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Supplementary material

System simulation model
The optimization algorithm uses a simulation model of the exploitation of the reservoir system. At each step of time, the model performs the following operations:
1. Release of environmental flow from each reservoir. 
2. Subtraction of evaporation losses from each reservoir.
3. Increase the storage of the reservoir with the volume of the inflow, if any.
4. Allocation of available resources (reservoir volumes plus unregulated circulating flows) to demands in priority order. Calculation of supply deficits if all demands cannot be met.
5. If there is excess storage over the reservoir capacity, calculate spills.
At the end of the simulation, the model provides the temporal evolution of the storage in each reservoir in the system, the supplies to the demands, the ecological flows attended, and the losses due to spills and evaporation.
Problem formulation
Let S be a system of  reservoirs that together meet  demands, sorted by priority. Operating rules are formulated from an initial instant, , to a certain decision horizon, . The starting point are the volumes initially stored in each reservoir of the system, . There is a forecast of inflows to the reservoirs from the initial instant to a certain horizon of analysis, . The forecast is assumed to be a probabilistic ensemble and is represented as a set of  possible flow forecast series, each of length equal to . If a forecast is not available, the climatologically expected values can be used as the hydrological forcing scenario. In this case, the forcing is the set of series of historical inflows of length  recorded in each site.
The operating rules of the system reservoirs consist of the reduction of supplies to demands in a certain proportion when a certain level of risk of not being able to satisfy 100% of the demand is identified. The risk situation is defined according to the reserves stored in the reservoirs of the system, defining several zones in the joint reservoir storage through the corresponding storage thresholds. The system is said to be in the risk situation  in time  when the sum of volumes stored at that instant, , is lower than the threshold volume established for zone , , and higher than the threshold volume established for zone , , in the month  corresponding to the time step  of the simulation:
  						(1)
At each risk level , a set of rules is applied, which is materialized in a set of reduction coefficients  of supply to the demands that are less than one, so that the supply to the demand  in the month  of the simulation is:
  						(2)
where  is the supply requested by demand  in month  corresponding to time  of the simulation.
An objective function is defined to evaluate the overall behaviour of the system. The focus of supply risk management is avoiding catastrophic deficits, where nothing more than a small fraction of demand can be met. To avoid catastrophic deficits, the following objective function is applied:
 			(3)
where  is a relative weighting coefficient of the deficits occurring in the different types of demands.
The term  is the relative monthly deficit, which is squared to further weight the most pronounced deficits. This figure is multiplied by the monthly demand, to further weigh deficits in months when demands are higher. Finally, the coefficient  is introduced in order to assign a different relative weight to each type of demand (e.g. urban supply and irrigation). The objective function is evaluated from the instant after , , to the analysis horizon, . Note that the summations are evaluated for the  demands, the  time steps of the analysis horizon and the  forecast series.
The optimization problem is formulated as follows:
In a system of I reservoirs of maximum monthly capacities  and minimum  that must meet  demands with monthly distribution , in which  drought conditions are defined,
determine:
•	The rule activation thresholds in each month,  (, )
•	The demand supply restriction coefficients for each threshold,  (, , )
that minimize the objective function:
•	  ( are weighting coefficients of each type of demand and  are the actual supplies in month  to demand )
satisfying the operating restrictions of the system:
•	Maximum and minimum capacities of reservoirs: 
•	Ecological flow release
•	Evaporation in reservoirs
•	Operating rules:  , where  is determined by the condition: 
Under the static approach, the optimization problem is solved by running the simulation model over the full time series of historical flows. The identified rules are assumed to be valid for any system condition, and therefore they are fixed over the entire operation period. Under the adaptive approach, the problem is solved cyclically: a new set of operating rules is defined periodically. In each decision horizon , the current situation is analysed, and the optimal rules are defined contemplating the horizon of analysis . The new rules are applied during the next decision horizon. Once the end of the decision horizon is reached, the optimization problem is solved again.
2.3 Simplification of the problem
The number of parameters to determine in each optimization cycle is equal to , where  is the number of drought conditions considered and  is the number of types of demand present in the system. For each drought condition, it is necessary to determine the 12 monthly values of joint storage that correspond to each drought threshold and the 12 restriction coefficients that will be applied to each type of demand. For example, with two levels of drought conditions (alert and emergency) and two types of demand (urban supply and irrigation), the total number of parameters is 12x2x(1+2)=72.
The problem is not easily tractable in its more general formulation. However, the practical application of management rules requires that the declaration of drought risk status and the application of restrictions have some consistency. For this reason, operational simplifications have been sought that bring us closer to the optimum without losing generality. The simplifications applied are as follows:
Activation thresholds: The activation thresholds for drought management rules that correspond to the same level of risk were defined throughout the decision horizon. The level of risk is characterized by a value of the probability of meeting a certain fraction of the demand in a given time horizon. The level of risk is related to the required probability, the fraction of the demand to be met, or the length of the analysis horizon. A procedure to identify these thresholds systematically can be found in Spiliotis et al. (2016). To determine the rules, threshold volumes were chosen from the set of monthly volumes that correspond to the same level of risk. 
Restriction coefficients. For each level of drought and type of demand, the same demand restriction coefficients were applied in all months of the year. This option facilitates the practical application of the rules: Measures of the same intensity are applied for the same level of risk. Although, in theory, there could be an overall optimum of the objective function outside this restriction, it would be very complex to apply it in practice, and it would be much harder to achieve a consensus in its acceptance by users.
With these simplifications, the number of parameters to be set through optimization is reduced to J.(1+K), with J being the number of drought levels to be implemented in the system and K being the number of types of demand. The parameters to be defined are the level of risk that corresponds to the activation threshold for each level of drought, and the restriction coefficients for each type of demand.
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