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7. DROUGHT MANAGEMENT  

Even though there is a significant improvement in weather forecasting, the costs resulting 

from disasters around the world are still high and rising, indicating growing societal 

vulnerability to natural hazards (Changnon et al., 2000; Wilhite, 2000a; Bender, 2002). With 

increasing scarcity of drinking water due to rapidly growing populations, economies and 

hydro-meteorological variability, there is always a daunting task in managing water resources 

during periods of droughts as observed during past decades (e.g., Hirsch, 1981; Frick et al., 

1990; Randall et al., 1990; Johnson and Kohne, 1995; Smithers, 1997). To overcome the 

challenges due to increased drought recurrences and to reduce impacts there is a need for 

long term focus and therefore to develop effective strategies for drought management to 

maintain water security. Based on experiences of droughts, the National Drought Mitigation 

Center (NDMC, USA) suggests that one way to identify appropriate drought mitigation 

actions is to conduct an overall risk analysis as part of drought planning (Wilhite, 2000a,b). 

Therefore, to understand drought risk, it is important to understand natural hazards and 

develop a practical, action-oriented model to assist drought planners on a variety of political 

and geographic scales (Hayes et al., 2004).  

7.1. FACTORS AFFECTING DROUGHT MANAGEMENT  

The effective drought management depends mainly on two in- put factors: (a) impacts of 

natural triggered hydro-meteorological variability on water resources systems and (b) 

utilizing the information obtained from modelling different drought components qualitatively 

for planning. However, understanding natural triggered variability in hydro-meteorological 

parameters is complex, therefore extracting useful information from modelling different 

drought components as discussed in the previous sections is cru- cial for mitigating droughts. 

For example, higher variability in hydro-meteorological variables increases the uncertainty in 

deriving drought forecasting models for early warning systems, which also is applicable in 

modelling other drought components. The following section discusses essential aspects for 

drought management which include decision support system (DSS) approaches and multi-

criteria decision analysis.  
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7.2. Expert system/decision support system (DSS) approach  

The use of expert systems in water resource applications has been a difficult problem mainly 

due to the stochastic characteristics of water resources (Quinlan, 1987), however recent 

advances in computer technology and improved hydrologic and hydraulic modelling 

approaches, and availability of high quality real time hydrometric data have led to user-

friendly graphical model interfaces for developing decision support systems (DSSs) for water 

re- source systems. A DSS is based on integration of individual models, for example, a DSS 

for reservoir operation under drought scenario can be a combination of several models, as 

shown in Fig. 8. Here the user input consists of precipitation, reservoir inflow, historical 

water demand, historical drought scenarios and corresponding water levels. The user’s 

knowledge of model development includes rainfall and runoff modelling for reservoir inflow 

forecasting, optimization procedures for reservoir operation by allocating water demands 

based on user’s need, appropriate models for water demand forecasting, derivation of 

methodologies for quantifying the impact of climate change on reservoir operation and 

characterization of historical droughts using suitable models. The outputs obtained from the 

DSS include: (i) the reservoir capacity based on different scenarios and comparison of current 

demands as well as those based on future drought scenarios; (ii) multivatiate drought 

characterization considering different drought parameters, for example, reservoir deficit and 

its duration, etc.; and (iii) investigating risk-based measures of reservoir performance based 

on reliability, resiliency and vulnerability under different drought scenarios. These outputs 

from DSS are passed onto the policy maker to evaluate several questions whether the output 

obtained matches real-time operation and their feedback is important for better performance 

of DSS. Finally the policy maker issues warning as well as suggests preparedness action 

plans.  

With the rapid development of information technology, DSSs are considered the best, 

practical tools for integrated water resources management (Jamieson and Fedra, 1996; 

Simonovic and Bender, 1996), however, to date only a few DSSs have been developed to 

consider the issue of drought management. Palmer and Holmes (1988) developed an 

integrated drought management expert system for the Seattle Water Department, Washington, 

USA, and the knowledge base of their expert system was rule based. Chang et al. (1996) 

developed a daily drought monitoring system using the working memory which contains facts 

of historial drought characteristics, including truncation levels, mean durations, and mean 

conditional probabilities estimated at gauging stations. Walker et al. (1993) described the 

Drought Watch Decision Support System based on data for the current reservoir levels and 

starting month to simulate monthly storage patterns under different cumulative runoff 

conditions, having specified exceedence probabilities. Their risk analysis model estimates the 

likelihood of failure, and predicts the month in which such a failure will occur for the drought 

management of North West Water, UK. Merabtene et al. (2002) developed a decision support 

system (DSS) to assess the susceptibility of water supply systems to droughts, and to aid 

decision makers in determining optimal supply to the water resources system in Fukuoka 

City, western Japan. Pallottino et al. (2005) developed a DSS that performed scenario 

analysis by examining a set of statistically independent hydrological scenarios based on their 

temporal evolution and identifying trends and essential features on which to base a robust 

Fig. 8. DSS for reservoir operation in drought management scenario 
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decision policy.  

7.3. Multi-criteria decision analysis  

Multi-criteria decision analysis (MCDA) aims at helping a decision maker to prepare and 

make a decision where more than one point of view has to be considered, which enables 

decision makers to obtain a better understanding of the available choices, providing 

information about the trade-offs among different alternatives (Figueira et al., 2005). Drought 

management is a multidimensional concept, including meteorological, ecological, 

hydrological, environmental, and socio-economic perspectives. When it comes to making 

decisions on drought management, human intervention, based on the need of stakeholders 

often makes decision making difficult. Therefore, it is advisable to resolve these decision 

problems based on scientific decision using MCDA.  

Several applications of MCDA are also oriented to assist the decision making process in the 

operation of water systems. For example, Duckstein (1983) proposed a methodology based 

on several combinations of supply oriented, demand oriented, and impact minimization 

oriented measures, and their consequences were assessed in terms of economic, hydrologic 

(water deficits), social, and environmental criteria. A comparative assessment of drought 

mitigation measures using application of MCDA was carried out by Rossi et al. (2005) for 

drought management by evaluating drought vulnerability of water supply systems and 

assessing different courses of action considering economic, environmental, and social 

criteria. Traore and Fontane (2007) described an approach for drought management, based on 

MCDA model using different measures, which include: strategic long term measures for 

combating any drought, tactical intermediate term measures based on single drought event 

and emergency for short term measures. Palmer and Tull (1987) developed an expert system 

to select appropriate response measures by comparing existing conditions with a variety of 

historical drought scenarios stored in a database. However, a major problem in developing 

MCDA is to understand drought risks associated with persistent drought conditions, as risk 

management involves inherently subjective considerations; also it is difficult to translate risk 

into publically acceptable terms (Westphal et al., 2007).  


