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● Introduction:  multiobjective optimization 

programming (MOP) problem 

•   

- the vector decision 
variables x optimizes a 
vector of r objective 
functions.  

- the r objective 
functions are subjected 
to p   inequalities ,m-p   
equality constraints 
and to 2n variables 
bounds, restricting 
each decision variable  
in a closed interval . 
All the constraints 
define the decision 
space. 

- A feasible solution 
satisfies both the m 
constraints and the 2n 
bounds 
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● Fuzzy multiobjective optimization programming 

problem 
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● NPGA flowchart showing the basic steps 

-The evolutionary 

multiobjective 

optimization algorithm 

was introduced by Horn 

et al. (1994). 

- The extension of the 

traditional GA to NPGA 

involves two new 

genetic operators: the 

Pareto domination 

ranking and a 

continuously updated 

fitness sharing.  

- The diversity in the 

population is then 

maintained by these two 

operators. 
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I.  MULTIOBJECTIVE OPTIMIZATION TO WATER 

RESOURCE MANAGEMENT IN CHINA 
In this section the methodology of multiobjective optimization  

problems is applied to water resource management in China. 

Evolutionary algorithms in the class of genetic algorithms may be 

used. 
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The main Yangtze River basin in China and two other important river basins in 

China for this study: the Shiyang River basin and the Hai River basin. 



Evolutionary multi-objective optimization ... by André A. Keller (Nanjing-ACC'13, China) 

8 



Evolutionary multi-objective optimization ... by André A. Keller (Nanjing-ACC'13, China) 

9 



● Q. Li, J. Ren and M. Yu (2011). ‘’Genetic algorithms based 

hydropower optimization of the Three-Gorges reservoir operation 

under two reservoir storing water schemes’’.  Oxford: IAHS Press. 

► A case study by Hohai University (HHU) in Nanjing to explore the 

hydropower optimization problem by using genetic algorithms with 

daily time series over the period 1950-2002. 
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II. WATER RESOURCES  EXAMPLE PROBLEM 

 In this section, an one-reservoir  example problem is shown: a two 

objectives one-reservoir problem. For this example a brief description 

is given with the flowchart of the system, the formulation of the model 

and the results. For this problems the basic multiobjective genetic 

algorithm (MOGA) is used  for solving the programming system. This 

example problem is drawn from the literature and adapted for this study. 
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● Example problem 1:  presentation 

• An example problem due to  Reddy and Kumar (2006), in Water 
Resources Management, 20, pages 861-878. 

• The Bhadra project is multipurpose, providing for irrigation and for 
hydropower production.  

• The mathematical formulation includes two conflicting objectives 
such as minimization of irrigation deficits and maximization of 
hydropower production. The contraints are the storage continuity 
equation, storage limits, power capacity limits, canal capacity limits, 
irrigation demands and water quality requirements. 

• The multiobjective GA is applied to derive operating policies. It is 
possible to generate a large number of alternatives. After arriving at 
the Pareto front (the transformation curve between the objectives), 
subjective judgments are required from the decision maker. 

• The flowchart of the system, the mathematical formulation , the 
implementation and optimal solutions in the objective space are 
shown below. 
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● Example problem : the Badra reservoir system in 

India 

● The Bhadra dam is situated in Chimagalur district of Karnataka state, India. The  

reservoir provides water for irrigation of 87,512 ha and 6,367 ha. There are three 

Hydropower turbines. One turbine is  at the bed of the dam. Data of monthly inflows 

were notably collected over a period of 69 years. 
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● Example problem :  notations of the model 
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● Example problem : Equations of the model 
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● Example problem : Solving the example problem  

by using a multi-objective GA 

The non-dominated sorting genetic algorithm (NSGA II) principle is used 

for the reservoir operation problem to derive operating policies. The parameters used  

are selected after a sensitivity analysis. The population size is of 200 and the maximum 

generation  number is of 1000. The crossover probability is 0.9 and the mutation  

probability is 0.03. The figure shows the trade-off between irrigation and hydropower.  

After arriving at the Pareto front, the decision maker chooses a  

solution corresponding to his preferences. 
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III.  WATER RESOURCE CASE STUDY: A 

MULTIRESERVOIR MANAGEMENT PROBLEM IN FUZZY 

ENVIRONMENT 

 In this section a real world water resources case study is 
presented: a multireservoir management model for the Godavari 
River sub-basin in India. A multi-objective GA in fuzzy 
environment is used for solving. This case study is drawn from 
the literature and adapted for this study. 
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● Multireservoir management : presentation 

• A real-world case study due to Regulwar and Raj (2008) 
in Water Resource Management, 22, pages 595-610. 

• A Multireservoir management problem for irrigation and 
hydropower production. The multireservoir system in 
Godavari River sub basin in Maharashtra State, India 
consists of four reservoirs and a barrage. 

• The decision maker aims at maximizing two objectives 
simultaneously: 1. the irrigation releases and 2. the 
hydropower production. These two objectives beeing 
fuzzified, a level of satisfaction is  maximized in the crisp 
equivalent version of the programming problem. 

• The multiobjective optimization algorithm NPGA is used for 
generating the trade-off curve of the programming problem. 
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2. Multireservoir management : programming 

problem 

• The two objectives are to maximize the irrigation 

releases, to maximize the hydro-power distribution.  

• Only the objectives are supposed to be fuzzy, all other 

parameters being crisp in nature. 

• The constraints are due to the turbines for power  

production, to irrigation releases, to the reservoir storage 

capacities. There are also hydrologic continuity 

constraints for all the reservoirs.  
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● Multireservoir physical system 

- Each reservoir of the 

system is described in 

terms of gross 

storage, live storage, 

installed capacity for 

power generation. 

The irrigable area is 

defined.  

- Monthly historical 

flow data is collected 

over several tens of 

years. 

- The irrigation 

demand and inflow 

are given for all the 

reservoirs. 
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● Different steps for solving the fuzzy multiobjective 

optimization problem 

• Step 1: Determining the best and worst values for both  objectives 
by considering one objective at a time and ignoring the others. Thus, 
when Z1 is maximized, the corresponding value of Z2 is considered 
to be the worst and vice versa. 

• Step 2: Fuzzifying both irrigation releases and hydropower 
production objectives by considering linear membership functions. 

• Step 3: A modified optimization problem is formulated for which the 
single objective to be maximized is the level of satisfaction, the both 
initial constraints being placed into the constraints. 

• Step 4: The programming problem is solved by using the NPGA 
evolutionnary algorithm. 

• Step 5: Results are obtained for 500 generations. Simulations are 
realized for different rates of increased demand. 
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► Step 1: Best and worst values for the 

objectives 

Objective function Existing demand 

Best value Worst value 

Irrigation releases 

Objective 1 

(in 10^6 m^3) 

 

2,218.36 

 

1,807.97 

Hydro-power production 

Objective 2 

(in 10^4 kWh) 

 

11,739.5 

 

8,559.2 
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►Step 2: Fuzzification of the objectives 

Membership function  (MF) MF’s linear formulation 
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The first fuzzified objective is taken as an illustrative example of a linear membership 

Function (MF). The membership function (or characteristic function or or degree of 

truth)  is an essential component of a fuzzy set. Formally, we have  m(x):U[0,1] . For 

any element x of the universum U. The second fuzzified objective for this study is 

similar. 

  



►Step 3: Crisp equivalent optimization problem 
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►Step 4: solving by using NPGA 

• The genetic operators are:  a stochastic remainder 

selection, a one point crossover, a binary mutation. 

• The crossover probability is 0.7 for maximizing the 

irrigation releases and 0.9 for maximizing hydropower 

production. In both cases, the mutation probability is set 

to 0.1. 

• The parameter values are: a population size of 130 and 

500 generations, 
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►Step 5: Results for different demand evolutions 

Existing demand 

 

Demand evolutions 

Increase of 10% Increase of 20% 

 

Level of 

satisfaction 

(in %) 

 

60 

 

52 

 

47 

Irrigation releases 

Objective 1 

(in 10^6 m^3) 

 

2,054.22 

 

2,195.34 

 

2,342.94 

Hydropower 

production 

Objective 2 

(in 10^4 Kwh) 

 

1,4750 

 

11,026 

 

11625 
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