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ABSTRACT
This paper provides an analysis of development trade-offs in the Nam Xong catchment in
the Mekong basin. Development strategies considered by government agencies involve
expansion of mining, rubber and banana plantations, agriculture and tourism. The analysis
of potential trade-offs requires considering complex socio-ecological interactions. Results
from this participatory modelling exercise emphasise the relevance of two mechanisms: (1)
human migration and (2) ecosystem services. People adapt to changes in livelihood
conditions and inevitably the spatial dynamics of trade-offs emerges as critical. People
migrate and with that spatial poverty patterns change and pressure on natural resources
shifts. Changes in ecosystem services impact on local conditions (e.g. forest) and remote
conditions (e.g. fish, water). From a development perspective, these two types of complex
dynamics create close connections between rural locations and between rural and urban

areas. Several scenarios involve replacing a forest economy many households depend on
by paid labour few can depend on. Consequently, poverty is driven from rural into urban
areas. Another trade-off revealed during this study is that the expansion of tourism is
providing a more sustainable alternative to other development strategies. But water quality
decline requires mitigation measures to make this strategy sustainable and avoid adverse
impacts on fisheries.

1. INTRODUCTION
Economic development often involves trade-offs as activities by one sector are likely to
cause environmental impacts that shift constraints for other sectors (Biggs et al., 2015;
Folke et al., 2002). Ecosystem services provide essential inputs for and links between
economic activities (De Groot, 1992; Fisher et al., 2009). Climate change and other
external factors often influence these complex socio-ecological interactions and their
inherent trade-offs and synergies (Bohensky et al., 2013; Smajgl et al., 2015a; Tol, 2005).
Sustainable development strategies require a robust understanding of these ecosystembased cross-sector trade-offs. The assessment of ecosystem services and their role in
economic development and spatial planning is evident, although incorporating ecosystems
faces a series of challenges, see the discussion provided by De Groot (1992) and by Butler
et al. (2013). Many studies focused on the link between agricultural activities and
ecosystem services (Smajgl, 2006; Verburg et al., 2002), between tourism and ecosystem
services (Lankford, 1994; Sun and Walsh, 1998) and between conservation investments
and ecosystems services (Brown, 2004; Chan et al., 2006; Larson and Smajgl, 2006;
Lunney et al., 1997).

Fewer studies assess more complex dynamics between ecosystem services and multiple
economic sectors and how trade-offs can be avoided or synergies nurtured. Understanding
these trade-offs and synergies is critical for the design of sustainable development
strategies, specifically for spatial planning (de Groot et al., 2010; Margules and Pressey,
2000; Wilkinson et al., 2013). This study investigates a complex multi-sector planning
context in the Mekong, involving several economic activities and numerous ecosystem
services. The assessment aims to identify which dimensions are most critical for the
understanding and the management of development trade-offs.
In the context of the Nam Xong (also known as Nam Song) – a Lao tributary to the
Mekong – local stakeholders observed trade-offs between upstream mining and rubber and
banana plantations, mid-stream tourism and agriculture, and downstream fishing and
agriculture (Bartlett et al., 2012; Bush and Hirsch, 2005). The substantial income generated
by tourism activities in and around Vang Vieng (Harrison and Schipani, 2007) were
perceived to be endangered due to changes in water levels and water quality. Thus,
stakeholders invited and engaged in a participatory research process to understand some of
these development trade-offs (Smajgl and Ward, forthcoming).
The research design involves a mixed method approach that was implemented during a
participatory process, the Challenge and Reconstruct Learning (ChaRL) approach (Smajgl
and Ward, 2013). The methods included a household survey, a hydrological model (Kallio,
2014), and the agent-based model MerSim (Smajgl et al., 2015b). This paper summarises
results from the agent-based approach (for methodological details on agent-based
modelling see Axelrod et al., 2006; Gilbert, 2008; Grimm et al., 2005; Matthews et al.,
2007), which genuinely links livelihood related behaviours with their underpinning

agricultural growth, hydrological dynamics, various ecosystem services, and labour and
commodity markets.
The results emphasise that taking a narrow sector perspective is likely to provide wrong
recommendations. For instance, mining expansion strategies that aim for developing new
employment and increasing revenue, reduce poverty in the target upstream areas only
slightly. Concurrently, due to land-use change and the resulting consequences for
ecosystem services other livelihoods face losses that substantially outweigh the direct
income gains in the mining sector. Importantly, most mining employment is likely to be
taken up by persons from outside the district, which were beforehand not under the poverty
line. Widening the spatial area emphasises further consequences that add to the local tradeoffs. Two types of downstream effects prove critical for the province and national
perspective: changes in ecosystem services (water flow) and human migration. Changes in
water flow, in particular an increase in flood peaks, trigger agricultural income losses in
downstream districts that drive families to migrate out of the Province. The level of poor
households in the remaining populations increases as most out-migrating families were not
under the poverty line.
From a methodological perspective, it becomes evident that the understanding of
development outcomes and related trade-offs require a sophisticated approach that captures
the socio-economic and bio-physical feedbacks. Two aspects seem particularly important,
first the link between livelihoods and ecosystem services, and second migration, which
stresses the importance of spatial and temporal dynamics of poverty (Bohensky et al.,
2013; Smajgl and Bohensky, 2013).

2.

THE MERSIM MODEL

The description of the agent-based Mekong region simulation (MerSim) model follows the ODD
(Overview – Design concepts – Details) protocol (Grimm et al., 2006; Grimm et al., 2010; Müller
et al., 2014) and model details including Java code can be found in (Smajgl et al., 2013).

2.1.

Purpose of the model

The model design was embedded in a participatory process, which follows the Challenge and
Reconstruct Learning approach as outlined by Smajgl and Ward (2013) and Smajgl and Ward
(2015). This participatory process helped eliciting the policy indicators and policy scenarios.
•

Climate change and increase in flash floods

•

Continued deforestation

•

Rubber expansion and rubber price increase

•

Mining expansion

•

Tourism drop

•

Tourism expansion

The results aim to inform the basin development plan and specific sector strategies for mining,
forest management and agriculture.

2.2.

State variables

The participatory process placed the stakeholder priorities at the core of the model design and
determined the state variables as: poverty, forest cover, rubber production, water flow, water
quality (dissolved oxygen), rice production, migration, land use, household livelihoods and fish
catch.

2.3.

Emergence

Corresponding with stakeholder-defined modelling goals, emergent phenomena include the
temporal and spatial poverty patterns, the spatial extend of forest cover and rubber plantations, and

water quantity and quality changes in response to the expansion of mining and rubber plantations
upstream. One core policy focus is the trade-offs between upstream investments and mid-stream
tourism income, which is emerging from modelled interactions.

2.4.

Household data for parameterisation

The parameterisation process is described based on the framework provided in Smajgl and
Barreteau (2017).
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Figure 1: Parameterisation Sequence for the MerSim model, adapted from Smajgl and Barreteau
(2017)

Figure 1 shows the principle parameterisation steps required in an empirical model (boxes) and
which particular options were implemented for this study (arrows). The MerSim model formulation
is based on theory articulated by Castellani and Hafferty (2009) that conceptualises socialecological complexity, in particular the focus on a disaggregated systems approach that allows nonlinear system components to interact and, thereby allowing for emerging phenomena, i.e.
Funtowicz and Ravetz (1994) and Sawyer (2005).
Experts helped to identify principle agent classes, such as household agents, government agents
and spatial agents. This expert-based process also identified principle agent behaviour such as the
harvesting of tea and the tapping of rubber. These livelihood-related activities were put into annual
calendars and linked to associated regions and altitudes where necessary.

The next step involved the specification of household attributes and household behaviours. A
random sample of 1,000 households (20 randomly selected households from 50 randomly selected
villages) across the Nam Xong sub-basin were surveyed to elicit their key characteristics (i.e.
location, household size, livelihoods, production, and income), their self-selected attributes of
subjective wellbeing, the principle human values that guide their lives, and their adaptation
intentions. Intentions represent responses to questions that frame a specified hypothetical change.
In this case the change households were asked to imagine:
•

Flash floods started to occur frequently

•

Deforestation continued

•

Rubber prices would increase

•

More mining jobs would be available

•

Tourist numbers would drop

•

More jobs in the tourism sectors would be available

Households had four principle response options: either
-

To maintain their livelihood activity in their current household location;

-

To change their livelihood in their current household location;

-

To migrate out but maintain their current livelihood; or

-

To migrate out and change their livelihood activity.

In each of these categories, responses to follow-on question informed estimates of the magnitude or
type of livelihood response, the impediments to adaptation and/or the location for migration. The
intentional data and behavioural changes elicited from household survey responses delimited the
cognitive complexity of household agents to a more parsimonious depiction of largely reactive
agents in the model.
The sample data for attributes and behavioural rules was mapped into the total agent population by
disproportional up-scaling. Proportional up-scaling refers to a technique in which the proportions

of responses in the sample is maintained to parameterise the whole population by simply
replicating (or cloning) each response by sample size divided by population size (in this case
multiplied by about 200). Disproportional up-scaling on the other hand changes proportions as
some responses are used more often than others due to some scaling factors. In this case, the
proportions were amended to match the actual land use, in particular rubber plantations, rice paddy
and the urban population. Otherwise a random approach would map intentional data from a
tourism-dependent household into a non-tourism area and responses from a rubber farming
household into an urban area. This GIS-based adjustment was intended to represent a more realistic
spatial distribution of simulated household behaviour.

2.5.

Adaptation & Objective

Given the way we reduced agent cognition, agents step through a simple adaptation process, which
allowed a reduction in the run time of the model so that live runs were able to be performed during
the participatory modelling process (Smajgl et al., 2015b). Household agents respond to income
levels derived from paid labour or agricultural activities. Households’ objectives are implicit to
their behavioural response functions (or rules). Modelled agents respond to livelihood related
changes based on intentional data derived from the household survey responses. No additional
optimisation or satisficing assumption is implemented. As a corollary, household expectations and
learning are not explicitly represented but implicitly captured by the empirically derived response
strategies.
Most parameters are assumed to be stochastic to resemble more realistic model assumptions,
including crop prices, productivity, and wages. The ranges were developed by experts in
conjunction with time series data (Smajgl et al., 2011).

2.6.

Initialisation and Submodels

The MerSim model utilises five sets of GIS data: (1) administrative boundaries down to
administrative villages, (2) soil data, (3) land cover data, (4) rainfall projections, and (5) a digital

elevation model. These datasets were used to specify the artificial landscape while the household
survey provided the necessary data on household attributes and behavioural responses.
Five essential submodels were integrated to deliver the processes stakeholders had requested:
hydrology, crop growth, water quality, livelihood, and income. The hydrology module calculates in
daily time steps the run off for each spatial polygon based on rainfall, slope, inlet and outlet node,
land cover and soil type. Based on this method flood and drought risk for the tourist town of Vang
Vieng can be estimated, which triggers tourism numbers to divert from a projected trend. Based on
rainfall, soil type and land cover livelihood-relevant crops (e.g. rice, rubber, trees, grass) grow
following established growth algorithms. The combination of water flow and particular land cover
provides the necessary information for calculating dissolved oxygen, which is calculated for Vang
Vieng town and for Hinheup where the Nam Xong is partly diverted into the Nam Ngum 1 dam
and partly continues its flow into the Mekong. The livelihood module follows crop and job specific
calendars, which involves, for instance planting and harvesting. Household livelihoods only change
based on intentional data elicited through the household survey. The income module calculates the
weekly income for all household members and assigns how many are below the poverty line. This
calculation includes the monetisation of subsistence production to avoid a misleading, underestimated quantification of poverty.

3. SCENARIOS, INDICATORS AND RESULTS
3.1.

Scenario definitions

The analysis of development trade-offs is based on a participatory process during which
stakeholders defined a set of five scenarios that reflect their current expectations or options
for the further development of the Nam Xong catchment:
-

The expansion of the mining sector is the first scenario and implies a doubling of mine sites in
Kasy district and in Vang Vieng district;

-

the expansion of rubber plantations, which assumes a doubling of the area under rubber
across the Nam Xong district; and

-

3.2.

the expansion of tourism beyond the current trend.

Assessment Indicators

The participatory process revealed also a set of core assessment indicators decision making
agencies employ to rank development options. The following indicators were defined as
the most critical by the Nam Xong working group:
-

Poverty rate

-

Water flow in tourism areas around Vang Vieng

-

Water quality, in particular dissolved Oxygen

Poverty rate was chosen due to the national development agenda to leave behind the least
development status by 2025. Water flow was considered due to the observed trade-offs
between upstream development and water needs to further develop tourism in Vang Vieng.
Water quality was selected due to the Government’s commitment to improve water quality.
Here dissolved oxygen was identified as a key indicator that links to fish and broader
ecosystem health.
3.3.

Results for the mining expansion scenario

Poverty rates in the districts Kasy, Hinhurp and Vang Vieng vary for the baseline around
24%, 36% ad 28% respectively. This indicates how many households in percent are below
the national poverty line.
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Figure 2: Impacts of the mining expansion scenario on poverty rate in Kasy, Vang Vieng and Hinhurp.

Figure 2 shows the impact of the mining expansion scenario on poverty rate in the three
districts of the Nam Xong catchment. The impacts in the upstream district Kasy is slightly
positive. The pattern indicates that poverty reduction during very wet or very dry years are
larger than during years with ideal climatic conditions for agricultural activities.
Consequentially, poverty levels are likely to become less climate dependent. In the midstream area of Vang Vieng poverty levels are likely to increase by an average of 1% of the
population. While poverty in downstream district of Hinhurp is likely to increase only
marginally.
The understanding of these poverty impacts requires the consideration of three main socioecological feedbacks. First, mining provides livelihoods but also replaces existing
livelihoods that depend on agricultural land and forests. This effect limits the positive
effects mining income would have in Kasy and Vang Vieng. Second, water flow is also
responding to the land use change this scenario implies. These hydrological effects involve
an increase in peak flows, which triggers flood related consequences for households and
their livelihoods.
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Figure 3: Impacts of the mining expansion scenario on water flow in Vang Vieng and in Hinhurp.

Figure 3 shows the impact on annual peak flow for the projected fifteen-year period in m3
per second. The lower line depicts the peak flow conditions during the baseline while the
higher line results for the mining expansion scenario. In average across all years the peak
flow increases for Vang Vieng by about 12 m3/s and for Hinhurp by about 59 m3/s. Due to
lack of data it cannot be determined which flow rate converts into actual flooding of the
townships and the surrounding agricultural production or industrial sites (i.e. cement
production). However, the few data points available suggest that the Nam Xong breaches
its banks within the grey shaded areas. This means that one in ten year events are likely to
occur in four to five years. It also means that unprecedented flood levels are likely to occur
based on these CCAM predictions. From a socio-economic perspective, many livelihoods,
including tourism and agricultural activities, are likely to experience income losses, which
is contributing to the poverty results in Vang Vieng and Hinhurp, shown in Figure 2.
The third socio-ecological feedback is lined to migration. The loss of the forest economy
and of agricultural land (effect 1) and the loss of income in tourism and agricultural
production (effect 2) is likely to trigger households to adapt. This involves three types of
migration.
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Figure 4: Impacts of mining expansions on out-migration from Kasy, Vang Vieng and Hinhurp.

In total, up to 14% of households are likely to out-migrate from their initial village. The
vast majority of these households are likely to leave Vang Vieng, see Figure 4. More than
two thirds are likely to leave the province and move to urban and peri-urban areas,
including the capital Vientiane. Nearly one third will move within the province, partly to
be employed in the mining industry and partly to move to less flood prone areas. These
results emphasise the importance of understanding spatial dynamics of poverty. Results
shown in Figure 2 would be considerably higher if households would migrate. This means
that poverty is likely to shift to urban areas in consequence of the mining expansion in the
Nam Xong.
3.4.

Results for the rubber expansion scenario

The second scenario assumes a doubling of the area under rubber plantations. The
livelihood related design assumes the currently dominating model of Chinese investments
instead of small holder rubber. Most of the rubber expansion would occur in Vang Vieng.
Under these assumptions, poverty increases by more than 1% in Kasy, by 3% in Hinhurp,
and by nearly 7% in Vang Vieng. This would push the poverty rate in Vang Vieng district
to about 40%.
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Figure 5: Impacts of the rubber expansion scenario on poverty rate in Kasy, Vang Vieng and Hinhurp.

The socio-ecological mechanisms relevant for this emergent phenomenon are mainly
linked to land use change, which erodes forest-based and agricultural livelihoods. Changes
to flood peaks are marginal. Migration numbers are about 50% of the mining scenario as
Figure 6 shows. In this scenario, the majority of migrants would decide to re-settle within
the province.
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Figure 6: Impacts of the rubber expansion scenario on out-migration from Kasy, Vang Vieng and
Hinhurp.

3.5.

Results for the tourism expansion scenario

The expansion of tourism triggers a drop of the poverty rate by about 1% in Vang Vieng.
Effects on the poverty rate in Hinhurp and Kasy are marginal. These results are again
linked to migration dynamics. About one percent of the population in Kasy would move to
the Vang Vieng region to work in the tourism sector. Equally, about 1% of the population
in Vang Vieng would move away from the Nam Xong into urban areas. Only few migrate
from Hinhurp. The majority of new employment in the tourism sector is taken up by
people from outside the Nam Xong catchment. The outmigration in Vang Vieng and
Hinhurp is not linked to land use change but to the effects on water quality. Figure 7 shows
the impact of the tourism sector expansion on lowest annual levels of dissolved oxygen in
comparison to the baseline and the two other scenarios.
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Figure 7: Impacts of the tourism expansion scenario on levels of dissolved oxygen upstream and
downstream of Vang Vieng.

On the left, Figure 7 shows the lowest level of dissolved oxygen per year for an area
upstream of Vang Vieng town and all tourism accommodation. There is no visible
difference between any of the four scenarios. It is important to emphasise that dissolved
oxygen is only one water quality indicator. The additional hydrological modelling focused
on other water quality indicators and projected decreasing water quality due to mining and
rubber expansion triggering increasing sediment loads and heavy metals. On the right,

Figure 7 shows the lowest level of dissolved oxygen per year downstream of Vang Vieng’s
tourism area. The shaded area highlights levels of dissolved oxygen that are fatal for fish.
The tourism expansion scenario triggers a drop of dissolved oxygen levels below levels
that are fatal for fish, which is highlighted by the grey area. Consequentially, livelihoods
concerned with fishing are affected and migration as one of the adaptation strategies
(Bohensky et al., 2013; Smajgl and Bohensky, 2012).
4. DISCUSSION AND CONCLUSIONS
The simulations reveal a few socio-ecological feedbacks critical for the set of development
strategies considered by decision makers, including
- Loss of forest ecosystems diminishes existing livelihoods to a larger extend than incoming
mining employment, which results in outmigration and export of poverty into urban areas.
- Loss of agricultural production and tourism income due to an increasing frequency and
magnitude of floods triggered by upstream mines and plantations, which results in
outmigration and increasing poverty.
- Loss of fish production due to declining water quality triggered by tourism expansion.

From a policy perspective, considering these feedbacks is important to design development
strategies that effectively alleviate poverty. The emerging simulation results reflect
dominating spatial patterns in Asia, as poor households lose their livelihoods in rural areas
and are being forced to move to peri-urban or urban areas where often a mismatch of skills
and experiences reinforce their poverty cycle and cause social hotspots.
The design of more sustainable development strategies could involve a very selected
approval of mining concessions and rubber plantations at places where there are no direct
impacts on existing livelihoods and where the indirect impact through ecosystem services
such as effects on water flow and erosion are minimal. In parallel, local households would

need to be trained to fill the new employment opportunities in the mining sector. This
would further reduce the shift of poverty into urban areas.
The expansion of tourism activities could also be aligned with investment in water
treatment, either decentralised as the responsibility of each hotel or as a centralised option
for Vang Vieng town. This would help mitigating the water quality decline and thereby
reduce the effect on fish population and related livelihoods.
From a modelling perspective, the integration of hydrological, social, ecological and
economic dynamics at a highly-disaggregated level helped revealing some important
feedbacks in the socio-ecological system. The results challenged pre-existing assumptions
among policy makers, which leads in many applied research situations to further fuelling
of contested values in the decision making context (Smajgl, 2010; Smajgl et al., 2015b).
Implementing the integrated simulation modelling in a participatory process that aims
specifically for learning – or improved systems understanding – among policy makers and
planners, helped bridging research and policy effectively (Smajgl and Ward, 2013, 2015).
Consequentially, action plans were developed in response to this research evidence that
focused on effectively enforcing the implementation of Environmental Impact
Assessments and Social Impact assessments. Additionally, national decision makers were
approached to request water treatment for Vang Vieng town to allow for a sustainable
development of its tourism sector.
Improving capacity to further integrate policy relevant indicators in an empirical agentbased model faces a series of challenges, including
- data for model parameterisation and the validation;
- more modular approaches to develop models that respond to particular concerns of policy
makers in reasonable time;

- better process designs to better bridge research and policy and translate evidence into policy
action on the ground.

Integration requires data for a wide range of parameters, which establishes considerable
constraints in developing countries. This requires stochastic modelling approaches that
employ value ranges to capture the inherent uncertainty (Smajgl et al., 2011).
The ability of applied research to respond to policy needs depends not only on data but
also on the availability of adaptable models or modules. Each context is likely to require a
different focus, depending on the policy focus, existing ecosystems, and dominating socioeconomic characteristics. Ideally, modules would be available for each livelihood (i.e. rice,
mining, tourism, or fishing) and a calendar of activities the modelling could adjust to the
context at hand. Ideally, each ecosystem service (i.e. forest, water flow, or water quality)
would be available and implementable through the loading of the GIS data for the target
area of the modelling exercise. Ideally, researchers could follow recipes for the design of
their engagement process that takes into account the particular characteristics of the
context at hand. This would make it more likely that the often resource-intense modelling
exercises lead to actual changes on the ground.
In summary, this paper documents a case of empirical agent-based modelling that links
ecosystem services such as water flow and water quality with ecological variables such as
fish, and with social variables such as livelihoods and migration. This reveals important
socio-ecological feedbacks that guided the policy discussion and shaped the design of
revised development strategies in the Nam Xong catchment in lao PDR.

Acknowledgement
The authors are grateful to the funding received from CGIAR’s Research Program on Water, Land,
and Ecosystems – Greater Mekong program

REFERENCES
Axelrod, R., Tesfatsion, L., Judd, K.L., 2006. A guide for newcomers to agent-based modelling in the social
sciences 154. North-Holland, Amsterdam.
Bartlett, R., Baker, J., Lacombe, G., Douangsavanh, S., Jeuland, M., 2012. Analyzing Economic Tradeoffs of
Water Use in the Nam Ngum River Basin, Lao PDR. IWMI, WWF and Duke University: Vientiane.
Biggs, E.M., Bruce, E., Boruff, B., Duncan, J.M.A., Horsley, J., Pauli, N., McNeill, K., Neef, A., Van
Ogtrop, F., Curnow, J., Haworth, B., Duce, S., Imanari, Y., 2015. Sustainable development and the water–
energy–food nexus: A perspective on livelihoods. Environmental science & policy 54 389-397.
Bohensky, E., Smajgl, A., Brewer, T., 2013. Patterns in household-level engagement with climate change in
Indonesia. Nature Climate Change 3 348-351.
Brown, K., 2004. Trade-off Analysis for Integrated Conservation and Development, In: McShane, T.O.,
Wells, M.P. (Eds.), Getting Biodiversity Projects to Work: Towards more effective Conservation. Columbia
University Press, pp. 232-255.
Bush, S.R., Hirsch, P., 2005. Framing fishery decline. Aquatic resources, Culture and Development 1(2) 7990.
Butler, J.R.A., Wong, G.Y., Metcalfe, D.J., Honzák, M., Pert, P.L., Rao, N., van Grieken, M.E., Lawson, T.,
Bruce, C., Kroon, F.J., Brodie, J.E., 2013. An analysis of trade-offs between multiple ecosystem services and
stakeholders linked to land use and water quality management in the Great Barrier Reef, Australia.
Agriculture, Ecosystems & Environment 180 176-191.
Castellani, B., Hafferty, F., 2009. Sociology and Complexity Science: A New Field of Inquiry. Springer,
Berlin, Heidelberg.

Chan, K.M.A., Shaw, M.R., Cameron, D.R., Underwood, E.C., Daily, G.C., 2006. Conservation Planning for
Ecosystem Services. PLOS Biology 4(11) e379.
De Groot, R., 1992. Functions of Nature: evaluation of nature in environmental planning, management and
decision making 320. Wolters-Noordhoff, Groningen.
de Groot, R.S., Alkemade, R., Braat, L., Hein, L., Willemen, L., 2010. Challenges in integrating the concept
of ecosystem services and values in landscape planning, management and decision making. Ecological
Complexity 7(3) 260-272.
Fisher, B., Turner, R.K., Morling, P., 2009. Defining and classifying ecosystem services for decision making.
Ecological Economics 68(3) 643-653.
Folke, C., Carpenter, S., Elmqvist, T., Gunderson, L., Holling, C.S., Walker, B., 2002. Resilience and
Sustainable Development: Building Adaptive Capacity in a World of Transformations. AMBIO 31(2) 437440.
Funtowicz, S.O., Ravetz, J.R., 1994. Emergent complex systems. Futures 26(6) 568-582.
Gilbert, N., 2008. Agent-based models. SAGE Publications, Los Angeles.
Grimm, V., Berger, U., Bastiansen, F., Eliassen, S., Ginot, V., Giske, J., Goss-Custard, J., Grand, T., Heinz,
S.K., Huse, G., Huth, A., Jepsen, J.U., Jørgensen, C., Mooij, W.M., Müller, B., Pe'er, G., Piou, C., Railsback,
S.F., Robbins, A.M., Robbins, M.M., Rossmanith, E., Rüger, N., Strand, E., Souissi, S., Stillman, R.A.,
Vabø, R., Visser, U., DeAngelis, D.L., 2006. A standard protocol for describing individual-based and agentbased models. Ecological Modelling 198(1-2) 115-126.
Grimm, V., Berger, U., DeAngelis, D.L., Polhill, J.G., Giske, J., Railsback, S.F., 2010. The ODD protocol: A
review and first update. Ecological Modelling 221(23) 2760-2768.
Grimm, V., Revilla, E., Berger, U., Jeltsch, F., Mooij, W.M., Railsback, S.F., Thulke, H.-H., Weiner, J.,
Wiegand, T., DeAngelis, D.L., 2005. Pattern-Oriented Modeling of Agent-Based Complex Systems: Lessons
from Ecology. Science 310(5750) 987-991.
Harrison, D., Schipani, S., 2007. Lao Tourism and Poverty Alleviation: Community-Based Tourism and the
Private Sector. Current Issues in Tourism 10(2-3) 194-230.
Kallio, M., 2014. Effects of Mining and Hydropower on Metals in Surface Waters : Case: Nam Ngum.
Helsinki Metropolia University of Applied Sciences: Helsinki.
Lankford, S.V., 1994. Attitudes and Perceptions Toward Tourism and Rural Regional Development. Journal
of Travel Research 32(3) 35-43.

Larson, S., Smajgl, A., 2006. Conceptual framework for the water use benefit index in the Grat Barrier Reef
region. Journal of Sustainable Development and Planning 1(2).
Lunney, D., Pressey, B., Archer, M., Hand, S., Godthelp, H., Curtin, A., 1997. Integrating ecology and
economics: illustrating the need to resolve the conflicts of space and time. Ecological Economics 23(2) 135143.
Margules, C.R., Pressey, R.L., 2000. Systematic conservation planning. Nature 405(6783) 243-253.
Matthews, R., Gilbert, N., Roach, A., Polhill, J., Gotts, N., 2007. Agent-based land-use models: a review of
applications. Landscape Ecology 22(10) 1447-1459.
Müller, B., Balbi, S., Buchmann, C.M., de Sousa, L., Dressler, G., Groeneveld, J., Klassert, C.J., Le, Q.B.,
Millington, J.D.A., Nolzen, H., Parker, D.C., Polhill, J.G., Schlüter, M., Schulze, J., Schwarz, N., Sun, Z.,
Taillandier, P., Weise, H., 2014. Standardised and transparent model descriptions for agent-based models:
Current status and prospects. Environmental Modelling & Software 55(0) 156-163.
Sawyer, R.K., 2005. Social Emergence: Societies as Complex Systems. Cambridge University Press, New
York.
Smajgl, A., 2006. Quantitative evaluation of water use benefits: an integrative modelling approach for the
Great Barrier Reef region. Natural Resource Modelling 19(4) 511-538.
Smajgl, A., 2010. Challenging beliefs through multi-level participatory modelling in Indonesia.
Environmental Modelling and Software 25(11) 1470-1476.
Smajgl, A., Barreteau, O., 2017. Framing options for characterising and parameterising human agents in
empirical ABM. Environmental Modelling and Software in Press.
Smajgl, A., Bohensky, E., 2012. When households stop logging — Evidence for household adaptation from
East Kalimantan. Forest Policy and Economics 20(0) 58-65.
Smajgl, A., Bohensky, E., 2013. Behaviour And Space In Agent-Based Modelling: Poverty Patterns In East
Kalimantan, Indonesia. Environmental Modelling and Software 45 8-14.
Smajgl, A., Egan, S., Kirby, M., Mainuddin, M., Ward, J., Kroon, F., 2013. The Mekong region simulation
(Mersim) model - Design Document CSIRO Climate Adaptation Flagship: Townsville.
Smajgl, A., House, A., Butler, J., 2011. Implications of ecological data constraints for integrated policy and
livelihoods modelling: an example from East Kalimantan, Indonesia Ecological Modelling 222 888-896.
Smajgl, A., Toan, T.Q., Nhan, D.K., Ward, J., Trung, N.H., Tri, L.Q., Tri, V.P.D., Vu, P.T., 2015a.
Responding to rising sea-levels in Vietnam’s Mekong Delta Nature Climate Change 5 167-174.

Smajgl, A., Ward, J., 2013. A framework for bridging Science and Decision making. Futures 52(8) 52-58.
Smajgl, A., Ward, J., 2015. A design protocol for research impact evaluation: Development investments of
the Mekong region. Journal of Environmental Management 157 311-319.
Smajgl, A., Ward, J., forthcoming. Evaluating policy impacts of a participatory process – Ecosystem services
and Livelihoods in the Mekong.
Smajgl, A., Ward, J., Foran, T., Dore, J., Larson, S., 2015b. Visions, beliefs and transformation: Exploring
cross-sector and trans-boundary dynamics in the wider Mekong region. Ecology and Society 20(2) 15.
Sun, D., Walsh, D., 1998. Review of studies on environmental impacts of recreation and tourism in Australia.
Journal of Environmental Management 53(4) 323-338.
Tol, R.S.J., 2005. Adaptation and mitigation: trade-offs in substance and methods. Environmental science &
policy 8(6) 572-578.
Verburg, P.H., Soepboer, W., Veldkamp, A., Limpiada, R., Espaldon, V., Mastura, S.S.A., 2002. Modeling
the Spatial Dynamics of Regional Land Use: The CLUE-S Model. Environmental Management 30(3) 391405.
Wilkinson, C., Saarne, T., Peterson, G.D., Colding, J., 2013. Strategic Spatial Planning and the Ecosystem
Services Concept ñ an Historical Exploration. Ecology and Society 18(1).

