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Abstract

Water resources are one of the essential natural resources of human life and are one of the most important factors limiting the natural environment, the
survival of human societies, and development. On the other hand, phenomena such as climate fluctuations, climate change, population growth,
mismanagement, etc. have led to a sharp increase in water resource constraints. In this regard, a proper estimation of this resource is required in the
context of sustainable development planning and management strategies. The new approaches in this area are to determine the water resources
carrying capacity (WRCC). WRCC is a major component of resource and environmental studies and it is a management concept aimed at supporting
sustainable socioeconomic development on a regional scale and catchment areas. Failure to pay attention to concepts such as the carrying capacity in
the country's planning has led to the ineffectiveness of most programs. For this purpose, in the present study, it has been tried to use the simulation-
optimization approa% to determine the water resources carrying capacity in a pilot basin (Tashk-Bakhtegan Basin), considering the economic,
environmental and Water resources in the historical periods (1985-2014) and terms of climate change (2045-2015) should be considered. In this
regard, the Water and Soil Assessment Tool (SWAT) and the Genetic Algorithm are used. For this purpose, the outputs of three general circulation
atmosphere models under RCP 2.6, 4.5, 8.5 scenarios have been used to assess climate change i this study. The results of the study indicate
overloading of water resources due to increased crop area in all studied periods. Also, the water resources carrying capacity due to climate fluctuations
and climate change in the examined period (1985 - 2045) has been declining, and from 2.6 billion cubic meters in the period (1985-2006) to 1.9 billion
cubic meters. The most pessimistic climatic conditions are reduced.

Keywords: Genetic algorithm, SWAT model, Tashk-Bakhtegan basin, Water resources carrying capacity.
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Figure 1. Tashk- Bakhtegan Basin
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Table 1. Data used in prepration of model

Data

Source

DEM map

Land use map

Soil map

Daily weather information

River hydrometric data
« Agricultural and managerial information

« Cultivation pattern, planting and harvesting date, irrigation and fertilization

planning, water supply source and crop rotation and crop yield by each study area
« 18 irrigated crops (7 horticultural crops and 11 crops)
« 7 rainfed crops (3 horticultural crops and 4 crops)

Information on aquifers and changes in groundwater levels and surface storage tanks

Drinking and industrial uses
Evapotranspiration potential of products in any study area

DEM map with 30 meter accuracy Aster

Forests and rangelands organization in 1383 with 9 user classes and two user maps
extracted from LANDSAT 8 satellite images for 1394 and 1366

Updated FAO-UNESCO map with 13 soil classes

Synoptic stations, climatology belonging to the meteorological organization of iran,
information on rain gauge and evaporator stations of the ministry of energy

Iran water resources management company

Comprehensive water plan of the country (2013), agricultural jihad of Fars province and
field visits

Iran water resources management company
Iran water resources management company, basin update studies (Farsab Sanat 1393)
National water document
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Figure 2. Research methodology

ol e b SRS g Ol b ol G
B 0l 5 e o JUSl slacssn plil b 5 (slades
Ol s 45 s e OLE b ol il 1 O el
LIS o w3 LOT Jolas 5 Ll 5 L Juls
(Liao et al., 2020) s> .5 |, (s 3 2 b b
Gladaly Olgen Olg o 1y O e 3 b b nl by
S 38 ks ey fasee ool 5 Lob o

:(Zhu et al., 2020) 3 33 0 avsles 53 O g0
M)

Load

p (carrying capacity index) = carrier

.b}.'jﬁ alses (0bjects) aldal 4 )L' A}L 4.2;‘) BE)
LL L;‘-:«-b Q% cJAl}- EJJ‘J n)Li\ L;'LM._" LSLQC":‘.'SM &U

-

Load

Human activities

I

I

! .

1 Pressing
1

I

1

Water resource carrying O
G 1 Constraining

1
Regulating | -
© capacity |

1

1
2 1
Supporting 1

1
. 1
Water resources |

| —

Carrier

Figure 3. Carrier-load structure to evaluate the carrying
capacity of water resources (Liao et al., 2020)

ol s e oleang DLl Jls Ol sea

iy o Sl ss 5 O ) eslil (50,

-
RIESI»
" Ll e

oo ()L‘w.ajl 3 aJLa..ﬁl \\ 0593

A



b‘).}M ‘SJWJ?Q’c_)}Y.: -L_:’Fﬂ‘wl-:-ﬁ-\:&’

(3l o33l slror sl o ($)30 4 -
Lo sln o ol sy ol lapaxls -
Sl Golas 5 (@l S

B slapaxls Oalajl Bk bl
Sl S syt i S B SIS
o2l Jipe 53 5 Ol s 5 sslasl Ll
SC 3L nomelp e 2 Gl ST ool
Loasdllas pl 53 a8 55l (glaigm silaand 5,505,
o 5 (SWAT-PARS) 4 (glutecd Jdo il
oy pll 4 (GA) (3lwang o, S

Olpear (V dal) J8 Cond )3 sdeliomsay abaly
s @S s e dles 5 Cydsd
gl e Gk ol & cle 2 boliS L
o S ks IS g ousleS i oS g
S () b ] e 31 b B L oS 5
ol S 1S e aalllae (pl 3 pd S R
e ol 3 Cgr 5y CiS ) C]‘”“ oeals s
5 oS iy Lalll delys rals s (sslasl
Sl sl Golas Ol sl 4 phces imen
fasr mb Dot Rl b plibld
AL ey s st ol b oo S 15 L
S s et Bl s as e 5o (6555lS SN pan
A dslas) Bl 55l Sl A3 ¥ Sl o
o slaosls 5l g el w50 sk
s Olesle Lo ol ize (65,5liS DY juams
o3l VAT L s ) bl (63,5058

13

I; = Z Area;j = Yield;; = Price;;

Jj=1
b.b.)l.a.‘j:j d aaleis DL, J.AT)J J§QL:.> Ii c(YI) Ah;b BE) "y

)

CiS xS s L) ik 3 CiS 550 OV peames

/
u’/t S

oo ()L‘w.ajl 3 aJL«.ﬁl \\ 0593

AvY

-

Sy b jerls e wpotcd LS Lol
S0l sl 508 p ke s ol el 4 by e
ol oa )y (pl 53 ol 5 b e s Shae
03 3 I b bl 5 Lol e el o 5 sl
(Zhu et al., 2020) 555 o 3 S LS

Sl pbe Slaiy QU5 sl ol bl
O e g 3 et s sail S L (Jel)
3ot e gl bl O s ad s pdibided
(Y ddaly) (Liao et al., 2020) 15 o3l | 3 (63, 5LiS

5l Jol b L sl SOLe (F) dlaly o) s
S i Sk (1) Sl daly cpl Jllde i s
sy el as e il b L Glag IS L

p= Q)

industerial Demands+Drinking Demands +Agricultural Demands

Renewable water—Enviromental demands(Tashk—Bakhtegan Lake)

DT @lo dp Cud b (20551 g S drwgd
arsia By izl s 5 o b pogie axw s Ly, 03
SRS LU oy (Kb 5 (S3dsm slaedie
Shre g amelans s 5 (oolatl L ana s o sl
Gy B! 5 Meslasl sl el o b
pseie 53 Ol anny Lol 051 Olgea 1 " L
53> (Song et al., 2011) A 4 S L 5 5, < b
Sl e e 2 b B sl sl S s,
—leang 3,50, Sl b Sl an el
A 63 SN gla ezl b sne Wl 4w ($leans
Sped b Ul (o 5k Sl sl eslinal e
Sl i) b elge daulsn OF Sl 5 4
Sl 5 Bl lS et dile) Ll s (Leglsl
300 23 oAl e elaly (Al ey 53 (de
35 o

by SLES Ol gy aalee (g3lal ol s —

| < ru



(D&~ St 3 51 4 1535 50 andllas) (3lutiogs — (5lten 3,509, 5 olinal b il ks Bl 3 53 O wlio sy B B b3

L. &_».:SJJ DL gﬁ:.bj v.:.:)jij‘ b.wb L)'»’~| L A ealanad
aalsl 3 (¢ JK2) A 63, )84 SWAT (g5leas Jue

SWAT Juo 3 ookl b 3 o7 4og> mol (8 3laduis
)3 )L:;))}.A QL&)&E\ u.:ﬁis )}.kw‘b wl.b.ﬁ A.)'l‘ )J
e 5 b o555 53 O Sl ead 53 b b b))
e SWAT Jue s el SWAT Jue 5l !
il o ad s 0903 ladul B iluand gl el
okl o3l Az g K.JJ.AT L;J'ML..':S QL&:.E:J JSJA BE) S
oy Of Il s (ilwand sk Jde opl ol
b alsm 0 A g 3 03505 ol A ) Ay
L (6lS 5 S ke ) g Ol 4w
N T L P o
o2l o> (Amold et al., 1998) Ll oo el (HRU)
Sl ol sl Glagioem loans el
)" saleil Lo (wﬂ)ﬂ) uT E) éjz.? E) J:}L«j uf;]a..v
SWAT- Ulge o SWAT Jus a.L.ZC‘JLp\ asens
5| (Delavar et al., 2020) =33 bl PARS
Ol Jlasl asl 5 a4 Ol8 o Jde ol slac LB
)j)d.«é@ Jv\ﬂ g_)‘.’.‘ L JJS e)L'IJ dﬁb‘ LS;’)‘S g&ﬂt{b
Sre T sk o5l LDEM &Y 5l as 5 (sdue Sy
L 5o sl sk Oeere 5 A ool ASTER
L;uatism.ﬂ cuﬂu’b‘-:)) C,.::.;)ﬂ c@)} d’j‘) Lﬂ‘)’“':‘
J.A| L)'i‘ BE ;:-’ adw E) L;?L’JUG.A 6@@3)@ (S o9yl
DEM  slawY gan s 5l 035 13 axg5,4e
c"lf B Ladf:.;.- Olosle baw g sdiag) ol 8
éj)_})@ ﬁ 61.%.,\?-‘} c(FAO ja.wj: eJ.JA.:.@J)
dadw )‘ 6)‘5;30;@.3 46-Lw:\),a 6@0:\3 9 AL C\f&.«‘

03 sy gl el ple 5 ol S e (B olas

/
u’/t S

oo ()L‘w.ajl 3 aJL«.ﬁl \\ 0593

ArY

-

2 S oS5 Olssa B (WP O (sose

(¥) ey 5 ool al s e 33 2 b b5

Sabisn e SIS s sl s 53 S g
(E aail))

WP; = ¢)

1i
Renewable water—Enviromental demands(Tashk—Bakhtegan Lake)

Olpea el oL Condy Jlos ks
5 bparld Slsp 8B e s e ald
(Hoekstra et al., 2011) (o sbs, g lub sl
S o p Sl sk sl el el
53 s eslizal ol Of 558 glaatls 5l as >
laadl 3o 5l JSCaze 5t S5 bl Sl Y 555
(WSiaek) 53 23 <1 3 WSppepny) (oo
ol O e Ol Lol pl s S 5 e 5
MB i O e 4 (O L)) wie o
ol (S 5l 5 e slae as e 0L ol Co e
5 At bl e el SO b el
S 58 pslis il o OF 5 (6515 0 e ILLL pune
e 3ol e Sk Bls S0k 55 (G sl S
Al e o

Wles Gaa 6 A3 oLl 0l Vb 3wl ol
SIMY 5 Sosese helys (Sl S Sle (3Lt
3 g g 5 5l el oS ABL e O bie
Max Z = WP + I + WSpe.bny + WSplack (0)

WP iloae Al Saa b Z 0T 5 &S
5 el gooma | wibe 53 Ol oz Sl
Ol 35S Latls 554 WShuern 5 WShick
Al e a5 5 se

Sl mbe 3y b Lol sk adlae opl s

Sl ol 3 Soss 5l pl 4 olds 5o

| < ru



C}‘).}M ‘SJWJ?Q-"c_)}Y.: -L_:?Fﬂ‘wl-:-ﬁ-\:&’

sl e W5 Loy S cnl s (sileang (1992
G adsl Jod S s sl ol WIS L s e Sl
oS cnl 53 b e aalsl B 5 b (518 Ol
S5 s e b Shes Sl eslinad b b Ol
At el oDl gla gy SaS L el sl

Sy Mg

o T o8l Loyl 4o 31kl i gt
dde 3 ol ons Glagbe laand ke
gl s bs ((SWL) Jae 53555 slaesls SWAT
53 i o3l i sl pa it (0 S-Sl
SWAT due (63555 sbaesls aSil a4 55 L Ll (ol
oy by G b ol 3L il o il mlie 5o
Slaesls sl s oyl A5 Bl sla g sl
e S gladas Gk Sl eadad g el
e 25l Sl G Zosen 5 eddelie
My S LRl e Sl b s sl
old i dman glade (Bl gla gl
A2l s (AOGEM) g o goe (335 sadl o L3I
9 el o5 Jllo ks (Willby & Harris. 2006)
Olgeas RCP (sla gyl 31 a5 oLl ety 5015
Sl 0SLS glackle o bkt glaetile
2 5l ol sladie ol 03 S eslinal glalslS
S8 JLisl 5 chle il sl RCP (sla s s
o 2ol 608 Sl 5 b Sl Ol (glalslS
Cilises (55 b lgr ol RCP glags b 6, o
Coilsly Olpe el &S Wil A0 L8700 Y
Rl ledd (180 MY Jle s Lol &b
(5P plaw e 5l Sslize sl Sy sl
@alail 5 plal Caads (5P D rre (Do

Sl e g o SSles Hlinl @l Cj.hud

/
u’/t S

oo ()l:.w.ajl 3 aJL«ﬁl \\ 0593

Ave

-

Oy 5 owmigs ol e 3l el ke sba i

.Jui:d.lﬂ))‘_}

Climate conditions

v

Genetic algorithm

v

Cultivation Area

Changes in SWAT
model inputs

Run SWAT model

v
Calculate carrying

capacity indices

A

A

Stop condition
established?

Determine optimum
cultivation area

Climatic conditions have
finished?

extraction the results of all
climate conditions

Figure 4. Modeling framework of this study
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Table 2. Climate change scenarios
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Table 3. NS and R* index values of evapotranspiration and crop yield in the whole basin

Sugar

Crop Apple  Peach  Almond olive Wheat  barley Canola beet tomato potato
Evapotranspiration R? 0.98 0.83 - 0.79 0.5 0.41 0.95 0.92 0.89 0.94
Ns 0.98 0.81 - 0.47 0.67 0.58 0.94 0.92 0.34 0.94
Yield R? 0.92 0.83 0.62 0.83 0.66 0.76 0.90 0.60 0.48 0.62
Ns 0.92 0.80 0.52 0.35 0.27 0.68 0.89 0.61 0.51 0.47
Crop Alfalfa  Beans Rice Sunflower onion  Lentils bfl)rrl}e/y \X?hrgat ]f?lgr;s, Al;nr(}),nd
Evapotranspiration R* 0.93 0.58 0.92 0.84 0.93 . . . ) .
Ns 0.76 0.36 0.90 0.78 0.92 - - - - -
Yield R? 0.97 0.88 0.92 0.25 0.77 0.99 0.59 0.90 0.86 0.62
Ns 0.93 0.86 091 0.63 0.53 0.47 0.48 0.63 0.84 0.52
Evapotranspiration rates are not reported in the National Water Document.
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Figure 5. Results of flow calibration and validation at the hydrometric stations (Delavar et al., 2020)
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Figure 6. Results of ground water level calibration and validation (Delavar et al., 2020)
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Figure 7. Changes in evaporation, precipitation, discharge, and classification the study period's to the 2 episodes
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Figure 8. Main components of basin water balance during the study time periods (million cubic meters)
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Figure 9. Changes in Basin water balance main components at the climate change conditions compared with base
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Figure 11. Gross income changes in the agricultural sector considering deferent scenarios, study periods, and carrying
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