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Abstract

The main goal of this paper is to explor of the effective
parameters on behavior of the water supervision agents
(decision makers and farmers) and to simulate them under
rules and policies of water. To follow this goal, the framework
of agents’ behavioral rules on Lenjanat sub-basin was formed
and then the behaviors were addressed with simulation using
agent-based model. Agent-based model can be used for
modeling of different agents, defining behavioral
characteristics, showing links and interactions between agents.
In this research the AnyLogic software has been applied. For
evaluating the effects of parameters such as “Meeting with
other organisations by regional water company” two scenarios
(efficient and inefficient) were developed. The results showed
that changing the behavior and the interaction of regional water
company with other organisations are extremely effective. For
example, having “Meeting with other organisations by
regional water company” increases violation control by 36%
in the first scenario (inefficient) while the absence of this
parameter decreases violation control by 72% in the second
scenario (efficient). Also, the results of scenarios showed that
linking and suitable interaction by the regional water company
can change the control of illegal withdrawals from 12.8 to 70.3
million cubic meters in 5 years.

Keywords: Agent-Based Model, Anylogic, Interaction, Rule
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Author Object
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Madani (2010) Investigation of non-
cooperative methods and their

application in water resources

in static and dynamic conditions

Holtz and Pahl-
Wostl (2011)

Farmers' behaviors regarding
the changing crop patterns

Abed-Elmdoust and Developing a cooperative Akhbari and Introduction of the
Kerachian (2012) model with the aim of Grigg (2013) framework agent-based model
optimizing and defining profit for water resources management
as a fuzzy function for water
transfer
Sechi and Zucca Allocation of water Akhbari and Evaluation on balance point
(2015) resources in Italy by the Grigg (2015) for reducing agricultural

bankruptcy method

consumptions to improve water
quality

Manshadi et al. (2015) Designing an economic

function with a virtual water

approach and assigning with the

game theory method

Berglund (2015) Simulating a society or

community of consumers by
agent-based model

Mehrparvar et al.,
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The optimal water
allocation among stakeholders
with a cooperative approach
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optimization model for finding
pareto points and using the
agent-based model for deciding
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technical approachs for water

allocation to river boundaries

Darbandsari et
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Investigating the effect of
water pricing, information and
advertising on residential water
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Agent-based model framework

________ 1
: : | Information and data set |
- - Evaluating the main challenge of the
| {Development of a conceptual ranaie = | | - [
: . region in water resources management Groundwater
ABM, the relationships and i L v |
| . : -Identifving organizational agents and | | characteristics
interactions between the : :
| i their behavioral rules | [ [
different agents and the i
i ! -Identifving the challenges of regulatory . N |
I environment and the pnmary s and solicies | I Identification of agents
| design of the ABM . | | | and their charactrestics I
* -Evaluating other factors |
I |- | ([dentification of rules and |
| Simulation of ABM in the Developing the scenarios | | policies I
| software based on the based on different behaviors | | |
I primary design of ABM during the time horizon | | |
| | Number of authorized and [
—_—— e ——— —— — _} ____________ I unauthorized water wells |
([—— - - = T T T T T T T T T | Water withdrawal [
| Analysis stage | [
I . - - o
1-Identifying the effective parameters for controlling violations and monitoring |
I wells |
| 2-Analyzing the parameters in improving the control of violations and I
| monitoring the wells
I 3-Comparing the results of the scenarios with the current state l
4-Examining the possibility of implementing a guideline for the recovery and |
I balancing plan during the time horizon and estimating the time required under |
I the scenarios.
IS J |

Fig. 1- Steps of the research
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Fig. 4- Results of model calibration (28 months) and validation (8 months)
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Table 2- Results of model calibration (28 months) and validation (8 months)
Je (w9 gl 51 ol S -T Jgsa

Number of Number of issued Number of
filled wells sentences violation reports
Error R?
Calibration (28 0.99 0.98 0.99
month)
Validation (8 month) 0.71 0.84 0.88
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Table 3- Values of functions’ coefficients
&y o Jlato -V Joso

Coefficients v

p

d by o

Value [0.75-0.95]

[0.75-0.9]

0.22 2 1.65 3.85

4> )51 g3l ol 53 ke oaliul 3¢5 o wlie i caps (gloguis
ol 3590 WA L Lol coul 3,90 YV oad aoli ilss (sla 3,155
S FT) 3590 XY 5 2l )S 5 oy 3y50 oISyl s (FVZ)
gladbaio Ol &8 5 Jelse (K025 08 Jto (Y5 4 L ()5S
g Gluly 4z g el pas guizmen 5 (5)5laS 3L ) Ceoglie

Alodgus 4 4 (ladlaie ST €S 3

ol Jlgzal (258l 2 plies ol {20,187 (o35lhs) g (525l
Sl WAF L 5148 015,155 s lan b lalss S 15, 45
il s sl oSl il edel i odgamme ad cumsg
cugal Jold 485 Ojgo oy p b GBS S Ce p
oslil ()] el2l 3 9y ©lig Cate g tSe ol 5 bl )b
5] Cilisen (slo 5] b s oS5 5 42538 il o6 5|
29,5 Cagli g ((ollal (9505 9 1pwdld (55,5laS Sl es)lile b
ol e JUb bl gl cpl 3 calpl ASbe cutS
US55 gl 4 o1 Il ole 5+ (gl gl (o ylior ko 555 g0 i
O3S WOV oo £ Job 3 g5l ol 53 sl 0 00ly yiled £
VoA olass ol 5l g ond al ladlate Of 805wy Gilss
» hibie Of e85 cul ous plo Ll buwg oS 3590
&S asiialloghus 5 5 1) e (S VAZL) VY 05 (3390 093 Jsbo

Sosle 3 b asto (3,15 S ¥2) 0Y

Ol Sy bwg o Sl Oluls &S coul sy 4 p5Y
Syl bl ol o8T 5 ogMe dal5,) o5 b edgame (sladlate
Code 5,50 )l & ons el O plie Cunsy g
<l sl 5 S s pll |y (ylKen @Slis 5 Bpin ]y ol ol
3 pS] jgto 5 G g ol sl Sialen Cluds &S ute
Sbre e mlio 1 (oo dlaws aSiul &y as g b il o puoaly (Bl
sl lole wloss i &liagy yiww ) adlae 3yg0 0390 ;3
Yol o35 g6 93 0dle s g g b gladlate O S
29y0 4 e g i |y S (391 e & ] sl 5
slp d2ly 15 Sy jgho e psls (25 aslite & (3890 Lo
ety il 5 50 olos ) S ol 45 505 aubio 4w oyl

b Il s jo pes dnle (i )0 pgd (sousluw o8 o pien
9 Y NEO YA ).3‘).3 )y d..sb 9 daAa wl)..o ):.)LO.A oliﬂ
.\.wb@ '/ib 9 '/ﬂ ).3‘).37\. 9 B );.)‘.mo 9 '/YY

gy bow gl -Y-¥
oS sl 005 (58 g1l ol )3 (2l (52)0is) gl (o525l
Sy ol K05 Sayl)l g b b clailate T S5 ol
s g olla g )b |y ise bl g bl )b cugas | U3
2R gl ol )3 &l 3 gd e JUBd g yeb 4 Cliss
dhdlf)l 9 Qlfxﬂfw Lgl)g O\)’”L{:S wl.ao) LY oJib)f
opl ol 03,3 wlie i ) cladlate Ol S s @08 g dg85
lacusls 5 ilsd (od9el,d g o wlio 4 (2 o ol S& g5
390 & 2bjladl 4 (l)lis 5 B Spae d2g pas
Yoo dou )3 g odd g e 03 Ul wlie Cunsy e Sl
L9y 3 e slaglly gl cul > nlply s ol

At Jlb (g5loands

ool Ltaled B S5 )3 (WWR-—1YA0) olo £+ (sl syl (clyo
0lgp oSl jl Gliss & (Sduwy Vg a0l 4 d i b Cowl 0l
2 bl Lyl 4y 0kig oyl 5 (555 50 0 )01 5l ygiwd (851
5 0 @l g Loy 5l ondydlo plSol walss yo)l58 slaw y 5 S5
ol 5o ol 035 gl el (g jlodand e 5] 005 dniiallghuns
Cowl 0 4l ST ()55 TV ¢ gilodend 0)93 Jobo )3 g2l
2o WA (dlo iolSal 1 pwdly lawgi odigy Yo v oS do dluss jl &S
2 e VY g osd asiialloglus g (ladhie Ol €8 )5 Loy
SYsb ()l ()] bl )53y g (S 405 pas sl 0433,
5 OlingliS coldy Cumnl dpwsly )3 0ign (gwyp oloj (392
Camdg 5 ol 0l 5l Lo lapl5)) S (2T pie (izren
O bt b Lo o iS5 il Copad] o dad ] jiage 5 aolio
o3 g > & s e el ] oS3 oS 2
21,8 a8 o el Jalge opl il o 50 a0l 3 cpl 39 A8
2 OS5 3b Jpas 4335 ol > Gilss e

IFAY bl o 0 lowd o e Jlo ¢yl ! f @olio olidiod
Volume 14, No. 2, Summer 2018 (IR-WRR)

WY



z 400
% — + —Violation report --B=--Confirmed sentences —a— Filled resources pm— e
% 350 +
< I
= 300 s
3 /
=
£ 250 1
g ’—‘ - - >
F 200 4 oom
2 —"-— A
-_— - - -~
E 150 s i -
> - - - ‘__K
:s ” - f"’ - -
x 100 v ST S
-§ ! —"‘ -~
1 il
——
0 et S e 22T
0 10 20 30 40 50 60
Month
Fig. 5- Results of AnyLogic model in the first scenario
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Fig. 6- Results of AnyLogic model in the second scenario
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Table 4- Comparison of the number of filled wells and water withdrawals
Ol Cild g 9 ool dxdiollrghums § 33 @alio lai A lio —F Jou

State Current First scenario Second scenario
filled wells 535 178 977
water withdrawal (MCM/Year) 38.5 12.8 70.3
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Table 5- The effects of different parameters on the water withdrawals and filled wells
0 dxtiollghuno g g2 Zolio 3lani (g, p lito (g ol b 1 ST oy -0 Joia

Adding each parameter to the first scenario / Removing each

. Current parameter from the second scenario
Scenario . — - - -
conditions Supervision group Increasing Meeting with other
strengthening experiences organizations
First 178 193 224 242
Second 977 308 810 271
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1. Human Systems

2. Agent—Based Modeling

3. Environment

4. Agent

5. Interaction

6. Multi-Agent Simulation

7. Multi-Agent for Environmental Norms Impact
Assessment

8. Upper Guadiana

9. Sacramento-San Joaquin
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