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EXTENDED ABSTRACT

Introduction: Land use change represents a dynamic and multidimensional phenomenon
shaped by a complex interplay of socio-economic, political, and climatic drivers. These
transformations exert profound influences on the integrity of natural resources, the stability of
food systems, the quality of the environment, and the broader trajectory of sustainable
development. Land use systems are inherently complex, featuring numerous interdependent
components and intricate feedback mechanisms—both reinforcing and balancing—that govern
their evolution over time. Traditional analytical methods often fall short in capturing such
systemic complexity and temporal dynamics. In this context, System Dynamics (SD) has
emerged as a robust and effective methodology for modeling and analyzing complex adaptive
systems characterized by feedback loops, delays, and nonlinear relationships. Its capacity to
simulate long-term behavior makes SD particularly well-suited for investigating land use
change dynamics and anticipating future trajectories under varying scenarios.

Materials and Methods: This research applied the System Dynamics approach to explore land
use behavior in Kohgiluyeh and Boyer-Ahmad Province, located in southwestern Iran. A
comprehensive causal-loop and stock-and-flow model was constructed based on a synthesis of
multi-source data, including official statistical records, satellite-derived remote sensing imagery,
and supplementary field observations. The model incorporated key state variables such as total
population, agricultural land area, rangeland coverage, forested zones, surface water bodies, total
water demand, and critical climatic indicators—specifically annual precipitation and average
temperature. To ensure model credibility, a dual validation strategy was implemented: behavioral
validation, which involved comparing simulated outputs against empirical data from the 2010-
2020 period, and structural validation, which examined the internal consistency, logical
coherence, and plausibility of the causal relationships embedded within the model architecture.

Results and Discussion: The validation process confirmed a strong alignment between observed
historical trends and model-generated simulations, thereby supporting the model’s reliability.
Simulation results indicated a clear and direct linkage among population growth, escalating water
demand, and the expansion of agricultural activities. Under a medium climate change scenario—
reflecting moderate shifts in temperature and precipitation patterns—the model projected a
continued increase in both forested and cultivated areas. Conversely, rangelands are anticipated to
undergo significant contraction due to the combined pressures of human-induced land conversion
and adverse climatic conditions. The expansion of agriculture intensifies reliance on water
resources, resulting in heightened extraction from both surface and groundwater systems and a
consequent notable decline in the area of lakes, rivers, and other water bodies. Critically, the
convergence of declining vegetation cover, reduced rainfall, rising temperatures, accelerated
urban sprawl, and population growth may initiate a self-reinforcing cycle of environmental
degradation. This negative feedback loop could amplify land degradation and exacerbate water
scarcity in the coming decades. Given these projections, the necessity of adopting scientifically
informed, adaptive, and integrated land and water management strategies becomes evident.

Conclusion: The findings highlight an urgent imperative for intelligent, forward-looking
natural resource management and meticulous spatial planning at the provincial level.
Unregulated transformation of ecologically sensitive lands—especially rangelands and
forests—into agricultural, industrial, or residential zones, without due consideration of
hydroclimatic limits and water sustainability, poses a serious threat of triggering irreversible
environmental crises. Consequently, future policy frameworks must be firmly rooted in
principles of ecological sustainability, prioritizing the conservation of natural ecosystems and
the efficient, equitable use of water resources. This study reaffirms the value of System
Dynamics as an integrative modeling tool capable of supporting evidence-based decision-
making in land use planning and climate resilience strategies.
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. b 5 ey 45k Sglds Difference between need more
s e 5 :

S agri land and cropland area
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Y Jsa=> o (Layani et al, 2021) sgd oo oolaiwl

KW @)&A uT W)") el oolawl S99 GLQJM

OABY dobew)
Water storage, = water storage, +

eSS g e Cu e sl O GLolE 58 o i
St o ol Glals g drae Of wlw 5 Cosex
Ngame ol 5L 5 S 5 mhae 5l (b (55 )las

f;o(water inflow, — av
water outflow,)dt (Layani et al., 2021) «(\} gV aloleo) ol
water inflow, = an Domestic water demand,; = O
Surface water inflow, + Runoff, per capita water use X Population,
water outflow, = Evaporation, Ve
+ Water demand, av Agricultural water demand; =
™ (cropland area; x (QRD!
Evaporation, = Evaporation rate; X 08) water requierment;)
water storage;
3959 b s S 0 O s (ilwe b cud b
Runof f; = Surface area, X 0% - R ) o]
rainfall, X runof f rate SRR Rt e
S9zge (e Ol L s E5 0po b S 09l o
Surface area, = oY) [ wolS ogu bw  Sby al> |
look up function(water storage,) Pl G0 g o0 dwre (lo) A ye ;B (Sl
u] o).\}o b}mso (_%}:Ja.‘.u 6LQUT ("'da...u L)"‘QLS UCL» S
Evaporation rate; = a + 8 X RS ) B
termprature, g g0 03ls Lis LOOKUP Jgux> & g0 45 45 s (0
Sloy d> e 12 50 5w mhaw 9,0l Cuws 4 gl
O it 325 50 03lisusl 8590 (S yudiio (B yro-Y Jguzr
Table3. Introduction of variables used in the water subsystem
e - &g . .
S5 ojluil usly % ool 990 (Lo yuicio et 32 5
Unit Define " Variables Subsystem
Type
Syt gelee S e Of slolis S Domestic water demand
S yie gakes Jbo 3 OT 8 pae ail S5 Per capita water use
S e (ygekee 39S e o lolis S Agricultural water demand
S e =y Vgame T 5L S Water requierment
oSy (geles G oz 9 55 sl ol 30 0035 Water storage
S e (ygekee Sy (5395 Ol ok Water inflow o
S e (ygekee Sl sz ol ok Water outflow Water
cSe e (ygakee <Ly, ok Runoff
KW SUls, &5 S5 Runoff rate
S e (ygeke RS S Evaporation
N RSP S Evaporation rate
&y rogkS @l oS cols S5 Surface area
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Forest area, = Forest areay +

t (QRY!
Ji—y(Wood land change,) dt
Wood land change, = )
expected forest area, — forest area;
Expected forest area, = a + ff; X
rainfall, + B, X investment; + 3 X )
Forest product demand;+, X
Cropland area; + fi5 X Temperature,
investment, = rate of investment X v

Income,

Forest product demand,, =

percapita forest products consumption x(YY)
Population,

w0aiy ply Cead 5l ol m e Colun (Buion opl o
alayly s jalaieds dalllas ol ol onl a8 S a5 o
Wang et ) ol ool plowl a5 0 Coluss ¢ Julse cpl o
Qilgd o 0gally jebay iz ol glaaidl, (al, 2022
Gl e Bble o oo 3550 )0 Gaied) )l sl i
9 Pl Wy S 4 e Wlgioe Culedys 45 ams
oS puria Glgieds &5 0 Corlue ke 0gd (S glogm
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EOES TS ‘o‘.\.‘i’;@u@ o ) e (Sl e 3 Y
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S Guleyd g s 5 JlusSles wib daow sl
slagee; gl Rl jshaieds (oDl (68 Sl
ORl391 b 50l o)l5ae 4 o jgms ] g Lol o5 p5laS
.(Bahmanpouri et al.,, 2023) 350 axlge o568 s
sz 5l cibeo 7,k sl 2 b 3 sl s jo adl
Szl ogzr caloy e g b8 o> b j5a8
cod Kz colue Ol s b joay il a8
Sl abli> )0 I8l j Glie 5 (FN,L liee b
obwl S ysbas (Li ef al, 2017) cul consjlaxs

955 SRz Colie 0oy ¥V desl ngr g 41skSeS
S Sbogleosls ol ools plais! o |,
v Sl (2She ols las (World Bank, 2022)
BT+ Jolas 130 Y oYY (slaJlu b ol o JSix
289 2skSeS bl lp (A3 S b5 50 5 9s)ys
Lolis (e cpeizmad b dewbne oy +/YOY wos]
S edlon p ke o3l o9z slees,sl s ooz Gl
Al o aslllae ol o (Wang et al,, 2022) s s K>
e (FAO, 2023) §6 5l 2 5ine sloosls Lolul b
058 ale ol )3 (297 sloesyslf 5 sz Bras
lodys158 5 sz ass laosls gl sl 51y @dly )
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Lo se LS SeSume 3blio p 1) Cumex gy
il po 0 lli] 5 Comaz 4y (SigSuns dblaie ¢ iy Sl 3>
coluw (Wang et al., 2022) col aisly SeSs Joxo

S0 0,38 ke laicds gile o 0 S9N dilaie
4o oolatal 550 sl O Jgdx 0 ol a8 S

(VAL VY abasly) ol )l oS (630,55 piaanas 5
residential area, =

residential areay + (YY)
f;o(change inresidential area;) dt

change in residential, =
expected residential area, — M)
residential area;

expected residential area, =
percapita residential area x )
population;

Sz Slepin ) 5o ooliiul 5,50 sloyuiie ¥ Joor

Pasture, = Pasture, +
t , AAD)
ftzo(change in pasture;) dt

change in pasture, =
expected pasture rate, — pasture;

(Yo)

expected pasture rate, = a +

Birainfall, +

Byprice of livestock, + %)
Bsfodder price, + B,population, +

Bslag of pasture,

sé)‘é Coxo> W)") L> L;i.’.é)" JaL».:)‘ L':”?i‘“ﬁ 6;0[5
il Lo 8 o il slugeslo slolis , lasitas 15
4 e a5 Wb oo (i3l slugcsle ol Lol oxo

Cote dl el ol Sede (HsSes sp)lS Sl

&30 9 S gLy 53 oolistwl 9590 (b yuito (8 y20-F Jguxr
Table 4. Introduction of variables used in the Forest and pasture subsystem

S5 o3luil aslg v ges) JUESPNY oolaiwl 8550 L piio forionid 33 )
Unit Define Type Variables Subsystem
S Sz el oye>d Forest area
S Sy cole oyd Pasture
S sl 350 JSiz colace SaS Expected forest area
JEtes Szl 350 @550 lna SeS Expected pasture rate

Ju, oy daezme 33 (6105 Loy S Investment
Ja:m)as)l_'xfd.ilﬁrat)j é‘f"ﬁ;)i"
Sy s S5 Investment rate Forest and
Pasture
Fordes b S Rainfall
) ¥ <_§L"" 0 BT)S ‘_gLoLéu
nSo e ’ JL: S5 Forest product demand
03,518 5 sz B pas ailp .
R ) ’ R Percapita forest product demand
w9z sl
Ju, 033 pls Ceayd S5 Price of livestock
Ju adgle oo S Fodder price
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Table 5. Introduction of variables used in the residential subsystem

S5 o)l uxlg Ry yx oo &b

Unit

Define Type

oolasw! 050 (5o yuiico (ot 33 )
Variables Subsystem

&y yaglS
&yoyaghsS
&y yaghsS

&y saglS

@55.....4 dbLM Colus 0 S
i5Sos Bl rlons 45 e sl
JUEH RS A SaS

@l 5L 550 o il il s
oS

(5 Gl

Residential area

Change in residential area
S5 5 )5

Expected residential area . .
P Residential

Per capita residential area

Silw ad Sy By oo g el Al 950 a5 5590
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Fig. 1-Stock-flow diagram of land use system in Kohgiluyeh and Boyer Ahmad provinces
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Table 6. Model test results
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Fig. 7- Simulation of food consumption variable during the
simulation period - million tons
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