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Abstract

In recent decades, the unprecedented lack of water resources,
contamination and ecosystem degradation in many parts of the
world have forced researchers and policy makers to devote
more efforts to maintain and restore the health of water
associated systems to achieve a balance between human and
nature. Human efforts to maintain full natural flows have had
implications on the functions and biodiversity of river systems.
Lake Bakhtegan and Kor River have been degrading in recent
years due to the lack of environmental protection efforts. The
purpose of this paper is to provide a comprehensive top-down
methodology for assessing the environmental flow of Kor
River. Adopting the methodology based on the system
dynamics approach, the paper will estimate the environmental
flow requirement of the river under different scenarios and
explores its consequences on the socio-economic part of the
basin. It was observed that by supplying the water needed by
the natural system, the resources available for economic
development would decrease, impacting particularly the level
of agricultural development. The current trends which are
dominating the basin will result in deterioration of water
resources and complete destruction of ecosystems.
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Fig. 2- Basin Drought Index; 2008, the most severe drought incident in the last 20 years in the basin, which
has had a significant impact on utilization of groundwater resources and land use change
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Fig. 3- Increased exploitation of the basin groundwater resource (Fars Regional Water Authority)
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Fig. 4- Increasing the salinity of groundwater (Farsab Sanat Consultant Eng. Co., 2016)
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Table 1- The Minimum Environmental Flow Requirement Corresponding to the Important Fish Species in

Kor River (Ebrahimi and Taherianfard, 2010)
(Ebrahimi and Taherianfard, 2010) ,5 459, Caodly ldle o jW Jilus - Jgun
Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun. Jul. Aug.
Significant  Depth of Eig'l";‘ﬁk 150 150 150
Reproductive  spawning
Species (cm)  Barbus 150 150 150
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Table 2- Restoration objectives for Lake Bakhtegan corresponding to one year water requirement in wet

and dry periods (Bagheri, 2016)

(Bagheri, 2016) L1 & ;Wi g (JUuSuid 9 Iy bl pd ;0 Al 2,95 (1 Sw anly 5 sbe! Blaal =Y Jous
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Table 3- Policy options for managing the environmental flow of Kor River

P Ay, drmeCun 5 by Cupde gl (Gl L& -T Joua

(hamacanj g Gapto o Garass sl ol golin) sy (ol dimy

355 Pl s 595 ) g 5 (ol Jloys Ll 39290 59 C1-SO

2655 plxl pluw 59y ) @b 9 (ol JoSits bl g2ge g5y C2-SO

B0 a2l ol e st gaen YT+ (el g, Jaomacinn by o b gl ol oy bulys
(s 2o e 20> VB & 390500) (uejnj ol @l i poje e Jlosl

22l o Sl et gaen YV (b g, aomacinns oy 2o e il Jlosis s
ey o glie 20> VB &y dga000) (s ol @lie iyo e Cuppe Jlosl (S

OB a2l ol e st gaen D5+ (el Alig, Jamacim by o gl ol oy bulys
(s 28 e 20> VB & 390500) (ueinj ol @lie i po s e Jlosl

22l o Sl et alen 05+ (3l ilig, aomacin e 2o g il Jlosis s
ey 2205 Bl 203 VB & 394000) (i & @lio il y0 s Copte Jlosl (o Six

2 o 18 oo (len PY- ol lbng, hamocunss ol 202 V- g il i s
30 458 mle 1o yd YO 4 dgizs) (uejp s ol mlie (g0 500 Copde Jlos! ¢ Kiy

42152 ol S e i PY+ (ual g, anacns oloyr 202V o ol JlunSts Ll

(s 1255 wlie o )> YO 4 3ga5xe) (e o wlie (61350 00 o pte Jlas] ¢y Kise

o Aoy d VO & uoj i Ol wlie | cuslyy congasme Jlas!
Ml g (ol Cumdg g oy ()b & ejpj S pdinos
5 Jloy Candg 0 oad Jloel iubo oy S ) e
JrSts (g lins 55 48 545 dmalio 555 (C2 5 C1) IS

Copnss (55108 (ls0 Bl IS Ao 5 ioj s & @lie w2 (50
(oVF

10000
9000
>
3 8000
= 7000
S 6000
« 5000
8
S 4000
"2 3000
3
2 2000
0]
1000
0

—o— S0 —=—S1 S2 —%—S3

1375 1380 1385 139(\J(ea%395 1400 1405 1410

Slsis bols -0
b) Dry period

oy g b -

&lio oo Ol o awlow (SLodly 357 13U g o - Y

ity 2
2 by Codgie S Jlasl (o g (595 K9, aabl L
45 00,55 Gy Ol lio 3290 g, (S0) iwej o abie
Cuzor Lilidl & dogi b yol ol a8  dad o deldl 38 LialS” W59,
3o G e & (e o e Sl 4 oolatdl dnogi g
S3 552 S1 (wlw sty 5 Jlasl b ol canSlopio (5uke

12000

—&— S0 —8—S1 S2 ——S3

10000
>
o
= 8000
°
>
« 6000
[&3
g
2 4000
>
o
O 2000

0

1375 1380 1385 1390 1395 1400 1405 1410
Year
Jloy Lyl —all

a) Normal period

Fig. 14- Groundwater comparison under different options
wilizee Gy 35 )3 a0t 2l ibe Camdy dmlie -1 F UL

VAN Glians j oF 0 ylowd (o3 35k Jlw ¢yl sl T aslio ol
Volume 15, No. 4, Winter 2020 (IR-WRR)

AY



il zgh opl el pslaieds (il Sload (g50li8
jl adhie drwg o8l )3y bl b lon 1L Jasecin
Bany (i dawg Rl I b ()80 o 4 (g5)5liS
25 lp Caio dgupp g BpaneS (A5 ) dawgi L) (655l

(V8 5 WV ola IS5

5 sl g sl Soay 5 5T Awglie —F-Y
S39WS

G BB ABE g Gl el dgrge cunsg
sl codgazs glagy )l Jlosl b (b jl ol oad ()9lis
parass ol (ametun ) Soils el x5 ieins o
o (Rl 4 oxie 395 45 Wl o RIS (gy5liS ise 4 Bl
g SRl (55)0liS CuiS ) pdaw (Al 298 o0 oS
Ol iylis” wlide ials Loyl JWs 4 |y e¥game 4
S USS 5 WY SS) wbe el s cpl 1l
Ble (55l0b g oad s e j Blial 4 oliws (gl (o
2,8 e adlaie 31y delyd zalS opl bl 5L

ol » e bowlw 5 bg ke b -0-Y
Sy (G5l (bl )5 Ay dawoCunn
derge ulyd )3 (ascecun; ol ()

bulyd ) (amecuns by omel (Sse (w)p solate
dge slaphe @ oy b lag) (Sdgjn siledde (59
Ollidl 5l de) S8 Camdy > Ay, ol sadls )
A3 bl (WA Jls 5 elojls

210
SO S1 S2 S3

190

Crop Area (1000 Hectare)
-
w
o

1996 2001 2006 2011 2016 2021 2026 2031
year
Susis bl o -0
b) Dry period

CulS yj o g Gaolow (B4 U awglio Y-V

$39LiS
K3l dly g 59 aomacin 5 (slajls cilisee g glaw (el
ooU b ol b ¢ (ool cloin] giuw oym Jobs sl
oLl dnogi (gl (o3 53 @l (ol s S 350 O]
Aol g CdS 5 ghaw g oodig sobdr pol (nl &5 Wb RS
w0 Jloel ol slaan 35 50 .cusliS dalgd 5l g5l iz
b lulyd 4 S alsg, g (K a2l slol gaw 420
ol o plo avast Coggl 4 dagi b gd Ll oy
gle (BB L @ @ bl (R (65,5LiS dnwg (sl 29290
ol e GBS 5 (659l S 5 e iy LB G
O B p cute 156 (B)b (555l CuiS ) daw ialS
woes (oobaidl Lisy & dcde) cel Ko Sk i ase
odalie V0 5 VA G S 0 &S jeb glen g e
W29 (atecunj sbajls JolS jgbay & S3 (gay 5 948 oo
CulS 5 g 3 S i b A8 e 0yl ) 2l

Lol ol yors

($5329UE8 JURd 2 sl (o35 a3 dnglle Y'Y
et Jlos a1y cless g Jwsl (glyp Lold (iu]58) ures Ay

Eyose ol Gl b Slan Ll Gldhis g g il
oSSy anlys g 8 alidg, lastecw; sbails el b il

25 g (il ] 2gdi e alS” (650U CuiS 5 daw ]
oy 5l Jlis 4 1y ol Gl 5 JUzsl ks s

gsg p Jldl (el o jie el ol 4 S1 5 S2 83

210

SO S1 S2 S3

=
©©
o

Crop Area (1000 Hectare)
=
w
o

1996 2001 2006 2011

year

Jley Ll > —cil
a) Normal period

2016 2021 2026

2N21

Fig. 15- Comparison of crop area under different options
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Fig. 18- Seasonal variations of river flow depth comparing with the ecological need in different sections
after Mollasadra and Sivand dams in 2007
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Fig. 19- Seasonal variation of river flow depth comparing with the ecological need in different sections
before Mollasadra and Sivand dams in 2007
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Fig. 20- Seasonal variation of river flow depth comparing with the ecological need in different sections
assuming that 90% of the environmental flow requirement is met
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Fig. 21- Seasonal variation of river flow depth comparing with the ecological need in different sections
assuming that 50% of the environmental flow requirement is met
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Table 4- Levels of meeting environmental flow requirement for Kor River and Lake Bakhtegan and its
impact on water resources and agricultural economy in the basin
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Basin * Lake
Basin Basin Agricultural River *Lake fig  *Number  Bakhtegan Water
revenue  employment ] crop of Water .
. - Area Environmental . . - Resources  Scenario
reduction reduction - 3 production  flamingos  requirement -
reduction Flow (m3/s) - . Condition
(%) (%) (tons) migrants (million
(%) 3
m3/year)

0 0 0 0 2000 0 0 Unstable Normal
4.0 4.9 24.8 0 2000 0 0 Unstable Dry
2.7 33 16.7 7.5 6000 40000 333 Stable Normal
5.9 7.2 36.4 7.5 6000 40000 333 Stable Dry
4.2 5.1 26.1 135 15000 60000 560 Stable Normal
6.8 8.3 42.0 135 15000 60000 560 Stable Dry
5.6 6.9 34.8 15 18000 85000 620 Stable Normal
9.0 10.9 55.4 15 18000 85000 620 Stable Dry

*- based on the results by Bagheri (2016)
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Table 5- Provision of various levels of environmental flow along the river
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End Reach Middle Reach  Beginning Reach Environmental Flow Scenarios
Status Quo
i 100% of Environmental Need
90% of Environmental Need
# 3 50% of Environmental Need

Table 6- Temporal Aspect in Provision of various levels of environmental flow in the river
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% % Status Quo
% 3 , % # # 100% of Environmental Need
" % % 90% of Environmental Need

50% of Environmental Need
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