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Fig5: Water supply subsystem (This subsystem is structure developed in this study.)
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Population Population = INTEG(Birth + Emiigr'flt.ion In - Death - Emigration Out, Person/year Level
Pop initial)
Birth Birth = Birth Rate(Welfare) x Population Person/year Auxiliary
Death Death = Death Rate(Welfare) x Population Person/year Auxiliary
Emigration In Emigration In = Emigration In(Welfare) Person/year Auxiliary
Emigration Out Emigration Out = Emigration Out(Welfare) Person/year Auxiliary
Normalized Normalized Population=(population- Pop initial)/ Pop initial Dimensionless Auxilia
Population P pop P P o
Drinking Water Drinking Water Provided = Water Supply from Dam + Drinking Water \| Cubi ..
- uxiliary
Provided Supply from Groundwater ktersé
- T |
Groundwater Stock= INTEG( Recharge - Discharge , initial) N\ \
Groundwater Recharge= ground water recharge in year Cubic meters Level
Stock
Discharge= agriculture demand+ drinking water supply frommgrou
water
P i - )
t . L. . -
et capiia Supply Adequacy Index per Capita = Drlnklgy/ atemRrovi tal . . Auxiliary/
supply . Dimensionless
. Drinking Water Demand Endogenous
adequacy index
Total Drinki Cubi
V\?ataer Dr;m:rlfl Total Drinking Water Demand=Population x Per Capita Consumption metelrls ﬂl(;ear Auxiliary
Welfare = (0.6 * E
Welfare elfare =( conomy Dimensionless | Auxiliary
Economy EconomﬁWelfare =(0 . . .
D 1 Auxil
Welfare I Matio imensionless uxiliary
AN
fect of Income = LOOKUP(Income)
Index Effect of Di ionl Auxili
Income Effect of aghicultural income on Economy Welfare, proportional to 1mensioniess uxitiary
Income
AN
W ome = LOOKUP(Groundwater Supply Adequacy for Agriculture
u demand)
Lookup function representing the rfelative availability of groundwater for Dimensionless Auxiliary
> ,agriculture
bounded between 0 (no supply) and 1 (supply equal to historical
average agricultural demand).
Social Welfare = (0.2 * Education + 0.15 * Employment + 0.1 * General
. Hygiene + 0.07 * Security - 0.2 * Inflation Rate Long Term - 0.03 * Land . . .
1 Welf: D 1 Auxil
Social Welfare Subsidence - 0.1 * Traffic - 0.12 * Air Pollution - 0.03 * Population fmensioniess uxihary
Density)
Education Education = 0.7 * Economy Welfare - 0.3 * Normalized Population Dimensionless Auxiliary
Empl =(0.45*1 - 0.3 * Inflation Rate Long Term -
Employment mployment = (0.45 * Investment - 0.3 * Inflation Rate Long Term Dimensionless Auiliary

0.25 * Normalized Population)
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General General Hygiene = 0.5 * Economy Welfare + 0.3 * Investment in Health Di ionl Auxili
Hygiene - 0.2 * Normalized Population fmensioniess uxtiaty
. Security = (0.4 * Economy Welfare + 0.2 * Education + 0.2 * . . .
Security Employment - 0.2 * Normalized Population) Dimensionless | Auxiliary
Inflation Rate Inflation Rate Long Term = (Inflation Rate Current - 0.15) / Inflation .-
Percent Auxiliary
Long Term Rate Current
Traffic Traffic = (1 + 0.08 * Normalized Population) Dimensionless | Auxiliary
Land Land Subsidence = Land Subsidence Rate(Total Discharge from Percent/Year Auxilia
Subsidence Groundwater) / Max Land Subsidence Rate y
Air Pollution Air Pollution = (1.4894 * Normalized Population + 1.0638) / 1.0638 \(imensi le Auxiliary
Investment Investment = (0.6 * Security + 0.4 * Welfare) / Sum Time Step Dwi S&T Level
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240 (Baseline
nario)

creased Evaporation

Water
Scenario Consumpflon Per Key Description
Capita
(Liters/Day)
Current water consumption in Tehran with mild climate change
240 (Baseline impacts; limited reduction in surface and groundwater resources,
S1 . . o e 1
Scenario) relatively stable system sustainability, but initial risks of resource
R depletion emerge.
240 (Baseline Current consumption with mo@;rate climfite change; increaged .
S2 Scenarie(x pressure on water resources, requiring adaptive measures to maintain
sustainability and prevent socio-economic welfare decline.
15% Reduction in Current consumption with severe climate change; high risk of
S3 Rrecipitation and resource sustainability decline, serious threat to urban welfare,

necessitating urgent and alternative water supply measures.

5% Reduction in
Precipitation and
Increased Evaporation

10% reduction in consumption compared to current levels with mild
climate impacts; improved resource sustainability, balanced
consumption and welfare, suitable for medium-term management.

10% Reduction in
Precipitation and
Increased Evaporation

Reduced consumption with moderate climate change; moderate
pressure on resources, requiring incentive-based policies and
infrastructure improvements to maintain sustainability and mitigate
welfare impacts.

15% Reduction in

Reduced consumption with severe climate change; significant

Increased Evaporation

216 (Adaptive S S . .
S6 (Adap Precipitation and sustainability challenges, requiring emergency planning to prevent
Management) . . .S
Increased Evaporation resource crises and maintain welfare.
. 5% Reduction in Consumption equivalent to national average with mild climate
160 (Stringent S . Lo . . o
S7 Precipitation and impacts; significant improvement in resource sustainability, but
Management) . . . ..
Increased Evaporation short-term welfare may decline due to stringent restrictions.
. 10% Reduction in Low consumption with moderate climate change; improved resource
160 (Stringent S L A
S8 Precipitation and sustainability, but strong demand management policies needed to
Management) . . .
Increased Evaporation balance socio-economic welfare.
. 15% Reduction in Low consumption with severe climate change; highest level of
160 (Stringent o o . > .
S9 Precipitation and resource sustainability, but risk of reduced socio-economic welfare
Management)

due to stringent consumption limits and severe climate crisis.
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Absolute Welfare in L
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the Model Start Year
LW N
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S2 0.164531 240 L/day 465 501
S3 0.164575 240 L/day vere decline 476 505
w
S4 0.164487 216 L{@ay Major decline 433 487
S5 0.164531 216 I/d Major decline 444 492
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Abstract

Although numerous studies have addressed the water crisis in Tehran metropolis, most have focused either on
supply-driven analyses of water resources or on socio-economic impacts using static approache key gap
remains the lack of a dynamic framework capable of simultaneously analyzing the ifferactionsjamong water

consumption, resource governance, groundwater sustainability, and urban welfare over th tetm MThis study

develops an integrated system dynamics model for Tehran, simulating surfal er supply, drinking

water and agricultural demand, population, and a composite urban welfare index ayer i€’ period 2016-2100. The
main novelty lies in the definition of a dynamic welfare index linked to feg@back¥gops, enabling the analysis of
dynamic interactions among variables. The model, calibrated us‘ing stock- ow @quations, was run for nine

r congu on (national average, gradual

combined scenarios, encompassing three levels of per—cam'te: W
reduction, and current status) and three hypothetical climate clan narios. Results indicate that by 2071, the
absolute percentage changes in the dimensionless welfare
352% declines under the worst-case scenario (S3) anﬁ

values increase to 505% and 443%. The lafBest divergw

lative to the model start year are 476% and
imal scenario (S7), respectively. By 2100, these
in welfare among scenarios occurs in the mid-term of
the simulation, highlighting the critical role of demand management in mitigating urban welfare instability.

‘I
Key words: Water Resourceg M ement, Systgth Dynamics Modeling, Water Security, Water Recycling,
Climate Change
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