WATERWISE 
A Tool to Prioritize Land and Water Management Options
Summary
The development of methods for an integrated prioritization of adaptation options is one of the key elements in HighNoon. These methods should be multi-disciplinary and operational at basin scale. The modelling tool WaterWise has the specific ability to make suggestions for investments in land use conversion, irrigation schemes or hydropower plants, that make best use of the available land- and water-resources. It can, thus, give prioritization in different (adaptation) options, taking into account the wider impact on water resources within a basin.

Three innovations were made to the existing WaterWise methodology:

1. a new approach to uncertainty in boundary conditions (using a kind of embedded ensemble modelling). This makes it possible to analyse different adaptation measures and preferences not only given one standard rainfall and runoff pattern, but under a range of climate patterns and to find the most suitable option also in terms of robustness and vulnerability.

2. priorization at multiple scales. WaterWise now addresses three scales, from individual land use, to subcatchments, forming natural boundaries, to an administrative delineation in the form of states and countries. This makes it possible to investigate how the various actors operating at these levels influence each other. 

3. linkage of WaterWise to the global scale vegetation and catchment model LPJmL By linking to LPJmL water balance and production terms for all land use types for all grid cells within the Ganges basin, or if required of any basin within the world, can now be used as input for the WaterWise optimization.

This deliverable does not describe a practical application of the model. An application will be described in a separate paper. In the following chapters a short description of the model itself will be followed by a completely updated chapter on how the model, including the HighNoon innovations, is implemented. In chapter 3 all input and output files are described. And, finally, as WaterWise is an open-source model, the complete updated code can be found in chapter 4. 
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Part 1 Introduction and model description

1 Introduction

Facing the severity of climate change impacts in the North of India, like droughts and floods, various adaptation strategies are possible, potentially consisting of multiple individual options. Water and space are thereby inextricably linked. On a basin scale, adapting to climate change thus results in chains of impacts and responses that are intertwined and interactive. Recognizing this, the development of methods for an integrated prioritization of adaptation options is seen as one of the key elements in HighNoon. These methods should be multi-disciplinary and operational at basin scale.
But the danger of such a combination of requirements is that they can lead to the development of modelling systems that are cumbersome to use. Looking for acceptable water management solutions by ‘trial and error’ can be highly frustrating. There clearly is a need for models that are more versatile than ‘conventional’ simulation models. The modelling system ‘Waterwise’ attempts to provide such an alternative. Instead of (yet another) simulation system it provides a framework for answering ‘inverse’ policy questions. Simulation models can be used for answering questions of the type: ‘What is the effect of a water harvesting structure on downstream flow?’. The inverse question would be: ‘Where should I construct water harvesting structure to get an optimum production given available water resources?’. Waterwise can answer such questions and at the same take various types of stakeholder preferences into account.

The Indian context, with its uncertainty with regard to changing runoff and monsoon patterns provides an interesting opportunity to go beyond the state of the art in prioritization methods with the WaterWise application. The WaterWise methodology is improved with a new approach to uncertainty in boundary conditions, using a kind of embedded ensemble modelling. This makes it possible to analyse different adaptation measures and preferences not only given one standard rainfall and runoff pattern, but simultaneously under a range of climate patterns and to find the most suitable option also in terms of robustness and vulnerability. It thereby links to the newest trends in ever more regionalized climatic models.

A second innovation is the use of these priorization methods at multiple scales. WaterWise now addresses three scales, from individual land use, to subcatchments, forming natural boundaries, to an administrative delineation in the form of states and countries. This makes it possible to investigate how the various actors operating at these levels influence each other. Choices and preferences at the higher level will influence the boundary conditions at the lower level. At the same time preferences for certain adaptation measures at the lower level might have a large effect when applied on a large scale at the catchment level. 

A third innovation is the linkage of WaterWise to the global scale vegetation and catchment model LPJmL (Gerten et al., 2004). In earlier versions of WaterWise, either a regional hydrological model (SIMGRO, SWAT) was used to provide the water balance terms, or its own linked bucket-type soil moisture model. By linking to LPJmL water balance and production terms for all land use types for all grid cells within the Ganges basin, or if required of any basin within the world, can now be used as input for the WaterWise optimization.
This HighNoon deliverable describes how these innovations are implemented in the latest version of the WaterWise tool. WaterWise was first developed for local scale application in the Beerze and Reusel region in the Netherlands. One of the computational experiments with the Beerze and Reusel  model was to let it find a cost effective solution for achieving a water quality goal at the stream outlet. The cost of the generated solution was compared to a ‘generic style’ solution, involving a general reduction of fertilization of agricultural land. It turned out that the Waterwise solution involved 40% less income loss than the generic-style solution. In more recent years the model was further developed for larger scale applications in a sub basin of the Elbe and for the Nile Basin within the EU FP6 Newater project. The Nile basin application was specifically designed to look into the consequences of striving for food security in the different countries in the Nile basin. A prototype of using various scales of analysis was tested, but is not yet fully operational.  
This deliverable does not describe a practical application of the model. An application will described in a separate paper. In the following chapters a short description of the model itself will be followed by a completely updated chapter on how the model, including the HighNoon innovations, is implemented. In chapter 3 all input and output files are described. And, finally, as WaterWise is an open-source model, the complete updated code can be found in chapter 4. 

[image: image1.jpg]Pakistan

100 200 800
Kilometers




Figure 1 Catchment area of the Ganges basin with the main river system (elevation in shades of grey)

2 Short model description 

WaterWise

To prioritize various adaptation measures and study their impact on water allocation, food production and hydropower generation in the Ganges basin we have used the Water Wise model (van Walsum et al., 2008; www.waterwijs.nl). Water Wise is a bio-economic model that can explore the consequences of changes in land and water use in a catchment. It has the specific ability to make suggestions for spatially varied patterns of measures that make best use of the available land and water resources. Thus, the model solves a problem involving economic scarcity, with the implementation of certain local measures having direct consequences for the physical possibility of measures elsewhere. Various types of scenario preferences are taken into account via ‘objectives’ and ‘constraints’. One of the primary model options is to use the total net benefits as the objective: 


Y = YLU −CLWM +YHP −CRWM






























(1)
where Y represents total net benefits (USD/yr.), YLU net benefits of land use (USD/yr.), CLWM costs of local water management measures for supporting land use, i.e. fixed and variable costs of local irrigation measures per ha or per m3 of water (USD/yr.), YHP net benefits of hydropower (USD/yr.),  CRWM costs of regional water management i.e. maintenance costs for large canals and the costs of flow through connections that involve pumping for supporting the river, canal and reservoir system (USD/yr.).

The dynamics of the main rivers are modelled with the unit hydrograph method using a time step of 5-6 days; the reservoirs and lakes are modelled using a 3-monthly time step. WaterWise is constructed in a spatially nested manner. The basic water balance computations are performed by an underlying hydrologic model. In the case of the Ganges basin LPJmL (Gerten et al., 2004) at a 0.5 degree grid resolution was used. Net rainfall for each land use type in each gridcell can contribute to runoff, drainage or to groundwater storage. Each land use type in each gridcell also produces a harvested yield, depending on the available supply of water in the form of rainfall and, optionally, irrigation. The water balance terms and economic parameters of costs and yields at this level are input into the optimization component of WaterWise and used as coefficients of the decision variables. The post-processor in WaterWise disaggregates the results back to the grid level and also aggregates them to state, country or catchment level (van Walsum et al., 2008).

Most optimization models primarily address the allocation side, with irrigated schemes as the only land-use related water consumer. Water input into the system is fixed, based on prior calculations. WaterWise adds to this concept the dynamics of the supply side, including rainfed agriculture, base soil, forests and grasslands, by modelling the land use within the whole catchment as an endogenous variable, thus covering the complete land-based part of the hydrologic system. Land use and land-use changes are thereby integrated into the approach. This broadens the optimization from a river oriented to a more comprehensive land and water oriented approach, enabling estimation of overall agricultural production.
LPJmL
A fully coupled global hydrology and dynamic vegetation model, LPJmL (Bondeau et al., 2007; Gerten et al., 2004; Sitch et al., 2003), is linked to the hydro-economic optimization module WaterWise. LPJmL incorporates a complete representation of the hydrological cycle. Each gridcell consists of a 2-layer soil column, in which water infiltrates and percolates (Gerten et al., 2004). Runoff is calculated as the excess water above field capacity of the 2 soil layers plus the water percolating through the second layer. The net irrigation water demand on irrigated land is defined as the minimum of atmospheric evaporative demand and the amount of water needed to fill the soil to field capacity. The gross irrigation demand, or withdrawal demand is then calculated by multiplying the net irrigation demand with a country specific efficiency factor, reflecting the type of irrigation system (Rohwer et al., 2007). Part of the withdrawn water is lost during conveyance according to a country specific conveyance efficiency factor (Rohwer et al., 2007). The model is run at daily time step at 0.5 degrees spatial resolution.

LPJmL as input for WaterWise

LPJmL and WaterWise are linked at the levels of gridcells (Figure 2a). Each gridcell in LPJmL is linked to a unique node in the WaterWise schematisation. For each gridcell the water balance terms for 26 irrigated and non-irrigated land uses are given as input for the WaterWise optimization module to choose from. Based on goals, e.g. a certain production, and boundary conditions, e.g. a restriction on the expansion of irrigated agriculture, WaterWise optimizes the land use, i.e. chooses the most efficient combination of landuses in each gridcell in order  to make the most efficient use of the available water resources. 

The WaterWise surface nodes are connected in a similar way as the river routing from LPJmL. However, additional options, like future hydropower reservoirs can be inserted in the WaterWise surface water system.  That can be done in a fixed manner or in the form of optional links that are controlled by binary decision variables (No/Yes decisions).   
The 0.5 gridcells do not follow exactly the administrative boundaries of the different Indian states and other countries (Figure 2b). If a gridcell is lying in more than one country the area proportion of the gridcell in each country is calculated and water fluxes and crop production are divided based on this proportion.
A full description of the underlying modelling runs of LPJmL for South Asia, used as input for Water Wise is given in Biemans et al., 2012.
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Figure 2a LPJmL/WaterWise subcatchments (Ganges, Brahmaputra, Meghna, Kangsabati/Hooghly) and 2b WaterWise country and (Indian) state delineation.
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Part 2 Implementation
3 General
Computational framework

The model is implemented within the framework of Linear Programming (LP). The mathematical formulation consists of the following components:

· objective functions;

· mathematical programming variables;

· constraints.

Optionally, use can be made of integer variables, which is needed for e.g. nonlinear reservoir modelling.
An objective function is an indicator for the degree to which a certain goal is achieved. The mathematical programming variables are also called ‘decision variables’. They represent the management actions or state variables of the regional system. We use notations with capital letters to distinguish them from the coefficients. The constraints describe aspects of the system functioning. The WaterWise model is implemented with mixed-integer linear programming (MILP), using the state-of-art Xpress Optimization Suite (www.fico.com).
For handling the stakeholder interaction with respect to the multiple objective functions we use the so-called constraint method. All non-monetary objective functions are converted into constraints for which the user can provide bounds via a spreadsheet. All monetary terms are collected into a single objective function. This function is maximized for the given constraints.

Schematization

3.1.1 Space and waterway trajectpries
For the spatial description of a regional system the following components are available:

· pixels;

· hydrotopes, z = 1..NumZ;

· subregions, r = 1..NumR;

· subbasins, b=1,..NumWB;

· countries or other non-hydrological geographical units, n=1,…NumCNTRY;

· nodes of the channel network, k=1..NumK;

· trajectories of the channel network, j=1..NumJ.

Pixels can be used in a preprocessing stage for simulating the land and water management options. The results for areas with similar types of pedological/hydrological conditions are then aggregated to hydrotopes. Most of the area-based decision variables are linked to these spatial units. They  usually form a fragmented set of polygons. The hydrotopes are assumed to be hierarchically nested within the subregions. If this form of spatial refinement is not desired, the hydrotopes can be made equivalent to the subregions. The subregions are in turn nested within the sub-basins. The latter do not play a role in the model formulation itself; they are just used in the postprocessing for providing information at an aggregated level. The (optional) spatial unit of a ‘country’ has a somewhat different role. Since political boundaries usually do not conform with hydrological ones, the countries can cut across subregional boundaries. The relationship between countries and subregions is given in terms of fractions. The spatial unit of countries can be used for attributuing weights to the components of the objective function that is maximized, and for setting constraints like ‘minimum desired income’  in country X.
The spatial units link up with the network through the nodes. The outflows and inflows to/from a subregion can have links to different nodes. This is e.g. relevant in a system with irrigation (flow from the network to the subregion) and drainage (flow from the subregion to the network). The used notation for connections between subregions and nodes is:

· kinrr = k-node from which water supply to subregion r is realized;

· koutr
= k-node to which outflow from subregion r goes to.
It is also possible to have connections between subregions and trajectories; these connections are denoted by jinrr. The hydrotopes within a subregion all have the same node and trajectory connections.
The connections of the trajectories to the nodes are denoted by:

· kinjj  
= k-node at the inflow end of a trajectory j;

· koutj
= k-node at the outflow end of a trajectory j.

It is also possible to have so-called lateral connections from one trajectory to the other; these connections are denoted by joutj. The lateral connections can be used for several purposes:

· spilling of water to an adjacent plain in flood simulation;
· interaction with a major aquifer.

In the latter case a ‘ trajectory’ is used for simulating a groundwater body. 

[image: image55.jpg]



Figure 1. Example of a network schematization, showing nodes (k), trajectories (j) and subregions (r). the subregions can (optionally) be further subdivided into hydrotopes.
An example of a network schematization is given in Figure 1. At the outflow ends of the network, the trajectories (3 and 7 in the example) do not have a node. There can be multiple links between two nodes. It can be part of the planning process to make a choice between one of the optional links. In fact, each of the links can have a decision variable attached for choosing whether to maintain or to delete it.  So-called reservoir trajectories have an area attribute; this area can be dependent on the water level. To avoid ‘double counting’ of the land surface, the areas of reservoir trajectories should be subtracted from the areas of the spatial units. 
3.1.2 Time

· Time is described in terms of:

· basic time intervals with length ∆t, t = 1..NumT
· reservoir time steps with length ∆tr, tr = 1,..NumTR
· seasons, s = 1..NumS
· years, y = 1,..NumY.
The length of the time steps can vary, e.g. to exactly fill the months of a year. The reservoir time steps are equal to a fixed number of basic time steps. In the descriptive notations, the distinction between the two time steps is left out, for increasing the readability. The time aggegregation/disaggregation equations are also left out.

It is convenient to let the start of the ‘model’ year coincide with the start of the growing season; there can be more than one growing season to a year. 

Clearly,  not all variables have a time dimension. For instance the choice of land use option is seen as a long term choice (i.e. without a time dimension), whereas the used water management option can vary per season and per year, depending on the water availability. 

The model can also be used for handling multiple time events; this feature is meant for handling the climate/weather uncertainty. These multiple events add an extra index to all of the time-dependent variables. In the goal function for the the yield, the events are multiplied by weights and added up. For enhancing readability, the event index e is left out of the notations.

Modelling of land and water management options

The land use and water management options are modelled with decision variables on the interval [0,1]. The constraint for the choice between land use options reads as:
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for all z, with:

	XUz,u 
	decision variable for fraction of land use option u  in hydrotope  z (-).


By setting extra constraints, the user can influence the model outcome directly in terms of the chosen options. For implementing this the land use options can be made into groups, e.g. of ‘cereals’ and ‘other’ crops. The model can then be forced to keep the total area of the group the same, within each hydrotope.
For estimating the costs of transitions, it is important to keep track of the land use changes that the model is generating with respect to the current situation; that is done with:
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(3)

for all hydrotopes z and land-use types u, where:

	XUz,u 
	decision variable for fraction of land use option u  in hydrotope  z (-)

	XU2XUz,u2,u
	decision variable for conversion of land-use type u2 to u in hydrotope z  (-)

	alurefz,u
	area of land use option u in hydrotope z in the current situation (ha)

	azz 
	area of hydrotope z (ha)


By attaching cost coefficients to the changes, the model is encouraged to select values of variables involving minimal changes; this resolves the problem of indeterminacy due to the presence of more variables than equations. Furthermore, the model contains options for constraining the total fraction of the hydrotope area that can be converted, by limiting it to e.g. 20%. It is also possible to set a constraint on the fraction of the area that can be converted to a certain land-use type. The latter constraint can also be implemented for the region as a whole.
The water management options are denoted by the index m. Analogous to the land use types there can be a subdivision into subsets. Not all combinations of land-use u and m can be relevant. Only those combinations of u and m are used for which a non-zero unique index wu,m has been defined at model initialization. This gives the user the flexibility of using certain options or not in the study area as a whole. Prohibiting an option can also be done at the level of hydrotopes, through the binary parameter bxwz,u,w. Enforcing a certain choice of a water management option can be done via specifying a unity value of the parameter fxwz,u,w.

The use of water management options is modelled in terms of:

· the physical enablement via variables XW;

· the actual use of this infrastructure in a certain season via variables XS.

If a water management option involves the use of water, it is of course dependent on the availability, which can differ per season/year. So the XS-variables have an extra index for the time dimension. These XS-variables are constrained by the enablement variables XW:
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for all z, u ,m, y  and s, where:
	XSz,u,m,y,s 
	decision variable for actual use of water management option m of land-use option u, in hydrotope z, in season s of year y (-)

	XWz,u,m 
	decision variable for enablement of water management option m of land-use option u, in hydrotope z (-)


The enablement of a water management option can involve a certain investment. To take the cost into account an equation is included to compute the increase:
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for all z, u ,m, with:

	XWINCz,u,m 
	increase of decision variable XW for enablement of water management option m of land-use type u, in hydrotope z (-)

	aluwmrefz,u,m
	area of land use option u and water management m in current situation (ha)

	azz 
	area of hydrotope z (ha)


Not all of the area within a hydrotope can be suitable for a certain land/water use option: 
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for all z, u ,m, where:

	XWz,u,m 
	decision variable for enablement of water management option m of land-use option u, in hydrotope z (-)

	apotwmz,w(u,m)
	area of hydrotope z that is suitable for a u,m combination (ha)


This constraint is a special case of a more generally formulated constraint concerning the competition between different u,m combinations for a certain part of a hydrotope, using data from detailed data simulations at pixel level:
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for all z, and all combinations w(u1,m1)≠ w(u2 ,m2), where:

	XWz,u,m 
	decision variable for enablement of water management option m of land-use option u, in hydrotope z (-)

	apotwmwmz,w(u1,m1), w(u2,m2)
	area of hydrotope z that is suitable for both u1,m1 combination and u2,m2 (ha)


If the two combinations w(u1,m1) and w(u2 ,m2) are noncompeting, then the above equation clearly becomes redundant. If they are fully competing for the same area, then the third term on the right-hand side cancels out with the second term (which is also equal to the first term).
Yield function
The yield function for the monetary evaluation contains the following terms:
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where:

	Y
	total net benefits (# yr-1)

	YLU 
	benefits of land use (# yr-1)

	CLWM
	costs of local water management measures for supporting  land use (# yr-1)

	YHP
	benefits of hydropower (# yr-1)

	CRWM
	costs of regional water management (# yr-1)

	CQT 
	costs of surface water flow over- and undershoots (# yr-1)


The benefits of land use are computed with:
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where:

	YLU 
	benefits of land use (# yr-1)

	XSz,u,m,y,s 
	decision variable for actual use of water management option m of land-use option u, in hydrotope z, in season s of year y (-)

	XUz,u 
	decision variable for fraction of land use option u  in hydrotope  z (-)

	NumY
	length of period (yr)

	prodwmsz,w(u,m),s,y
	relative yield of land use/ water management option (-)

	yluz,u
	maximum yield of land use type u in hydrotope z (# ha-1 yr-1)

	cluz,u
	costs of land-use option u in hydrotope z (# ha-1 yr-1)

	fracluu
	fraction of area actually occupied by crop (-)

	azz 
	area of hydrotope z (ha)


The simulated yield from land use can be influenced by setting targets for the yield in the geographical units, e.g. countries. These targets can be made  ‘hard’ or ‘soft’. In the latter case any overshoot of the target is reduced by a certain fraction. This is done to reflect the fact that – if food self-sufficiency has been achieved – there will be transaction costs for selling the overshoot on the regional or world market. Such a hard/soft target can also be formulated for the region as a whole. A further way of influencing the yield is by awarding a ‘bonus’ if the target is reached; this can be done at the level of the geographic unit or of the region as a whole. The mentioned effects on the computed yield are outputted to separate files, so that they remain explicit.
With respect to the costs of  local water management the following distinctions are made:

· fixed/variable costs;

· costs per ha and costs per m3.
Which of the cost terms are actually used is of course application-dependent. The full expression for the costs of local water management is given by:
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where:

	CLWM 
	total costs of local water management measures  (# yr-1)

	fracluu
	nett fraction of area actaully occupied by crop/vegetation (-)

	azz 
	area of hydrotope z (ha)

	NumY
	length of period (yr)

	cwmxwfixz,m
	fixed costs of land/water management option (# ha-1 yr-1)

	cwmxwvarz,m
	variable costs of land/water management option (# ha-1 season-1)

	XWz,u,m 
	decision variable for enablement of water management option m of land-use type u, in hydrotope z (-)

	XSz,u,m,y,s 
	decision variable for actual use of water management option m of land-use type u, in hydrotope z, in season s of year y (-)

	∆t
	length of (reservoir) time step (s)

	cwmswirrifixv,z
	fixed costs of irrigation from surface water, from source v in hydrotope z (# / (m3 s-1) / yr)

	cwmswirrivarz
	variable costs of irrigation from surface water, from source v in hydrotope z (# m-3)

	QSWIRRICAPv,z,u
	capacity for irrigation from surface water, from source v for land-use type u in hydrotope z (m3 s-1)

	QSWIRRIv,z,u,t
	irrigation from surface water, from source v for land-use type u in hydrotope z, during time step t (m3 s-1)

	cwmgwirrifixz
	fixed costs of irrigation from groundwater in hydrotope z

 (#  / (m3 s-1) / yr)

	cwmgwirrivarz
	variable costs of irrigation from groundwater in hydrotope z (# m-3)

	QGWIRRICAPz,u
	capacity for irrigation from groundwater for land-use type u in hydrotope z (m3 s-1)

	QGWIRRIz,u,t
	irrigation from groundwater for land-use type u in hydrotope z during time step t (m3 s-1)


The generated electricity by the hydropower installations is usually dependent on the product of the prevailing water level difference and the discharge. That makes the yield quadratic in terms of the unknowns (decision variables). A ‘special ordered set of type 1’, a so-called  SOS1-set, can be used for modeling this nonlinearity in an approximate way. For that purpose the user must supply information about the yield function by specifying a set of intervals for the water level and the discharge, accompanied by the hydropower yield value. The yield is then computed as a summation of yield values multiplied by weight variables, of which only one weight is allowed to have a value, i.e. the unit. A more simple calculation is also available, by making the yield of the hydropower only dependent on the prevailing discharge. The two options are both present in the equation:
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where:

	YHP
	total net benefits of hydropower  (# yr-1)

	chpxjj
	annual costs of maintaining hydropower units in trajectory j (# yr-1)

	XJj
	binary decision variable for enabling trajectory j (-)

	yswhpgfdqj
	benefits of hydropower per unit of volume (linear dependency for fixed drop of energy head) (#  m-3)

	yswhpsoslj,p
	benefits of hydropower, for intervals of SOS1-function, trajectory j, point p of function (# s-1)

	wlswhpsoslj,p 
	lower bound of water level interval of SOS1-function (m)

	wlswhpsosuj,p 
	upper bound of water level interval of SOS1-function (m)

	qswout1hpsosl j,p
	lower bound of outflow QSWOUT1J (m3 s-1)

	qswout1hpsosu j,p
	upper bound of outflow QSWOUT1J (m3 s-1)

	WTWLGSWOUT1j,t,p
	binary weight variable of SOS1-function, allowing only one variable to be nonzero for a certain j,t-combination (-)

	WLSWj,t
	water level (m)

	QSWOUT1JTIj,t
	average discharge through outflow gate of hydropower reservoir during time interval [(t-1)*∆t, t] (m3 s-1)

	∆t
	length of a time step (s)

	NumY
	length of period (yr) 


In the postprocessing it is possible to add extra yield of hydropower from dams that should not be included in the optimization, but are of interest for the over-all evaluation of a run.

The costs of regional water management are here understood to concern costs of modifying the network, maintenance costs of large canals, and the costs of flow through connections that involve pumping:
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where

	CRWM 
	total costs of regional water management  (# yr-1)

	cwmxjfixj
	annual costs of maintaining trajectory j (# yr-1)

	XJj
	binary decision variable for enabling trajectory j (-)

	cwmxwvarj
	variable costs of flow through a trjactory j  (# m-3)

	QSWOUTj,t
	flow through trajectory j (m3 s-1)

	∆t
	length of a time interval (s)

	NumY
	length of period (yr) 

	chffixhf
	fixed costs of helophyte filter (# yr-1)

	XJHFj,hf
	binary decision variable for enabling helophyte filter hf in trajectory j


There can be targets for the flows and water levels. The targets can either be 'hard' or 'soft'. In the latter case the overshooting (of maxima) and undershooting (of minima) is penalized and the penalty subtracted as costs from the objective function. The costs are given by:
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where:
	CQT 
	total costs of under/overshooting target flows and levels  (# yr-1)

	cqswmxj
	penalty for overshoot of flow  (# / (m3 s-1) /s)

	cqswmnj
	penalty for undershoot of flow (# / (m3 s-1) /s)

	QSWOUTGTMXj,t
	overshoot of target flow (m3 s-1)

	QSWOUTLTMNj,t
	undershoot of target flow (m3 s-1)

	cwlswmxj
	penalty for overshoot of level  (# / m/s)

	cwlswmnj
	penalty for undershoot of level (#/ m/s)

	WLSWOUTGTMXj,t
	overshoot of target level(m3 s-1)

	WLSWOUTLTMNj,t
	undershoot of target level(m3 s-1)

	∆t
	length of a time step (s)

	NumY
	length of period (yr) 


Investments

The required investment of modifications to the land/use water management system has four components:
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where:

	I
	total investment (# )

	ILU 
	investments in transitions of land use (# )

	ILWM
	investments in improving local water management (#)

	IHP
	investments in hydropower (# )

	IRWM
	investments in regional water management (# )


The investments in land use transitions are computed with:
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where:

	ILU 
	investments in transitions of land use (# )

	invxu2xuz,u_f,u_to
	investment in land use transiton from u_f to u_to (#ha-1)

	fracluu
	fraction of area actaully occupied by crop (-)

	azz 
	area of hydrotope z (ha)

	XU2XUz,u_f,u_to 
	decision variable for transition from land use u_f to u_to  (-)


The investments in improvement of local water management are given by:
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where:

	ILWM 
	investment in improvement of local water management (#)

	invwmxwz,m
	investement cost of land/water management option (# ha-1)

	XWINCz,u,m 
	decision variable for increase of water management option m (-)

	invwmswirriv,z
	investment cost of irrigation from surface water, from source v in hydrotope z (# / (m3 s-1) )

	QSWIRRICAPINCv,z,u
	increase of capacity for irrigation from surface water (m3 s-1)

	invwmgwirriz
	investment cost of of irrigation from groundwater in hydrotope z

 (#  / (m3 s-1) )

	QGWIRRICAPINCz,u
	increase of capacity for irrigation from groundwater (m3 s-1)


Investments in hydropower are computed with:
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where

	IHP
	investment in hydropower  (# )

	invhpxjj
	investment in hydropower in trajectory j (# yr-1)

	XJj
	binary decision variable for enabling trajectory j (-)


Investments in regional water management are computed with:
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where

	IRWM 
	investment in regional water management  (# )

	invwmxjj
	investment in trajectory j (# yr-1)

	XJj
	binary decision variable for enabling trajectory j (-)

	invhf
	investment cost of helophyte filter (#)

	XJHFj,hf
	binary decision variable for enabling helophyte filter hf in trajectory j


Surface water interactions

Demand for irrigation

The demand for irrigation of a certain land use can be met by extraction from various surface water sources; this is refelected by the balance between supplies and demand:
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for all z, u  and t, where:

	QSWIRRIv,z,u,t
	irrigation supply from source v, to land use type u in hydrotope z, during time interval [t-Δt,t] (m3 s-1)

	XSz,u,m,y,s 
	decision variable for actual use of water management option m of land-use type u, in hydrotope z, in season s of year y (-)

	qswirriwmtiz,u,m,t
	surface water irrigation demand (m3 s-1)


The irrigation extraction can be from a node or from a trajectory. The demand of irrigation from a trajectory is computed with:
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for all j and t, where

	QSWIRRIv,z,u,t
	irrigation supply from source v, to land use type u in hydrotope z, during time interval [t-Δt,t] (m3 s-1)

	QSWDJj,t
	water demand for irrigation from trajectory j, time averaged (m3 s-1)


The calculation of the demand from a node is done with:
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for all j and t, where

	QSWIRRIv,z,u,t
	irrigation supply from source v, to land use type u in hydrotope z, during time interval [t-Δt,t] (m3 s-1)

	QSWDKk,t
	water demand for irrigation from node k, time averaged (m3 s-1)


The supplies from node and trajectory to a certain location are summed up: 
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The capacity should be made large enough to accomodate the actual use:
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where

	QSWIRRIv,z,u,t
	irrigation supply rate from source v, to land use type u in hydrotope z, during time interval [t-Δt,t] (m3 s-1)

	QSWIRRICAPv,z,u
	irrigation supply capacity from source v, to land use type u in hydrotope z (m3 s-1)


Surface water flow

As explained in §1.2 the surface water schematization involves the following three components:

· area elements in the form of hydrotopes, z = 1..NumZ and subregions, r = 1..NumR;

· nodes of the channel network, k=1..NumK;

· trajectories of the channel network, j=1..NumJ.

Trajectories can also have a lateral connection, without a node in between. This type of connection is useful for modelling a lateral spillway from a reservoir, or for modelling the interaction with an aquifer. In that case the aquifer ‘trajectory’ does have to have any other connections to the network. 

The trajectories have a ‘begin node’ and and ‘end node’. This defines the possible flow direction. In the model formulation all flows are treated as non-negative variables. The advantage of this assumption is that the formulations remain relatively simple. A drawback is that situations that have the possibility of flow two directions have to be modelled by including a double link, one for each direction. 
The water balances for the nodes are formulated in terms of the time-averaged discharge:
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for all k and t, where:

	XSz,u,m,y,s 
	decision variable for actual use of water management option m of land-use type u, in hydrotope z, in season s of year y (-)

	QSWOUTJj,t
	outflow of trajectory j, time averaged (m3 s-1)

	QSWINJj,t
	inflow of trajectory j, time averaged (m3 s-1)

	QSWDKk,t
	water demand for irrigation (m3 s-1)

	koutrr
	node number k at the outflow end of subregion r

	koutjj
	node number k at the outflow end of trajectory j

	kinjj
	node number k at the inflow end of trajectory j

	qdrnwmtiz,u,m,t
	drainage from land with water management option u,m during time interval [t-Δt,t] (m3 s-1)

	qroffwmtiz,u,m,t
	runoff from land with water management option u,m during time interval [t-Δt,t] (m3 s-1)


There are two options for modelling the flow through a link in the network:

· unit hydrograph method;

· variable storage routing method.
Both methods have their advantages and drawbacks. The links modelled with the unit hydrograph method provide a means to introduce extra translation time and extra flood wave dispersion that is not adequately modelled by the variable storage routing method. 
In the unit hydrograph method the inputs are convoluted with the pulse response function in the following manner:
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for all t and for all j that are modelled with the UH-method, where:

	QSWOUTJj,t
	outflow of trajectory j, time averaged during interval [t-Δt,t] (m3 s-1)

	QSWINJj,t
	inflow of trajectory j, time-averaged (m3 s-1)

	uhj,tc 
	unit hydrograph value voor discrete time interval [tc–Δt, tc] (-)


The sum of the unit hydrograph ‘blocks’ should not be more than the unit, otherwise water is being ‘created’. However, by letting the blocks add up to less than the unit it is possible to an approximation for the losses in the trajectory. The initialization of the flow through a trajectory (and of the initial amount of water in storage) is done on the basis of the computed outflow at the end of the period. So the rivers automatically get a ‘hot start’.
In the variable storage routing method the model can be given some freedom in determining the outflows, other than the freedom owing to the upstream water management options. In that case the model will try to optimize the operational management of the flow through the network. This is especially relevant for the situations that a trajectory represents a multi-purpose storage reservoir. The outflow from a reservoir trajectory can take place through the ‘regular’ outflow gate or over the spillaway. The total outflow is given by the sum of the two flow terms:
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for all j that are reservoirs and all t, where:
	QSWOUTJj,t
	total outflow of trajectory j at time t (m3 s-1)

	QSWOUT1Jj,t
	outflow of reservoir trajectory j through the ouflow gate, time t (m3 s-1)

	QSWOUT2Jj,t
	outflow of reservoir trajectory j over the spillway, time t (m3 s-1)


The maximum flow through the outflow gate depends on the water level in the reservoir; it is therefore a variable that functions as a bound for the actual outflow:
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for all j that are reservoirs and t, where:

	QSWOUT1Jj,t
	flow through outflow gate of reservoir trajectory j, time t (m3 s-1)

	QSWOUT1MXj,t
	capacity of outflow gate of trajectory j, time t (m3 s-1)


For the trajectories that are modelled with the variable storage routing method but that are not reservoirs (so do not have the means of controlling the outflow), the above constraint is made into an equality.

Piece-wise linear functions are used for describing the storage characteristics and gate outflow capacity of the trajectory/reservoir itself. The implementation is done with a ‘special ordered set of type 2’, a so-called SOS2-set. The weight variables of such a SOS2-set add up to the unit; additionally, not more than two of them are non-zero, and the non-zero ones are adjacent. The equations that make use of the SOS2-weight variables are given by:
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for all j and t, where:
	WTj,t,p
	weight variable of piece-wise linear function for trajectory j at time t, and table position p  (-)

	WLSWj,t
	water level in trajectory j at time t (m)

	AREASWj,t
	surface water area in trajectory j at time t (m2)

	STORSWj,t
	surface water storage in trajectory j at time t (m3)

	QSWOUT1MXJj,t
	gate outflow capacity of trajectory j at time t (m3 s-1)

	QSWOUT2Jj,t
	spillway outflow capacity of trajectory j at time t (m3 s-1)

	wlswsosj,p
	water level of piece-wise linear function (m)

	areaswsosj,p
	surface water area of piece-wise linear function (m2)

	storswsosj,p
	surface water storage of piece-wise linear function (m3)

	qsw1sosj,p
	discharge of piece-wise linear function 1 (m3 s-1)

	qsw2sosj,p
	discharge of piece-wise linear function 2 (m3 s-1)


A similar set of equations is used for modelling the (optional) lateral flow direct from one trajectory to an other. 

The water balance for a reservoir trajectory is given by:
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for all j and t, where: 

	STORSWj,t
	storage in a trajectory j, time t (m3)

	QSWOUTJj,t
	outflow of trajectory j, time averaged during interval [t-Δt,t] (m3 s-1)

	QSWINJj,t
	inflow of trajectory j, time averaged (m3 s-1)

	QSWLATj,t
	lateral outflow from trajectory j, time averaged (m3 s-1)

	QSWDJj,t
	water demand for irrigation, from trajectory, time averaged (m3 s-1)

	AREASWj,t
	surface water area (m2)

	joutj(j)
	lateral connection from trajectory j

	swrechaj,t
	surface water recharge rate (m s-1)

	Δt
	length of time interval (s)


The initialization of the reservoir state can be specified via the water level. If the initialization is left out, the model ‘opimizes’ the level, and sets the level at the end of the period equal to the level at the beginning. In this manner a storage-neutral run can be made without the need of experimenting and rerunning the model several times. The drawback of such an approach can be that the model lets the reservoirs end at a very low level in order to reduce evapotranspiration losses. In reality such a low level can be unacceptable, because it means that no water resources remain for the ensuing period that is not simulated by the model.  To avoid such unrealistic results there is the option to specify a ‘strategic storage reserve’ that the model should have in the reservoirs at the end of the simulation period.
Hard constraints can be set on the outflow in the form of:
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for all j and t, where:
	QSWOUTJj,t
	total outflow of trajectory j, time interval [t-Δt,t] (m3 s-1)

	qswoutmxjj
	upper bound on outflow of trajectory j (m3 s-1)

	qswenvjj
	lower bound on outflow (‘environmental flow’) (m3 s-1)


Penalties can be included for over- or undershooting the target flows (‘soft constraints’). These terms are made explicit with:
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for all j and t, where:
	QSWOUTJj,t
	total outflow of trajectory j, time interval [t-Δt,t] (m3 s-1)

	QSWOUTGTMXJj,t
	overshoot of qswmxtarj,t (m3 s-1)

	QSWOUTLTMXJj,t
	undershoot of qswmntarj,t (m3 s-1)

	qswmxtarj,t
	upper bound target (m3 s-1)

	qswmntarj,t
	lower bound target (m3 s-1)


Similar equations are used for determining over- and undershoots of target water levels.

Certain links in the network can be given a binary decision variable; the value of zero means that the link does not get used, the value of 1 means that it does. It is also possible to group the links and let the model choose just one of them. This constraint is then given by:
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for all groups of optional links with index ml, where

	XJj
	binary switch for including a link j in the network

	multilinkxjj
	index value of a group of links with binary choice


If for instance the model should be made to choose between trajectories 5 and 6 (Figure 1) then the values of bxj5 and bxj6 should be set to 5. The choice is enforced on the outflows by including the constraint


[image: image47.wmf]q

j

t

j,

Z

XJ

QSWINJ

×

£





























        








     (45)
for all j with bxj j  ≠ 0, where:
	QSWINJj,t
	total inflow of trajectory j, time interval [t-Δt,t] (m3 s-1)

	XJj
	binary switch for including a link j in the network (m3 s-1)

	bxjj
	index of a group of links with binary choice (m3 s-1)

	Zq
	large number  (m3 s-1)


Groundwater interactions

Demand for irrigation

Groundwater for irrigation is here understood be to of a strictly local origin, from directly below the vegetation for which it is used. Groundwater from a regional aquifer should be modelled as a ‘trajectory’ that is part of the flow network. The availability of the water for local groundwater irrigation is assumed to have been simulated in a preprocessing phase. here only the results are used in the demand equation:
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for all z, u  and t, where:

	QGWIRRIz,u,t
	groundwater irrigation supply to land use type u in hydrotope z, during time interval [t-Δt,t] (m3 s-1)

	XSz,u,m,y,s 
	decision variable for actual use of water management option m of land-use type u, in hydrotope z, in season s of year y (-)

	qgwirriwmtiz,u,m,t
	surface water irrigation demand (m3 s-1)


The capacity should be made large enough to accomodate the actual use:
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for all z, u and t, where

	QGWIRRIz,u,t
	irrigation supply rate from groundwater, to land use type u in hydrotope z, during time interval [t-Δt,t] (m3 s-1)

	QSWIRRICAPz,u
	groundwater irrigation supply to land use type u in hydrotope z 

(m3 s-1)


Part 3 Input and output guide
4 General
The model uses two types of files for data:

· Excel spreadsheets containing ‘named fields’ (only some input files);

· comma-delimited files with extension .csv (most input files, all output files).
The named fields in spreadsheets are created by selecting the respective cells and the header in the spreadsheet, and then choosing the Excel menu options Insert/Name/Define/Add. 
The comma-delimited files contain lists in the following format:

<index1,index2,..., parameter_value >

The used indices are given in Table 1. For the land use and water management options there are two ‘versions’ of the index. For use in small input tables the use of a string index is the most convenient. In these files the index can be between double quotes; but this is not required if the strings do not contain any blanks, which they should not anyhow. In the examples the double quotes are included for clarity purposes. When the .csv files are viewed with Excel the quotes are not visible. After saving the file again as a ‘comma delimited file’ the quotes are automatically removed. This has no consequences for the validity of the file.
For large data arrays the use of string indices is less suitable. Instead, we then often use the ‘pointer index’ version of the same index.  Which version of the index should be used is given in the format specifications of the respective files. For the land use options the pointer is equivalent to the sequential order index of the string list. The same applies for the water management options. But not all combinations of land use and water manage​ment options are relevant. Each relevant u,m combination is specified in the input file WWSETS.XLS. 
Table 1. Indices

	Symbol
	Type
	Description

	u
	string
	land use type of set sLU

	iu
	integer
	pointer index for land use type u

	m
	string
	water management option of set sWM

	ium
	integer
	pointer index for a relevant u,m combination

	n
	string
	country of set sCNTRY

	r
	integer
	subregion

	z
	integer
	hydrotope

	k
	integer
	node of surface water network

	j
	integer
	trajectory of surface water network

	p
	integer
	index of tabular function

	t
	integer
	time period of flow variables, time = t*dt  (storage variables)

	tr
	integer
	aggregated time period of reservoirs


5 Input files

Overview

In Table 2 an overview is given of the files. A file can contain zero records. 

Table 2. List of input files. Files have extension .csv unless indicated otherwise
	Par.
	Input file
	opt
	Description

	2.2
	General parameters

	
	wwsets.xls
	req
	sets

	
	fe
	opt
	relative weights of climate realization events

	
	delt
	req
	basic time intervals

	
	wwcontrol.xls
	req
	control file

	2.3
	Objective function control

	
	goalbound
	req
	bounds on goal function values

	
	yieldfactori
	opt
	relative weights of yield terms

	
	yieldfactorn
	opt
	relative weights of countries in yield summation

	
	yiedlboundn
	opt
	minimum yield total desired for countries

	
	yiedlboundni
	opt
	minimum yield term desired for countries

	2.4
	Spatial schematization and area-related controls

	2.4.1
	rz
	req
	subregions of hydrotopes

	
	nz
	req
	countries of hydrotopes

	
	anr
	req
	areas of subregions in countries

	
	wbr
	req
	water balance areas of subregions

	2.4.2
	aluwmref_z
	req
	areas of land use in current situation

	
	apotwmwm_z
	req
	suitable areas for land-use/water-management options

	2.4.3
	alutotmax
	opt
	allowed area of a land use type in the whole region 

	
	xumax_z
	opt
	allowed fraction of land use type in hydrotope

	
	xu2max_z
	opt
	allowed conversion of current land use type in hydrotope

	2.4.4
	bxu2xu_n
	opt
	enablement of land use conversions

	
	fxu_z
	opt
	forcing of land use options to a specified value

	
	fxw_z
	opt
	forcing of land and water management options to a value

	2.5
	Economic parameters

	2.5.1
	invxu2xu_n
	opt
	investment for land use conversion

	
	fraclu
	req
	nett fraction of land use type that is productive 

	
	seasonithydus
	req
	seaons of vegetation/crop growth

	
	prodwmts
	req
	relative yields of land use/ water management options

	
	ylu_n, clu_n
	req
	economic yield and costs of land use

	2.5.2
	invwmxw_r
	opt
	investment for water managment option

	
	cwmxwfix_r
	opt
	fixed costs of water management option

	
	cwmxwvar_n
	opt
	variable costs of water management option

	2.5.3
	invwmswirri_z
	opt
	investment for surface water irrigation option

	
	cwmswirrifix_n
	opt
	fixed costs of surface water irrigation option

	
	cwmswirrivar_n
	opt
	variable costs of surface water irrigation option

	
	invwmgwirri_z
	opt
	investment for groundwater irrigation

	
	cwmgwirrifix_n
	opt
	fixed costs of groundwater irrigation option

	
	cwmgwirrivar_n
	opt
	variable costs of groundwater irrigation option

	2.5.4
	invwmxj
	opt
	investment for surface water network link

	
	cwmxjfix
	opt
	fixed costs of surface water network link

	
	cwmxjvar
	opt
	variable costs of surface water network link

	2.5.5
	invhpxj
	opt
	investment in hydropower utilities of network link

	
	yswhpgfdq
	opt
	linear component of hydropower yields in optimization

	
	yswhpsos1
	opt
	nonlinear component of hydropower yields

	2.5.6
	wlswtar
	opt
	target water levels

	
	cwlsw
	opt
	costs of deviating from target levels

	
	qswtar
	opt
	target discharges

	
	cqsw
	opt
	costs of deviating from target discharges

	2.6
	Soil-vegetation-Atmosphere Transfer (SVAT) 

	
	etpot/etactwmts
	req
	potential/actual evapotranspiration per season

	
	etpot/etacthydwmti
	req
	potential/actual evapotranspiration per time step

	
	qstor*wmti
	req
	storage changes in SVAT column, per time step

	
	qroffwmti
	req
	surface runoff from SVAT colums, per time step

	
	qdrnwmti
	req
	drainage from SVAT colums, per time step

	
	qgwirriwmti
	req
	demands for irrigation from groundwater, per time step

	
	qswirriwmti
	req
	demands for irrigation from surface water, per time step

	
	qgwirrilosswmti
	req
	non-recoverable losses of irrigation from surface water

	2.7
	Surface water quantity

	2.7.1
	rj
	req
	subregion of trajectory

	
	type
	req
	type of trajectory

	
	multilinkxj
	opt
	specification of multiple optional links with single choice

	
	fxj
	opt
	forcing of optional links to a specified choice

	
	joutj
	opt
	lateral connections between trajectories of the network

	
	jinr
	opt
	intake connections between  trajectories and subregions

	
	koutj
	req
	outflow connections between and trajectories and nodes

	
	kinj
	req
	inflow connections between trajectories and the nodes

	
	koutr
	req
	outflow connections between subregions and nodes 

	
	kinr
	opt
	intake connections between nodes and subregions

	2.7.2
	sw*ti
	opt
	surface water – atmosphere interactions, per time step

	
	uh
	opt
	unit hydrographs

	
	swsos2
	opt
	SOS2-function of flows/areas of reservoir trajectories

	
	swlatsos2
	opt
	SOS2-function of lateral flows

	
	swlatsos1
	opt
	SOS1-function of lateral flows

	
	qswoutmx
	opt
	maximum allowed flows through trajectories

	
	wlswinit
	opt
	initial water levels


General parameters

WWSETS.XLS

Content

The file WWSETS.XLS contains the following sets of ‘strings’, with self-counting of the number of items in the list (NumLU, etc): 
· sLU 





= complete set of NumLU  land use types

· sLUAG




= subset of agricultural land use types

· sLUAGGL


= subset of grassland agricultural types

· sLUAGAL



= subset of arable land agricultural types

· sLUNA




= subset of nature land use types
· sLUUR




= subset of urban land use types

· sWM






= water management options

· sWMS1




= first subset of WM

· sWMS2




= second subset of WM

· sWMS3




= third subset of WM

· sWMS4




= fourth subset of WM

· sSWNM




= set of surface water names

· sCNTRY




= list of countries in the basin
· sWB






= list of water balance areas

· sWBt_riv



= list of water balance terms for river network

· sWBt_tot



= list of water balance terms for areas

· sGt








= list of goal functions

· sYt








= list of yield terms

· sIt








= list of investment terms

Each of the sets is followed by a field containing the number of elements in the set, e.g. NumLU. 
Sets that are only defined in terms of an index range are defined by a NumXX field:

· NumZ





= number of hydrotopes (all z ≤ NumZ should exist) 
· NumR





= maximum subregion number (not all values need to exist)
· NumK





= maximum node number of surface water network 
· NumJ





= maximum trajectory number of surface water network
· NumT





= number of time steps
· NumDTR



= number of time steps in one reservoir time period

· NumUH




= number of time periods (max.) in unit hydrographs

· NumSWSOS1 
= number of points in a ‘SOS1’set for double-entry nonlinear function











 used in describing the surface water system

· NumSWSOS2 
= number of points in a ‘SOS2’set for single-entry piece linear function
If a set does not necessarily have ‘1’ as the lower index, then the lower are upper index bounds are specified separately:

· iEl








= lower index of used climate realizations

· iEu








= upper index of used climate realizations

The file also contains membership functions that are linked to the set indices: 

· glu(u)





= pointer index for groups of landuse options

· ium

(u,m)



= pointer index for u,m combination

· drnmem(ium)

= membership  for options with drainage

· irrmem(ium)

= membership  for options with irrigation

The values of the pointer ium should be ≤NumLU*NumWM.

The file also contains factors for scaling of the entries in the MPS-matrix of the optimization:

· scfac_ar for the area

· scfac_m3s for the flows

· scfac_m3vol for the volumes

· scfac_E for the monetary unit used in yield calculations

· scfac_I for the monetary unit used in investment calculations

Finally, a number of sets are specified that are use in the IO-formatting
Format

The string sets are formatted as a ‘named field’ in the Excel sheet. An example is the named field LU:
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The field with NumLU is separate, and performs a count of the field LU, via the cell content =ROWS(LU)-1  
Named fields for upper and lower bounds of index sets and scaling factors are simply hard-coded, e.g.
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Named fields containing membership functions contain at least two columns; the last column is for the content, the preceding ons for the indices of the entry, e.g.
[image: image54.emf]u m ium

URBAN Rainfed 1

RICE Rainfed 2

WHEAT Rainfed 3

MAIZE Rainfed 4


..

FE.CSV

Content

The optional file FE.CSV contains the relative weights of the climate realization events. If the file is not present the weights are set to 1.0.

Unit and range

The weights are dimensionless.

Format

<e>,<fe>
DELT.CSV

Content

The required file DELT.CSV contains lengths of the basic time intervals used in the modelling. Apart from these time steps the model uses (longer) time periods (involving NumDTR steps, see file WWSETS.XLS) for reservoir simulations and seasons for crop productivity and use of water management options (see file SEASONITHYDUS.CSV).

Unit and range

The unit is d (day). The value gets converted to s (seconds) after having been read.

Format

<t>,<delt>

Objective function control

WWCONTROL.XLS

Content

The file WWCONTROL.XLS contains the main parameters for controlling the model run. An example is given below

Conditional requirement

Always needed.

Unit and range

Integer option parameters. If targets are set for the yields from land use (country/basin, see files YIELDBOUNDN.CSV and GOALBOUND.CSV) then the values of yc_fact (country) and yb_fact determine whether the targets are ‘hard’ (factor = 0.) or ‘soft’ (factor > 0.)
Format

Named field.

Example 
	 
	 
	optpar
	 

	1
	optsol
	1
	objective (1=Yield, 2=Env flow)

	2
	miprelstop
	0.02
	relative criterium for mip 

	3
	mipabsstop
	-1
	absolute criterium for mip (M#/yr)

	4
	optimalitytol
	0.0001
	reduced cost criterium for simplex

	5
	cstrat
	-1
	cut strategy

	6
	yc_fact
	0
	country factor

	7
	yb_fact
	0
	basin factor

	8
	bonus_fact
	0
	bonus factor


GOALBOUND.CSV
Content

The required file GOALBOUND.CSV contains the user-defined constraints on the goal function values.
Unit and range

The monetary units is M# yr-1 for the yield bounds, M# for the investment bounds,  
Bm3 yr-1 for the environmental flow, and Bm3 for the strategic storage that should be present at the end of the run.
Example

1,-1.00E+12,Yield_LandUse(M#/yr)

2,-1.00E+12,Cost_LocalWaterMan(<0)(M#/yr)

3,-1.00E+12,Yield_HydroPower(M#/yr)

4,-1.00E+12,Cost_RegionalWaterMan(<0)(M#/yr)

5,-1.00E+12,Yield_total(M#/yr)

6,7.00E+04,Invest_LandUse(M#)

7,7.00E+04,Invest_LocalwaterMan(M#)

8,7.00E+04,Invest_HydroPower(M#)

9,7.00E+04,Invest_RegionalWaterMan(M#)

10,7.00E+04,Invest_total(M#)

11,5.00E+00,Disch_EnvFlow(Bm3/yr)

12,9.00E+01,Storsw_Strategic (Bm3)
YIELDFACTORI.CSV

Content

The optional file YIELDFACTORI.CSV contains the relative weights of the yield terms (see WWSETS.XLS), for computing the total yield. By default the factors are set to 1.
Unit and range

The weights are dimensionless. 

Format

<Yield_term>,<yieldfactori>

Example

Yield_LandUse,1

Cost_LocalWaterManFix,1

Cost_LocalWaterManVar,1

Yield_Hydropower,1

Cost_RiverLinks,1

Penalties_OvershootWaterLevelTargets,1

Penalties_UndershootWaterLevelTargets,1

Penalties_OvershootFlowTargets,1

Penalties_UndershootFlowTargets,1

Cost_Flows,1
YIELDFACTORN.CSV

Content

The optional file YIELDFACTORN.CSV contains the relative weights of the yield terms of the separate countries (see WWSETS.XLS), for computing the total yield. By default the factors are set to 1.
Unit and range

The weights are dimensionless and can be larger than 1.

Format

<n>,<yieldfactorn>

Example

Bangladesh,1.00E+00

Bhutan,1.00E+00

China,1.00E+00

Uttarakhand,1.00E+00

East_India,1.00E+00

Bihar,1.00E+00

Delhi,1.00E+00

Haryana,1.00E+00

Himachal_Pradesh,1.00E+00

Madya_Pradesh,1.00E+00

Rajasthan,1.00E+00

Uttar_Pradesh,1.00E+00

West_Bengal,1.00E+00

Nepal,1.00E+00

YIELDBOUNDN.CSV

Content

The optional file YIELDBOUNDN.CSV contains the desired minimum yields of the separate countries. By default the bounds are not active.
Unit and range

The values are in # yr-1. 

Format

<n>,<yieldboundn>

Example

Bangladesh,-1.00E+09

Bhutan,-1.00E+09

China,-1.00E+09

Uttarakhand,-1.00E+09

East_India,-1.00E+09

Bihar,-1.00E+09

Delhi,-1.00E+09

Haryana,-1.00E+09

Himachal_Pradesh,-1.00E+09

Madya_Pradesh,-1.00E+09

Rajasthan,-1.00E+09

Uttar_Pradesh,-1.00E+09

West_Bengal,-1.00E+09

Nepal,-1.00E+09

YIELDBOUNDNI.CSV

Content

The optional file YIELDBOUNDNI.CSV contains the desired minimum yield terms of the separate countries. By default the bounds are not active.

Unit and range

The values are in # yr-1. 

Format

<n>,<Yt>,<yieldboundni>

Example

Bangladesh, Yield_LandUse,2.0E+07

Bhutan, Yield_LandUse,1.0e+7

…

Spatial schematization and area-related controls 

5.1.1 Spatial schematization

RZ.CSV

Content

The required file  RZ.CSV specifies the subregions of hydrotopes.

Format

< z>,< r>

Example

1,1

2,1

.....

NZ.CSV

Content

The required file  NZ.CSV specifies the countries of hydrotopes.

Format

< z>,< n>

Example

1, Bangladesh
2, Bangladesh
.....

ANR.CSV

Content

The required file  ANR.CSV specifies the areas of subregions within countries.

Unit and range

The unit is ha. The values are non-negative.

Format

< n>,< r>,< anr>

Example

Haryana,1,41456.6874090806

Himachal_Pradesh,1,223261.132853007

Himachal_Pradesh,2,142518.791223203

Uttarakhand,2,122199.029038884

.....

WBR.CSV

Content

The required file  WBR.CSV specifies the water balance regions of subregions.

Format

< r>,< wb>

Example

1,4

2,4

.....

2.3.2 Area-related information of land use and water management options
ALUWMREF_z.CSV

Content

The required file ALUWMREF_z.CSV contains the areas of the current land use and water management option, the so-called reference situation in the hydrotopes. 

Unit and range

The unit is  ha , the value must be non-negative. The so-called planning area is computed as the sum of the aluwmref_z-values for a hydrotope. 

Format

<z>,<u>,<m>,<aluwmref_z>

Example

1, Desert,Rainfed, 3103700.

2, Herbaceous,Rainfed, 46800. 

...

APOTWMWM_z.CSV

Content

The required file APOTWMWM_z.CSV contains the overlap in the suitable areas for a certain combination of land-use/water-management options. The overlap of an option ‘with itself’ simply indicates the area of a hydrotope that is suitable for that option. The overlaps with other options indicate the areas for which the options compete with each other. For a certain option these overlaps with other options must of course be less than or equal to the ‘overlap with itself’.

Unit and range

The unit is  ha , the value must be non-negative. 

Format

<z>,<ium1>,<ium2>,<apotwmwm_z>

Example

 1, 8, 8,  3103700.

 1, 8,53,  3103700.

 1,53,53,  3103700.

 2, 8, 8,   232200.

 2, 8,53,   181000.

 2,53,53,   181000.

...

2.3.3 Area controls of options

ALUTOTMAX.CSV

Content

The optional file ALUTOTMAX.CSV contains upper bounds on the totals of land-use types for the region as a whole. If no upper bound is desired the entry for a certain land-use type can be left out.
Unit and range

The unit is ha. The values are non-negative.

Format

< u >,< alutotmax>

Example

Agro_pastoralism,112734.5

.....

XUMAX _z.CSV

Content

The optional file XUMAX_z.CSV contains upper bounds on the fractions of land-use types for the hydrotopes. If no upper bound is desired the entry can be left out.

Unit and range

The unit is ha/ha. The values are non-negative

Format

<z>,< u >,< xumax_z >

Example

3, Agro_pastoralism,0.6
.....

XU2MAX_z.CSV

Content

The optional file XU2MAX_z.CSV contains the allowed fraction of the current land-use that can be converted to a different one. If no upper bound is desired the entry can be left out.

Unit and range

The unit is ha/ha. The values are non-negative.
Format

<z>,< xu2max_z >

2.3.4 Option control
BXU2XU_n
Content

The optional file BXU2XU_n.CSV provides direct control over allowing a land use conversion in a certain  geographical unit. If no records are present, no conversions are possible.

Unit and range

Dimensionless binary parameter:

- 0 
= do not allow conversion (default, if entry not present);

- 1 
= allow conversion.

Format

<n>,<u_from>,<u_to><bxu2xu_n>

Example

Bhutan,Agro_pastoralism ,Rainfed_BeansBananas,1

Bhutan,Agro_pastoralism,Forestry,1

FXU_z
Content

The optional file FXU_z.CSV provides the means to force a land use option in a certain hydrotope.

Unit and range

Dimensionless specification of a land use decision variable in the interval [0,1].
Format

<z>,<u>,<fxu_z>

Example

1,Desert,1.0
1,Rainfed_Sorghum_intensive,0.0
1,Rainfed_Sorghum,0.0
2,Desert,1.0,
..
FXW_z.CSV

Content

The optional file FXW_z.CSV provides the means to force a land and water management option in a certain hydrotope.

Unit and range

Dimensionless specification of a land and water management decision variable in the continuous interval [0,1]. The model treats the options involving “Rainfed” in a special way: Unless a value of 1.0 is specified, the specification is ignored. The reason is that the specification can stem from the output of a run for a different climate scenario. In the current scenario there can be less irrigation water available; if the model is not free to use the “Rainfed” an infeasibility can result. 
The sum of the entries for a certain hydrotope should not exceed 1.0, otherwise the model will become infeasible.

Format

<z>,<u>,<m>,<fxw_z>

Example

1,Desert,Rainfed,1.0
1,Desert,Rainfed_cons,0.0
1,Rainfed_Sorghum_intensive,Rainfed,0.0
...

Economic parameters
2.4.1 Land use 

INVXU2XU_n.CSV

Content

The optional file INVXU2XU_n.CSV contains the investment costs of transitions from one type of land use to another.

Unit and range

The investment costs are specified per country n in  # ha-1, for each enabled transition from u_from to u_to (see also file bxu2xu_n.csv).

Format

<n>,<u_from>,<u_to>,<invxu2xu_n>

Example

Bangladesh,WHEAT,IRRIGATED_WHEAT,3000

Bangladesh,MAIZE,IRRIGATED_MAIZE,3000

..
FRACLU.CSV

Content

The required file FRACLU.CSV contains the fraction of the gross area of a land-use type that is actually productive.

Unit and range

The unit of the fraction is ha ha-1.

Format

<u>,<fraclu>

Example

Irrigated_OneSeason,0.8

Irrigated_South,0.6

SEASONITHYDUS

Content

The required file SEASONITHYDUS.CSV defines the vegetation/crop growing seasons. The time steps do not have to start at the beginning of a Julian year. It is usually more convenient to let them start at the beginning of the first hydrological year in the period.
Unit and range

The specified time step index values should not exceed the NumT parameter given in WWSETS.XLS.
Format

<u>,<s>,<ithydbeg>,<ithydend>
Example

Herbaceous,1,1,72

..

PRODWMTS
Content

The required file PRODWMTS.CSV contains the productivities of the land use/ water management options, per hydrotope z, per season s, and per climate realization event e.

Unit and range

The productivity is given in terms of the relative yield, kg kg-1.
Format

<z>,<ium>,<e>,<s><prodwmts>

Example

    1,    8,    1,    1,     0.45
    1,    8,    1,    2,     0.55
    1,    8,    1,    3,     0.43 

..

YLU_n.CSV

Content

The required file YLU_n.CSV contains the gross benefits of the land use options, per country n. These values are for optimal water management conditions, with zero yield depression.

Unit and range

The benefits are in  # ha-1 yr-1 .

Format

<n>,<u>,<ylu_n>

Example

Burundi, Agro_pastoralism, 150.0

..
CLU_n.CSV

Content

The required file CLU_n.CSV contains the costs of the land use options, excluding the water management costs. This parameter can also be used for ‘stimulating’ the model to choose a certain option by specifying a negative cost.

Unit and range

The costs are in  # ha-1 yr-1; the values may be negative.

Format

<n>,<u>,<clu_n>

2.4.2 Area-related economic parameters of water management

INVWMXW_r.CSV

Content

The optional file INVWMXW_r.CSV contains the area-related investment costs of water management, per subregion r.

Unit and range

The investment costs are in  # ha-1.

Format

<r>,<m>,<invwmxw_r>

Example

1,Irrigated,4000

..
CWMXWFIX_r.CSV

Content

The optional file CWMXWFIX_r.CSV contains the area-related fixed costs of the water management options, per subregion r.

Unit and range

The costs are in # ha-1 yr-1 ; the values may be negative.

Format

<r>,<m><cwmxwfix_r>

Example

1,Irrigated,200.0

..

CWMXWVAR_n.CSV

Content

The optional file CWMXWVAR_n.CSV contains the area-related variable costs of water management, per country n. These costs are only taken into account if during a certain season the option is actually used.

Unit and range

The costs are in # ha-1 yr-1 ; the values may be negative.

Format

<n>,<m>,<cwmxwvar_n>

2.4.3 Capacity-related economic parameters of regional water management

INVWMSWIRRI_z.CSV

Content

The optional file INVWMSWIRRI_z.CSV contains the capacity-related investment costs of irrigation from surface water, per hydrotope z.

Unit and range

The investment costs are in  # (m3/s)-1.

Format
<v >,<z>,<invwmswirri_z>

Example

Ganges, 1,4000

..

CWMSWIRRIFIX_n.CSV 

Content

The optional file CWMSWIRRIFIX_n.CSV contains the capacity-related fixed costs of irrigation from surface water, per country n.

Unit and range

The costs are in # (m3/s)-1 yr-1 ; the values may be negative.

Format

<v>,<n><cwmswirrifix_n>

Example

Ganges,Bangladesh,100.0

..

CWMSWIRRIVAR_n.CSV

Content

The optional file CWMSWIRRIVAR_n.CSV contains the capacity-related variable costs of irrigation from surface water, per country n.

Unit and range

The costs are in # (m3)-1; the values may be negative.

Format

<v>,<n>,<cwmswirrivar_n>

Ganges,Bangladesh,1,0.05

INVWMGWIRRI_z.CSV

Content

The optional file INVWMGWIRRI_z.CSV contains the capacity-related investment costs of irrigation from groundwater, per hydrotope z.

Unit and range

The investment costs are in  # (m3/s)-1.

Format

<z>,<invwmgwirri_z>

Example

1, ,4000

..
CWMGWIRRIFIX_n.CSV

Content

The optional file CWMGWIRRIFIX_n.CSV contains the capacity-related fixed costs of irrigation from groundwater, per country n.

Unit and range

The costs are in # (m3/s)-1 yr-1 ; the values may be negative.

Format

<n>,<cwmgwirrifix_n>

Example

Bhutan,100.0

..

CWMGWIRRIVAR_n.CSV

Content

The optional file CWMGWIRRIVAR.CSV contains the capacity-related variable costs of irrigation from groundwater, per country n.

Unit and range

The costs are in # m3-1; the values may be negative.

Format

<n>,<cwmgwirrivar_n>

Bhutan,0.02

2.4.4 Capacity-related economic parameters of basin water management

INVWMXJ.CSV

Content

The optional file INVWMXJ.CSV contains the capacity-related investment costs of enabling a connection in the surface water network.

Unit and range

The investment costs are in  #.

Format

<j>,<invwmxj>

Example

5, 200000

..
CWMXJFIX.CSV 

Content

The optional file CWMXJFIX.CSV contains the fixed costs of enabling a surface water network connection.

Unit and range

The costs are in # yr-1 ; the values may be negative.

Format

<j>,<cwmxjfix>

CWMXJVAR.CSV 

Content

The optional file CWMXJVAR.CSV contains the variable costs of using a surface water network connection.

Unit and range

The costs are in # (m3)-1 .

Format

<j>,<cwmxjvar>

Example

5,0.0

..

2.4.5  Economic parameters of hydropower

INVHPXJ.CSV

Content

The optional file INVHPXJ.CSV contains the capacity-related investment costs of enabling a hydropower plant in the surface water network.

Unit and range

The investment costs are in  #.

Format

<j>,<invhpxj>

Example

5, 200000

...
YSWHPGFDQ.CSV

Content

The optional file YSWHPDQ.CSV contains the coefficient of the linear component of the hydropower benefits as a function of the flow volume.

Conditional requirement

Needed if at least one of the trajectories has typehp(j)=1

Unit and range

The coefficient is in # m-3. 

Format

<j>,<yswhgfpdq>

Example

1 , 0.025.

...

YSWHPSOS1.CSV

Content

The file YSWHPSOS1.CSV contains the parameters of a SOS1-function for the nonlinear component of the net benefits of hydropower. Each record of the file specifies the benefits for a water level within a certain interval and discharge within a certain interval:

· wlswhpsosl(j,p) 



= lower bound of water level interval

· wlswhpsosu(j,p)



= upper bound of water level interval

· qswout1hpsosl(j,p)

= lower bound of discharge interval

· qswout1hpsosu(j,p)

= upper bound of discharge interval

· yswhpsos(j,p) 




= net benefits

Conditional requirement

Only needed if at least one of the trajectories has typehp(j)=1.

Unit and range

The specified combinations of water level and discharge interval should cover the whole solution domain, for each trajectory separately. The water levels are in m, the discharges in m3 s-1, and the net benefits in # s-1.

Format

<j>,<p>,<wlswhpsosl>,<wlswhpsosu>,<qswout1hpsosl>,<qswout1hpsosu>,<yswhpsos>

Example

11,1,0,0.0125,0,0.125,3.90625

11,2,0.0125,0.025,0,0.125,11.71875

11,3,0.025,0.0375,0,0.125,19.53125
2.4.6 Costs of deviations from target water levels and flows
WLSWTAR
Content

The optional file WLSWTAR contains the targets for the flows:

· wlswmntar(j)

= lower bound targets for low water levels;

· wlswmxtar(j) 
= upper bound targets for high water levels.

Unit and range

The unit of the target water levels is m, and the values can be negative.

Format

<j>,<t>,<wlswmntarj(j)> ,<wlswmxtarj(j)>

Example

7,1,1.0,1.2

7,2,1.0,1.2

7,3,1.0,1.2

..

CWLSW.CSV

Content

The optional files CWLSW.CSV contains the penalty cost parameters:

· cwlswmnj(j) 
= penalty costs for undershooting minimum levels;

· cwlswmx(j) 

= penalty costs for overshooting maximum levels.

Unit and range

The unit of the cost parameters is  # / m / s .
Format

<j>,<cwlswm> ,<cwlswmx>

Example

1,1,3.0,3.5

...

QSWTAR
Content

The optional file QSWTAR contains the targets for the flows:

· qswmntar(j)
= lower bound targets for low flows;

· qswmxtar(j) 
= upper bound targets for high flows.

Unit and range

The unit of the target flows supplies is m3 s-1, and the values should be non-negative.

Format

<j>,<t>,<qswmntar> ,<qswmxtar>

Example

7,1,1.0,1.2

7,2,1.0,1.2

7,3,1.0,1.2

..

CQSW.CSV

Content

The optional file CQSW.CSV contains the penalty cost parameters:

· cqswmnj(j) = penalty costs for undershooting minimum flow;

· cqswmx(j) 
= penalty costs for overshooting maximum flows.

Unit and range

The unit of the cost parameters is  # / (m3 s-1) /  s. 

Format

<j>,<cqswmn> ,<cqswmx>

Example

1,1,3.0,3.5

...

Soil-Vegetation-Atmosphere modelling and regional interactions

The so-called SVAT-modelling (Soil Vegetation Atmnosphere Transfer) is done by a simulation model that is separate from Waterwise. The results of sensitivity analyses with this model are collected into files that are used as coefficients in the optimization.
ETPOTWMTS.CSV  and ETACTWMTS.CSV

Content
The required files ETPOTWMTS.CSV and ETACTWMTS.CSV contain the potential/actual evapotranspirations of the land use/ water management options, per hydrotope z, per season s, and per climate realization event e. The values of the actual evapotranspiration can have been corrected for crop failure due to drought. For that reason these files are only used for generating output information about crop productivity. Other files are used for making the  regional water balances of the model.
Unit and range

The evapotranspiraiton is given in terms of  mm.
Format

<z>,<ium>,<e>,<s><etpotwmts/etactwmts>

Example

    1,    8,    1,    1,   443.6

..

ETPOTHYDWMTI.CSV  and ETACTHYDWMTI.CSV

Content

The required files ETPOTHYDWMTI.CSV and ETACTHYDWMTI.CSV contain the potential/actual evapotranspirations of the land use/ water management options, per hydrotope z, per option ium, per climate realization event e, and per time step  t. These data are used in the regional water balances.
Unit and range

The unit of the data is mm d-1, and the values should be non-negative.

Format

<z>,<ium>,<e>,<t><etpotwmti/etactwmti>

Example

 1, 8, 1, 1, 2.198

 1,53, 1, 1, 6.596

..

QSTOR*WMTI.CSV

Content

The required files QSTOR*WMTI.CSV contain storage changes of land/water use options, which are used for making regional water balances:

· QSTORSPDWMTI.CSV, with the change of storage on the soil surface;
· QSTORWCRZWMTI.CSV, with the change of storage in the root zone;
· QSTORWCGWWMTI.CSV, wiuth the change of storage in the groundwater. 
Unit and range

The unit of the data is mm d-1, and the values can be positive or negative.

Format

<z>,<ium>,<e>,<t>,<qstor*wmti>

Example

1, 8, 1, 1, 2.198

1, 8, 1, 2, -1.02

QROFFWMTI.CSV

Content

The required file QROFFWMTI.CSV contains the runoff intenstities of land/water use options, which are used for simulating flow stress on the surface water system.
Unit and range

The unit of the data is mm d-1, and the values are positive.

Format

<z>,<ium>,<e>,<t>,<qroffwmti>

Example

 1, 8, 1, 1, 10.

..

QDRNWMTI.CSV

Content

The required file QDRNWMTI.CSV contains the drainage intenstities of land/water use options, which are used for simulating flow stresses on the surface water system
Unit and range

The unit of the data is mm d-1, and the values are positive for drainage, negative for infiltration.

Format

<z>,<ium>,<e>,<t>,<qdrnwmti>

Example

 1, 8, 1, 1, 10.

..
QGWIRRIWMTI.CSV

Content

The required file QGWIRRIWMTI.CSV contains the demands of irrigation from groundwater.
Unit and range

The unit of data is mm d-1, and the values are positive.

Format

<z>,<ium>,<e>,<t>,<qgwirriwmti>

Example

 1, 8, 1, 1, 10.

..

QSWIRRIWMTI.CSV

Content

The required file QSWIRRIWMTI.CSV contain the demands of irrigation from surface water, which are used for simulating flow stresses on the surface water system.
Unit and range

The unit of the data is mm d-1, and the values are positive.

Format

<z>,<ium>,<e>,<t>,<qswirriwmti>

Example

 1, 8, 1, 1, 10.

..

QSWIRRILOSSWMTI.CSV

Content

The required file QSWIRRILOSSWMTI.CSV contains the non-recoverable losses of irrigation from surface water.
Unit and range

The unit of data is mm d-1, and the values are positive.

Format

<z>,<ium>,<e>,<t>,<qswirrilosswmti>

Example

 1, 8, 1, 1, 10.

..

Surface water quantity

5.1.2 Schematization

RJ.CSV

Content

The required file  RJ.CSV specifies the subregions of trajectories.

Format

< j>,< r>

Example

1,1

2,1

.....

TYPE.CSV

Content

The required file TYPE.CSV defines the ‘type’ of a trajectory j via three parameters: 

· type


= specifies simulation method;

· typelat 
= specifies presence of a lateral connection;

· typehp 
= specifies whether trajectory can be used for hydropower generation.

Unit and range

Option parameter type:

· 0 =  trajectory simulated with the unit hydrograph method;

· 1 = trajectory simulated as a reservoir, variable storage routing method for computing the maximum possible outflow; actual flow can be less than or equal to maximum flow

· 2 = trajectory simulated as a reservoir, variable storage routing, outflow set equal to maximum outflow

Option parameter typelat:

· 0 = trajectory without lateral connection;

· 1 = trajectory with lateral connection defined via file JOUTJ.CSV

Option parameter typehp:

· 0 = trajectory without hydropower;

· 1 = trajectory with hydropower capacity, only in combination with type = 1 or 2 

Format

<j>,<type>,<typelat>,<typehp>

MULTILINKXJ.CSV

Content

The optional file MULTILINKXJ.CSV provides a means to specify ‘multiple links with binary choice’. 
Unit and range

Integer pointer in the range 1..NumJ. If two or more optional links have the same multilinkxj identifier, then the links are ‘competing’, i.e. only one of them can be chosen. If the identifier is unique, then the respective link is optional.
Format

<j>,<multilinkxj>

Example

1,6  
2,6  (competing links 1 and 2)
FXJ

Content

The optional file FXJ.CSV provides the means to force a decision variable XJ for a surface water network link to a certain value.

Unit and range

Dimensionless specification of a binary decision variable for a network link:

- 0 = disable the link

- 1 = enable the link 

Format

<j>,<fxj>

Example

1,1.0

2,0.0

..
JOUTJ.CSV

Content

The optional file JOUTJ.CSV defines the lateral connections between the trajectories of the network. This option can be e.g. used for modelling spillage to a bank storage element.

Unit and range

Integer indices in the range 1..NumJ. The j_from link must have typelat=1 in file TYPE.CSV.
Format

<j_from>,<j_to>

Example

5,405

..

JINR.CSV

Content

The optional file JINR.CSV defines the irrigation-intake connections between the subregions (and the respective hydrotopes within them) and the trajectories of the network. The alternative way for defining an intake is via KINR.CSV. It is also possible to have both types of connections concurrently. 
Unit and range

Surface water name v must be an element of the sSWNM set defined in WWSETS.XLS. Integer index r must be in the range 1..NumR,  integer index j in the range 1..NumJ. The  ‘surface water name’ provides a means for labelling the intake, and coupling it to the appropriate cost coefficients.

Format

<v>,<r>,<jinr>

Example

Vreservoir,2,11106

...

K*J.CSV

Content

The required files K*J.CSV define the connections between the nodes and the trajectories of the network: 

· KINJ.CSV


= connections between inflow points of trajectories and nodes 

· KOUTJ.CSV
   = connections between outflow points of trajectories and nodes

Unit and range

Integer index j in the range1..NumJ, node number in the range 1..NumK. Various trajectories can connect to the same node at their inflow end: bifurcations are allowed (as are confluences of course). The inflow and outflow points of a trajectory can not be the same.

Format

<j>,<k*j>

Example

1,9

..

KOUTR.CSV

Content

The required file KOUTR.CSV defines the connections between outflow of subregions (and the respective hydrotopes within them) and the nodes of the network.
Unit and range

Integer index in the range 1..NumK.  There can be several subregions attached to the same node. 
Format

<r>,<koutr>

KINR.CSV

Content

The optional file KINR.CSV defines the irrigation-intake connections between the subregions (and the respective hydrotopes within them) and the nodes of the network.

Unit and range

Integer index in the range 1..NumK.  There can be several subregions attached to the same node. The inflow and outflow points of a subregion can be the same. The links are given a ‘surface water name’ swnm which provides a means for labelling the intake, and coupling it to the appropriate cost coefficients.

Format

<v>,<r>,<kinr>

Example

Ganges,1101,106

...

5.1.3 Surface water simulation
SWPRECTI.CSV, SWEVAPTI.CSV and SWSEEPTI.CSV

Content

The optional files SW*TI.CSV can contain the surface water  - atmosphere interactions of the reservoir trajectories (type ≠0):

- swprecti
 =  precipitation rate of reservoir trajectory j;
- swevapti
 =  evaporation rate of reservoir trajectory j;
- swseepti
 =  seepage rate of reservoir trajectory j.
Unit and range

The unit of the data is mm d-1, and the values are positive. Missing entries are zero by default.
Format

<j>,<t>,<swprecti/swevapti/swseepti>

UH.CSV
Content

The file UH.CSV contains the discrete ‘blocks’ of the unit hydrographs of the trajectories with type = 0.

Conditional requirement

Only needed if there is at least one trajectory with type = 0.
Unit and range

The ‘blocks’ of the unit hydrographs are dimensionless, representing fractions of the inflow that become outflow during the ith  time interval . The sum of the blocks should be not larger than the unit. A sum less than the unit is possible, meaning that part of the inflow water is ‘lost’ during transport. If it is desired that all inflow directly becomes outflow during the same interval, the unit hydrograph should contain just one interval with a single ‘block’ equal to the unit.

Format

<j>,<tc>,<uh>

Example

1,1,0.2

1,2,0.5

...

SWSOS2.CSV

Content

The optional file SWSOS2.CSV contains the parameters of SOS2-functions for the storage and flow relationships of the reservoir trajectories  (type ≠0). Each record contains a specification of:
· wlswsos 



= water level in reservoir trajectory 

· qsw1sos 



= outflow discharge over pathway 1
· qsw2sos




= outflow discharge over pathway 2

· areaswsos 


= surface water area in the horizontal plane of trajectory

Conditional requirement

Only needed if at least one trajectory has type>0.

Unit and range

The water levels are in m, the discharges in m3 s-1, and the areas in ha. Care should be taken that the table leaves the model enough room to handle extreme situations. For handling low water levels, preferably the table should have an entry with a zero areaswsos at the bottom end, to avoid that evaporation causes an infeasibility when the water level reaches the bottom of the lake. Situations with extremely high flows can be handled by adding entries at the top of the table for the second flow pathway (qsw2sos), to ensure that the reservoir does not become a bottleneck. By checking if there any ouflows over that pathway, the modeller can see if the model is behaving in a non-intended manner, without being faced with the problem of an infeasible solution.
Format

<j>,<p>,<wlswsos>,<qsw1sos>,<qsw2sos>,<areaswsos>

Example

1,1,0,0,0,0

1,2,0.2,3,3,0.5

…
SWLATSOS2.CSV

Content

The optional file SWLATSOS2.CSV contains the parameters of SOS2-functions for the relationships between the water level difference and lateral flow to a trajectory specified in JOUTJ.CSV:

· delwlswsos 

= water level difference with connected trajectory;
· qswlatsos2 
  = flow.
Conditional requirement

Only needed if at least one trajectory has typelat = 1.

Unit and range

The water level difference is in m and the discharge is in m3 s-1.

Format

<j>,<p>,<delwlswsos>,<qswlatsos2>

Example

1,1,-8,-0.4

1,2,0,0
SWLATSOS1.CSV

Content
The optional file SWLATSOS1.CSV contains the parameters of SOS1-functions for the relationships between the water level difference and lateral flow towards a trajectory specified in JOUTJ.CSV. Each record contains a specification of:

· wlswsosl 



= lower bound of water level interval;
· wlswsosu 



= upper bound of water level interval;
· wlswlatksosl

= lower bound of water level interval in bank storage;
· wlswlatsosu

= upper bound of water level interval in bank storage;
· qswlatsos1 

  
= flow from bank storage element to trajectory.
Conditional requirement

Only needed if at least one trajectory has typlat=2.

Unit and range

The water level difference is in m and the discharge is in m3 s-1.

Format

<j>,<p>,<wlswsosl>,<wlswsosu>,<wlswlatsosl>,<wlswlatsosu>,<qswlatsos1>

Example

11,1,0,0.125,0,0.125,0,0.01

11,2,0.125,0.25,0,0.125,-0.00125,0.01

11,3,0.25,0.375,0,0.125,-0.0025,0.01
..
QSWOUTMX.CSV

Content

The file optional QSWOUTMX.CSV contains upper bounds qswoutmx(j) on outflows of trajectories.

Unit and range

The unit of the flow capacities is m3 s-1, and the values should be non-negative.

Format

<j>,<qswoutmx>

Example

70,2.0

91,12.0

..

WLSWINIT.CSV

Content

The optional file WLSWINIT.CSV contains the initialization of the water levels in the reservoir trajectories (type ≠ 0).
Unit and range

The unit of the levels is m  and the values can be negative.

Format

<j>,<wlswinit>

Example

1,2.0,2.0

2,2.0,4.0

3,2.0,2.0

..

Output files

Table 3. List of output files. All files have extension ‘ .csv’. The used indices are:
- b 

: sub-basin 

- e


: climate realization event

- g 

: goal function
- glu 
: group of land use (agriculture.rest) 
- i


: term of yield or investment function

- j


: trajectory of surface water network

- k


: node of surface water network

- m

: water management option (string);  iwm: integer form

- n 

: country

- r


:
 subregion

- t/tr

:
 time in basic time steps (t) and reservoir time steps (tr)

- p      : entry of tabular function

- u


: land use type (string);  iu : integer form

- z


: hydrotope

	File name
	Indices
	Description
	Unit

	ALUgross
	z,iu
	gross areas of land use options in hydrotopes
	ha

	ALUnett
	z,iu
	nett areas of land use options in hydrotopes
	ha

	ALUTOTgross
	u
	total gross areas of land use options 
	ha

	ALUTOTnett


	u
	total nett areas of land use options in hydrotopes
	ha

	ALUWM

	z,u,m
	gross areas of land use / water management opt.
	ha

	AREASW
	j,e,t
	area of surface water in reservoir trajectory
	ha

	AREASWR
	j,e,tr
	area of surface water in reservoir trajectory
	ha

	AWM
	z,im
	area of water management option
	ha

	DELMHW
	r
	local effect on Mean Highest Watertable
	

	DELMLA
	r
	regional effect on Mean Lowest Aquifer head 
	m

	DELMLW
	r
	local effect on Mean Lowest Watertable
	

	DELMSA
	r
	regional effect on Mean Spring Aquifer head 
	m

	DELMSW
	r
	local effect on Mean Spring Water table 
	m

	DWLSWRLAT


	j,e,tr
	water level difference from j to its lateral joutj(j)
	m

	FRLUgross
	z,iu
	gross fraction of land use in hydrotope
	-

	FRLUnett
	z,iu
	nett fraction of land use in hydrotope
	-

	FRWM
	z,im
	gross fraction of water management option
	-

	GoalFunctions
	g
	list of goal functons (yield, investment,  flow)
	

	GoalFunctions_xf
	g
	goal functions with yield factors applied 
	

	i_INVEST
	I_term
	terms of total investment
	M#

	i_YIELD
	Y_term,e
	terms of total yield
	M# yr-1

	j_QSWIN
	j,e
	mean inflow of trajectory
	Bm3 yr-1

	j_QSWOUT
	j,e
	mean outflow of trajectory
	Bm3 yr-1

	j_QSWRECHA
	j,e
	mean atmospheric recharge of trajectory
	Bm3 yr-1

	LUMAX
	z
	dominant land use u in hydrotope z
	-

	n_ALUlu_gross
	n,u
	gross land use totals per country
	ha

	n_ALUlu_gross_tab
	n X u
	gross land use totals per country
	ha

	n_ALUlu_nett
	n,u
	nett land use totals per country
	ha

	n_ALUlu_nett_tab
	n X u
	nett land use totals per country
	ha

	n_ETACTbm3glu.csv


	n,glu,e
	actual transpiration used for crop yields, after reduction for ‘dead’ crops
	Bm3 yr-1

	n_ETACThydbm3glu.csv


	n,glu,e
	actual transpiration, hydrological values used in water balances
	Bm3 yr-1

	n_ETACThydlu.csv


	n,u,e
	actual transpiration of land use, hydrological values
	mm yr-1

	n_ETACTlu.csv


	n,u,e
	actual transpiration of land use , aafter reduction for ‘dead’crops
	mm yr-1

	n_ETPOTbm3glu.csv


	n,glu,e
	potential transpiration used for crop yields, after reduction for ‘dead’ crops
	Bm3 yr-1

	n_ETPOThydbm3glu.csv


	n,glu,e
	potential transpiration, hydrological values used in water balances
	Bm3 yr-1

	n_ETPOThydlu.csv

	n,u,e
	actual transpiration of land use , hydrological values
	mm yr-1

	n_ETPOTlu.csv


	n,u,e
	actual transpiration of land use , aafter reduction for ‘dead’crops
	mm yr-1

	n_HYDROTERMSbm3e1_tab.csv
	n X terms
	water balance terms per geographic unit (country) , group 1
	Bm3 yr-1

	n_HYDROTERMSbm3e2_tab.csv
	n X terms
	water balance terms per geographic unit (country) , group 2
	Bm3 yr-1

	n_INVEST
	n
	investment totals per country
	M#

	n_PRECbm3glu.csv
	n,glu,e
	precipitation totals per group of land use
	Bm3 yr-1

	n_PREClu.csv
	n,u,e,
	precipitation totals per  land use
	mm yr-1

	n_PRODlu
	n,u,e
	relative yield of land use in countries
	-

	n_PRODlue1_tab
	n X u
	relative yield of land use in countries, event 1
	-

	n_PRODlue2_tab
	n X u
	relative yield of land use in countries, event 2
	-

	n_YIELD
	n
	total yield in countries
	M# yr-1

	n_QDRNbm3glu.csv
	n,glu,e
	drainage per group of land use
	Bm3 yr-1

	n_QDRNlu.csv
	n,u,e
	drainge per land use
	mm yr-1

	n_QGWIRRIbm3glu.csv
	n,glu,e
	groundwater irrigation per group of land use
	Bm3 yr-1

	n_QGWIRRIlu.csv
	n,u,e
	groundwater irrigation per land use
	mm yr-1

	n_QROFFbm3glu.csv
	n,glu,e
	runoff per group of land use
	Bm3 yr-1

	n_QROFFlu.csv
	n,u,e
	runoff per land use
	mm yr-1

	n_QSTORSPDbm3glu.csv
	n,glu,e
	storage in ponding layer per group of land use
	Bm3 yr-1

	n_QSTORSPDlu.csv
	n,u,e
	storage in ponding layer per land use
	mm yr-1

	n_QSTORWCGWbm3glu.csv
	n,glu,e
	storage in ground water layer per group of land use
	Bm3 yr-1

	n_QSTORWCGWlu.csv
	n,u,e
	stirage in groundwater layer per land use
	mm yr-1

	n_QSTORWCRZbm3glu.csv
	n,glu,e
	stirage in root zone per group of land use
	Bm3 yr-1

	n_QSTORWCRZlu.csv
	n,u,e
	storage in root zone per land use
	mm yr-1

	n_QSWIRRIbm3glu.csv
	n,glu,e
	surface water irrigation per group of land use
	Bm3 yr-1

	n_QSWIRRILOSSbm3glu.csv
	n,glu,e
	irrecoverable loss of surface water irrigation per group of land use
	Bm3 yr-1

	n_QSWIRRILOSSlu.csv

	n,glu,e
	irrecoverable loss of surface water irrigation per land use 
	mm yr-1

	n_QSWIRRIlu.csv
	n,u,e
	surface water irrigation per land use
	mm yr-1

	n_QSWIRRIswnm.csv
	n,swnm,e
	surface water irrigation per water source
	Bm3 yr-1

	n_YIELD
	n
	yield per country
	M# yr-1

	NCGW


	r,l,pwq
	mean nitrogen concentration in subregion r, layer l, water quality period pwq
	mg l-1

	NCSWJ


	j,pwq
	mean nitrogen concentration in trajectory j, water quality period pwq
	mg l-1

	NCSWK


	k,pwq
	mean nitrogen concentration in node k,  water quality period pwq
	mg l-1

	NINJHF


	j,pwq,hf
	nitrogen inflow of helophyte filter hf of trajectory j, water quality period pwq
	kg d-1

	NRETJ


	j,pwq
	nitrogen retention by helophyte filter in trajectory j, water quality period pwq
	kg d-1

	NRETJHF


	j,pwq,hf
	nitrogen retention by helophyte filter hf in trajectory j, water quality period pwq
	kg d-1

	ni_INVEST
	n,i
	investment totals
	M#

	ni_INVEST_tab
	n X i
	investment totals
	M#

	ni_YIELD
	n,i,e
	yield totals
	M# yr-1

	ni_YIELDe1_tab
	n X i
	yield totals for event 1
	M# yr-1

	ni_YIELDe2_tab
	n X i
	yield totals for event 2
	M# yr-1

	ni_YIELDGT.csv
	n,I,e
	yield overshoot of country target
	M# yr-1

	ni_YIELDGTPEN.csv
	n,I,e
	penalty for yield overshoot of target
	M# yr-1

	ni_YIELDLT.csv
	n,I,e
	yield undershoot of country target
	M# yr-1

	PCSWJ


	j,pwq
	mean  phosphorous concentration in trajectory j, , water quality period pwq
	mg l-1

	PCSWK


	k, pwq
	phosphorous concentration at surface water node,  water quality period pwq
	mg l-1

	PINJHF


	j,pwq,hf
	phosphorous inflow of helophyte filter hf of trajectory j, water quality period pwq
	kg d-1

	PRETJ


	j,pwq
	phosphorous retention by helophyte filter in trajectory j, water quality period pwq
	kg d-1

	PRETJHF


	j,pwq,hf
	phosphorous retention by helophyte filter hf in trajectory j, water quality period pwq
	kg d-1

	QDRAIN
	z,e,t
	drainage flow from hydrotope
	m3 s-1

	QGWIRRI
	z,u,e,t
	irrigation from groundwater
	m3 s-1

	QGWIRRICAP
	z,u
	capacity of irrigation from groundwater
	m3 s-1

	QGWIRRIDEM
	z,u,e,t
	demand of irrigation from groundwater
	m3 s-1

	QSTORWCRZ
	z,e,t
	storage change in root zone
	m3 s-1

	QSWDJ
	j,e,t
	irrigation intake from trajectory
	m3 s-1

	QSWDK
	k,e,t
	irrigation intake from node
	m3 s-1

	QSWINJ
	j,e,t
	inflow of trajectory
	m3 s-1

	QSWIRRI
	v,z,u,e,tr
	irrigation intake from surface water source v
	m3 s-1

	QSWIRRICAP
	v,z,u
	capacity of surface water irrigation intake
	m3 s-1

	QSWIRRIDEM
	z,u,e,tr
	surface water irrigation demand 
	m3 s-1

	QSWLATJ


	j,e,t
	lateral flow from trajectory j to its lateral joutj(j)
	m3 s-1

	QSWOUT1J
	j,e,t
	flow through gate-pathway of reservoir
	m3 s-1

	QSWOUT1MXJ
	j,e,t
	capacity of gate-outflow of reservoir
	m3 s-1

	QSWOUT2J
	j,e,t
	flow over spillway of reservoir
	m3 s-1

	QSWOUTBDJ
	j,e,t
	flow over boundary of study region
	m3 s-1

	QSWOUTGTMNJ
	j,e,t
	overshoot of target for minimumflow
	m3 s-1

	QSWOUTGTMXJ
	j,e,t
	overshoot of target for maximum flow
	m3 s-1

	QSWOUTJ
	j,e,t
	outflow from trajectory
	m3 s-1

	QSWOUTLTMNJ
	j,e,t
	undershoot of target for minimumflow
	m3 s-1

	QSWOUTLTMXJ
	j,e,t
	undershoot of target for maximum flow
	m3 s-1

	QSWRINJ
	j,e,tr
	inflow of reservoir
	m3 s-1

	QSWRLATJ
	j,e,tr
	lateral flow from reservoir to its lateral joutj(j)
	m3 s-1

	QSWROUT1J
	j,e,tr
	flow through gate-pathway of reservoir
	m3 s-1

	QSWROUT1MXJ
	j,e,tr
	capacity of gate-outflow of reservoir
	m3 s-1

	QSWROUT2J
	j,e,tr
	flow over spillway of reservoir
	m3 s-1

	QSWROUTJ
	j,e,tr
	outflow from reservoir
	m3 s-1

	r_INVEST
	r
	total investment
	M#

	r_BALANCE
	r,e
	water balance error (loss) of total system
	Bm3 yr-1

	r_ETACT
	r,e
	mean actual evapotranspiration rate
	mm yr-1

	r_ETACTbm3
	r,e
	mean actual evapotranspiration rate
	Bm3 yr-1

	r_ETPOT
	r,e
	mean potential evapotranspiration rate
	mm yr-1

	r_ETPOTbm3
	r,e
	mean potential evapotranspiration rate
	Bm3 yr-1

	r_PREC
	r,e
	mean precipitation rate
	Bm3 yr-1

	r_PRECbm3
	r,e
	mean pricipitation rate
	mm yr-1

	r_PROD
	r,e
	mean relative yield
	-

	r_QDRAIN
	r,e
	mean drainage flow
	Bm3 yr-1

	r_QGWIRRI
	r,e
	mean rate of irrigation from groundwater
	Bm3 yr-1

	r_QGWIRRICAP
	b
	capacity of irrigation from groundwater
	Bm3 yr-1

	r_QGWIRRIDEM
	r,e
	mean demand of irrigation from groundwater
	Bm3 yr-1

	r_QGWIRRIREL
	r,e
	mean demand realization of gw irrigation
	-

	r_QIRRI
	r,e
	mean irrigation rate
	Bm3 yr-1

	r_QIRRIDEM
	r,e
	mean irirgation demand
	Bm3 yr-1

	r_QIRRIREL
	r,e
	mean demand realization of irrigation
	-

	r_QROFF
	r,e
	mean runoff rate
	Bm3 yr-1

	r_QSTORWCGW
	r,e
	mean change of storage in groundwater 
	Bm3 yr-1

	r_QSTORWCRZ
	r,e
	mean change of storage in root zone
	Bm3 yr-1

	r_QSWEVAP
	r,e
	mean rate of surface water evaporation
	Bm3 yr-1

	r_QSWIRRI
	r,e
	mean rate of irrigation from surface water
	Bm3 yr-1

	r_QSWIRRICAP
	b
	capacity of irrigation from surface water
	Bm3 yr-1

	r_QSWIRRIDEM
	r,e
	mean demand of irrigaiton from surface water
	Bm3 yr-1

	r_QSWIRRILOSS
	r,e
	non-recoverable losse of irrigation from sw
	Bm3 yr-1

	r_QSWIRRIREL
	r,e
	mean demand realization of irrigation from sw
	Bm3 yr-1

	r_QSWPREC
	r,e
	mean precipitation rate on surface water
	Bm3 yr-1

	r_QSWRECHA
	r,e
	mean recharge rate of surafce water
	Bm3 yr-1

	r_QSWSEEP
	r,e
	mean seepage rate towards surface water
	Bm3 yr-1

	r_TOPSYS2SW


	r,e
	balance of top system terms i.r.t surface water (runoff + driange – irrigation withdrawal)
	Bm3 yr-1

	r_YIELD
	r,e
	total yield
	M# yr-1

	ri_INVEST
	r,i
	investment terms per subregion
	M#

	ri_YIELD
	r,i,e
	yield terms per subregion
	M# yr-1

	STORSW
	j,e,t
	storage in surface water trajectory j
	Bm3

	STORSWR
	j,e,tr
	storage in reservoir trajectory
	Bm3

	wb_*
	wb,e
	water balance terms, see r_*
	

	WBterms_riv
	Wterm
	terms of water balance river network
	Bm3yr-1

	WBterms_tot
	Wterm
	terms of water balance total system
	Bm3yr-1

	WLSW
	j,e,t
	water level in surface water trajectories
	m

	WLSWGTMN
	j,e,t
	overshoot of target for minimum level
	m

	WLSWGTMX
	j,e,t
	overshoot of target for maximum level
	m

	WLSWLTMN
	j,e,t
	undershoot of target for minimum level
	m

	WLSWLTMX
	j,e,t
	undershoot of target for maximum level
	m

	WLSWR
	j,e,tr
	water level in reservoir trajectory
	m

	WMMAX
	z
	dominant water management option
	-

	WT/WTDWL/
	j,e,t,p
	weight of SOS-function node
	-

	XDRN
	z
	gross fraction of hydrotope that is drained
	-

	XDRNlu
	z,u
	gross fraction of land use that is drained
	-

	XIRRI
	z
	gross fraction of hydrotope that is irrigated
	-

	XIRRIlu
	z,u
	gross fraction of land use that is irrigated
	-

	XJ
	j
	enablement of surface water trajectory
	-

	XS/ XSc
	z,u,m,e,s
	use of water management option in season s
	-

	XU/XUc
	z,u
	gross fraction land use u in z
	-

	XU2XU/ XU2XUc
	z,u_f,u_t
	land use conversion from u_f  to  u_t
	-

	XW/ XWc
	z,u,m
	enablement of land use/water management opt
	-

	XWiluwm
	z,ium
	enablement if land./water management option
	

	XWINC/ XWINCc
	z,u,m
	increas of XW
	-

	XWMS*
	z
	gross fraction of subsets WMS m-options
	-

	YSWHPEVJ
	j,e
	yield of hydropower, added in postpro
	M# yr-1

	YSWHPGFJ
	j,e
	yield of hydropowerm used in optimization
	M# yr-1

	z_*
	
	s water balance terms, see r_*
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_1333280059.unknown

_1333281250.unknown

_1396963058.unknown

_1397552511.unknown

_1397552624.unknown

_1396964534.unknown

_1333298724.unknown

_1341210903.unknown

_1341211084.unknown

_1333281261.unknown

_1333280173.unknown

_1333280238.unknown

_1333280280.unknown

_1333280414.unknown

_1333280423.unknown

_1333280255.unknown

_1333280204.unknown

_1333280113.unknown

_1333280115.unknown

_1333280076.unknown

_1333279390.unknown

_1333279808.unknown

_1333279956.unknown

_1333280042.unknown

_1333279898.unknown

_1333279487.unknown

_1333279709.unknown

_1333279407.unknown

_1296891319.unknown

_1333276993.unknown

_1333279339.unknown

_1333279358.unknown

_1333279275.unknown

_1333276896.unknown

_1333276909.unknown

_1333276881.unknown

_1296891518.unknown

_1296891216.unknown

_1296891317.unknown

_1296891318.unknown

_1296891227.unknown

_1296891316.unknown

_1296891222.unknown

_1296890971.unknown

_1296891135.unknown

_1296890924.unknown

