshop with diverse water resource experts/
users as participants, such as representatives
from farming communities, government officials
from agriculture and environmental departments,
fisheries biologists, academics, local government
staff and local politicians. Confirmed participants
were grouped into teams that mixed expertise
and interests. Participants were given a workbook
describing the biophysical and socioeconomic
features of the model watershed, providing a list
of policy options and outlining how the tournament
would proceed.

Teams were competing to find the ‘best’
balance between environmental, social and
economic performance of the watershed through
a multi-year drought. They were provided climate
and hydrologic information for the beginning
of each cropping season. Within a specified
budget, teams selected a portfolio from a list of
policy options provided, where each option had
an associated cost. Each team had to justify
their chosen portfolio to all participants. Policies
were implemented and the simulation was run to
the end of the cropping season, and the results
were provided to each team. This was repeated
for several rounds, with the climate sequence
reflecting a serious drought. During the later
rounds, teams could also provide innovative
strategies, provided they could convince a set
of judges of both the practicality and affordability
of the strategy. The winning team was selected
through a combination of model-generated
performance metrics, participant voting and
scoring by the judges.

Pilot workshops of the IDT have been held in
Calgary, Alberta (2011), Denver, Colorado (2012),
Kelowna, British Columbia (2012), and Forestburg,
Alberta (2012). The Forestburg tournament
engaged decision makers, regional organizations
and members of the public with draft drought
policy advice and guidelines developed by the
local watershed alliance. In all cases, tournament
participants found the exercise to be both fun
and educational. The tournament allowed them to
learn about how people with different perspectives
perceived the management challenge, and to
appreciate the difficulty of choosing policies when
individual interests differ. The pilot workshops also
demonstrated the difficulty of identifying meaningful
indicators of the environmental, economic and social
status of the watershed, and using those to choose
a winner.

The IDT approach departs from companion
modelling style approaches, where the model is
built through an interactive process involving the
stakeholders that the model represents (Barnaud
et al. 2007; Gurung et al. 2006; Naivinit et al. 2010;
Naivinit et al. 2008; Hoanh et al. 2008). Companion
modelling exercises are typically undertaken to
facilitate shared learning and enhance cooperation
that can address existing conflicts. The model
underlying the IDT was purpose-built to support
the tournament, integrating prior research into
watershed processes. The resulting model provides
a high level of detail, which meant teams had to
decide which information to focus on when making
their decisions. Tournament participants were
not involved in any stage of model development.
Our approach lies between these two. Similar to
the companion modelling approach, our model
abstracts away from many physical details to
emphasize key themes from the previous field
research. As with the IDT, our participants
are technical and policy experts rather than
stakeholders who are represented in the model,
and we therefore use a tournament as a means of
increasing the engagement of participants with the
research results represented in the model.



Study Area

The larger project focussed on the international
Koshi River Basin (crossing China, Nepal
and India), which is the largest river basin in
Nepal (Figure 1). Much of the fieldwork was
concentrated in two smaller subbasins of the
Koshi River Basin - the Indrawati and Pankhu
subbasins. The Indrawati Subbasin is situated
northeast of Kathmandu in the transition zone
between the hills and mountains. It covers an
area of around 1,230 square kilometers (km?),
and the elevation ranges between 589 and 6,124
meters (m) above mean sea level (amsl). Above
2,500 m amsl, the only settlements found are
seasonal herders’ camps. The lower slopes are
very fertile and densely populated. The Pankhu
Subbasin is situated in the Okhaldhunga District
east of Kathmandu. It is much smaller and more
remote than the Indrawati Subbasin. Elevations
range from 300 to 2,300 m amsl, with most of
the population living between 600 and 1,800 m
amsl.

Nepal has a monsoon climate with most of
the annual precipitation falling between June
and September. Rural households, especially
those in the hill regions of Nepal, are particularly
vulnerable to drought (Ghimire et al. 2010; Shively
et al. 2011). Within the Koshi River Basin, climate
change is projected to increase temperatures
by 0.7 to 0.9 °C, while reducing precipitation
throughout the basin in both the wet and dry
seasons, except for the transmountain region
(China) during the dry season (Bharati et al.
2012). These changes promise to exacerbate the
challenges faced by rural villagers, with increased
water storage as one method to mitigate these
challenges.

Background information was collected from
a set of community interviews and consultations
with the Department of Irrigation (Dol), Nepal.
The communities interviewed were chosen
to represent a variety of locations around the
Koshi River Basin, where water projects had

FIGURE 1. Location of the Koshi River Basin, Indrawati Subbasin, and village development committees (VDCs) where
community interviews were held. Moli VDC is closely coincident with the Pankhu watershed.
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been implemented. The interviews explored a
range of issues around water storage and water
supply, as well as gathering information about
the nature of the village and its economy. Table
1 provides a list of the projects, their locations
and briefly summarizes their status. The most
successful project, in terms of factors such as
achieving project objectives, state of repair,
etc., was the Moli Ponds. This project, and
the village where it is located, had extensive
external support from the World Wide Fund for
Nature (WWF) for environmental remediation
and community building, as well as some strong
political connections that brought in funds and
support to the village. It was also the most
remote site visited, providing few nearby
opportunities for employment outside the village.
The least successful project, the Bishnupaduka
Small Storage Project, was located in a village
accessible by an easy short trip from Dharan,
a rapidly growing city with many employment
opportunities. In this village, community members
were unwilling to contribute funds or labor to the
water storage project, leaving it uncompleted
for years. The remaining projects are based in
communities where access to outside employment
and the strength of the community lies between
the noted extremes. The performance of the
projects also lies between that of the two noted
extremes.

A sample of households in the Indrawati
and Pankhu subbasins were surveyed in detail
about the value of enhanced water storage (Price
et al. 2014). Interviewees were positive about

TABLE 1. Community interviews and system background.

enhanced water storage. However, households
are not homogeneous in their perceptions of the
value that enhanced water storage can bring.
Those households that are more affluent, with
a younger and better educated head, place the
highest value on storage that increases irrigation
opportunities. Less affluent households, where the
head tends to be older and less educated, place
a relatively higher value on storage that provides
enhanced drinking water supplies. This suggests
that, without due care, investments that enhance
water storage may aggravate existing inequalities
within the village.

Further interviews in the study area
highlighted the fact that enhancing water storage
addresses only one of the many challenges
that rural households face (Sugden et al.
2014). Chief among these is out-migration
opportunities, particularly for men, which reduces
their incentive to invest in agricultural activities.
This out-migration also leaves women with
more agricultural tasks in addition to family
and household responsibilities. Management
institutions, often with little space for female
voices, are less able to motivate the collective
effort necessary to maintain communal
infrastructure. Migration and the general social
changes resulting from modernization tend to
exacerbate the impact of inequalities in wealth
and status that exist in rural villages. Evidence
gathered in the study area emphasizes that the
impact of enhancing water storage depends very
much on how that storage affects the village
social-ecological system.

Project Location

Status

Birauta Khola Irrigation Project
Sanopakhar Pond

Moli Ponds Moli VDC, Okhaldhunga
Rumjatar Pond

Rumjatar VDC, Okhaldhunga

Danda Bazar VDC, Dhankuta
Bishnupaduka VDC, Sunsari

Dhoje Danda Fog Water Project
Bishnupaduka Small Storage
Project

Langarche VDC, Sindhupalchowk
Thumpakhar VDC, Sindhupalchowk

Functioning, revenue collection low. Equity concerns.
Functioning, not used as designed, productivity low. Absentee
landlords and out-migration issues.

Functioning, fish farming and agriculture. Long transportation.
Extensive external support.

Under construction (2011). For the cultivation of oranges for
sale to major centers.

Failed. Complex technology, little interest in learning.

Under construction (2011), limited commitment by local

people. Employment opportunities nearby.




The Village Economy Model — An Agent-based Model

The literature reviewed and the field research
conducted helped to identify a number of
important features of the social-ecological system
of rural villages, which decision makers should
take into consideration.

e Rainfall variability has important impacts on
households, which they may find difficult to
adapt to.

e Water storage can smooth out the
hydrograph, enabling households to sustain
themselves better in the face of climate
variability.

e Social capital plays an important role in
facilitating the construction and maintenance
of water storage infrastructure.

e Migration is an important strategic livelihood
response to uncertainty. Entire households
may migrate, or households may have
members that migrate and send remittances
to those left behind.

e Migration, particularly a constant, visible level
of out-migration, reduces social capital.

e Expanding inequities between households
within a village reduces social capital.

The purpose of our model development is
to incorporate these features into an ABM, and
design a method of engaging experts with the
model. The goal was not to design a decision
support system that provides predictions, but
a model that would serve as a foundation of
a process for engaging the expert participants
with the complexity that affects the impacts of
interventions.

The model was implemented in NetLogo
(http://ccl.northwestern.edu/netlogo/). It was
based loosely on the sustainable livelihoods
framework (Scoones 1998; Chambers and
Conway 1992), where households have
multiple capital assets which they use to
support their livelihood strategies. Figure 2
shows most of the model entities and the more
direct physical relationships between them.

Table 2 provides a brief description of the
seven model entities.

Each village is a collection of households,
people, fields, taps and water storage systems.
Households own fields. Households contain people,
the family. People work on the fields or migrate to
a distant city, from which they send remittances to
those left behind. We ignore seasonal migrants who
are able to return to help with crop production. All
else being equal, the priority for household labor
is to work in the fields owned by the household.
All costs except for labor are assumed to be
proportional to yield and factored into the price.
The net revenue (yield x price) earned on a field is
split as one-third for the workers and the remainder
to the household that owns the field. The entire
net revenue is retained by the household when a
member works on the field. The income earned by
workers contributes to household income, which
pays the subsistence costs of those members who
live in the village. Households that are connected
to a tap have access to high-quality drinking water,
which reduces subsistence costs, and increases the
productivity and income of the workers (consistent
with Hutton et al. 2007). Fields that are connected to
water storage systems are able to grow high-value
crops, but also require more labor.

Migration impacts the village economy in
several ways. The most direct impact is reducing
the amount of labor available in the village. If
there is insufficient labor to work in all the fields,
migration will reduce the income generated
by agricultural activities in the village. When the
available labor is low, investing in water storage
will have little impact on the income generated in
the village. In the model, migration also has an
impact on storage construction and maintenance
costs through social capital. The effect of reducing
social capital is modelled as increasing the cost of
collective activities such as building and maintaining
storage structures. When a migrant leaves,
social capital is shocked downward. Lower social
capital makes it more difficult to build storage,
increases the probability that storage will fail, and
reduces the amount households are able to save.



FIGURE 2. Elements of the village model. Households contain people who work in the fields or migrate to the city.
Households own fields. Taps supply potable water to some households. Water storage systems supply water to some
fields.

I Households

[Tap

H
e

Note: HH = Household.

TABLE 2. Model entities, ownership, role and decisions taken.

Agent Owner Role Decisions

Field Household Grow crop

Tap Village Drinking water

Person Household Labor/remittances

Household Village Sustenance, storage Migration, labor allocation, land trading

maintenance

Village N/A Social capital
Town/city N/A House migrants
Storage Village Store water

Note: N/A — Not applicable.



However, migrants also send remittances back to
the household, offsetting some or all of the impact
their absence has on household income earned from
activities in the village.

Model Entities

Within the model, households are the decision-
making entity, with the other six serving as
placeholders and/or performing specific functions.
Each entity is briefly described below, with a more
detailed representation in the Appendix.

Fields. Crops are grown on fields, require
labor and water to grow, and are chosen
depending on whether or not the field is irrigated
and also on the season. The amount of labor
applied to a field is determined in the labor
market, where households hire labor. Each worker
has a unique productivity on a field, depending
on whether the household that the worker is part
of has a tap and the number of workers already
being used on the field. If households need to
borrow money to cover the basic living expenses,
they will try to sell a field.

Figure 3 shows the crop-water relationship,
and how that relationship is impacted by labor
applied and the level of technology used in
the field. Between the minimum amount of
water required and the maximum amount of
usable water available, yield increases linearly

with the provision of additional water. Each
crop has a specific labor requirement, with a
reduction in yield in proportion to the shortage
of labor relative to what is required. A worker
who is allocated to a field works only on that
field for the entire season (similar to Holtz and
Pahl-Wostl 2012). Labor from households with
clean drinking water is assumed to be more
productive, which is reflected as the higher crop
yield achieved from the same labor. Each field
uses a level of technology, representing (with
one number) the various ways that water can
be used more or less efficiently to grow a unit of
yield. Increasing technology reduces the water
required per unit of yield. Each investment in
technology halves the gap between the maximum
and current productivity levels, with the maximum
productivity doubling when the investment in
technology is zero.

Taps. Taps deliver potable water to attached
households, which are those nearest households
for which the tap has enough capacity. Potable
water reduces the incidence of waterborne
diseases, increasing labor productivity and
reducing subsistence costs. Taps are fed from a
perennial water source unrelated to storage.

People. People provide labor when they are
employed, contributing their earnings to household
income. The model does not consider age or
gender. If the household has a tap, members are
more productive and earn more income when

FIGURE 3. Crop production as a function of water and labor. (a) L = 1 and L = 3 represent one and three units of labor
applied to an irrigated field, and (b) T = 2 represents a technology level of two for an irrigated and a rainfed field.
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employed. Migrants pay a remittance to their
household of origin.

Households. Households contain people, own
fields and have access to taps. They accumulate
wealth and pay subsistence costs for members
living in the village, and pay an irrigated area-
based proportionate share of the maintenance
cost of functioning water storage systems.
Households supply labor for agricultural work in
the village. Migration is a household decision,
which is made by comparing the average
household income per person against remittance
income, adjusted to take into account migration
costs. In the model, all migration is permanent.
Households also buy or sell fields, attempting
to sell when they must borrow money to cover
household costs. The role that networks play in
facilitating migration is not considered.

All workers offer themselves for hire in the
labor market, and are hired by the household that
pays the highest wage. For labor hired to work on
fields the household owns, that labor contributes
the total potential revenue to household income.
If the worker is hired by a different owner, the
contribution to household income is only the
wage earned. Therefore, all else being equal,
households retain workers for their own fields.
However, a household without access to irrigation
may choose to have its members work for another
household that has irrigated fields, particularly in
the dry season.

Villages. Villages contain a collection of
households, taps and water storage systems,
and the linkages between them. Households,
themselves, contain a collection of people and
fields. The level of social capital is a property
of the village. Other village properties include
migration costs, crop options and their growth
parameters, crop prices and precipitation levels.

Social capital (referred to as ‘cooperative
spirit’ in the tournament) ‘lubricates’ water
storage construction and maintenance,
expressed as an increasing cost with decreasing
social capital. It is calibrated to lie between
zero and one, and reflects the inequality of
wealth distribution per person (a modified
Gini coefficient [Gini 1912]), the inequality of

access to potable drinking water and recent out-
migration from the village.

Town/City. In the model, a town/city is a
collection of people who have migrated, receive
a wage and pay a share of that wage as a
remittance to their household of origin.

Storage. Storage systems are filled with
a fixed annual baseflow and an additional
input that reflects precipitation. Water is
delivered to fields to fill, if possible, the soil
moisture deficit. The remaining water is carried
forward to the next season. If storage is not
maintained, it fails. A failed storage system is
unable to deliver water to the attached fields.
Further details about such systems are not
incorporated into the model. The probability of
failure decreases with increasing maintenance,
up to a minimum unavoidable risk of failure. The
cost of achieving the minimum risk of failure is
a share of the construction cost and increases
with declining social capital.

The conceptualization of the household and
village model elements drew from the sustainable
livelihoods framework. The five capital assets,
natural, physical, social, human and financial
are represented. Natural capital is the fields and
the particular environmental conditions of the
village. Physical capital includes the water storage
infrastructure and the field technology. Each village
has a level of social capital. Each household has
financial capital, wealth in cash that increases
(or decreases) by the residual of income after
expenses. Human capital is reflected in the impact
on productivity of providing clean drinking water.
The model did not include education, typically a
core component of human capital.

Time Sequence

There are two crop seasons, Kharif (rainy)
and Rabi (dry), each year. Policy choices are
implemented once a year after the dry season.
The sequence of events for each crop season is
crop choice, labor market activities, precipitation
and irrigation, crop growth, migration decision and
land market activities (Table 3).
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TABLE 3. Sequence of events that occur during each cropping season.

Step Description

Crop choice

The crop is chosen for each field. The crop choice is made assuming that there will be normal levels of

precipitation and water, and sufficient labor.

Labor market

Labor is allocated. Each worker, in turn, offers to provide their services. The household that the worker

comes from offers to pay the full revenue amount that is earned. Other households offer a one-third share

of the revenue amount that is earned. The worker will provide their services to the household that is

willing to pay the most. Either all the labor is allocated or the labor demand at the end of the market

phase is zero.

Precipitation and irrigation

Precipitation falls. Water is collected in the storage systems after the precipitation is received for the

season. This water is then made available to all the fields by following two steps. First, all storage

systems, in turn, offer one half of the stored water to each field. Second, all storage systems, in turn, offer

the remaining water. This ensures that all attached fields get some water.

Crop growth

Crops grow in response to the amount of water and labor applied, and the levels of technology used in

the field. All the crops are sold and wages are paid. Revenue (wages earned by household members, and

remittances, net subsistence and maintenance costs) is added to household wealth.

Migration decision

Households compare their average wage earnings per person (net subsistence costs) against

remittances (net interest on loans taken to pay for migration costs). If migration provides a higher return, a

member will take this option.

Land market

Households with negative wealth attempt to sell land. The profit history of the field is used to determine

the asking price. This asking price is equal to the size of a loan that could be financed from these profits.

If none of the households in the village can afford this asking price, the selling price will be the wealth of

the wealthiest household. If none of the households have any wealth, the land will not sell.

Policy Variables

Policy options in the tournament are implemented
as shares of a budget assigned to one of seven
different envelopes (Table 4). Money in each
envelope accumulates from one period to another
until there is enough to purchase at least one
of the items attached to that envelope. The
purchasing of items is prioritized according
to what will generate the greatest benefit.
Three budget categories involve expanding
water infrastructure: building long-term (LT)
storage, building short-term (ST) storage, and
installing new drinking water taps. Repairing
existing storage was another option related
to infrastructure. Water-use efficiency options
included enhancing the level of technology used
in the field and improving social capital. The latter
reduces the costs of constructing and maintaining
storage systems. The final policy envelope was
direct payment to households.
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The effectiveness of the money assigned to
each budget category depends on the structure
of the village, and interactions between the budget
categories. Investing in social capital reduces the
cost of building and maintaining storage systems,
thereby allowing more systems to be built from
the same amount of funds allocated for this
purpose. Investing in field efficiency increases
the income generated from the water supplied by
storage infrastructure. Similarly, providing drinking
water increases the income generated per worker,
which also increases the income per unit of water.

Migration reduces the amount of labor
available in the village. Investments in water
storage makes more water available for crop
production, but if there is insufficient labor then
the potential crop production will not be achieved.
When a village has reached a low level of
population, investing in water storage will generate
little or no benefit. Providing an income subsidy,
which is directed at the households that earn



TABLE 4. Policy options as a share of a budget assigned to seven different categories.

Budget category Cost (NPR)

Impact

Priority

Long-term (LT) storage  Building - NPR 1,000,000 per system.
Maintenance NPR 60,000 per season.
Both scaled by social capital.

Building - NPR 300,000 per system.
Maintenance - NPR 30,000 per

season. Both scaled by social capital.

Short-term (ST) storage

Repair existing storage  Half of the construction cost, scaled by

social capital.
Install drinking water NPR 40,000 per tap.
taps

Field efficiency NPR 20,000 per increment per field.

Social capital NPR 30,000-45,000 per year per
village.

Household subsidy NPR 17,000 per person per season.

Connect to four fields. Stores up to
5,200 m®. Unavoidable failure
probability 0.05 per season.
Connect to four fields. Stores up to
5,200 m®. Unavoidable failure
probability 0.3 per season.

Ensures that failed storage systems

are functioning again.

Connects up to three houses. With the

tap, labor productivity increases 1.6 times.

Sustenance cost decreases 0.8 times.
Moves efficiency from the current level to
halfway of maximum efficiency.

Set social capital to one at the beginning
of the year.

Add NPR 17,000 per person to the

wealth of receiving households.

Villages with largest

moisture deficit.

Villages with largest

moisture deficit.

Random selection of

failed storage.

Households without a

tap connection.

Least efficient fields.

Villages with the lowest
social capital.
Households with the

lowest wealth.

Note: In late 2013, USD 1 was trading for approximately NPR 100.

the lowest income, reduces out-migration and
therefore helps sustain the village labor force.
Being targeted at low-income households, the
income subsidy also reduces inequity and thereby
helps maintain social capital. Remittances can
increase or decrease inequity, depending on
how they compare to the income generated from
agricultural activities and the households that
receive them.

Calibration

The model was calibrated to roughly represent the
conditions in six villages in the Indrawati Subbasin
of the Koshi River Basin (see Figure 4). Values
for the various prices, crop growth functions,

yields, etc., were collected from various sources.
Calibration details are available from the authors

on request.

Each village had an average precipitation

that was based on estimates from climate models
which accounted for elevation and topography or,
if available, historic averages. Climate scenarios
were sequences of scaling factors, which were
applied to the village averages to calculate a
unique precipitation for each village. The same
scaling factor was applied to all the villages,
which means that precipitation changes were
proportional — villages with higher average
precipitation had a larger absolute reduction
during the dry years. The climate scenario of the
tournament had an overall average scaling factor
of 0.88 for the ten-year policy period.
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FIGURE 4. Map of the Indrawati Subbasin. Model area and settlements represented are indicated in the map.
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The Tournament

Structure of the Tournament

The model was used in a tournament held at
the Hotel Himalaya, Kathmandu, Nepal, on
December 2, 2013. It took place in the afternoon,
as the second part of a dissemination meeting
organized for project partners and other interested
parties. These other interested parties included
representatives from other NGOs working in
Nepal and at least one self-identified private
consultant. Twenty-eight people participated in the
tournament. It ran from 2:45 pm to 5:00 pm.
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Unlike the IDT, participants were not
known until the beginning of the tournament.
In preparation for an IDT workshop, confirmed
invitees were assigned to teams in order to
maximize the diversity of the teams. This was not
possible for the Kathmandu tournament. Instead,
we relied on the fact that people tend to organize
themselves into groups based on familiarity. The
room had been set up with eight round tables,
each with chairs for six people. The interactions
around the tables suggested that those sitting
together were generally well known to each other.



To create more diverse groups, we ‘counted off’
participants, assigning each person a number
between one and five. Numbers were assigned
table by table, with the first number assigned
at a new table being the next one after the last
assigned at the previous table. In this way, two
people initially seated at the same table could
only end up in the same group, if there were
more than five people at that table. There was
only one such table. All the people who had been
given the same number became a team, and the
participants re-arranged their seating so that each
team was together at one table. This resulted in
two teams of five and three teams of six.

Since participants were not known until the
start of the tournament, workbooks could not
be distributed in advance. They were, therefore,
distributed after the team assignment. Distribution
was followed by two short presentations. The
first described the work carried out by AAFC in
developing the IDT. The second provided an
overview of key information in the workbook,
relevant details about how the model worked,
policy options available and an overview of how
the tournament would proceed. Given the time
available, this tournament was run with one
session where the chosen budget allocation was
implemented for a ten-year model simulation.

Teams were given about 30 minutes to
discuss their budget allocation. Each team wrote
their allocation on a worksheet that was provided
and this was collected by the facilitators. For all
cases, the model was run for 10 years without
any policy expenditures. For each team in turn,
their policy expenditure choices were entered
into the model and it was run for a further 10
years. During the model run and subsequent
processing of the output, each team had a chosen
spokesperson present a justification for their policy
choice.

Two short scripts, written in the Practical
Extraction and Reporting Language (PERL),
were used to process model outputs in a format
that made it easy to use in Microsoft Excel™
and generate a series of charts. These charts
plotted village-level indicators, such as average
household income and village population, at
the beginning and end of the ten-year policy

period, for each model village (Figure 5 shows an
example). All indicators calculated are described
in the Appendix, Table A1. After the team had
given its justification, these charts were shown
to all those present. When all five groups had
finished, two further charts were shown that
plotted watershed aggregate indicators (see
Figure 6). Following this presentation of results,
the entire group voted to select the winning team.
Participants were then asked to complete a short
questionnaire, and were also given the opportunity
to contribute their thoughts on the tournament
experience and its usefulness. The ABM and
workbook are available on request.

Post-hoc Analysis

The model enables the chosen budget allocations
to be analyzed on a wide variety of measures.
The limited time during the tournament precluded
examining many of these measures, and therefore
limited the amount of information that participants
had to inform their vote. Two of the possible
analyses undertaken are briefly described here
and the results are given below.

An alternative to voting would be to rank teams
using a weighted sum of their relative performance
on all or a subset of the calculated indicators. An
alternative format would be to allow participants
to choose these weights at the beginning of the
tournament, as part of a discussion about what
successful watershed management should achieve.
While there are an infinity of possible weightings,
discussions around development issues suggest
that maximizing income and/or wealth can be at
odds with sustaining the village economy and/
or minimizing emigration. We constructed several
alternative weightings consistent with differing
policy objectives, and examined the resulting
ranking of the budget allocations chosen by the
teams.

Policy budget choices were also assessed
for their resilience, which is measured by the
average performance of indicator variables
over a range of precipitation sequences. The
model was run for a range of climate scenarios,
with performance measures recorded for each
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scenario. Given the computational burden, it was
not practical to report resilience results during
the tournament.

A total of 1,024 precipitation scenarios
were used. The scenarios included all possible
combinations of the scaling factors [0.4, 0.8, 1.2

Results

Results of the Tournament

The budget divisions chosen by the five teams
are shown in Table 5. The first four budget
items related to constructing or maintaining
physical water infrastructure. Four of the teams
invested in short-term storage, with two allocating
40% of their budget to building new short-term
storage. One team opted for investing in long-
term storage instead, devoting a third of their
budget to this item. All teams devoted funds to
repairing storage, ranging from 4 to 14%. Beyond
storage, installing new drinking water taps was
another important budget item. For teams 1 and
3, this item accounted for the largest share of
the budget. Total budget expenditure on physical
water infrastructure ranged from a low of 61.3%
to a high of 86%.

and 1.6] for years 13 to 17. The precipitation
scenario used during the tournament had an
average scaling factor of 0.8 over years 13 to
17. Results for sequences with the same total
precipitation were grouped together and averaged
(similar to Schllter and Pahl-Wostl 2007).

The remaining three budget options are
‘softer’. All the teams, except for team 5, chose
to spend on improving the efficiency of crop
water use at the field level. All the teams
devoted some funds to building cooperative
spirit (the term used for social capital in the
workbook), and all chose to devote some funds
to emergency relief. Teams 4 and 5 stood out, in
that team 4 spent 2.76 as much on ‘soft’ budget
items as team 5 did.

Figure 6 shows the radar plots used to
summarize watershed-level averages for the
indicators recorded. Along each dimension,
values are relative to the maximum that any
team realized. In Figure 6(a), clockwise from
the top, the axes are total wealth (‘Wealth’),
total income from all sources (‘Income’),
net revenue from farming activities (‘Profit’),

TABLE 5. Budget allocations. Share of total budget allocated to each category of expenditure.

Team #1 #2 #3 #4 #5
Build new short-term storage 20.0 0.0 20.0 40.0 40.0
Build new long-term storage 0.0 33.3 0.0 0.0 0.0
Repair failed storage 4.0 4.0 10.0 8.0 14.0
Install new drinking water taps 50.0 29.3 43.6 13.3 32.0
Subtotal 74.0 66.7 73.6 61.3 86.0
Improve efficiency of crop water use 10.0 13.3 16.0 20.0 0.0
Build cooperative spirit (social capital) 14.0 12.0 6.0 12.0 12.0
Provide emergency relief to households 2.0 8.0 4.4 6.7 2.0
Total 100 100 100 100 100
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income from wages received for farm labor
(‘Wages’), income from remittances (‘Remit’),
income from subsidy payments (‘Subsidy’),
cost of sustaining the household (‘Sustain’),
cost of supporting the migration of household
members (‘Migrate’) and maintenance costs for
water storage (‘Maintain’). The line bounding

the shaded area is the result when no policy
is applied.

The radar plot clearly highlighted the
differences between the teams, particularly
between teams 4 and 5. The budget choices
of team 4 generated the highest wealth, total
income, share of income from agricultural profits

FIGURE 5. Reproduction of one of five charts used to show village-level details following justification by teams of their

budget allocations.
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FIGURE 6. Radar plots used to compare watershed-level performance of teams in the tournament.
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Notes: Income, Profit (net revenue) and Wages - activities in the village. Remit = remittance income for household. Sustain (sustenance),
and Subsidy are emergency relief payments. Migrate and Maintain (maintenance) - household costs. Wealth is total household
savings, accumulated over the course of the simulation as total income less total expenses. Coop Spirit = cooperative spirit.

WS Functioning - number of functioning water storage (WS) systems. HH Occupied = number of households (HH) with at least
one person living in the village. Population is the total number of people living in the watershed. All measures are relative to the

highest level realized for that measure by any team.
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and wages received for farm labor. It also had
the lowest amount spent on migration costs and
the smallest share of income from remittances. In
contrast, team 5 had the lowest total wealth and
income, as well as the lowest share of income
from agricultural profits and wages received
for farm labor. It had the highest income from
remittances, highest amount spent on migration
and the highest expenses for maintenance
of water storage infrastructure. Households
responded to the strategy of team 5 by having
members migrate away.

Figure 6(b) shows four additional dimensions
of the household responses. Team 4 sustained
the highest population in the village and the
highest number of functioning water systems, and
was second to team 2 by 0.8% for cooperative
spirit. However, the total number of households
occupied (households with at least one member
living in the village) was the lowest. The policy
choices of team 4 led more households to
completely migrate away, while allowing the
remaining households to fully utilize their labor.
The policies chosen by most of the other teams
resulted in most households using migration as a
livelihood strategy.

Voting to select a winner was almost
unanimous, with team 4 receiving 15 votes,
team 5 receiving 3 votes, and all the other teams
received no votes. This suggests that, among the
participants, there was relatively broad agreement
about what is considered to be a success in
watershed management.

Feedback from the Tournament

After the winning team was chosen, an open
discussion was held with the participants. Overall,
the feedback was positive, with participants
seeing potential in further development of this
approach. Participants largely agreed that it was
a challenging and enjoyable exercise that gave
them the opportunity to work with people they
would not usually interact with, and also think
about dimensions of water resources management
that they usually don’t consider. There was some
concern that the model was unrealistically simple.
Suggested improvements included more realistic
natural resource processes, non-linearities in the
various relationships, and an inclusion of markets,
particularly agricultural markets.

The post-tournament questionnaire included
six Likert scale questions. These were answered
by between 20 and 22 respondents. Figure
7 shows a divergence plot for the responses
received. They are generally positive in relation
to the value of the tournament for networking
and general learning, and as a good use of
time. When it came to learning about water
management, the majority gave a neutral
response. Given that most of the participants
were, to an extent, water management
professionals, this isn’t surprising.

There was disagreement in relation to the
workbook and the amount of time available for
the exercise. Participants found some parts of
the workbook confusing. Questions that came

FIGURE 7. Divergence plot for responses received to the post-tournament questionnaire, which included six Likert
scale questions. Responses range from ‘strongly agree’ to ‘strongly disagree’.
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up were clarified by the facilitators during the
exercise. However, these responses suggest that
the workbook can be improved. Dissatisfaction
with the limited time to conduct the exercise is
also not surprising. Previous tournaments have
lasted a day, with the workbook being provided to
participants several days in advance. This was not
possible in the current situation.

The open-ended feedback questions reinforced
the results of the other feedback received.
Participants were again very positive about how the
tournament challenged them to think outside their
normal areas, and to work with people who they
would not usually interact with. There was some
dissatisfaction expressed about the time allocated
for the exercise, and about the aspects that were
missing from the model, such as agricultural markets.
Some participants also felt that the village-level details
were not clearly presented. A few participants also
stated that they would have preferred a secret ballot
rather than a show of hands.

The question “Do you see this type of
tournament being useful in water management
planning?” received the most responses. In
general, all the responses to this question indicated
that the tournament had value, particularly the way
that the model integrated a number of features in

the village economy. Concerns about the simplicity
of the model were expressed once again. In
the Nepali context, it was suggested that the
tournament be undertaken at the district level,
where budget decisions similar to those made in
the tournament actually take place.

Results of the Post-hoc Analysis

Table 6 provides the scores for the indicators
given in Figure 6. The three different weighting
schemes (A, B and C) for aggregating the scores
are shown in the last three columns of the
table. The first weighting scheme ‘A’ puts all
the weight on the final wealth and average
income. Weighting scheme ‘B’ is biased towards
sustaining rural villages. Positive weight is placed
on locally generated income and on measures
consistent with sustaining the village population,
and a negative weight on migration effects. With
negative weights, the score for a team decreases,
if these measures increase. Weighting scheme ‘C’
is similar to ‘B’, without the negative weights.
Table 7 shows the rankings of the five
teams for each of the three weightings put
forward in Table 6. Applying weightings A

TABLE 6. Relative indicator scores. Maximum values (=100) in each row are highlighted in bold. Minimum values in

each row are highlighted in bold and italics.

Team Weights

None #1 #2 #3 #4 #5 A B C
Final Wealth 88.8 92.1 93.2 93.4 100.0 84.3 1
Average Income 87.9 96.2 98.3 98.0 100.0 91.7 1
Average Profit 63.9 93.0 95.5 96.3 100.0 84.9 1 1
Average Wages 65.8 89.5 85.2 87.3 100.0 75.4 1 1
Average Remittances 99.3 98.2 98.9 98.1 95.4 100.0 -1
Average Subsidy 0.0 32.0 98.8 100.0 91.6 32.8
Average Sustenance Costs 73.9 99.2 97.4 98.8 100.0 95.9
Average Migration Costs 87.5 86.7 90.2 89.4 65.5 100.0 -1
Average Maintenance Costs 0.0 38.5 73.8 45.2 89.3 100.0 -1
Cooperative Spirit 68.5 100.0 96.3 69.6 99.2 97.1 1 1
Water Systems Functioning 0.0 68.2 91.9 88.2 100.0 99.1 1 1
Households Occupied 73.0 100.0 97.3 97.3 75.7 94.6 1 1
Population 91.6 95.0 96.6 95.8 100.0 87.4 1 1
Taps per household 33.3 100.0 100.0 100.0 83.3 100.0 1 1
Total water systems 15.3 57.6 84.7 57.6 100.0 100.0 1
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TABLE 7. Team rankings for each of the three weighting schemes included in Table 6. The ‘No policy’ column contains
the results when the simulation is run for 20 years without any expenditure being made towards policy budget envelopes.

Weighting No policy Team #1 Team #2 Team #3 Team #4 Team #5
scheme

A 5 4 3 1 6

B 6 1 3 2 5

Cc 6 5 4 1 3

and C gives team 4 the highest rank. Either
of these rankings is consistent with how the
majority voted. Weighting scheme C gives
team 5 a third place ranking. To be consistent
with those people who voted for team 5, a
weighting scheme that gives team 5 a first
place ranking is needed. The three weighting
schemes provided do not do this. Such a
weighting scheme would emphasize drinking
water access, total amount of functioning water
storage, remittance income and little else. A
scheme such as this is difficult to relate to
objectives commonly considered.

If the vote count can be interpreted as
ranking the teams, a corresponding weighting
scheme would need to give team 5 a second
place ranking. Of the three weighting schemes
described, scheme C is the closest to achieving
this. Interpreting the vote this way, the teams as

a whole placed a strong emphasis on sustaining
the rural villages.

Figure 8 plots one possible representation of
the resilience results. In this plot, equal weight
is given to final wealth and village population.
Each point represents the average of all the
sequences for which the mean precipitation over
the variation interval was the same. The points
with average relative precipitation of 0.4 have only
one observation, while the remainder of those
shown have more than one observation. Variation
in performance that follows from differences in
patterns that have the same total precipitation
were not considered.

For the population and wealth balance
reported in the figure, team 2 has the best
performance when precipitation is at the lowest.
As precipitation increases, team 2 eventually
moves to second place, behind team 3. Team 4,

FIGURE 8. Rural population and final wealth by precipitation levels. Final wealth and population are relative to the
highest realized in any simulation run. Relative precipitation is in relation to the normal climate.
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the vote winner, is never the best. Their results
are, therefore, driven by the particular precipitation
sequence used in the tournament. Their results
are sufficiently different for other sequences that,

Discussion

Our objective was to develop a model integrating
a few of the main observations from several
field studies in the Koshi River Basin, and to
use that model to engage individuals from our
partner organizations with the complexity of those
interactions. Broadly speaking, the objective was
met. Participants were clearly engaged with the
tournament, and thereby engaged conceptually
with the interactions between the results they
had been told about earlier in the day. Our
results demonstrate that an ABM can be built
fairly quickly to capture some important high
level interactions observed as part of a multi-
disciplinary project. This ABM can then be used
as an educational tool with those interested in
developing a better understanding of the problem
under study. Unlike companion modelling, where
the subjects of the model are also those who will
make use of it, our tournament participants are in
a position to influence decisions that impact on
people in the model.

A number of lessons follow from this exercise.
Several are relevant for further development of the
model and tournament. Some lessons can also
be drawn out for investments in water storage in
rural villages.

Role-playing games can be an effective
way to engage experts with system complexity.
The use of educational gaming has been growing,
and some argue that the complexity of watershed
management makes it an ideal tool for engaging
experts with that complexity. In developing
countries, the use of computer technology and
complex models can be challenging outside of
major centers. One solution is to develop the
main lessons into a game that does not require

on average, scores slightly lower than teams 2
and 3. Had these results been available during
the tournament, a different voting outcome may
have prevailed.

electronics or computer technology. McCartney
et al. (2007) report a game that uses marbles
and a tabletop board with blocks that represent
connections in a watershed. This type of game can
be very valuable for demonstrating interconnections
between communities in a watershed. However,
it will be challenging to deal with the multiple
interacting components that make up a complex
system.

The decisions available to participating
experts should match the policy options
being played. The policy tools used in this game
were budget envelopes directed towards water
storage and related activities. However, many
of those participating in the tournament were
technical experts who do not have the authority
to make budget decisions or choose where to
spend budgets that were decided elsewhere. The
value for these participants came, in part, from
an exposure to the budget allocation challenges
faced elsewhere in the government.

It was suggested that the tournament may
be more effective with district-level staff in
Nepal, who have budget envelopes somewhat
similar to those used in the tournament. These
administrators are also more closely connected to
the results of these expenditure decisions. District
offices are also likely to have reliable electrical
power and relatively easy transportation access,
which are important for both preparation and
execution of a tournament.

The ‘right’ level of detail is needed to make
the model results credible. The experts brought
in to participate in the tournament naturally
compare the structure of, and outcomes from, the
model against their own knowledge. If there are
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large inconsistencies between simulation results
and what experts know, the credibility of the
model will be lost. Model results also need to be
expressed in a way that establishes the credibility
of the model and is easy to understand.

For this tournament, village-level details were
not presented effectively. The bar graphs were
difficult to interpret and compare across the teams
(for example, see Figure 5). Some participants
were also unconvinced by the way that social
capital — cooperative spirit — was included in the
model. However, participants did not challenge the
need to consider social capital, suggesting that
this aspect of the tournament was effective.

Building the model as a participatory exercise,
involving both those represented in the model
and those who may use it, would increase the
ownership and value of the model. Both levels
are important. Including only those represented
in the model has elsewhere led to models that
policymakers do not find useful. Including only
policymakers may generate models that stray
away from important ways that stakeholders
respond to policy.

The value of investments in water storage
is attenuated by migration. Initial discussions
early on in the project tended to view migration
as revealing failure of development policies, and
water storage as a means to strengthen rural
economies and reduce migration. As the research
proceeded, it became even clearer that migration
is an important livelihood strategy. Throughout
history, people have migrated in response to
pressures and opportunities. Rural development
policy should, therefore, aim to ensure a smooth
transition for individuals and households that do
migrate, while strengthening the situation of those
who stay.

The field research highlighted the existence
of an interaction between migration, cooperative
spirit and the ability of communities to make full
use of water storage infrastructure. Within the
model, migration was an economic decision,
where households compared the contribution of
a potential migrant to household income if they
stayed behind without migrating and the cost
of migration. The field research found that the
economic need and/or opportunity were important
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drivers of migration, but not the exclusive drivers.
The model did not include additional drivers
such as the role of networks and marketable
skills. Also, the model did not consider seasonal
migration. Further enhancements to the model will
include such features.

Social capital — cooperative spirit — was a
critical ingredient in making the construction and
operation of water storage systems successful.
Within the model, reduced social capital
increased the cost of building and maintaining
water storage systems. This meant that less
storage would be built, and existing storage is
more likely to fail, when social capital is low.
Ongoing migration, growing inequalities in
wealth and access to water all reduce social
capital. The evolution of social capital is far
more complex. However, communities with
less cooperative spirit had trouble keeping
water storage functioning, and households with
remittance income tended to be less involved
in the community. Migration also reduces the
amount of labor available in the village, thereby
reducing the value generated by investments in
water storage. While the model did not consider
the quality of labor, this too is affected when
migration draws away the most productive
segment of the population.

Policy can affect how migration and
water storage interact. Team 4, the winning
team, spent the most on ‘softer’ policies.
Their choices resulted in the highest village
population, but the lowest number of households
occupied. Team 4 spent relatively less on
repairing storage, yet in the end tied with team
5 for the number of water systems, and was
slightly better at keeping them functioning. The
policy choices of team 4 also resulted in more
households migrating as a whole than for the
other chosen policies, while households that
remained were almost complete.

In the model, having a smaller number of
intact households and a stable population is better
for social capital than having a large number
of households that have some dependence
on remittance income. The economy of the
model village was restructuring toward a smaller
number of farmers who each own more land



and cultivate that land effectively. This is the
same transition that is being observed around
the world. The model was not built to generate
this result. However, the fact that this result
occurred, and that it also generated the highest
village-level income from agriculture and the
highest overall growth in wealth, suggests that the
model effectively captured some of the important
interconnections between migration and rural
agrarian economics. This result also emphasizes
the emerging contemporary perspective that rural
livelihoods may be best supported by working with
migration, such that some households are able to
easily move while those who stay can make the
most of their situation (see, for example, World
Bank 2011).

Conclusion

Watersheds are complex social-ecological
systems. While management of these systems
is difficult, policy choices do matter. However,
policy impacts occur through a complex web
of interactions that are often not appreciated,
if they are understood. Decision makers need
to be aware of the potential for unanticipated
impacts, able to change their choices to account
for these impacts, and willing to use these results
to develop a better understanding about how the
complex system works.

We developed an ABM that integrates several
dimensions of the interaction between water
storage, social capital and migration. This model
was used in a role-playing tournament, which
allowed water management experts to engage in
the complexity of watershed management. The
tournament was well received. Participants had
the opportunity to interact with people that they
seldom do around water management challenges.
They also engaged with the complexity of

The ‘best’ policy enhances the joint
contribution of water and labor. Water and
labor are both scarce resources in rural villages.
This is a relatively new phenomenon, which is
driven by recent rapid emigration. When rural
populations were stable and growing, enhancing
water supplies enables greater use of available
local labor. However, when rural populations are
declining, enhancing water supplies may have
little benefit without also enabling the remaining
labor to make better use of these water supplies.
Thus, the most effective use of the limited
resources available to support rural economies
should be directed at activities that enhance water
supplies in ways that those people most likely to
remain in the village can make the best use of.

watershed management. The building and
execution of the model itself demonstrated that
several important interactions can be effectively
built into a model, and the complex interactions
between the model entities can highlight effects
that were not designed ex-ante into the model.

We conclude with two broad results. First,
role-playing tournaments can be an effective
way to engage technical and policy experts with
the complex interactions between the social
and physical dimensions present in watershed
management. Second, migration and the
economic changes which drive these interactions
are forces that need to be accepted, and
investments in water storage need to be selected
depending on how they fit into these trends.
Our model, and the fieldwork that supported its
development, emphasize this second result. Our
first result points at a tool that can broaden the
view of decision makers and thereby lead to
improved management decisions.
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Appendix. Model details.

Entities

The appendix provides mathematical expressions that are used to manage the variables for the different
agents. Agents are grouped into sets: fields i € Fy;, labor j € L,ﬁ_t U L,f_t (Local and Far), households
k € H;,villages | € V, storage m € $;.and taps T;¢. A time subscript indicates that the set changes
over time. Index subscripts indicate the set to which the agent (field, household, etc.) is attached.

People. Person i’s productivity is a; = 1 + al(#7;, > 0) , where I(#T}, > 0) is an indicator that is
equal to one (1) when the count of taps serving the household k, #7;, is greater than zero.

Field. The crop harvest from field i in the period t, H;;,is given by

Hi(i/1) TitWit = W; ™)
Hie = H; (i /1) (@wie — w) /Wi —wi) wy < 7wy < W
0 TitWit < W;

Yield increases linearly from zero to ﬁi(li,t/zi) for technology-augmented water 7;:W; ¢ provided to
the crop in the interval w; < 7;:W;; < w;. Technology is represented by Tits a term which increases
from one to reflect technology that enables a crop to grow with less water. Effective labor, l;¢, divided
by the labor needed, Zi, scales crop yield. Labor that is more productive can boost crop yield.

MVP,() = {ptﬁifi(j)/ L Ly < Zi 2)
0 Le>T

The marginal value product of labor for worker j on the field i is the crop price for the crop being
grown on this field, p, multiplied by the marginal product of worker j. Given the linear nature of the
production function — and assuming that the owner expects to get sufficient water to achieve maximum
yield — the marginal product of labor is worker j's individual productivity f/(j) multiplied by the average

product of labor that is unit productive. If the total effective labor, IM, exceeds the labor needed, the
marginal value product is zero.

g = | HWi/Tie = Wie)  TigWie S W (3)
Lt 0 Ti,twi,t > Wi or li,t =0

Water demand by this field is equal to the difference between the water currently available on the
field, w; ¢, and the amount needed to achieve maximum yield, Wi/ Tit, multiplied by the area of the field,
a;. If no labor is applied to this field, water demand is zero.

Tie = (1 — P)peHye 4)

The period profit, =, , for this field is the residual of the revenue after labor is paid. Labor is paid a
share ¢ of the crop revenue.

Households. Household income is
Yie = Xier,, Tie + Z}'eﬁit Qe+ (HLE )T + Sk (®)
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where: ¥, p L,f'l and L;t are the set of fields owned by household k , the set of household members

who reside in the village and the set of household members who have migrated away, respectively.
Profit from field i is T, the wage paid to worker j is 4, the remittance paid by each household member
who has migrated away is » and the subsidy received by the household is S

Household costs include the sustenance cost for each member living in the village,
y[1+ ﬁ](#Tk,t = O)], where y is the basic maintenance cost (similar to Schilter and Pahl-Wostl 2007),
and S is a scaling factor that measures an increase in sustenance cost when the household does not have
access to potable drinking water.

The household will have a member migrate away, if Cter Yk,t/T)/(#Lk,t) —pCm <7, where p

is the discount rate, ¢ is the cost of migrating and Cter Yk,t/T)/(#Lﬁ,t) is the average per person
income of the household. Migration costs are paid out of the cash holdings of the household.

If cash holdings are negative, the household tries to sell a parcel of land. The household
chooses the parcel with the lowest average profit as the one to try and sell. The asking price is
Xrmie /T)/p, the present value of an infinite sequence of payments equal to Y.;er7; /T. The actual
selling price is the minimum of this asking price and maxges;, Wy, where H, is the set of households
in village / and W, is the wealth of household £, if this maximum is greater than zero.

Storage. The amount of water stored in the water storage system m evolves as

min{gm, [Sm,t + Bm.t + lmem,t - Dm,t]} Gm.t =1

0 G =0 ©

Sm,t+1 = {

Where: St is the contribution to water in the current season that is carried over from the last
season, meis the base yield that this storage is able to provide to the attached fields (independent of
the amount of precipitation this season), z//umyt is the total contribution to yield in the current season
from precipitation P this season, D is the water delivered to attached fields, and Gy, . is an indicator
that equals one (1) if the storage is working and zero (0) if it is not. The term y converts a precipitation
depth into a total volume. It would incorporate the influence of the area that water is collected from, the
efficiency with which it is captured, etc. The total amount of water carried over to the start of the next

season, S, ., cannot exceed the maximum yield of this storage structure, §m.
Grpey = {1 Gt =L &me > O + (1= 0,) (1 — My /Crre) @)
' 0 otherwise

If a storage structure is functional this period, it will continue to function in the next period if the
realization of the random variable &, — u[0,1] is large enough. It must be greater than the sum of
the exogenous probability that the storage will fail, 6 , and the product 1- Hm)(l - mm,t/let). In
this product, m,,; is the unpaid maintenance cost for water storage system m this year, and C,, ; is the
total maintenance cost that must be paid in period ¢ if the probability of failure isn’t going to increase.
If the maintenance cost is fully paid, such that my, . is zero, then the probability of failure is simply 6 .

The unpaid maintenance cost is calculated through an iterative algorithm. The steps are:

1. Calculate the basic maintenance cost C,,, = C,,,/k;, as the default cost divided by the social

capital level k;, in village /, and set my, s = Cp¢.

2. lterate over all the attached fields, asking the field owners to pay a proportionate share of the

maintenance cost, reducing m,, . by the payment made by each household.

3. If my, >0, multiply my,; by 1.25, increase Cp,; by 0.25m,, and return to step (2).

4. Exit, if Xxesr, Wi =0o0r mpy; =0.
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Villages. Village social capital is based on the Gini coefficient. For this simulation, the Gini coefficient
of cash holdings was calculated as

2%50, 2t kWi =W) 41 (8)
G = ' -
T My Xy, Z%I(Wk -W) Ny

where: W, are ordered from low to high, the multiplying term k € [1,...,n;(] is a counter,
W, = miny, minﬁkt Wiandn;, = Z}fu(# L,ﬁ't). Subtracting W, ensures that 0 < G, < 1.

The target social capital level s;; = (1 - Gl,t)(l — V) Ve, With v = [Z}[l‘tl(#ﬂ"k‘t > 0)]/(#7'[1,t)
The new level of social capital is S;t41 = M(Szt - sl,t) + s1:(nyt—1/n ). Social capital moves towards

sf_t at a rate determined by u, hit by negative shocks whenever somebody migrates away from the
village. The size of this migration effect shock increases the smaller the village population.

Indicators

Table A1. Definitions of indicators reported in Table 6, and displayed in radar plots.

Indicator Description

Final Wealth Total wealth of all households in the watershed divided by the number of households, at the end of the
twenty-year simulation run.

Average Income Total income generated by all households over the second decade of the simulation run, divided by the
number of households and the number of years.

Average Profit As for Average Income, but for total net revenue gained from crop production (revenue less labor
payment).
Average Wages As for Average Income, but for labor income.

Average Remittances As for Average Income, but for remittance income.

Average Subsidy As for Average Income, but for subsidy income received.
Average Sustenance Total paid by all households for subsistence over the second decade of the simulation run, divided by
Cost the number of households and the number of years.

Average Migration Costs As for Average Subsistence Cost, but for migration costs paid.

Average Maintenance As for Average Subsistence Cost, but for amounts paid to maintain water storage systems.
Costs

Cooperative Spirit Average level of cooperative spirit across the model villages at the end of the twenty-year simulation
run.

Water Systems Average number of functioning water systems across the model villages at the end of the twenty-year

Functioning simulation run.

Households Occupied ~ The number of households with at least one member residing in the village at the end of the twenty-
year simulation run.

Population The number of people residing in the village at the end of the twenty-year simulation run.
Taps per Household Average number of households with access to a tap at the end of the twenty-year simulation run.
Total Water Systems Average number of water systems per village, functioning or otherwise, at the end of the twenty-year

simulation run.
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