Annex 6.1

DACRA Work Package 6

Minutes of modelling meeting at Imperial College, October 2002

E.J. Milner-Gulland

7th October 2002

Present: R. Behnke (RB), G. Davidson (GD), I. Wright (IW), E. Mathis (EM), E.J. Milner-Gulland (EJMG).

Apologies: C. Kerven (CK), G. Gintzburger (GG).

The meeting was based on a report that EJMG circulated to team leaders in August, describing the modelling approach that she intended to use. The report also made a number of suggestions about the assumptions that could be made in the model, and about the data requirements for each model component. The meeting aim was:


1. To agree the basic modelling framework and planned outcomes


2. To agree the underlying assumptions in the model


3. To agree how best to acquire the data required to parameterise the model

1. Presentation EJMG made a presentation about the modelling approach. The presentation included the following points:

● She made a distinction between the detailed statistical models of herder household economics that would be produced by WPs 3 and 4 and the heuristic models of the system as a whole that were the aim of WP6. 

● Given that the focus of the project is land degradation, the key social and economic factors of relevance to the WP6 model are those that influence herders’ decisions about the location and size of their herds. Other factors may be important to the social dynamics of rural people, but would not be relevant to this modelling exercise.

● The aim of WP6 is thus to keep the models at the scale of individual herder decision-making simple so that a realistic representation of dynamics at the system level is possible.

● The approach proposed, Multi-Agent Systems (MAS) is a relatively novel and powerful method, but it is individual-based, hence system-wide optimisation is not possible. The approach also does not allow for individual optimisation, instead robust strategies are expected to emerge from a process of selection. This means that the 3rd original objective of the Work Package is no longer achievable. On the other hand, the approach allows a much fuller understanding of system dynamics and the effects of the policy environment on dynamics. It also has the potential for wide application within and beyond the DARCA study once the basic framework is in place.

2. Modelling approach It was agreed that MAS modelling was an excellent approach to this system, and that the loss of optimisation in a limited context was more than made up for by the increase in explanatory power. 

3. Seasonality We agreed that a 2 season model (broadly, summer and winter) was the best compromise between detail and data availability, particularly as availability of winter forage was such a key component of livestock performance. The summer season will start with the birth of lambs and end with the autumn sales. Action: IW agreed to provide his book chapter outlining the determinants of flock performance. All participants agreed to provide all data in a summer/winter format, with explanation as necessary of how the data were derived from their data collection time periods.

4. Movement patterns After much discussion, it was agreed that the movement pattern we would represent was “home” and “distant”. This implies that there is a village in the centre, with people living there and using the nearby grazing areas. There is another area, which has costs associated with getting there, hence where the grazing pressure may be lower. The herder decides in each time-step whether to stay put in their current location (home or distant) or to relocate to the other one, with associated costs. Based on our lack of vegetation data, we assume that both areas are within the same vegetation type, broadly based on the Kazakhstan desert zone (Moinkum, Zhambul). There was a strong feeling that movement between vegetation zones was an important component of system dynamics, particularly in the longer term, hence that an aim for later modelling work would be to include interzonal movement into the model. Action: RB to send EJMG Ilya Alimaev’s chapter from CK’s book, in which vegetation dynamics in the Zhambul region are described.

5. Forage-livestock productivity linkage There are data available on the linkage between herd productivity and winter fodder provision. There was some discussion about how to extract the effect of winter grazing on productivity from the data. There are no easily-available data on the linkage between summer grazing and herd productivity. All the DARCA data will be for 2 years only, and hence cannot look at interannual variation in productivity, only at inter-site variation. Productivity should be measured in the model in the currency of flock condition. Action:  IW to provide data and functional form for the linkage between winter fodder provision and productivity and decide how best to separate out grazing from fodder in the winter.

6. Rangeland component It was agreed that detailed modelling of the rangeland component was not possible given the data, and instead that making a simple linkage between inter-annual variation in peak biomass and herd performance was our best option. It was decided that if GG could provide site-specific data on the peak biomass in each of the years of the DARCA project, this could be used as a proxy for forage availability to livestock in the summer. This could then be linked with the data from WP3 on the location and performance of specific herds. The link between summer forage availability and performance might then be clearer. Action: GG to provide peak biomass data by site and IW to link this to performance data. RB to communicate with GG about this data need.

7. Species/breeds represented We had a detailed discussion of whether there was a requirement to include species such as camels, cattle, horses, or to split smallstock into sheep and goats, and also on whether there was a need to include different breeds of smallstock. There is an interesting difference between locations and wealth classes in their decision about whether to keep goats (poorer people and desert areas keep more goats). There is a lack of understanding about the factors behind this observation (goats reproduce faster, are more drought-resistant, provide side benefits from milk and wool, taste nicer, are smaller units?). However, given the need for simplicity in the model and the lack of clear understanding about the motivations for keeping different species/breeds, it was decided to start by assuming that only sheep are kept. Later, we would investigate the possibility of extending the model to include large animals, other breeds or goats. 

8. Land degradation There is an issue as to whether the model should include memory of stocking levels in previous years, such that peak biomass is lower in years following heavy stocking. It was decided that there is no evidence of this occurring in the region and that the main focus of the model was the decisions made by herders in the short term, not the longer-term effects of overstocking. Hence we agreed that there should be no land degradation included in the model. 

9. Herder decision-making We discussed the fact that how an individual herder decides to act in a given year depends on the actions of all the other herders in the system. There is a need to represent herders’ views of others’ actions in the model in a simple yet realistic way. It was decided that the best way to do this was for herders to assume that all other individuals would be in the locations that they were in in the equivalent season last year (i.e. 2 time steps ago). This simple assumption should be close to reality. Note that as we are not optimising or following a real system trajectory over time in the model, then the assumption made by herders needs only to be approximately right, as it will mostly affect the time taken to reach equilibrium. All herders should have the same assumption, to avoid over-complex representation of individual agents. 

10. Stochasticity It was decided, in the interests of simplicity, and because of the short time series of data available on livestock performance, that the stochasticity in the model would be on two climatic variables: peak biomass and winter type. Sheep vital rates would be deterministically related to climate and the effects of our assumptions about them explored in sensitivity analyses. Herders would have full knowledge of market prices, costs of relocation etc, but would not know in advance of their decision-making what the climate in a given year was. We assume that winter fodder availability is not determined by climate because it is available on an open market (is this reasonable, Erik?). We assume that winter grazing availability is not related to peak biomass (die-off curves which are available for the Betpak-dala region suggest that it is not). Hence the drivers of sheep flock productivity are peak biomass in the summer and winter type in the winter. Peak biomass is drawn from a distribution, winter type is either good or bad. (is this reasonable, Iain?).  (Note: at the meeting this was not fully discussed)

11. Herder replacement This is a tricky modelling issue. Herders are deemed to have failed when their herd size reaches a threshold (e.g. zero), and they are removed from the system. There is a need for the possibility to exist for new herders to replace them, otherwise because the model is stochastic, the underlying trend in herder numbers is inevitably towards zero in the long run, which is unrealistic and may bias our results. There is some evidence that currently very large flocks appear in a site in good years, brought in by rich herders. These flocks could just as easily disappear again to another site next year i.e. it is not a closed system. However, if we allow the possibility of new very large herds entering the system, this will have a very destabilising effect on the model, and stop it from reaching equilibrium. This is an interesting observation in itself, given that it is observed in reality. As we assume open access, large herds entering the system have a big effect on all the other smaller herders in the region. However, it was decided that in the first instance, we would have replacement of failed herders by a small random number of others with small flock sizes (e.g. 0-3 herds of 10 animals each are introduced each year). In good years these flocks will grow, in bad years they will drop out again in the next season, with the system remaining relatively stable overall. However, one of the key sensitivity analyses will be to examine the effect of introducing large herds to the system. 

12. Non-livestock assets One of the key assumptions in the modelling concerns the asset base that herders have, and upon which they base their decision-making. The simplest assumption is that sheep are the only asset upon which herders base their decisions about flock size and location. All other assets are not relevant to these decisions. However, it was felt that this simple assumption did not capture reality adequately. A number of asset types were considered for inclusion in the model. Hayfields and the equipment needed to work them were discarded because it was felt that herders do not aspire to own hayfields, and that there was a functioning market in winter fodder in most of the study villages. Other assets such as water pumps were not thought to be universally key to decision-making. However ownership of a truck (meant here in the sense of a generic vehicle suitable for moving people and livestock) was a key factor in decisions, because without a truck a herder could not relocate his livestock from the Home to the Distant location. In the model, therefore, the herder has the choice in each time period to liquidate part of his herd and buy a truck. Once the herder owns a truck, he is able to move, and the decision is not repeated in future years. The truck is assumed everlasting but with no resale potential. If a herder’s livestock assets fall dangerously towards zero, he does not sell his truck to buy more sheep (it is likely in real life that he will get out of herding and be a truck driver instead). Other than the truck, the herder’s assets are sheep only. So all the herder’s decisions about flock location and size are based purely on current flock size, not on any other measure of wealth. Action: EM to calculate the cost of a truck in sheep equivalents.

13. Costs and benefits of relocation The act of relocation incurs transport costs. Once relocated there are ongoing costs such as higher wages for labour, higher transport costs to market, general fixed cost of maintaining two households. Many of the costs will be lifestyle costs rather than financial ones, but these are hard to quantify. The truck has an ongoing cost of maintenance regardless of location, and also has an ongoing benefit per sheep of higher market price because you can transport the sheep to urban markets. The truck also allows winter fodder to be transported to the Distant location, although there is a cost associated with this transport. The benefits of relocation are simple - reduced grazing pressure so better availability of forage. So it is necessary to separate the costs and benefits of truck ownership from those of relocation, and to ensure that these are either expressed as a seasonal fixed cost or as a cost per sheep. The one-off cost of relocation is separate from the one-off cost of buying the truck. Action: EM to quantify these costs and benefits.

14. Trucks and upper herd size As well as a lower limit on herd size, there needs to be an upper limit, for the model to run. It was proposed that there should be an upper limit of 500 sheep. When a herd reaches this size, it is split (probably in half), and one of the herds receives the truck. The other is treated as a new independent herd with no truck. This simulates the process that occurs when sons take over large herds from their fathers.

15 Herder decision-making Given that the only non-sheep asset is a truck, and the decision to buy this is a one-off, all other decisions are made in the currency of sheep, not money. The herder must slaughter a fixed number of sheep each year for household maintenance requirements (food, household basics, education etc). Other than this the herder can sell wool and sheep, and can buy winter fodder and sheep. All costs (including running cost of the truck) are lumped together into one location- and season-specific per-sheep cost. The only exception is fodder, which is modelled separately. The herder chooses how many sheep to sell to buy fodder, and this determines his flock’s performance in the next winter. Fodder is cheaper in the summer than the winter, but only those with a truck can buy it then. However, buying in the winter means you can meet the requirements of that winter knowing already how bad it is. Hence there is a decision to make as to whether to stock up in the summer at cheap prices or wait and buy as necessary at high prices. Action: CK to estimate the number of sheep that need to be slaughtered to meet household requirements. EM to estimate all other costs and prices.

16. Imperfect information Each individual herder is assumed to know the exact economic situation that he faces. The only unknown is the climate in a given year. At the beginning of the summer, the herders calculate an expected value for peak biomass and winter type and base their decisions on this (i.e. they will all have the same expectations). This is the simple model. In the sensitivity analyses, it is hoped that we will include the effect of imperfect information about the market. This will allow us to test the value of providing information to herders as a government strategy. Action: EM and others to advise on likely areas where herders have imperfect information that could be improved on.

17 Flock dynamics The flock is not age-structured except that in the summer lambs are present. All lambs that are unsold become adult at the end of the summer. It is assumed that lambs are sold in preference to mature sheep. We need to assume a sex ratio for the flock, which we assume is under the herder’s full control (through sales and slaughtering). We link herd performance to peak biomass the previous spring and to winter type via condition. Each herd has an average condition score assigned for its sheep. This condition score varies from season to season according to the climate and the forage/fodder available to the herd. Because condition is a tracking variable, that introduces memory of past events into the simulation, it is important that it is relatively sensitive (i.e. a 3 point condition scale would not be enough to get the dynamics of the system properly represented; 10 point would be more like it). Survival of lambs and adults over the summer is determined via condition by peak biomass in that summer. Survival over the winter is determined via condition by fodder provision and winter type. Fecundity is determined by condition in the summer season (OK, Iain?). One question is whether we assume change in condition with climate type is linear (i.e. the same proportional change for all sheep regardless of pre-existing condition) and independent of herder’s flock size (because it depends only on total flock size). Similarly is the probability of survival/birth rate a linear function of condition? Action: IW to parameterise a functional form for these flock dynamics, in collaboration with EJMG. RB to provide data from Ravnina on flock performance (in reality, and the set targets).

18. Household types It was recognised that assuming all herders are the same was not close to reality. Two main issues were discussed: 1) households that have a few sheep in the village but mostly rely on other sources of income. 2) the difference in position between households that have several fit sons to help with the herd and those that do not. On the first issue it was decided that decisions concerning flock size and location in households with an external income source would not be made on the basis of herd size, but in the light of the external factors. Hence they would not fit into the model framework. Although it was agreed that these herds could have a big effect on the grazing pressure in the Home location, we also felt that the size of these herds was unlikely to vary much and so the grazing they removed would be a fixed amount each year. This means that it would not affect model predictions to exclude these animals. It is recognised, though, that if the number of sideline herds increased dramatically, or varied a lot (perhaps with government policy) this might present an issue. On balance, we felt it better to exclude them.

19 Household size On the second issue, differences in household size were felt to be important. However, on discussing it, the depth of the complexities became apparent, and in the end we decided to exclude it as a factor. This was particularly because our predictions are for the long term. In the long term, each household changes in age composition, households split, and so the model would need to follow household history over time. This is too complex and does not really advance the aims of the modelling. Another issue is the complex linkage between the costs and benefits of large households. A large household has lower labour costs but higher maintenance costs. However if the herd size is small, sons can leave for other work, and only come back when the herd is large enough. This requires detailed data for parameterisation. EM’s preliminary data suggest that there is no significant difference in household size with herd size, hence that large households are not obviously associated with large herds. Sensitivity analyses should show if particular aspects of household size (e.g. maintenance requirements or labour costs) are very important in determining model outcomes.

20 Market prices Market price will vary between summer (autumn sales prices) and winter (sales throughout the winter period, or February prices). Prices should be given per kg and this can be related back to flock performance via the liveweight of the sheep sold. This then determines how many sheep need to be sold to get a given amount of fodder. Sheep price varies with truck ownership, due to access to markets. We decided that wool price should remain constant. Sheep are bought at a lower price than they are sold, and so there needs to be a (seasonal) relationship calculated between number of sheep sold (of a given condition) and number of sheep bought (of a given condition). Also we need to investigate whether sheep prices vary with the type of year (good/bad winter, summer forage availability). There is also the issue of whether sheep are assumed actually to die in bad years, or to be sold dying at a low price, or to be part of the maintenance slaughter quota. We are assuming that demand is not an issue, hence the modelling is going to provide us with a biological rather than an economic equilibrium. This is done for simplicity, and because there are no data on demand and the system is not closed. Action: EM and CK to provide data.

21 System dynamics Note that the results of the modelling are for the situation at equilibrium (when there are no more trends - there will not be a stable state because there is a variable climate). The transient dynamics on the way to equilibrium are not included in the results because the model is not set up to output these in a realistic way. We could work on trying to get transient dynamics modelled later on if it was thought important. 

22 Institutional policy environment There has been support in bad winters in Turkmenistan (Ravnina), but no price support for the livestock sector. There is no taxation of the livestock sector. Land tenure is a major legislative issue in the region, but in this model we are assuming an open access situation, which is at least accurate currently. Action: RB and others to provide ideas that will be recommendations from DARCA, and that could be tested by the model.

23 Variation between agents (Note: this was not fully discussed at the meeting) In order that the model can select between agents, there needs to be some variation between them. This can only be achieved in the way that they approach their decision-making, given that they are all subject to the same climate, and in the first instance I assume that they all have the same knowledge base. The simulation is initialised with a range of herd sizes, but as it stands all herders with the same herd size will be identical in decisions and outcomes, because we assume deterministic vital rates. Given that the wealth currency is sheep, it is not clear that the utility function should be other than a simple linear relationship between flock size and utility, at least initially. There are two sets of decisions; selling sheep and wool to buy fodder and sheep and buying a truck. Here there is the possibility to introduce variation between agents. With respect to the truck I propose that each herder should be initialised with a random number which is the herd size (above the minimum where it is possible) at which he chooses to buy a truck. The initial purchase of the truck is risky but with the possibility of great gains. Hence the herd size at which he buys is a crude measure of risk aversion. The fact that the truck must be bought without a full economic analysis and without knowledge of future climate means that there is a risk involved that it may not be the correct purchase. The decision to buy and sell sheep and the amount of fodder to buy is a relatively complex optimisation which we need to think about further. Action: EJMG, IW, EM to think about modelling herder sales/purchase strategies.

24 Case study sites Initially we wish to have one set of parameter values that are realistic representations of a particular location. Then we can change these parameter values to represent another location/situation. We agreed that the first step would be for WPs 3 and 4 to analyse their data and see if there are significant differences between the broad study areas. If there are not, then data from all villages can be combined to increase sample sizes and hence confidence in the results. If there are, we agreed that first the model would be parameterised for the Moinkum study area, this is because there are data available there for rangeland dynamics. Then the model could be run a second time for the Turkmenistan site, with parameters changed as necessary. Hopefully there will not be significant differences, except in the institutional environment. These differences could be highlighted in the policy-relevant sensitivity analyses. Action: WP3/4 to check for differences between sites and to provide data as appropriate, with explanations.

25 Further contact and outputs We agreed to keep in touch about modelling and parameterisation progress. EJMG stated that she planned to start modelling as soon as possible, and to finish her part of the work, at least in preliminary form, by the end of June (as she was going to Australia for 6 months in July). This requires data provision for parameterisation as soon as possible, and also that there be a continuing dialogue as the model is built. We all agreed that the modelling approach and the data both had a lot more potential than was realisable in the timeframe of the project, and it was agreed that if interesting results were obtained in the first cut, we would continue to collaborate after the end of the project. In terms of publications, EJMG envisaged one major journal publication, with all the people listed above plus I. Alimaev (?) as co-authors. There was also the potential for further publications. These could include: papers exploring the underlying data and the development of the parameters and model components (e.g. the livestock dynamics, or the livestock-peak biomass link); papers using the model to look at specific policy questions (e.g. adding some model results to a paper otherwise mostly analysing institutional issues); papers extending the modelling (e.g. including an interzonal migration). We all agreed that we should try to maximise the use and impact of the modelling approach, to complement other WPs and in its own right. Action: WP leaders should let EJMG know if they would like any particular bits of modelling done for papers that they plan.

Summary of herder model

Each season begins with a stochastic climatic event that drives the rest of the season’s events. In the winter, the herder buys and sells with perfect knowledge of the climate. The change in flock condition in the winter is a function of: forage available, winter type, fodder available. Forage available is the amount of winter forage, divided by the total number of sheep in the location (home or distant) minus the total amout of fodder fed in the location. Deaths in a flock are a function of condition. The amount of wool available to be shorn is a function of flock size. The number slaughtered for family maintenance is a constant. The decision to buy a truck is relevant only for herds that are large enough and do not already have a truck, and is based purely on the agent’s threshold truck-buying flock size (see above). 

In the summer, there is a stochastic event when peak biomass is selected from a distribution. The change in flock condition in the summer is a function of peak biomass and total flock size at the location. Births and deaths are functions of condition. A constant number of sheep must be slaughtered for family maintenance. Then the herder can choose to change herd size and buy fodder stocks in advance of winter. Then if the herd size is big enough and there is no truck, he can buy a truck. Between each season, if he has a truck, he can choose to move location. 

Winter
Event type

Summer
Event type


Good/Bad
Stochastic

Peak biomass
Stochastic


Sell wool
Decision

Change in condition
Consequence


Sell sheep
Decision

Births
Consequence


Buy fodder
Decision
MOVE?
Adult deaths
Consequence
MOVE?

Buy sheep
Decision
Decision
Lamb deaths
Consequence
Decision

Change in condition
Consequence

Slaughter
Constant


Adult deaths
Consequence

Sell wool
Decision


Shear sheep
Consequence

Sell sheep
Decision


Slaughter
Constant

Buy fodder
Decision


Buy truck
Decision

Buy sheep
Decision





Buy truck
Decision



Looking from the overall system perspective, the sequence within one season is:

1) Herders choose their location

2) Total sheep numbers in each location calculated

3) Stochastic climatic variable generated

4) Total forage available in each location calculated

5) Internal dynamics of individual herds (see above)

6) Herders assessed for viability, unviable ones removed

7) New herders initialised and added to the simulation

8) ... then back to 1.
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