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2- Water Evaluation and Planning System (WEAP)
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1- Soil and Water Assessment Tool (SWAT)
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Figure 1- General Framework for quantitative and qualitative management of water resources
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Table 1- The effect of A2 climate change scenario by applying the protection policy of limiting the consumption of
groundwater resources on the amount of water available in different areas during the period 2011-2039
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Case study (m3) (m3)
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(North Mahyar) Jes ,Lee 11945 10551
(Lenjanat) el 11730 9510
(Koohpayeh-Segzi) ¢ ;5uw—alags 13630 11837
(Esfahan-Borkhar) jlss - el 15335 13111
(Ben-saman) ;lolu—y 11842 9711
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Source: Research findings
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Table 2- Water allocation between different consumer sectors in Zayandehrood Basin
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Currentuse Optimal use
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Table 3- The effect of climate change and the implementation of water conservation policies on farmers' program yields
(million rials per hectare)
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p A2+sl  A2+s1+s2  A2+s1+s2+s3
Case study

(Najafabad) s\i s 73 68(-%7)  68(-%7) 59(-%19)
(North Mahyar) Jls ;lee 22 19(-%14) 36(-%64) 27(+%23)
(Lenjanat) bl 49  45(-%8)  45(-%8) 35(-%29)
(Koohpayeh-Segzi) ¢;%—alassS 58 58(0) 61(+%5) 53(-%09)
(Esfahan-Borkhar) jlos - kéo! 71 68(-%4)  77(+%8) 66(-%7)
(Ben-saman) ;lobo—p 82 78(-%5)  78(-%5) 71(-%13)
(Total basin) avgs JS ggoxe 62 59(-%5) 62(0) 53(-%15)
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Table 4- Effect of Climate Change and Application of Water Resources Protection Policies on Economic Efficiency of Water
Consumption (Rials per m?)
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(North Mahyar) Jlus jiee 1461 1307 4090 3090
(Lenjanat) el 4199 4728 4728 3273
(Koohpayeh-Segzi) ¢ 5w—alasS 4600 4922 5261 6425
(Esfahan-Borkhar) jlss - kaw! 5567 5186 7516 7117
(Ben-saman) :jlolu—y 11391 10495 10495 9495
(Total basin) ase> JS ggome 5209 5283 6002 5901

Geins sbhasl, s le
Source: Research findings

(1 LS 3 me) (B 8lT (il 1 30 5 Slanecpnsh
ol s SWAT Jus jl osliiwl U yols sadllas p
oobslyy Jace (2l s A S A9 ) YA 4 39, 0
piye Sl 3usb g dilale il i e (sloanliv ool
el 50595 1) sls SAWT-CUP I3 8l », 5 )5 SUF12
(VWAY L5 YA (gylal (60,93 55 ) (omimyliel o (\YA G AYYY
Sl 5 g el e s0slel 93 5 psliaie nl (sl 57
2lad )51, 8 eolatwl 350 (Y g Vo) Cledllas p> 48" 055 )5 solatul
— i 9 s oy (slmolol losel cowd 4 gl (¥ i)
oKl Bl ul)_....: )l_g QI)’_,,o ),{Jl_'alo u.?r.l_w‘j dl)_g Sl
Gl g Ve g <INV e asfyg O i (5 pSojla]
g L as sl cand 4 +/50 g +/EA LS5 4 il
9 Pily 45 Sl (l S0l 4] S0 g ol yge 215
Ul (gormd (L 4l ol Al o dnl )90 Jio (et lisl
D) T By (251 sl I (sihotind > Jao Y

sl (lodnd g0y93 (b )3 (i il

e ol Lol aS 0l L3 ¥ Jgia p0 0nd 4yl ol

Clan b S5 )3 580 Slacs5lfiss Cunms & 5)lul (55539555
o (i Pl cae (i) ol @lie Byas cudgie
slacolyy 035 2 waldl s Sl g o s o (sloe s
Gyl jlaisy 90 |y Loyl (dgw) cudio g Jsdas 1y ol 59LiS
oy e ol cead Gaalisl cowlos Jlel o5 o1 s g 0
OliyglisS” Cantin dguty LSl (pl o Wiz i |, ol eoladl
o Ul e ol wlio jl cblis oS 5 claculus Jlel
oM Sldes dacuwliw ool (Spd & 0l5HsliS G295 3 90
Cxiio Cunmdy d9at p bl 5| 5y coie w0
(£ 9 YA XY) Conl odumwy il 4 55 (6,500 Slalllas jd 4l 55lis



VYA 5gj0uils jopl adee (S g (o5 Cu e p O (gl (ilo O 1 G3lugigys sosly U3,

45,9 0] > Ol s S ylae (S lis] g (Sxiwlg 3l Jols i -0 Joao
Table 5- Results of calibration and validation of nitrate losses in Varzaneh station

(Test) 051 (R?) i qups (NS Gl
(Najafabad) ol 0.72 0.70
(North Mahyar) s el 0.68 0.65
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Table 6- Total crop erea, Cost of Nitrate losses and Cross margin in economic optimal pattern and bio-economic
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Figure 3- Optimal Cropping pattern and modern irrigation technology in the cases study
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Introduction: The increase in water demand and the expansion of water pollution due to the development of
agricultural, urban and industrial activities have led to a serious risk of water quality in many places. Therefore,
its rational and logical management has become very difficult and complicated. In recent decades, concerns
about water pollution from agricultural activities and its consequences have been growing. The existing
regulations are not sufficient to limit the water pollution of the agricultural sector and to achieve the desired
environmental consequences. Thus, economic tools have increasingly been proposed as an affordable way to
limit pollution. Therefore, the side effects of water consumption in agriculture are vital issues for controlling and
managing water pollution. The recent challenges in water resources of the Zayandehroud basin have led to the
fact that this area has not been safe from water pollution and also the supply of high quality water is a major
challenge in this basin. Therefore, providing a purposeful cropping pattern by reducing the side effects of water
pollution caused by agricultural activities for the Zayandehroud basin can play an effective role in the
quantitative and qualitative management of watershed resources.

Materials and Methods: In this study, the water resources management system of Zayandehroud basin has
been modeled based on a multi-objective programming model. This model includes hydrological functions, land
allocation, resource transfer and exploitation capacities, and the objective function is to maximize the net present
value of the total benefits at the basin level. Also, the amount of water available in different sub-basins, the crop
yield and net water requirements was simulated using the WEAP model for the 2040 horizon. This data was used
as input in the economic model. In the next step, the side effects of water pollution are estimated and internalized
in the economic model using permissible limit of water pollution in constraint and the cost of water pollution in
the objective function. The mechanism designed to internalize the side effects of water pollution is simulated
using the SWAT model and added to the integrated water management model of the basin as environmental
constraint and cost of nitrate losses in objective function. Therefore, by comparing the results of these two
models, it is possible to evaluate the internalization of the side effects of water pollution on farmers' livelihoods
and the cropping pattern in the basin.

Results and Discussion: Cropping pattern under basic conditions was applied in WEAP software for
different regions. Yield and net water requirements of products were simulated using MABIA tools. The results
were extracted by each region and then estimated at basin level. The results of the optimal cropping pattern after
simulating the hydrological parameters of the basin showed that the gross margin compared to the current
conditions for Najafabad, North Mahyar, Lenjanat, Kuhpayeh-Segzi, Isfahan-Borkhar and Ben-Saman regions
was 14, 5, 15,18, 15 and 20 million Rials per hectare, respectively. The increase in the share of irrigation
technologies in the economic model compared to the current model for Najafabad, Lenjanat, Kuhpayeh-Segzi,
Isfahan-Borkhar and Ben-Saman regions was 40, 57, 35, 45 and 91 percent, respectively.Therefore, it can be
expected that by changing the cropping pattern and also increasing the use of new irrigation systems, it is
possible to improve the livelihood of farmers in the basin according to the current and future hydrological
conditions. But these changes have increased the side effects of pollution on the basin. Therefore, it is necessary
to provide a model that, in addition to improving the benefit, also reduces the cost of nitrate losses. The results of
the optimal bioeconomic model indicate that with the application of this model, the rate of gross margin and the
cost of nitrate losses have been obtained at 58 and 28 million Rials per hectare, respectively. Comparison of this
model and the optimal economic model shows that farmers' gross margin and nitrate losses have decreased about
3 and 2 million Rials per hectare, respectively. Comparison of the current and optimal bioeconomic model also
shows that while improving the gross margin by 12 million Rials, the rate of nitrate losses below the allowable
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level in the basin can be realized.

Conclusion: Zayandehroud basin is one of the most important watersheds in the country, which is facing the
challenge of quantitative and qualitative water shortages. The main purpose of this study is to quantitatively and
qualitatively manage water resources and evaluate the consequences of internalizing the side effects of water
pollution on this type of management. The results of the study showed that using the optimal economic cropping
pattern will increase the farmers' gross margin and improve their livelihoods. Also, comparing the results of the
economic model with the multi-objective bioeconomic model showed that considering the side effects of water
resources pollution in some areas is effective and in others is ineffective. Therefore, it is recommended that in
future studies, considering the effective role of different policies in the field of water resources quality, the
effects of different scenarios of climate change, drought, population growth, etc. be examined and analyzed.

Keywords: Hydrological simulation, Integrated bioeconomic model, Optimal cropping pattern, Water
pollution
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