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Abstract
Introduction
The capacity of groundwater systems to offer various services depends on their geographically varying

properties and is dynamically influenced by ongoing natural and human processes. Because groundwater is often
perceived as a private resource (closely connected to land ownership, and in some jurisdictions treated as
privately owned), regulation and top—down governance and management are difficult. Governments need to fully
assume their role as resource custodians given the common-good aspects of groundwater. The participatory
modeling approach included several stakeholder groups from groundwater users, policymakers, environmental
groups, and other organizations involved in groundwater management. The scarcity of water resources and ever-
increasing demand for these vital resources require identification, quantification, and management of
groundwater in a way that prevents overexploitation and consequent economic and environmental damage while
satisfying the demand for water from competing sectors. Participatory groundwater management is envisaged to
take a significant step in groundwater management at the grassroots level to enable the community and
stakeholders to monitor and manage the groundwater as a common pool resource themselves.

Materials and Methods
Marand Plain located in East Azarbaijan province, Iran. There are 502 agricultural wells in the Marand Plain,

which are used by 16,000 farmers for agriculture. The total volume of consumed water is 226.82 mm® and
191.66 mm® of it is supplied from underground water sources. The participatory system dynamics modeling
process includes five main steps: 1- Identifying the problem through participatory workshops: it aims at
collectively defining the problem to be solved and the objectives of the model. 2- Formulating a dynamic
hypothesis to explain the causes of the problem, leads to the development of a conceptual model or causal loop
diagram. 3- Formulation of a system dynamics quantitative simulation model. This step includes the
development of decision rules, the quantification of variables, building the stock and flow diagram, and model
calibration using parameters to define initial conditions. 4- Ensuring the model is appropriate for the task through
model validation. 5- Formulation of potential strategies and the evaluation of the simulated results. It requires the
identification of scenarios, i.e., alternative strategies, and the analysis and discussion of the simulated results
generated by the model for each scenario over time.

Results and Discussion
The problem statement was created in a qualitative way using the focus group discussion (FGD) method. The

key variables of the system (61 variables), the system boundary (including the internal and external variables of
closed loops), and the modeling period (20 years) were defined. For formulating the dynamic hypothesis, 9
CLDs were obtained. In the third step, developing the simulation model, all mathematical relationships,
behavioral functions, and differential equations were formulated in the form of a stock and flow diagram (SFD).
In the fourth step, model reliability tests were conducted in three categories: structural test (including structure
verification test and limit condition test), behavioral test (including reference behavior reconstruction test), and
sensitivity analysis test. Also, the stakeholders’ feedback test was conducted in a mixed method (quantitative-
qualitative). In the policy design and analysis stage, the five general actions in the participatory management of
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groundwater resources in the Marand Plain, including modifying the cultivation pattern, increasing the irrigation
efficiency by implementing modern irrigation networks, decentralizing the water governance and management,
creating public institutions for water management (rural production cooperatives), water supply from outside the
basin (transfer from the Aras River), were obtained. These actions have the greatest effect on the Marand Plain
aquifer reservoir deficit.

Conclusion
The results of our participatory system dynamics simulation show that the balance and restoration of the aquifer

are mostly affected by the "reform of the decision-making structure in the governance of groundwater” in the
form of institutionalization (empowered farmers association) and decentralization of water management. Other
adopted policies will be effective only if these components are present. To get out of the vicious cycle of short-
term and unstable policies and decisions in the field of groundwater, fundamental reforms should be made in the
structure of governance and groundwater management, and fully equal opportunities should be provided for local
communities to participate effectively in the decision-making process. Also, if the process of implementation of
laws and decisions is done through the channel of associations of the local community, they will have more
executive support. Improving the water use behavior of farmers is the consequence and output of changing the
structure and processes of groundwater management and governance.
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Loz 4d 3 (g V-
S o plwlid gbysie gy (S 0,5 Auls a yo
5 Lo llyy 5 ags (CLD) Jsko o <o diay dils
doly s g oMo un Gl g odd olelid Jelae
a5 Vensim PLE8B.3.5 3l 5 5)ly (adls el oyuud)
Gl & SglS coy gy j Lol gloasl ool
(Lo & 3) dils dw coodle a5 aol Cunday Jolao 5 s
ose o fl OVaame duje gladils Jols) odg ke
ouiS s i S (jlo 2y90 ST g (8] SV gae
s dals id Wlead astiie (B) cwdSSl G s b g aizily
(Eb SV game Salyd (slaadls Joli) atily cute cueMe
2 e (oS pisu ol b (el oY gae el
Ol e Wby Capde D pape cS,Hlie wuily il
(R) eSSl B b g il oaiiS ool (35 oS ((oj e
DO Cute b aaiScosd Wy (¥ JSKS) Wlosds asuie
L oS ol ol € o o iy dlile p dey s dils
Olpoee y3 A (JIVe () laole (390 25 & dogs

oy g @b -

pla (S)lie Gilofle bbby, b 4 w2y L
ol 01 4Bl 1 g0 A5 4 oel Cnddy gl ( Seolisd

Al by —V-¥
cou glaog)S by, ) ool b g AS bgud 4 A ye oyl
oy S ol o > eou oyl A5 bl (FGD) 55 jete
I (asgezme s i b ol 05 dws) oaiiS” 8 )lie S
Cudd unipy Ol gl GlpeSe g oy ol Jlue g 45
Oial38l e ye cadd 60 dlus A5 _Byae g ololid Ly
A oes pley Jgb 0 My cudd sl e (g
i o piie V) e o0 lajpiie (rizen
Sloj 55k g (diwy gloaals o) o B glaysie Jold)
o ysie A5 Cay s (VFY e BTN gl Vo) (g5l o
Sy oo ©ygons @lesl g oo I (g S
535 o3l Ll (CLD) Jsks o e cladils )3 asd

1 Js)



YAL G YY Oldio V€Y Jl.w ) b)l.o.w & 292 /Jlés ui u\iﬁ.}asd)ud.\a 4\.1).».\.' /u‘)K@5 "‘)"«;“‘"3"

Y.

le (Hed Ll Clus & oud by il oS cawl oyl
d9a8 ol ly e & s dagl o Sanie o
Gl ol o9 liselyd Cunle 4 dsgr b aSh ol S15,b5L
olysd Ay i
Cuslgdy> Cugi ya b g odd jloxapd Culldy joome joio (sl
(4\«)> w‘.)).: ) pw;l.)): alsl celw Yoo 9o ‘u]))QLWS

98 Sy Bl 9y Bade S

Do oo o

e BBl Jdddy g 00 s 58 (e 028 (e >
2l Cad g il (RIS g mle olie 5155l e
Cowd Sl 2 (SHil G ml nl (e (659l
7 $ilaS Ygaxe Jied p)gi 03 (sow b
(2 s Gl 5l 50) g sloan o, 52 Gl
O el duip pe cudd baulyd 0 a5 1 S o ol
O s ol plo Aja &) Cod (g5ygliS 5 3)90
s U dw g gly) OV samo ;0 (i ) Joyd VWY Y-
00 phe Jdd o £l OV same o (i o) oy
cudly lile 2 des e Jolao g e ddls (392 Cuto (gl

£y Y gn Camh
gy
R
ey slile S ols
lys il " Ry el
; ool Lioge o s Ny 5 i g ,
s i P i o JESe g
S B ) F. ey Hyaon
o ol b i ‘_ e‘ du +
R¥ cudlsy sl el wiss by Ny
gt ' - ‘\‘ i e
syl £y Ve i
9 ) . + Ji““‘“)‘hww»
1 sy iy dmy _,JJ 15> Ay JS i sty epae
JER N

o e cadly Sl
\\// o
A v \
—
%_‘eh;‘,b“w‘lr
oy e J/ g ol \//(
+

/ \’“'“-‘w
e g

(G /)/ oAb § \ i "Vy’:\_/
i N pana R v ’

] / \

sinhts i

skl del

o il JENREIEN
s o el plesly
oAb

N Yy <'/,
.

R Celoeeo a¥locadly FAn Ve
ﬁ-», il ans * P FhoVpan u"L“‘Yi“’"
sl s sl s 2 g o Sy i
Tt FhVgane B
. b Ny
e J bl . s Sl gllas gle JS53la
iy il - sy
Ny
. sl ity s Aigel srge JS5 3l
Ko abx O & JS5 i gl
s Sk g U o e
PYESEEN [ P S
ey S L dls ke
o ko 350 \| e T :
e S e Moo e o ” DN RNy
]
i o e sty S5 by

e / N N

clyp el

A5 5 3 (CLD) Jshao 5 o slaals o5 b sy 30053 (95 5 etle ilsli Y S5
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Figure 10- The Simulated dynamic model for scenario zero (current condition)
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