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2- Particle Swarm Optimization
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Figure 1. Reservoirs location.
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Table 1. Inflow, evaporation, agriculture demand, environment demand of Bostan dam (Mcm3/Y ear).
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Table 2. Inflow, evaporation, agriculture demand, environment demand of Golestan dam (Mcm3/Y ear).
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Table 3. The average, maximum and minimum values of the objective function for 10 times the
implementation of the program using the proposed algorithms.
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Table 4. Reliability of GA and PSO algorithms (percentages).

GA PSO e
Reservoir
Yo
56.61 57.53 St
Boostan
ol ds
46.35 4730
Golestan
YedS ol
48.43 49.38 OB ) T

Boostan and Golestan

iy sy 5 ol it 3 oS 4800k

s Mg Ol sl 5 GA ﬁ)ﬂ\wtmam
el e Gl b Lael Gl S S
S e e b slasl WKy dul b s oS pin
03 ks Dl mlesil Sl S50 O
J%J&L@_}glﬁ-s;m.wcjfpsorg)ﬂ\
yae s e bk 5o Sl esliad b el s

& (xgbest) oo S e (xi,pbest)

JASJJWL)\JQ;JA)JJQJ CJ)L-QA.: LMDL;G
RlRls 2pdipe (e S (e b ol als
g;..w\ IS4 eJL@.’L.JQTJJPSO ULJJASJ{}@LA

GMGAJJAMWJ:GJ‘N&\JQAMW

yev

33 Al &S L das e 0L il Lo
o s ol 0L L,E PSO 5 GA iy,
w8 4 Cod PSO o) S s Slkes 508
ol e e S il s sl s Cel GA
sl GA 2, Sl s S piny ol 0l i,
5 Lsm SBTl Jos a dl e a0 g
52038 sl ) Soso 53 5 s AL e
w5 op g el 4 I PSO 2y, 5o S -
003 Camdse Sluyisn ol 0o 5 e 5 628
oS &S ek sl pase cnl 2 g e s
5 S &b bl UL Weer 51y PSO
Gda mb ool sL Yo 5l GA V”Jﬂ\
Aol My s 0L T8 lacl > 4



YA (Y) 0 ko (TT) s SB 5 o Cblis gloing}s 4 puid

ol PSO 5 GA ﬂ)}g\ 93 C,L; duolas
Shoe il Kes Zo o 5 PSO ), S s e
\Veero L PSO {,.:Uﬂ\ S G ot (el Hl3y 9 5
LYeres LGA o, S5 s b bl L
ol ok gllae amS 4 Gla AU L)
Sere Sl 5 Sl xSt oSS e
bz, S 31 e @l L) ol e
lia Sgea oyls PSO iy, 5, 5l Ol
¥ ossd= 53 PSO iy, sl sdel cosa slac
S asl el GA iy sbaole 5l e do
inz Ooled (i oyt 58 SFeS u.f,\;Sb;7
G s de Ses a0 gl el sl
A OB mlE opmes s S e
Lo 3 LAVA (5 pduslazel LPSO (g5luag (,:i”ﬁl
Ol ol 53 hmle 3 Sles
52 OlS —0lin gy &gk (s 3 (S0 0 ¢
Corle 4 ar g Lol oyt GA L alis
03 S gy U 4 (S350 Ol b
S3L 2500, b sols e e Soleang 4 S ol aalsl
4R S Ak 0 emed 2pd 4ty
4 PSO 5 GA 6\.&{,.:;"))@\ SSes s p
Sad atls i 5 Jle 5 glas,gs

1.Ahmadianfar, A., and Adib, A. 2016.
Optimizing hydropower dams operation
using hybrid of PSO and GA (Case study:
Dez Dam). Irrigation Science &
Engineering, 38: 3. 63-71. (In Persian)

2.Eberchart, R., and Kennedy, J. 1995.
Particle swarm optimization. IEEE
InternationalConference on Neural
Networks Perth, Australia. Pp: 1942-1947.

3.Esat, V., and Hall, M.J. 1994. Water
resources system optimization using
genetic algorithms. Proc. 1% Int. Conf. on

GA &)J}DW&M @jww\
(S o= ASJBJJCA.‘A\J.\@_?JJQA&@J.@&)%
“-"ij“a JJA\)Li )‘ obu;'..u‘ L: PSO Ui'}) B L.a_ﬁ
wo el sl eslital s e e ﬁbﬁ}\ (W) ol
WS ot Al dalt Lad me (gt ol
e oty S ol e 53 Y alasly el
s gl e Sl @)H\:m’)cw\ sLy w
PSO xS sl U3 Lad g g pomtnr ool
J.:A\)Li LGA V.:._:.)ﬂ\ o 45&[2— DL A M\j}
S| QLM_{.L}QU ELE ‘J}‘J‘ le)w )J&@.?f
S Sl el 53 S bl O3 LS
V‘:‘UJQ\ S oS Shiaddn 5 (LS el GA

el 05 PSO

S 5 42 g (SAuge

Sy Vo5 Rl Bl S e S

SR 1 bl O 51 Al (Sulo e s vy 2
Cage GO po e o onl s ol sl SISST 5
Sl Shomn Bl 4 et Glagians S
S oy Caenl 3l K0S Lol Ll
e ol e alie gl gy ol
2ol as e 3 0kdS 5 Ok lads O
Lavar-ag ol dl ¢l p obadS okl 55,08 3
sexs kil i 5 PSO 5 GA le.a{,.:{)ﬂ\ 31 eslaxul

Hydroinformatics, Balkema, Rotterdam,
Netherlands. Pp: 225-231.

4.Goldberg, D. 1989. Genetic algorithms
in search optimization and machine
learning.  Addison-Wesley = Longman
Publishing Company. Boston. 403p.
5.Hosseini-Moghari, S.M., and Banihabib
M.E. 2014. Optimizing operation of
reservoir for agricultural water supply
using firefly algorithm. J. Water Soil
Resour. Cons. 3: 4. 17-31. (In Persian)

YEA



O o2 g LudgS 23l g

6.Iran Water Resources Management Co.
2012. Annual report on the status of dams
operating in different months. (In Persian)
7.Kalbali, E., Sabuhi Sabuni M., and
Ahmadpur Borazjani, M. 2016. Strategies
of Voshmgir dam water allocation using
two-stage stochastic programming. J.
Water Soil, 30: 6. 1832-1847. (In Persian)
8 Karimi, M., Ahrar Yazdi, B.N., and Ahrar
Yazdi, B.D. 2017. Examining the
performance of two pso and g-algorithms in
optimizing the CGAM issue. Mechanical
Engineering Sharif, 33: 1. 129-136.
9.Kjeldsen, T.R., and Rosbjerg, D. 2004.
Choice of reliability, resilience and
vulnerability ~ estimators  for  risk
assessments of water resources systems.
Hydrol. Sci. J. 49: 757-767.
10.Moeini, R., and Afshar, M.H. 2009.
Application of an ant colony
optimization algorithm for optimal
operation of reservoirs: A comparative
study of three proposed formulations.
J. Sci. Iran. 16: 4. 273-285.
11.Moeini, R. 2016. Performance evaluation
of the ant Colony optimization algorithm
for the optimal operation of a
multi-reservoir system: comparing four
algorithms. Iran-Water Resources Research,
11: 2. 29-46. (In Persian)

Y€

12.Moghadam, A., Alizadeh A., Farid, A.,
Ziaei, AN., and Fallah, D. 2013. The
application of improved particle swarm
optimization algorithm in design of
water distribution systems. Iran. J. Irrig.
Drain. 7: 3. 389-401. (In Persian)

13.Moghaddam, A., Montaseri, M., and
Rezaei, H. 2016. The Application of
GA, SMPSO and HGAPSO in optimal
reservoirs operation. J. Water Soil.
30:4. 1102-1113.

14.Momtahen, S., and Borhani Darian, A.R.
2006. Genetic algorithm (GA) method
for optimization of multi-reservoir
systems operation. J. Water Wastewater.
29: 2. 11-20.

15.Norozi, B., Barani, Gh.A., Meftah
Halghi, M., and Dehghani, A. 2011.
A multi-reservoir system operation
optimization using multi population
genetic  algorithms  (Case  study:
Golestan and Voshmgir reservoirs). J.
Water Soil Cons. 18: 2. 43-61. (In Persian)

16.Zadesh Pargo, R., Mazandarani Zadeh
H., and Daneshkar Araste, P. 2015.
Subsurface Drainage System Design
to Minimize Construction Costs with
Steady-State  Consideration.  Water
Research in Agriculture, 29: 1. 117-128.
(In Persian)



J. of Water and Soil Conservation, Vol. 26(2), 2019
http://jwsc.gau.ac.ir
DOI: 10.22069/jwsc.2019.14894.2997

Evaluation of GA and PSO optimization algorithms in operation of
multi-reservoir systems, case study: Gorgan-Rood basin dams

J. Piadeh Koohsar', *H. Mazandaranizadeh” and S.M.K. Sadr’

'M.Sc. Graduate, Dept. of Water Science and Engineering, Imam Khomeini International University,
? Assistant Prof., Dept. of Water Science and Engineering, Imam Khomeini International University,
3 Assistant Prof., Dept. of Water Engineering, University of Exeter
Received: 04.09.2018; Accepted: 01.22.2019

Abstract

Background and Objectives: Optimal utilization of water resources systems and appropriate
formulation rules and policies for the exploitation of reservoirs have been considered by water
resource experts in recent years and extensive research has been carried out. Although much
progress has been made in terms of problem-solving strategies and computational tools, the
problem of optimizing the operation of a multi-reservoir systems due to the effect of upstream
storage capacities on downstream inputs, is so complicated. Routine optimization methods due
to high constraints, discontinuous space and non-linear nature of water resource management
issues are not a good tool for solving such problems. For this reason, the metaheuristic
optimization algorithms have been considered by researchers.

Materials and Methods: In this research, the performance of the GA and PSO in solving the
problem of optimizing the operation of a multi-reservoir system including Bostan and Golestan
dams located in Gorgan-Rood watershed has been studied and compared. The survey of the
input to the two dam reservoirs in the year 2014-2015 shows that due to the climate change, the
annual input to the Bostan and Golestan dams has decreased by 17% and 60%, respectively.
Genetic algorithm is a parallel and guided search based on the theory of evolution. The
operators of the GA algorithm include selection, crossover and mutation that are used to make
up the next generation, respectively. In PSO optimization algorithm, based on the birds and
fishes movements, a number of particles are propagated in the search space and the value of the
objective function is calculated in proportion to the position of each particle. Then the new
particle position is calculated using the combination of current particle locations and the best
place previously used.

Results: The best answer of the PSO algorithm during the 10 runs is 909.95 and the worst is
equal to 930.53, while the best answer of the GA algorithm during the 10 runs is 931.17 and the
worst was 957.32. The comparison of the mean of the answers also show that the PSO
algorithm has a 3% advantage over GA.

Conclusion: The PSO algorithm has a better performance than GA, so that the PSO algorithm
with a reliability of 49.38% has a better performance than the GA algorithm with a reliability of
48.44%.
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