
Environment: “WaterScape”

The environment, called the “WaterScape” in the model, encompasses the countries of South Africa and Lesotho, which are hydrologically connected via the Lesotho Highlands Water Project, a major water transfer scheme. The WaterScape is made up of cells, called “WaterUnits.” Each of these cells represents a quaternary catchment, gridded to a resolution of 50 square kilometres.

In this version of the model, the WaterScape is divided into twenty contiguous Water Management Areas (WMA) based on catchment boundaries. Each WMA is managed by a Catchment Management Agency (CMA). There are plans in reality only for 19 WMAs and corresponding CMAs in South Africa, but in the model Lesotho becomes the 20th and the same properties and rules apply. 
Runoff

Each cell has a mean annual runoff (MAR) value which depends on climatic and topographic variables that are exogenous to the model (the initial runoff values are obtained from a hydrologic model of the region). MAR is relatively constant from year to year (and is therefore “replenished” at the end of each year) but can be affected by changes in climate as well as land use practices that reduce streamflow (for example, afforestation and invasive alien plants). 

Hydrology 

The modelled system approximates the actual hydrology, whereby some catchments are upstream of others. If a particular catchment consumes all of its runoff, there will be no virgin runoff (i.e. water that has not been used already) but only return flows (i.e. effluent) flowing to the downstream catchment. Return flows are re-usable for some purposes if they are reasonably unpolluted, which depends largely on the type of use and the investment in treatment. 

Where water shortages occur regularly, transfers may deliver water from catchments with a surplus of water to those with a deficit. 

Ecological reserve requirement and ecological management class

With the introduction of new legislation in 1998, the concept of an Ecological Reserve was established that specifies that a certain amount of water must be left in-stream to ensure that ecological functions can be maintained. The ecological reserve requirement is to be set for each water resource (e.g. river, stream or catchment) based on a desired ecological management class, in turn based on stakeholder objectives for the water resource in question. For example, where stakeholders see conservation and ecotourism as important objectives for the water resource, a higher reserve requirement would be set, while the requirement would be lower if the primary objective of the resource was to provide water for industrial use. A preliminary assessment has been made of present ecological management classes for each quaternary catchment as well as possibly attainable classes after restoration efforts, but these have not yet been enforced. 

In the event that ecological reserve requirements are not fulfilled, the catchment may be degraded. This is indicated by the ecological management class; let’s say a catchment drops a class (from B to C, for example) when less than a certain proportion of the requirement – say 50% - can be fulfilled.

A catchment can be restored so long as a critical threshold (perhaps when its ecological management class drops below class D) is not passed, and if the CMA has the capacity to undertake restoration. This also requires that the water resource is only minimally used while restoration proceeds.

In summary, each grid cell has the following properties:

· A spatial location on the WaterScape

· A Water Management Area (WMA) to which it belongs

· Runoff (expressed as MAR)

· Hydrological position (upstream of catchment X, downstream of catchment Y)

· Water transfers (donor, recipient, both or neither)

· Ecological management class (with associated ecosystem objectives and services)

· Ecological reserve requirement

Note that there is data available on “yield” or the water balance after all transfers, return flows, etc. are considered. However, I don’t wish to prescribe this, but to instead work with a clean slate, and then to compare the results of the model with these actual yield figures.

Agents 

In this version of the model, agents are water managers who make decisions about how to use water. Each water manager represents a Catchment Management Agency (CMA) and is responsible for a Water Management Area (WMA) to which it is confined. Each agent remains and performs all of its functions within its WMA. 
CMAs represent water users which have different demands for water use for varying purposes (domestic, irrigation, industrial, etc). Along with the Ecological Reserve, a Human Reserve has also been mandated such that a minimum of 25 litres per person per day must be provided within 200 meters of the home.

CMA Responsibilities

As a CMA representative, an agent is responsible for the reconciliation of demand and supply in its WMA. By law, the CMA is required to satisfy the following, in order, before any other demands (irrigation, industrial, etc.) can be met:

#1: Human reserve requirement (Basic domestic consumption, 25 litres/day per person)

#2: Ecological reserve requirement (as designated for WMA)

Both of these initial amounts can be obtained from the WSAM. We can of course hypothesize that they change over time if, for example, population or consumption patterns change or land use changes that dictates higher or lower ecological reserve requirements. 

Note that although the human reserve and other demands are properties of water users, in this version of the model water users are tied to WMAs and thus their collective human reserve requirements and demands are those of the WMA. If the number of water users in a WMA changes, however, then these values should also change accordingly. Water users are not allowed to move freely between WMAs (though this possibility could be introduced later).
At the beginning of the (hydrological) year, the agent must review the demand-supply situation in its WMA. If demand < supply, and the agent is law-abiding, it will first satisfy the human and then ecological reserve requirement. Remaining water is allocated to other demands (for now rules are not specified for this allocation). 

If demand > supply, and the agent is law-abiding, it will first satisfy the human and then ecological reserve requirement, if possible, and will allocate as much water as possible to other demands. To resolve its deficit, it can do one of the following:

· Negotiate with another WMA (approaching the closest one first) for the water that it needs. (Here, payment can be involved, such that a CMA has fewer funds available for other activities). This would provide an incentive for the CMA to resolve its deficit in other ways, or at least to transfer water from as near a source as possible.

· If it can satisfy human and ecological reserve, reduce other demands. This could be done in theory by employing water-saving strategies or encouraging higher-efficiency uses of water (switching to higher-value crops or ecotourism).

In either case, if the agent is not law-abiding, it may choose to ignore the reserve requirements and allocate water to the other demands first, but this has consequences. 

If the human reserve is not satisfied, dissatisfaction of water users in the WMA increases. After, say, 5 years of non-compliance, the national ministry can strip the CMA of its authority and take over the WMA, and will prescribe a non-negotiable water management strategy. 

If the ecological reserve is not satisfied, an amount or proportion of runoff is reduced because water is increasingly unfit for certain uses, or requires high treatment costs to make fit for use. 

If other demands are not met, the CMA is in a compromised position to carry out management activities and to raise funds. The CMA becomes less efficient at negotiating with other CMAs, employing water-saving strategies, and may be inclined to forgo human and ecological reserve obligations in order to meet at least some other demands. The authority of the CMA is weakened and users feel less obliged to follow rules. Again, the national ministry can intervene if the basic needs of the reserves are unmet.   

Funds

Each CMA is given an equal one-time payment to be used for negotiation, restoration efforts, and water-saving strategies, etc. A CMA’s funds are withheld if it violates laws or simply fails to carry out its duties. A CMA can raise funds by allocating water to uses other than the human and ecological reserves. 

Cooperation

Agents can decide whether or not to cooperate and make joint decisions in order to maximize collective benefits. Such coordination and cooperation depends on the ability of agents to communicate, and to have mutually compatible objectives.
Under the Water Act, all CMAs must engage in a minimal level of cooperation to ensure that the activities of one CMA do not disadvantage another. 

Communication

Agents communicate by sending and receiving messages. The most important communication between CMAs concerns the transfer of water. This type of communication does not mirror the real world, as most of the viable transfers are already in existence and have been authorized by the ministry. However these transfer arrangements do not necessarily exist in perpetuity, as water-saving strategies and reallocation of water may make them unnecessary in the future. With the model we can investigate what the optimal system of water transfers is from the point of view of the CMAs. 

Access to information

In a functioning system, each water manager has free access to information about all of the water resources on the WaterScape – runoff, demand, ecological management class, etc. Under some scenarios this will not be the case, and information may be obtained through communications between water managers if they embrace a cooperative strategy. 

In summary, the agent/CMA has the following properties (or represents users with these properties):

· Spatial location (WMA to which it belongs)

· Human reserve requirement

· Other demands

· Funds 

· Ability/choice to cooperate 

· Ability/choice to communicate

· Access to information

Initially, all CMAs will be created equal, but their characteristics may change over time.
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