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Article Info Abstract
In the present study, the soil-water environment and the aquifer of the Hamedan-
Bahar Plain were modeled and simulated for 2018-19 to 2022-23, utilizing a
system dynamics approach within the Vensim software environment. The degree
of fit between the measured and simulated groundwater level values was assessed
through the calculation of statistical indices, specifically the root mean square
error (RMSE), the normalized root mean square error (NRMSE), the Nash-
Accepted: March 18, 2026 Sutcliffe model efficiency coefficient (EF), and correlation coefficient (R?). The
estimated values of these indices for the calibration period (2018-2021) were
Keywords: Groundwater level, RMSE =0.57, NRMSE = 0.02, EF=0.96, R? = 0.96 and PBIAS=-0.0056, while
Simulation model, for the validation period (2021-2023), the values were RMSE= 0.45, NRMSE=
Optimization, Aquifer 0.01, EF=0.99, R=0.99 anc_i PBIAS=0.0054. These results |nd|_c_ate_a hlgh degree
management ' of accuracy in the model's simulation of groundwater levels. Initial investigations
9 revealed that groundwater extraction exceeded the permitted limits. To evaluate
the economic impacts of this over-extraction, an agricultural subsystem
comprising of seven key crops (wheat, potato, alfalfa, barley, corn, vegetables,
and summer crops) was integrated into the model. The actual performance and
net profit derived from the sale of these strategic crops in the Hamedan-Bahar
Plain were simulated. Ultimately, two irrigation scenarios were defined based on
the water requirements of the crops and the constraints imposed by groundwater
withdrawal limits. Consequently, the optimal cultivation pattern for the study
area was proposed. The results indicated that the highest net profit for irrigated
crops, based on actual conditions during the 2018-2019 amounted to 531,848,
538,363, and 504,579 M. Rials under the three irrigation modes actual conditions,
water requirement, and harvest limitation, respectively. The implementation of
irrigation practices aligned with crop water requirements not only sustained
economic advantages but also minimized damage to the aquifer. This approach
resulted in an increase in water levels by three meters relative to the current
conditions and facilitated an annual water savings of 26.98 M.m?.
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Figure 3- Percentage of cultivated area under irrigated crops in the hamedan-bahar plain
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Table 4- Crop oefficients (Kc) (Allen et al., 1998)
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Figure 4- Groundwater level and aquifer storage volume in the Hamedan-Bahar plain
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Figure 5- Causal loop diagrams of the soil-water system and the Hamedan-Bahar aquifer
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Table 5- Specifications of variables used in the state-flow diagram of figure (6)
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Figure 7- Comparison of observed and simulated groundwater levels during the calibration period



A/ NEE /F olad /Y8 W / o/ (65,508 s o Jragh 4 s

1720 1720
——Q0bservation \
,-/
Ve
1718 | -e-Simulation 1718 4 $
2
E [ ] y:x
’i 3 1716 - 1716 -
—
T g
33 35
13 5 17 G E 14
2 @
j'i (€]
1712 1712 4
1710 : \ . \ \ : 1710 ‘ ‘ T ‘
0 4 8 12 16 20 2 1710 1712 1714 1716 1718 1720
(o) ol Sloanlie
Time (Monthy Observation
(i )i 1) 0 (5 jlurtnnd 9 030 Ubo (S5 S 51,5 —A JSCud
Figure 8- Comparison of observed and simulated groundwater levels during the validation period
s NRMSE RMSE ‘L;)LJ slajetls a3l s Se J same ;Jﬁw &3l
ol ol Al 4l (AASVTAY) el Jle s R? Ol 5 Sbim Ol $latnd 5l e
A{WJM@L:}L;VL{QS:)QL:{S,\JWB“J‘H d,\ﬂgdw;wd{jgﬁfwﬁjw;éw
45000
] o2y A slae
40000 -| Observed Yield
B el 3 Slas
35000 - Simulated Yield
30000 -
)
£ 25000 -
4 2
" I 20000 -
2
-
15000 -
10000 -
5000 -
, LN il
ey =l L2ENpro il G

asl L] e A g ot
Wheat Potato Alfalfa Barely Maize Sumercrop Vegetable

Crop J goamme

IFAV-IYAA ey Sl jd OY gase Vensim Juo 51 Juols (g 5lwdnnd g (2815 5 Shas -4 JSUS

Figure 9- Comparison of observed and simulated crop yields using the Vensim model during the 2018-2019 crop year



(o b 92 05 S S8 o b ol Olhes Suds a5 o b iSRRI ek S gy / Y

S 2t s pslie a5 LUV Jsd) <3 5 413
o =y 03 Jpame da (Gl okt 3l gdr 53 o
5 ase Sleand 53 Jde el ke Ol e 25
o azils VU s Sas Qa3 Colgs 5 el

ol 5 5 ize 5 Sl laau s a5 L
s sl s @ s Ol SV pame B3
SVFO) JHOYAARAY) el Jle s Coitie J seames

-0t 3532 SUDSCIIPL oy 58 SUS wr wns 5 ol mls

Vensim Juo 5 Jols guli g o285 Cdls 93 45 odas O gaase dis 32 &1 oy ol5me =V Jouia
Table 7- Comparison of the Income-to-Cost Ratio of major agricultural products between actual conditions and
Vensim model results
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Table 8- Groundwater extraction potential of the Hamedan—Bahar aquifer

PSS PR U [ O PP W &l o & Jl

Groundwater extraction potential (MCM)  Crop water requirement (MCM) Water year
285.66 157.04 1397-1398
2018-2019

262.33 163.25 1398-1399
2019-2020

203.85 232.44 1399-1400
2020-2021

192.10 267.07 1400-1401
2021-2022

172.04 223.17 1401-1402
2022-2023

eSS 2 b e Jsame a edeled S
s

slagsa IS CPC, (O0F) 5 (\Y) Laly, 5
by (Ge) wils (Pe) cils 5l ool s O o
(Prec) s ibweslel (Le) s osbr! ((He)
Gran ol Cad Wy (OS2 L)) ey (Sos
Weo 5 (oS o JLy) olhs OV puame 51 S a
5 5 Y s 5L pa Gl e Ol
el (e

FYGRCPRES
S350 5 gy S S el shaeay
o udsdome s 93 (Jwsl ) ol el 5l

5O Ly Sopon s ol mla 5 iS5

S e xs (V0)
st: Y Ac < TA Y
Xcl(GWe x Ag)] < GWP o)

wbbjy@wﬂjcld.ddsTA c(\f)ﬂda_.:b)b
61j)L:4J))»uTGWC (\O)A.Ja..ob)b_})wwﬂ

Sl Jowidly GWP 5 o s e 2 Jpamen 2 )L

Sl Olhed s ding iS¢ I
S Cb

ciS S oleang (s oml o
3 o) A 3 &3 s S 03,8 ey Bl by Y s
Powell v, SII 5l eslizal L (V) eyl Golae (g3l

— Income

Male- = Zc( /COSt)C )
0334 90 OV guae € g@“}mq.ubs @Uzi Ol ys S
5 N a1 Jol= el s Income, (kS SN

by Oshs im0l G slawy e IS Cost,
sl

Ly Gille 55 @ aysh 5 delys e
L5l SIeske (O0F) JIHOY)
Income, =Y, .(Y . * A, * P.) )
Cost, =),.CPC.* A, (Y)

CPC= (P, +G.+H.+ L.+ Pre.) + (W, *
Weo) )

f;ﬂ;w&fuy}w}ﬁwyac‘(\\)@bjb
Pc c)&bwﬂdwﬁwlﬁ.ﬂAC UL‘&A)J



(o 2b 92 05 5SS e b ol Olhes Suds s 05 O gl p St G ks S )/ FYY

@bl sl el )l 3597 5
Glaty i @ by gt 5 (a3 (nl 3
s Sl el Jallt s g s S ate 5 ool
WD iy i pAS) edas Jsas
—ray) Ll Jdl G Sl (Sl 5 Sl o
1 5 L Jde s 5 S5kt (VEY1FY) JI(1TAA
OYAAIYAY) T Dl s el a5 Gasls 55 @
22 e Ao V0 dlesl b Lol il 5 A (ol
SLEA) Jodr 03 Ls o3 o 53 2855~
03,5 3 odas Jparme oS Sl mS g 4 Y A S

gLM\J.:.W‘Ql}r.;JM ojjg).)j)k.;}' eub—dﬂ-y&

Fo Ophe o lemOlies Ol 03 ens
sl xS
23 g b (OF) Jpe b Cussdone
oS Sl s s G gdome )l DY s CES
I e P e I Iy 0y o
daly 3 sl Cosgdome elul 5525 xiy cds
Ll oo ans s e ke 51l Ol (00)
oy o Bl 2y Olgl VL LA Olge
i e s o e 515 e 5 Ll b

55 b Ol oLl

(U5 Cioakee) ilieo (glaga yUaw (512 (53912 (5oL (b plol by -4 g
Table 9- Estimated economic parameters under different scenarios (Million Rials)
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Groundwater extraction potential Crop water requirement Observed values
T p PR
4 del N & el - N ] y
ae R Revady g e Rev s “ e el =) Js
Cost Cost Benefit— Cost Revenue Field Crop
B/C B/C
Cost
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Figure 10- Comparison between the model-optimized and actual cropping patterns
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Table 10- Yield, cultivated area, and optimal cropping pattern for crops

((HUSR) (o5l oS 59! (LUsR) cuis’ p ;5 raw (LU 45 0)59lS) 3 ) Nhos Jyasw @b 3,
Optimal cropping pattern (ha) Cultivated area (ha) Yield (kg ha™) Crop name No.
6063 7133 4800 pS 1
Wheat
4631 5448 40000 NS 2
Potato
3471 4084 12000 a5y 3
Alfalfa
3927 4620 4600 oS 4
Barley
218 189.6 9000 & 5
Maize
690 600 30000 Sl s 6
Vegetables
1424 1238 13500 Ol o 7

Summer Crops
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Table 11- Physical and economic water productivity results for agricultural crops

LBl (559042 K238 (55905 oo JS oA 9w 925t
Economic water Physical water Irrigation water Net profit Scenario
productivity (Rials m™3) productivity (kg m™3) use (MCM) (Million Rials)
3508 2.37 151.6 531848 oBly bl s
Actual conditions
4320 2.88 124.62 538363 ol
Crop water requiremen
4716 2.96 107 504579
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Groundwater extraction limit
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Bahar plain
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