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Abstract

A system dynamic model is necessary to estimate the existing
interactions between Urmia Lake and factors affecting it. In
this study, the Predator-Prey model using system dynamics
simulation has been developed for Urmia Lake Basin. The
main advantage of this model is providing the balanced water
allocation between stakeholders in order to have a sustainable
water management system for the lake. Due to increasing the
area of irrigated lands in the northwest of Iran, having an
applicable and up-to-date method to reduce water consumption
in agricultural part is unavoidable. A stock-flow model has
been designed in this study, in which Urmia Lake and irrigated
lands are considered as the prey and predator, respectively.
Then, the effects of various factors on the water elevation
fluctuations of the lake have been analyzed dynamically and
the strategies for reducing the water consumption of
agricultural part have been investigated carefully. The results
of this study indicate that the reducing irrigated lands by 40%,
improve irrigation efficiency by 21%, and reducing the area of
lake by 20% lead to increasing water level of the lake by 1.7,
0.8, and 0.5 meters, respectively. By applying these policies,
the water level of the lake will increase about 4.3 meters and it
will lead to better ecological condition.
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Table 1- NDVI variations and related land cover types
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Vegetation NDVI
Non-vegetated areas such as water and cloud -1.0t0 0.0
Areas of barren rock, sand and desert lands 0.0to 0.1
Sparse vegetation such as shrubs and grasslands 0.1t00.5
Dense vegetation 05t01.0
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Fig. 2- (A) Inflow to Urmia Lake from 2001 to 2015, (B) Precipitation values over the Urmia Lake Basin
(C) Evaporation values from Urmia Lake from 2001 to 2015, (D) Irrigation water from 2001 to 2015,
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Table 2- The Overall Classification Accuracy
and Overall Kapa Statistics for sampled dates
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Year Overall Overall Kapa
Classification Statistics
Accuracy
2010 89.50% 0.8687
2011 89.50% 0.8250
2013 80.26% 0.7523
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Lake volume (mcm)

Groundwater volume changes (mcm)

Table 3- Endogenous variables in the model
Jo 3 sadodliiw! 51505900 W i —Y Jou

Endogenous variables Endogenous variables
Inflow Crop demand
Lake volume Agricultural demand
evaporation Irrigation demand
Natural discharge precipitation height
Precipitation volume Margin area
alarm Margin precipitation height
Ground water volume change Unmeasured surface inflow
Natural recharge Irrigation percolation
Returned water reduction
Ground water extraction Irrigation area

Horticultural demand -

Table 4- Exogenous variables in the model
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Exogenous variables Exogenous variables
Crop cultivated land B1 scenario
Horticultural cultivated land Evaporation intensity
Crop demand average Lake's water level
Horticultural demand average Volume-elevation relation
Runoff extension
Volume-area relation Cooperation
AlB scenario government decision
A2 scenario Integration of agricultural lands
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Fig. 6- (A) Lake volume changes by zeroing the inflow, (B) Lake volume changes by increasing the inflow,
(A) Groundwater volume changes by zeroing the natural recharge, (B) Groundwater volume changes by
increasing the natural recharge
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Table 5- Impacts of decreasing area of irrigated lands on water elevation
409yl 4ol 3 515 mhaw (I3 12 6559WS SRR 50 -0 Jgua

Scenario changes Lake water level increase
Decrease in the area of irrigated lands (1) 10% 0.6 m
Decrease in the area of irrigated lands (2) 20% 0.8m
Decrease in the area of irrigated lands (3) 30% 1.3m
Decrease in the area of irrigated lands (4) 40% 1.7m
Decrease in the area of irrigated lands (5) 50% 21m
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Table 6- Restoration scenarios for Urmia Lake
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Scenario Changes Lake water level increase
Decrease in the area of irrigated lands (1) 40% 1.7m
Improve irrigation efficiency (2) 21% 0.8m
Decreasing area of Urmia Lake (3) 20% 0.5m
All Scenarios - 4.3m
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Fig. 9- Impacts of restoration scenarios on Urmia Lake water elevation
Ayl dal pd 5155 (89, »1 e g )luw Jlos! 55l -4 UK

YRR oyliwal oY o5lond cpd 35l Jlw c ol ol O @alie Coliydioes
Volume 16, No. 2, Summer 2020 (IR-WRR)

V¥



,&w"" 9 ﬁ.ﬁﬁ -y

2 &S oalpl Pl otz @ S5 Sl 35 ol (B
5 Colps Llodges (5L Jdo sl g 5L 5590 (slmodls &l

Syl 1y S

1- System Dynamics

2- Asymmetric Nash

3- Equal Loss

4- Area Monotonic

5- Kalai-Smorodinesky

6- Biogeochemical

7- Lactic

8- Adomian Decomposition Method
9- Maximum Sustainable Yield

10- Ordinary Differential Equations
11- Normalized Difference Vegetation Index
12- Irrigation Demand

13- Evaporation

&l A

Alborzi A, Mirchi A, Moftakhari H, Mallakpour I, Alian

S, Nazemi A, Hassanzadeh E, Mazdiyasn O, Ashraf

S, Madani K, Norouzi H, Azarderakhsh M, Mehran

A, Sadegh M, Castelletti A, and AghaKouchak A

(2018) Climate- informed environmental inflows to

revive a drying lake facing meteorological and

anthropogenic droughts. Journal of Environmental
Research Letters 13(8):084010

Alizade Govarchin Ghale Y, Altunkaynak A, and Unal
A (2018) Investigation anthropogenic impacts and
climate factors on drying up of Urmia Lake using
water budget and drought analysis. Journal of Water

Resources Management 32(1):325-337

Alizade Govarchin Ghale Y, Baykaral M, and Unal A
(2017) Analysis of decadal land cover changes and
salinization in Urmia Lake basin using remote
sensing techniques. Journal of Natural Hazards and
Earth System Sciences:1-15

Arshadi A and Bagheri A (2014) A system dynamic
approach to sustainability analysis in Karun river
basin, Iran. Journal of Iran Water Resources
Research 9(3):1-13 (In Persian)

Barnes G T (2007) The potential for monolayers to
reduce the evapotranspiration of water from large
water storages: A review. Journal of Agricultural
Water Management 95:339-353

&5 o =

Jloel b awog)l a2lyd 55 waw Jo8 JB (Rl & a2 L
ohls 45l (65,5l )bl 690 e 9 o2l)] SRRl slag L
ool (o3l)) ezt al (5900 (55y9ltS Ol Bpmo (Lol
B S il o o)l i eeol ian 5 S 55|
b gaw Iy GRIPIL Criomen WS a2L )0 slal 4 Jo
o Aile ol S o sl cas colue Ll pgy)
Sl 5 gyl o) SO Jlos] & canl ol LB ggi90
Sogo 4 b gaen Jlsl )95 9 )05 a2l o Sl
45 S Gygo d gy luw cpl Jlasl bl saalin b6 xS,
P9 1 sl 3 aabyd Sl il wals g S 4 S
Gde Ay 5 e 0ligS > euldl Clyums il &5 cuwl S5 LB
©ygo 3 11 2 anlg 5 035 JIS )L dpl)d Cumdg  Ader
392 slgteal g on Caste (codldl Sy g 008 0l slagylw Jlosl
ey (e VWYF) 08 So5elsST 515 4 VoY Jlo b aslyd oS
sojle opn pie (S Sbojle Slisl wyp pas
o e 9 OlpglsS 3 Sl b cwyp pie 2l )35 Gle
o & 3 cul oS I gl cnl Jloel slaay s
5 S ol e Sl g 9) G slaais )3 29
sl o ) (ol Sl I Mol S gl Sladaie
» Y Glus Jlel b g 58 eolatwl ST ol jd asby
Sy 1y Jso (saizs cpl )0 odd oolaiwl Jao calisee gla yiou
Sy Caa 3256 cpl 5l edlaiel )8 Tal calisee (slags b
o) 4 S5 el Gl 03] 3 o Bl ) 5 S
w5 plosl oS b BuoS () godes gl Al algs gege
s,y Ebrahimi Sarindizaj and Zarghami (2018) lewgs
sadllas )13l o (659LiS O Bpuan g (55,9US ) 35
ol IS b S B s 390 gl 5 i)
ohl g S oS s (ylel (90t Ol sl (sadllae
ol Jleel b &8 a3l oo plojon 5 xS 050 & CulS o daw
oy o ST 315 Al VB 38l )3 dal)d lagy L

2ol)> lojen (65ygliS ials b oS cul pl cuenl Bls &S
Ol A sy WSS (6w b g Sy ol WL (g5y5liS 5l LBL
G890 sy ou | oolaiwl 5 wanss e )lS plodl il Ban
2 a8 D9y 00 Uil g (S0 Coda b b &S cwl (Mol
a2l oyl adge 0lll IS 56 g slagal)ly ST sl geios
99565 J18 sz g addlae 3500 Lol (Glujg)l aslon 4o

235 W) g oloidiy areg)l a2l slol g > sl g,

YRR oyliwal oY o5lond cpd 35l Jlw c ol ol O @alie Coliydioes
Volume 16, No. 2, Summer 2020 (IR-WRR)

VO


https://www.sciencedirect.com/science/journal/23522496/13/supp/C
https://www.sciencedirect.com/science/journal/23522496/13/supp/C

restoration of Urmia Lake. Journal of Good
Manufacturing Practice Review 18(2):498-502

Kar T K and Ghosh B (2013) Impacts of maximum
sustainable yield policy to prey—predator systems.
Journal of Ecological Modelling 250:134-142

Kazemi P and Araghinejad SH (2015) Using the prey-
predator equation for the water allocation problem
and its comparison with conventional water
allocation methods, a case study of the Atrak River
Basin. Iran-Water Resources Research 26(5):3-13
(In Persian)

Keshavarz A, Heydari N, and Ashrafi S (2003)
Management of agricultural water consumption,
drought and supply of water for future demands. In:
Proceeding of the 7th International conference on the
development of Dry Land, 14-17 september, Tehran,
Iran:42-48

Kohler MA (1954) Lake and pan evaporation, water loss
investigations: lake Hefner studies. U.S Geological
Survey Professional Paper, 269:127-148

Lotka A J (1925) Elements of physical biology.
Williams and Wilkins, Balimore, MD

McMurtrie R (1978) Persistence and stability of single-
species and prey-predator systems in spatially
heterogeneous environments. Journal of
Mathematical Biosciences 39(1-2):11-5

Moghadasi M, Morid S, Delavar M, and Arabpour F
(2015) Agricultural water consumption management
approach in Urmia Lake restoration. lran-Water
Resources Research 11(1):1-12 (In Persian)

Nimmo WHR (1964) Measurement of evaporation by
pans and tanks. Australian Meteorological Magazine
46:17-53

Paimozd S, Morid S, and Moghaddasi M (2010)
Comparison of non-linear optimization and a system
dynamics approaches for agricultural water
allocation (A case study: Zayande Rud Basin).
Iranian Journal of Irrigation and Drainage 1(4):44-52

Peixoto M S, Barros L C, and Bassanez R C (2008)
Predator—prey fuzzy model. Journal of Ecological
Modelling 214(1):39-44

Quants (2014) Analysis of the Urmia Lake water
balance: Part 1 - the amount of evaporation.
http://www.quants.ir/ (In Persian)

Rawashdeh S B A (2012) Assessment of change
detection method based on normalized vegetation
index in environmental studies. Internatinal journal
of Applied Science and Engineering 10(2):89-97

Samadzadeh Fahim R, Zarghami M, Nourani V, and
Hoseinlar MR (2018) The hydraulic simulation of
the effects of new dikes to reduce the evaporation

Cherry M J and Barton B T (2017) Effects of wind on
predator-prey interactions. Journal of Food Webs
13:92-97

Chaudhari S, Felfelani F, Shin S, and Pokhrel Y (2018)
Climate and anthropogenic contributions to the
desiccation of the second largest saline lake in the
twentieth century. Journal of Hydrology 560:342-
353

Chowdhurry M S, Hashim L, and Mawa S (2009)
Solution of prey—predator problem by numeric—
analytic technique. Journal of Communications in
Nonlinear Science and Numerical  Simulation
14(4):1008-1012

Didan K (2015) MOD13A2 MODIS/Terra vegetation
indices 16-day L3 global 1km SIN grid V006 [data
set. NASA EOSDIS LP DAAC. doi:
10.5067/MODIS/MOD13A2.006

Durrett R and Mayberry J (2010) Evolution in predator—
prey systems. Journal of Stochastic Processes and
Their Applications 120(7):1364-1392

Ebrahimi E and Zarghami M (2018) Comparing effects
of restoration policies under climate change by using
system dynamics; Case study Urmia Lake
ecosystem. Journal of Iran Water Resources
Research 13(4):184-189 (In Persian)

Fang Q, Li X, and Cao M (2012) Dynamics of a discrete
predator-prey  system. Journal of Procedia
Engineering 38:1793-1800

Garrett DR and Hoy RD (1978) A study of monthly lake
to pan coefficients using a numerical lake model.
Hydrology Symposium, 5-6 September, Institution
of Engineers, Canberra, A.C.T:145-149

Ghassemi A, Jakeman FJ, and Nix HA (1995)
Salinization of lands and water resources. Sidney
(Australia): University of New South Wales Press

Hassanzadeh E, Zarghami M, and Hassanzadeh Y
(2012) Determining the main factors in declining the
Urmia Lake level by using system dynamics
modeling. Journal of Water Resources Management
26(1):129-145

Hesami A and Amini A (2016) Changes in irrigated land
and agricultural water use in the Lake Urmia basin.
Journal of Lake and Reservoir Management
32(3):288-296

Iran Ministry of Energy, Water and Waste Water Macro
Planning Bureau (2012) http://waterplan.moe.gov.ir
/TopNav/About-Us?lang=en-US (In Persian)

Isanezhad R, Zarifian SH, Raheli H, Kouhestani H, and
Beheshti Nahand SH (2015) Assessing the effects of
optimal cropping pattern in Urmia Lake basin on

YRR oyliwal oY o5lond cpd 35l Jlw c ol ol O @alie Coliydioes
Volume 16, No. 2, Summer 2020 (IR-WRR)

\Ve


https://www.sciencedirect.com/science/journal/23522496
https://www.sciencedirect.com/science/journal/23522496/13/supp/C
https://www.sciencedirect.com/science/journal/10075704
https://www.sciencedirect.com/science/journal/10075704
https://www.sciencedirect.com/science/journal/10075704/14/4
https://www.sciencedirect.com/science/journal/10075704/14/4
https://www.sciencedirect.com/science/journal/03044149
https://www.sciencedirect.com/science/journal/03044149
https://www.sciencedirect.com/science/journal/03044149/120/7
https://www.sciencedirect.com/science/journal/18777058
https://www.sciencedirect.com/science/journal/18777058
https://www.sciencedirect.com/science/journal/03043800/250/supp/C
https://www.sciencedirect.com/science/article/pii/S0304380008000239#!
https://www.sciencedirect.com/science/journal/03043800/214/1

United States Geological Survey (2016) Earth Explorer.
https://earthexplorer.usgs.gov/. Accessed 15 August
2018

Urmia Lake Restoration
www.ulrp.sharif.ir

Program  (2015)

Volterra V (1926) Fluctuations in the abundance of a
species considered mathematically. Journal of
Nature 18:558-560

Wang M (2004) Stationary patterns of strongly coupled
prey-predator models. Journal of Mathematical
Analysis and Applications 292(2):484-505

Wang Y, Wu H, and Wang Sh (2013) A predator—prey
model characterizing negative effect of prey on its
predator. Journal of Applied Mathematics and
Computation 219(19):9992-9999

area; Case study: Urmia Lake, Iran. lran-Water
Resources Research 14(2):263-267 (In Persian)

Shadkam S, Ludwig F, Oel P V, Kirmir C, and Kabat P
(2016) Impacts of climate change and water
resources development on the declining inflow into
Iran's Urmia Lake. Journal of Great Lakes Research
42(5):942-952

Thingstad T F (2000) Elements of a theory for the
mechanisms controlling abundance, diversity, and
biogeochemical role of Iytic bacterial viruses in
aquatic systems. Journal of Limnology and
Oceanography 45(6):1320-1328

Torabi Haghighi A, Fazel N, Hekmatzadeh A and Kléve
B (2018) Analysis of effective environmental flow
release Strategies for Lake Urmia Restoration.
Journal of Water Resources Management 32(11):
3595-3609

YRR oyliwal oY o5lond cpd 35l Jlw c ol ol O @alie Coliydioes
Volume 16, No. 2, Summer 2020 (IR-WRR)

VY


https://www.sciencedirect.com/science/article/pii/S0380133016301307#!
https://www.sciencedirect.com/science/journal/03801330
https://www.sciencedirect.com/science/journal/03801330
https://www.sciencedirect.com/science/journal/03801330/42/5
https://www.sciencedirect.com/science/journal/0022247X
https://www.sciencedirect.com/science/journal/0022247X
https://www.sciencedirect.com/science/journal/0022247X/292/2
https://www.sciencedirect.com/science/journal/00963003
https://www.sciencedirect.com/science/journal/00963003
https://www.sciencedirect.com/science/journal/00963003/219/19

