


Reservoir operation

(used to guide monthly decisions on water release from a reservoir)

Rule curves
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Maximum storage

Upper Rule Curve

Lower Rule Curve

Water releaset  ≤Water demandt 

Water releaset = 0

The upper rule curve (URC) :
The maximum level for 
conservation purposes

The lower rule curve (LRC): The 
minimum level for conservation 
purposes

Various optimisation 
schemes have been 
employed to derive optimal 
rule curves.Apr  May  Jun  Jul  Aug  Sep  Nov  Dec  Jan  Feb  Mar



Optimising reservoir rule curves: 
Genetic algorithm

Genetic algorithms (GA) optimisation has long been 
recognized, and widely applied, to provide the optimal 
solutions when deriving reservoir operating policies. It 
was accepted that GA increased the efficiency of the 
water supply performance (Chang et al., 2005).



Optimising reservoir rule curves: 
Challenge in GA 
Standard GA (SGA), however, often fails to search adequately for the global 
optimum, especially when the search space is either too wide or too narrow.

So, how to ensure that the boundary domain 
for the search space contains the true 
optimal solution?

Solution:

The dynamic GA (DGA) - uses search-space reduction 
techniques (SSRT) to improve the search for the optimal 
solution by ensuring that initial boundary is based on the 
current best fitness values.



Aim & Objectives

Aim: To present a new development of the GA, known as the dynamic GA 
(DGA) that is more efficient than the standard GA (SGA) and represents an 
improved SSRT in arriving at an optimal solution.

Objectives:
� Review the literature dealing with the deployment of GA in reservoir 

optimisation
� Present the development of the new DGA optimisation and discuss its 

main features that distinguish it from the SGA.
� Apply both the SGA and DGA to the optimisation of rule curves for the 

operation of the Ubonratana multi-purpose reservoir in Thailand.



Standard Genetic Algorithm 
(SGA): Flow chart

Initialisation Evaluation
(objective function)

Stop? 

New generation

Results

No

Yes

Selection
roulette-wheel selection

Crossover
• scattered crossover

• crossover fraction of 0.8

Mutation
• uniform mutation

•  mutation rate of 0.01
Elite

Reproduction



Dynamic Genetic Algorithm 
(DGA): Flow chart

It starts with an initial random 
population like the SGA and 
runs over “g” generations from 
which the best string is 
selected. This process is 
repeated “r” times, thus leading 
to “r” best strings.

Yes
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Initialisation; set g, r

Evaluation of fitness 

gth 
generations?

Reproduction
- Selection
-Crossover
-Mutation

Next generation of 
strings

Results 

No

Yes

Obtained best 
performing string, Xi

rth repetitive 
algorithm? 

No

Yes

1stset?
The set obtained r 
members of best 

strings, Xi,k

Update new bounds, 
UBi,1=Xmaxi,1
LBi,1=Xmini,1

The Kth set
Obtained r members of best strings, 

Xi,k

Stopping? 
FVALk-1- FVAL,k

≤ β =0.05

Update new bounds
UBi,k=Xbi,k+ 0.5 (Xmaxi,k-1 - Xmini,k-1)
LBi,k=Xbi,k- 0.5 (Xmaxi,k-1 - Xmini,k-1)
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An objective function and 
constraints 

Constraints

The three possible cases are:

Dt = Demand in period t
D́t = Water (useful) release in period t

Objective function
Case 1: For                          this is the excess 
operation case.  

Case 2: For                                    this is the normal 
operation case.  

If
If 

Case 3: For                         this is the deficit operation 
case.

(No water released)

where

St is storage at beginning of time t; St+1 is the storage at the end of 
time t; Qt  is the inflow to the reservoir during t; et is the net 
evaporation measured in equivalent depth of water; a and b are 
coefficients of the linear approximation to area-storage relationship; 
FCRC is flood control rule curve; WAt  is the amount of water 
available; URCm  is the upper rule curve during month m(=1, 2.,3,
…,12) of the year; LRCm is the lower rule curve during month m; Yt is 
the excess water released during period t. 
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� Time-based Reliability (Rt)

�  Volume-based Reliability (Rv) 

� Resilience (φ)

�  Vulnerability (ŋ)

� Sustainability index (λ)

� Group sustainability index (λG)                                             where

 

Reservoir Performance Indices

where Ns is the total number of months out of N that the demand was met; fs is the number of failure sequence; fd is the total 
duration of the failures (months); λj is the sustainability for users category  j; wj is the  weighting for user j; M is the total 
number of users sectors and Dj is the average annual water demand for users sector j. 
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General data of the Ubonratana 
reservoir

• The reservoir inflow data water demand data of 384 months (1980-2012)  provided by the 
Electricity Generating Authority of Thailand (EGAT)

• The rainfall data of 21 months (1988-2000) provided by Royal Irrigation Department (RID)

Hydrometeorological data

Catchment area (km2) 12,000

Rainfall (mm/y) 1,200

Inflow (Mm3/y) 2,619

Public demands (Mm3/y) 12

Irrigation (Mm3/y) 706

Downstream requirements (Mm3/y) 224

Reservoir physical data

 Reservoir capacity (Mm3) 2,431

 Active storage (Mm3) 1,850

 Min.WL (Mm3) for Hydropower 581

 Min.WL (m msl) for Hydropower 175

 Min.WL (m msl) for Irrigation 168

 Max.WL (m msl) 186

 NWL (m msl) 182



An excessively small population could guide the 
algorithm to poor solutions, while an excessively 
large population could significantly increase the 
computational time in finding a solution (Roeva et al., 

2013).  

Thus, the SGA algorithm investigated the effect of 
population sizes (50, 100, 200 and 250) and generations 
(1-3000) on the fitness values.

Influence of the population size and the 
number of generations on GA’s performance



Results: Influence of the population size and the 
number of generations on GA’s performance

A population size of 200 and 1500 
generations are the best combination.

Increasing the population above 
200 does not produce any 
significant improvement in the 
fitness function

Generations 100 1500 3000
Fitness value 18569 15809 15762

Influence of number of generations on the 
fitness value for SGA (population = 200)

Increasing the generation beyond 
1500
produced no noticeable 
improvement.

The fitness plotted represents mean for the 30 repetitions



Results (Cont’d): The fitness values of the 
algorithm of 30 repeating times in SGA
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The computation time was equally variable 
with

mean = 792 secs; 
max = 823 secs;

and min = 733 secs.

The minimum best 
fitness was 10271 while 

the maximum was 
29671. 

The complete set of the best fitness values for all 30 runs for the best combination of population 
size and generation



Results (Cont’d): Influence of the generations 
and repetitive algorithm on the fitness value in 
DGA

Increasing the generations above 2 and the 
repetitive algorithm above 7, does not improve 
the solution significantly. 
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“g” and “r” are parameters of DGA and their best values were determined by trial-
and-error.

“g”=2 and “r”=7 represent the 
best combination

• The best fitness value for the best 
combination was 6021 (which is 
about 43% of the best achieved with 
the SGA)

• The computational time for the best 
DGA was 352 seconds (which is less 
than 50% of time taken by SGA)



Results (Cont’d): Optimised monthly rule 
curves

Policy Rule 
Curve Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar

FCRC 1662 1616 1571 1536 1527 1527 1902 1902 1852 1804 1756 1709

SGA
URC 1141 1176 991 846 946 1340 1808 1901 1746 1366 1216 1556
LRC 583 582 592 626 606 824 947 889 962 806 724 651

DGA
URC 1246 941 888 833 946 1423 1750 1750 1750 1422 1098 991
LRC 583 582 582 603 582 625 961 911 848 783 714 651

Flood control rule curves (FCRC) has not been optimised in this study.
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Results (Cont’d): Reservoir performance 
Indices/

Water user

SGA DGA
Publi

c
Downstream Irrigation Public Downstream Irrigation

Total period Delivery (Mm3) 356.8 7165.6 22366.2 357.2 7179.8 22376.3

Total period deficit (Mm3) 0.36 14.21 236.81 0.00 0.00 226.7

Total duration of failures, fd 1 1 11 0 0 11

Number of failure sequence, fs 1 1 1 0 0 1

Time-based reliability, Rt 99.74 99.74 97.14 100.00 100.00 97.14

Volume-based reliability, Rv 99.90 99.80 98.95 100.00 100.00 99.00

Resilience, φ 1.00 1.00 0.09 - - 0.09

Vulnerability, η 1.000 1.000 0.330 0.000 0.000 0.305

Sustainability, λ 0.000 0.000 0.390 1.000 1.000 0.395
Group sustainability, λG 0.292 0.546

All performance 
indices of the reservoir 
using DGA were better 
than those of the SGA.

• The total unmet demand in SGA and DGA were 251.4 and 226.7 Mm3, respectively. 
• The vulnerability (η) of the optimised policy using DGA is much better than using SGA in public and downstream supply 

sectors.
• The optimised policy using DGA offers a system that is almost 46.5% more sustainable than using SGA.
• Performance of the reservoir in terms of reliability, vulnerability, resilience and sustainability with the DGA derived rule 

curves was far superior to that of the standard algorithm.



Summary

• The standard genetic algorithm (SGA) has been improved by search space 
modification using DGA in which boundaries are continuously updated by 
modified search space reduction technique (SSRT).

• The search space is focused around the area of the optimal solution, hence 
speeding up the convergence process and improving the precision of solutions.

 
• Recorded computational times for the DGA were on average about half of 

those required by a standard algorithm solving the same problem

• Sustainability indices showed that the DGA was better than the SGA, for the 
individual water supply categories as well as their aggregation.



Questions?

For more information
Contact:
Prof. Adeloye Adebayo at 
a.j.adeloye@hw.ac.uk
Chuthamat Chiamsathit at cc411@hw.ac.uk


