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Abstract

Hirmand River is the main drainage system in the southern part
of Afghanistan and has a significant impact on the socio-
economic life of Sistan region. Long term assessment of water
potential of Hirmand River requires the use of rainfall-runoff
model. The present study focused on simulating the daily
discharge of the upper Helmand basin in Afghanistan using the
conceptual model FLEX in combination with multi-objective
optimization, which has not been considered in previous
studies. At first, the discharge was evaluated integrally by
lumped model considering one objective function. Then it was
simulated using semi-distributed model by adding the
logarithm of the flow to the objective function. The results
indicated that the model is efficient in the semi-distributed
mode by using two objective functions for calibration of
parameters. The coefficients of NS, NS-log in the calibration
period were respectively estimated to be 0.86, 0.92. They were
estimated in validation period as 0.76 and 0.81, respectively.
Pareto front analysis gave the best optimum set for each
parameter used in model simulation. The model gave
satisfactory results based on monthly calibration and can be
used to investigate the drought and climate change research in
study basin.

Keywords: Rainfall-Runoff Simulation, Multi-Objective
Optimization, FLEX Model, Pareto Front, Upper Helmand
Basin of Afghanistan.

Received: August 15, 2018
Accepted: November 4, 2018

VAl o) 2 lend (o035l Jus
Volume 15, No. 1, Spring 2019 (IR-WRR)
\ay-y. s

)|
il

£

r|

«
r

Ol L] swiold CuwdYU as g 43 Ollg,y (65l dmd

Fodljging has s o 31558 ¢ 6539, (wned
P51 e (oS slo o T yo¥o e

oS

A g 00 Gl s dep (iSa5 kel Mepe ala
sbwly ;o oyl Gl ddlaie cloinl —(oolaidl ol oliwa
Jae 5l eslizl 4 L cse SV 1 ey a3, ST sl b))
ass> ailis) Sy silwand Bdod ol jl San sl o Sy, ()b
lotinge b S 5 5 FLEX. _sosge o j) o3litel |y sials cusYL
@ e 9 B2 @l S5 (85 i b 42 )Ly ©pge @ Je Ll >
35 bl Bae b by w0y (9938l 5 (mjgdes ©)ge
ol 5 (mjgide b 53 Jue (YL (2l exmop i iagh @l
95 ;3 NS-10g NS ol s 5 009 b ol )l eiwly (glys Bam x40
5 IVE AV Il Gy d (orwcows g (oriwly Clbs
O 5 Fn Mer S BB aes &Sl 4 argl b e /AN
A5 48,5 5 o] s o bl o sl ks ks o Jo
S Wl oo ilale Cpgo 4y o Sisuculs) mls 4 a2 6k (rizzen
2305 oalatwl dalllas 3yg0 dd g )d wulil s § JSiS wyp

oo cbasiy (gloaie bl o)k ilwans fguals Slals”
badlis] dials CassYl adg> <oy dges FLEX

AV/BIYY i bl go b
AV/ANY i o pds go,b

1- - Ph.D. Candidate of Water Engineering Group, Department of Soil and
Water, Zabol University, Zabol, Iran.

2- Associate Professor, Department of Soil and Water, Zabol University, Zabol,
Iran. Email: hassanpourir@uoz.ac.ir

3- Assistant Professor, Department of Water Engineering, Birjand University,
Birjand, Iran.

4- Assistant Professor, Department of Water Resources Management, Tarbiat
Modares University, Tehran, Iran.

5- Associate professor, Department of Water Resources, Delft University of
Technology, Netherlands.

*- Corresponding Author

Vay

M5 oSl ol iz 09,8 « i) c6oll (655D (g5omails —)

5 oSl Sy T 23Sty cl e 09,5 slutils —

iy oK1 65 y9lisS oSl ol puwsiges 0,3 ,bliusl =Y

s yde a5 oSl (ol wlie o e 09,5 Lokl —F

ila s oo o8l ol wlio 09,5 HLusils -0

Jsins oy =

ool Sl WWAA il (LL b allde ol 3)80 5> (Discussion) o )bl 5 cou

&


mailto:Hassanpourir@uoz.ac.ir

i ys8dl g dddanin (gilwain jlealatwl b1y Cllg = S5l alayl,
i Jde Gl it Jldlo aw (58,5 5la 3 L g o) e
djie Jao Sy 03,5 Gl g 03905 (wyp S92 0 93 > FLEX
g (S s Sy laanlp oo ol sy
(s ilwdiars gy 4 5 TANK Jio S 4, Rezaie et al. (2016)
29035 Silede |y dmg)l d2lyd Slaglib asgs ailjs) Uy,
o CBl 5 oyl Slwep &1 e sip S5 s
S5l gy o 5, Sles odims i o] ol 053403 Aol g
sob 4 39 Y Qllg)y polie )3 cins g by Sy (giloand )
s gl suwly Ll ead 3 gl Gldlas S
S35 1, g g il B 5 (53,05 o5 65,5 S
Madsen, 2003; Reddy and) S e b Sojols)in

Nagesh, 2007; Foglia et al., 2009; Li et al., 2010;
J(Lu et al., 2013; Tiedeman and Green, 2013

3)90 slew ogrde S by )k slaJse Elgl e )
039 455 cogpe Jdo S FLEX Jio (3505 0 41,8 oolaiuwl
oL ade> o 4 1) (Sidgrke slanlp g by &5
2 6ok Olalllas Liwly pod y> (Fenicia et al., 2006) s> -
2 odon U oodle slaylidsle L FLEX Juo oxiwly (ogas
B g 4B S Ojg0 ddin Wi b S (gilwatge slagby, b S
Fenicia et al., 2007;) cwl oid &)  isucols,
Savenije, 2010; Hrachowitz et al., 2013; Gharari et al.,
Lo ;3 FLEX Jio Sl 4 455 1, ,(2014; Gao et al., 2017

Comnd I3 o5 g by o] L lo g5 oo g 0ad g i
5009 Cawgd )8 SWAT wisle (S659)9 )0 odzey sla Jde &
CandVl aogs by )b abaly (loand can dalle oyl )

ol o ool Lol

Sl JolS (Siusly 9 (S0,b e ials cde 4 ol dilaie
oo 4 VWYA-AY (cla Lo Job ;5 48 e pu 43809, Ul 4 ddlaio
LSS 005 arlge 35y gl Jlo gllse 51 53 ol
2rSH il S (Roodari et al., 2016) wib o yguiS pdaw )
lodly s w piwd Cudgdzme 3)b dgrg adgs pl 3 a8 IS
Jokaie ped 4 ool wlidlgn slaodls alox I Jae 4 (639)8
3900 5 Sl ell slaodly 5l osliul Logas,d ke
Hajihoseini et al. dlos .l 48,5 & g0 ddg> opl CUg,
4 SWAT Jio 9 CRU ol5L (slaodls I exlil L (2016)
als g aidld g dele CundVl ades o Clly,y dlale (6 lwdus
6559 adlls jd Wdges il YNY Jlo b1y Qblg, sl

doddo —)

piliue o disge oo 5 O @lio ) sllas oolizl g (o loy0 2
JsSias o Jls 4 g o)l el (Sojgdgpnm Jao i calis
d9d 0 e (Siglgrhen 42 wre sajle | (daw Uy,
SUlgy g 0Bk om dhly (ooyp (Sdgrden Jue ) bl
3y50 VAP amd Llsh j1 (So5edg m sl Juo tusd (g sl
ol Saemn s 009 A5 <8y Jb 4 Jy sl 4B S |F oy
B B dag 3)90 095 (mwly Cou jeSide amd Byl
w8l S5 icanlio Bua ml SO Gl wiejls H8048  suwly
Conl w2,080 il bl 4 lp Jlwe Sy 2y Cun

.(Sorooshian and Gupta, 1983)

e & g0 4 Ul =)l (sl b den (caspde sla e )
P ol Casl p3Y LS &S (6 ls0 43 WLgd o Lo ol 0ok
Elgl » Al ospdo sloJuo 05 (silutnd ol 4> (295
o3l Ty (St b s des ‘gus)—uﬁ)b sl s S
Slaolone 53 & 55 6 sloenly sl o L 55
(Cooper et al., 2007) x> 5l (sppS £39y9 sodld 4
VslossSe a5 5l08 0 bl (o3l I cegrde sla e
FB acwsS jllapehly ool jide s ase o Shy
J3e oy oy 5 ol p3Y g 40T o5 Cand 4 adgs (g pSojll
€9 ohy 4 Dbl i)l (oesrie sladde by g 355
oyl g g 50,585 bl (3b5 Jledd Sl dagl atgy
Gl paw g Cb (gam i S)n slad S b cwlie
Pogs @b 9o e J bl b ue pl Ban &b
o Jao cpl 350 )3 5005 oxiwly 45" cudS g5 o ()l it
4 a5 L 1 (Khazaei, 2009) cul (5)gps g LiSoly (50l
Lo b oo Jae 5l oolaiuwl ¢ S (6399 (sboodly &y (s yiwd pas
Wl o dbam ax b S (gilodinge slosba; b ol S 5 g sl
L, Mostafaie et al. (2018) diwly ‘pon 13 3,5 )8 ar g5 550
(oorce (NJPares Jie Sy iludiste () szl edlatl
wanse mly gbs Woby i 5 o350 (gilwans 1) blg,
L Zhang et al. (2015) .05l 0 ddin G ilgi 51 5 oucols,
4 Shuffled Complex Evolution  sjluaies g, 5| esliwl
loj 8 Joo 231> s 5 45513y (S55lgiem Je (s3lrtind
5 )P Jao (2ely p g508 Bl silodire pipsNl £95 4 o
slcwshd pie 4 i Jao Jlidle o Wodly 15U slalls
Tekleab et al. (2015) .55,5 o W iol)ly (ilodians 10 (o) xo

VAN Hle ¢ 0l 3 35b Jlo ¢yl o @alio oliglisss
Volume 15, No. 1, Spring 2019 (IR-WRR)

\a¥



GBS (9, -

axdllao 390 adlaio - V- ¥

do S B i pus 431539 33 ] ddge cand VL calllae 590 ddlais
5 EreyashS TVere Colus a4y pluilidl j5i8 55 o8ly (S8
sbooss jl by cul () JS) adloo yiaghS B+ dgas Jobo
48,5 dni s IS o 53> s 31 0 DVEY 651 b Loty Ly
b oAb oo syt Ve i)l 4 (S8 w4y
ey oo lpl Gl 53 el dalyd 4 yieshS Vedr cdluw
P S by b glag g SlunsS ade Jload sl
bas aeb » b U e bSB 5 Jluas glbcud
o weldl sl e
Sl (o)l s 0 Ey (o U ST slaole Job o YL wlelis)|
O Sl Jously 305505 9 yia oo Are 51O (g0 glojly
U.S.Agency for International ) usb o yio oo Yoo GA--
.(Development, 1976; Favre and Kamal, 2004

» u*’)b O g 039 Sld oy 9 S

65°0'0"E 66°0'0"E
1 1

67°0'0"E
1

sokaie 4 590l ioxiw (sleodls ;I Carrie and Jacobs (2011)
g ol 03,5 o3lat] Mot Cand Vb ddgs By Jolee O o)
Burger .6sge dmslioc HEC-HMS Juo 595 L) ol mls
oL I wlislen slaodls g HBV Juo 5l edlizw! L (2005)
Uiyl eyl ECMWF Re-analysis dataset
5 Cuol 03505 (5w Loyt CandVl ddgs D AVl 5 dilale
y St cloJlo 53 Jae (omly (355 Jai b Jod 6 ol

D903 IS 5
9 Ol (hg5end o)lgen )9S ) dopn 4lB3g) (Slacs39)9
&l 039 Sliaslidl g ol (Sbgyde lidle gly lole
(62906 Sodily 5> g, ol o lio Sy (o)) > (e
sl Jio ) edlasl 4 5L g0y90 pin oy &S Gl ody
IJ .(Hajihoseini et al.,

wbdey 1) Sy,

2015) 55 blyy- byl 55l
aoe Sllgm byl daly (ol adlae pl bl I Ban
P FLEX Juo g dianin (gl aipe ookl b siela cansYl
8 dxgi 390 43l Clalllae 3 &S WS ailjg) (Sloj lide

68°0'0"E 69°0'0"E
1 1

e ST
Afghanistan

IRAN K/ Ai
Pakmtan

N
o~
* * *
S
. L8
\‘“
* * * *
- I
— o4 -
/ z
-
* *

*
*
*
1
35°0'0"N

N

T
36°0'0"N

) =
A Kakaki dam =
* CRU stations §
Hirmand river
:I upper Helmand basin
Elevation(m)
900 - 1,000
=
[]1,000-1,500 o
=
[ 1,500-2,000 e
cn
[ ]2000-2500
[ ] 2,500- 3,000
[13,000-3,500
[ 13,500 -4,000 z
[ 4,000 - 4,500 =
&
[ 4,500 - 5,000 &
[ - Km
0 12525 5 7.5 10

Fig. 1- The location of Upper Helmand Basin in Afghanistan
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Fig. 2 — Structure schematization of the FLEX
model
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Table 1- Initial, final and optimum parameter ranges after calibration of FLEXP
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Parameter Initial values Final values Optimum parameter

Imax (mm) 0-2 (0.11-1.34) 0.31
Ce 0.2-1 (0.59-0.88) 0.77

Sumax (Mmm) 40-850 (435-800) 609.20
B 0.2-3 (0.71-1.15) 0.95
Pmax (mm/day) 0.009-0.6 (0.522-0.591) 0.58
Tiag (day) 0-5 (0.6-4.6) 1.12
Ks 0.01-0.1 (0.039-0.064) 0.05

Ks 0.0009-0.01 0.002-0.004 0.0025
Tn(°C) -25-25 (-2.42 -0.69) -1.12
Fad 0-5 (0.43-0.84) 0.67
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