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Modelling aims

The aims of the work package are: 

 To construct a model to predict the behaviour of individual herders in the management of their livestock herds, conditional on both economic and biological factors.

 To use the model to assess the effects of government policies and interventions on herder behaviour at the individual level, and then to assess the effects of interventions on land use at the broad scale by multiplying up the many individual decisions to the regional level. To relate these results to the desertification process by identifying areas which are likely to suffer over- or under-stocking under particular government policies.

The modelling framework

The methodology that I am using is Multi-Agent System (MAS) modelling. This is a modelling tool which is rapidly expanding in popularity and is being increasingly applied to modelling the interactions between human systems and the resources upon which they depend (e.g. Carpenter et al. 1999, Anderies et al. 2000). This includes models of rangeland herders, although these are either still at the early development stage (e.g. Bousquet et al. 1999) or for private ranches rather than for nomadic systems (e.g. Janssen et al. 2000, Walker & Janssen 2002). Hence there is much scope for innovative use of MAS models for Central Asian rangelands, both because the data that we have are particularly detailed and broad-based, and because the questions we can ask are much more theoretically and practically interesting than those addressed in the literature so far.

A multi-agent system (also called adaptive agent models) is a suitable tool for studying complex adaptive systems. Levin (1998) defined complex adaptive systems as systems with: 

1) sustained diversity and individuality of components (in our case herder households)

2) localised interaction among these components (in our case through shared use of grazing lands and market dynamics)

3) an autonomous process that selects from among these components based on the results of local interactions, a subset for replication or enhancement (in our case, this represents the growth of a herder’s livestock holdings, resulting from the decisions the herder makes in the context of other people’s decision-making and of the physical, biological and institutional environment).

An MAS model is essentially an individual-based model in which interacting agents perceive their environment, make a decision about how to respond to it, and then suffer the consequences of these actions. The interesting part is the way in which the evolution of the system as a whole can be modelled. For example, a number of different types of agent can be represented within a stochastic environment, and over the course of a simulation, these agents will succeed to a greater or lesser extent. As the number of agents and their actions change, there is an interaction with the state of the environment (e.g. through over-grazing or through market dynamics), which changes the optimal strategy for each individual agent (which will also vary with that agent’s state). Over time, the system will “learn”, and the most robust strategies will emerge, along with a particular state of the system (total and individual herd sizes, state of the pasture etc).

It is then possible to test the effect of different policy environments on the outcome of the simulation. For example, are there ways to ensure grazing pressure evolves to a particular level, what is the effect of winter fodder provision on individual herders and on the system as a whole, or what policies would be particularly helpful in building up a profitable and sustainable system? 

Alternative modelling frameworks

My original proposal for modelling the system was to use Stochastic Dynamic Programming. Although much of the actual model construction is similar, in that both approaches consider the dynamics of herd growth under a given set of conditions and with a given herder decision, SDP is less powerful in that it considers an individual herder within a particular context. It is not possible to scale the decisions of that herder up to show the effects of many similar decisions at the level of the village or region overall. Instead, the larger scale can only be represented by changing the context within which the modelled individual operates, and by changing the rules by which the herder choses a particular set of actions. The strength of SDP is that it generates an optimal strategy set, which is useful for predicting behaviour and so for policy analysis. However, a robust strategy set also emerges under MAS, although this comes from the simulation and is not mathematically defensible as an optimal set. However, that is a minor issue in this case, as the search for optimality is not the main focus of the project.

Another approach would be to use game theory to evaluate optimal strategies for an interacting set of individuals. However, we would have to use a stochastic dynamic game, because of the importance of climate and variation over time, and this involves extremely complex mathematics and computation. The advantage of the MAS approach is that the interactions between agents are relatively simple to model, and the outcome of the interactions is an emergent property of the simulation. Again, the lack of mathematical rigour means that an evolutionarily stable strategy will not be obtainable from MAS, but an understanding of system dynamics will be, and this is the major focus of the project. 

The use of genetic algorithms is one way in which MAS models can be extended to incorporate learning and novel strategies (Walker & Janssen 2000), but at least initially, I feel that we will get enough insight into the system with the use of the more straightforward simulation approach.

Model structure

A simple representation of the model system is given in Figure 1. This shows the influences on herder decision-making in one time-step. There are three components that inform the herders’ decision-making processes, the market within which they are operating, the dynamics of the collective livestock herd and the dynamics of the rangeland on which the livestock graze. All three of these components are interlinked and are affected by climatic variation, hence the herders have imperfect knowledge of the state of these components in the coming time period at the time they make decisions about how to act in that time period.

Figure 1. The model system. Note that interactions between components are not shown. For example the market, livestock and rangeland components are interlinked, and the herder assets are in part made up of the individual herds that comprise the collective livestock herd.
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The decisions which herders make are dependent on their utility function. The utility function relates the assets owned by the herder (primarily their livestock herd) to their satisfaction. Decisions are actions chosen from the set of strategies available to the particular herder, based on the expected utility derived from these actions in the time step. 

Each herder in the system has a particular utility function, a particular initial asset set and a particular set of strategies from which they can choose their actions in the coming year, based on their knowledge of the states of the economy, livestock numbers (individually and collectively) and rangeland components of the model, and in order to maximise their utility. 

Finally, the institutional setting also informs the herders’ decisions, by making certain actions possible, by changing costs and benefits of actions and by influencing the market and/or livestock components.

There is a range of possible situations faced by individual herders, and a range of possible responses by the herders. This heterogeneity allows the system to evolve and inferences to be drawn about the likely configuration of the system under different scenarios. 

The sum of all the decisions made by the herders in a time-step combine to change the economy, livestock and rangeland components for the next time-step. At each timestep, herders whose assets fall below a threshold value leave the system. They are replaced by herders with a different utility and strategy set, based for example on the strategies adopted by the most successful herders operating in that time period. Hence the composition of the herder community changes over time. This can be seen either as genuine replacement of individuals or as the system “learning”, depending on model construction and parameterisation.

When the model is run many times, with variation in the climatic conditions, the probability of particular sets of outcomes in the long term is obtained. Depending on whether the initial conditions we seed the model with are deemed to be realistic (i.e. the distribution of assets and of herder motivations and strategies), we can interpret the evolution towards these long-term outcomes either as transitional dynamics (i.e. not meaningful in real terms) or as the likely trajectory of the herder system from the current state into the future.

Hence the model steps are:

1. Initialise the system with a large number of agents, with different herd sizes/asset bases and utility functions, and with a given institutional environment, market and rangeland condition.

2. Allow the herders each to chose a set of actions in time period 1, from the set buy/sell/slaughter/move/give fodder, based on their imperfect knowledge of the conditions that will prevail in this time period and on their utility functions.

3. Calculate the change in herd size/asset base for each herder, based on their decisions, the state of the system and the particular climatic conditions in that year.

4. Calculate the wealth of each herder, based on their herd size/asset base and utility functions and on the prevailing market conditions.

5. Remove any failed herders from the system. Replace with new herders as appropriate.

6. Calculate the state of the system at the start of the next time period (market, rangeland, livestock components).

7. Continue running through steps 2-6 over time until the system equilibrates.

8. Run the steps 1-7 many times over, generating a set of results each time. 
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