
Modelling software: Stella Architect
Start Time: 2018 (this is a prospective model)
Stop Time: 2100 (end of projected precipitation series)
Timestep: 1/128
Method: Euler

	Variables
	Equation and / or initial value
	Units
	Type
	Notes

	Smoothed yearly inflow
	﻿SMTH3(Yearly_inflow, 3, Yearly_inflow)
	decam3/years
	converter
	Smoothed yearly collection, removes outliers

	Yearly inflow
	Import from excel file
	decam3/years
	converter
	Historical data of water collection in Castelo de Bode dam, from SNIRH

	Adaptability
	0.6609
	unitless
	converter
	From the Resilience Index

	Campaigns switch
	0
	unitless
	converter
	A switch for a policy related to water efficiency campaigns

	Capacity expansion
	Expansion_switch*((perceived_capacity_gap)/(Time_to_build))
	m3/years
	flow
	Expansion of capacity happens if there is a gap and takes a time

	Capacity gap
	Safe_water_level-Water
	m3
	converter
	The capacity gap is defined by the water stock that is considered safe minus the actual water stock

	Change in population
	Fractional_growth_rate*Population
	people/years
	flow
	

	Change in Resistance
	(Resistance*(-Eff_of_water_insecurity_on_resistance_component_of_the_index))/Time_to_change_resistance
	1/years
	flow
	Resistance change if there is change caused by water insecurity

	Collection (‘Harvesting’ on the CLD)
	IF Water<Water_capacity THEN Eff_of_water_capacity_on_collection*Relative_collection*((Water_capacity-Water)/ Time_to_collect) ELSE 0
	m3/years
	flow
	Collection happens if there is capacity to be filled, but takes time and is affected by the general trend of water collection and the precipitation multiplier

	Companies
	13475394/52569436
	unitless
	converter
	[bookmark: _gjdgxs]Water sold to companies
http://www.epal.pt/EPAL/docs/default-source/epal/relat%C3%B3rio-e-contas-2017.pdf?sfvrsn=2

	Discount for minor consumers
	(1-(0.3632/1.7324))/2
	unitless
	converter
	A tariff discount given for small water consumers
http://www.epal.pt/EPAL/menu/clientes/tarif%C3%A1rio/%C3%A1gua

	Distribution
	Water_demand
	m3/years
	flow
	On this model, whenever there is demand and stored water, there is distribution

	Economic pressure
	0
	unitless
	converter
	From the Resilience Index

	Eff of campaigns on demand
	GRAPH(TIME)
	unitless
	converter
	The impact that promotion campaigns, as a policy, if utilized, has on demand

	"Eff of cross-regional tariff equalization instruments on tariff"
	1 (base run), otherwise a graphic funcion showing exponential growth until it reaches 1.8 in 2100.
	unitless
	converter
	The effect of the ongoing water system centralization in Portugal (in Portuguese, equalização or harmonização tarifária).

	Eff of subsidies on interest rate
	IF Tariff_subsidies_switch>0 THEN 2 ELSE 1
	unitless
	converter
	The interest rate demanded by the water company creditors has to be impacted if the water tariff is subsidized, as they would not like to borrow money to a company that does not adjust prices when needed.

	Eff of water capacity on collection
	GRAPH(Water_capacity/Ref_water_capacity)
	unitless
	converter
	Water collection does not increase linearly when the capacity is expanded, because different water sources compete among each other and bigger infrastructures have more marginal losses.

	Eff of water capacity on resistance component of the index
	(Water_capacity-Ref_water_capacity)/Ref_water_capacity
	unitless
	converter
	More capacity means more resistance, putting in terms of resilience thinking

	Eff of water insecurity on resistance component of the index
	(Relative_water_insecurity*0.20*0.25)
	unitless
	converter
	Water insecurity in the territory triggers a loss in societal resistance. However, it is not the only factor that influences resistance, according to the index formulation.

	Eff of water on conflict element of the index
	GRAPH(Water_deficit)
	unitless
	converter
	Water conflicts generated by water insecurity

	"Eff of water on disasters (droughts) element of the index"
	GRAPH(Water_deficit)
	unitless
	converter
	Droughts and famines generated by the water system collapse

	Eff of water tariff on company margin
	GRAPH(Water_tariff/"Eff_of_cross-regional_tariff_equalization_instruments_on_tariff")
	unitless
	converter
	A generic marginal cost-profit function, from economic theory

	EU Funding for capacity expansion
	0.7
	unitless
	converter
	Information provided by prof Rui Santos in class

	Expansion cost per low income person
	SMTH3((((Capacity_expansion*Unit_cost_of_capacity_expansion)/Population)*Taxation_of_low_income_population)*(1-Innovation_capabilities)*(1-EU_Funding_for_capacity_expansion),4)
	EUR/people/year
	converter
	The consequence of capacity expansion on household budget (via taxation)

	Expansion switch
	1
	unitless
	converter
	A switch for capacity expansion

	Fraction of population water insecure
	GRAPH((Necessary_monthly_income_to_fulfill_water_needs*(1+Economic_pressure))/(1+"Income_update_2009-2018"))
	
	converter
	From the necessary income to cover water needs, we use an income distribution defined by Frederico Cantante; Observatório das Desigualdades, CIES-IUL, document sent by ARS, to calculate the fraction of population that can’t afford water given the necessary income at each time.

	Fraction of water sold to households
	27488204/52569436
	unitless
	converter
	Only part of the water sold by EPAL ends up being consumed directly by households. The rest goes to other types of clients.
http://www.epal.pt/EPAL/docs/default-source/epal/relat%C3%B3rio-e-contas-2017.pdf?sfvrsn=2

	Fractional growth rate
	0
	1/years
	converter
	Populational growth, currently zeroed because we did not want to include the demographic discussion on this model

	Historical collection avg
	2109214
	decam3/years
	converter
	Average water collection calculated from all the time series available at SNIRH website

	"Income update 2009-2018"
	-0.025
	unitless
	converter
	From PORDATA, we adjusted the income distribution by the average income change between 2009 and 2018, as the original curve provided by ARS was for 2009

	Initial company debt
	133400000
	EUR
	converter
	From EPAL’s balance sheet (2017)

	Initial population
	2817014
	people
	converter
	Lisbon region population

	Initial Resistance
	0.5864
	unitless
	converter
	From the resilience index

	Initial water insecurity
	0.00275
	unitless
	converter
	Local optimization just to initiate the model

	Initial water tariff
	1.3
	EUR/m3
	converter
	Calculated from EPAL balance sheet (2017) from m3 sold and revenues

	Innovation capabilities
	0.6755
	unitless
	converter
	From the resilience index

	Interest paid
	Water_company_debt*Interest_rate
	EUR/years
	converter
	Interest is defined by principal * rate

	Interest paid per low income person
	(Interest_paid/Population)*Taxation_of_low_income_population
	EUR/people/year
	converter
	Not all the interest paid by the water company is taxed from low income people

	Interest rate
	Ref_interest_rate*Eff_of_subsidies_on_interest_rate
	1/years
	converter
	The interest rate is affected by subsidies, as explained previously

	Max healthy fraction water budget
	0.0125
	unitless
	converter
	Although professor Rui Santos had recommended us to use 3% here, ARS argued that consumers’ associations worldwide set 5% as the maximum income spent among all five basic utilities (water, electricity, telecom, gas, heating), and that, therefore, water should not exceed 1/5 of that.

	Months per year
	12
	months/year
	
	

	Necessary monthly income to fulfill water needs
	((Water_cost_per_low_income_person/Max_healthy_fraction_water_budget)/Months_per_year)
	EUR/months/people
	converter
	The income needed to cover water costs given a maximum healthy budget

	Others
	1-(Fraction_of_water_sold_to_households+Companies)
	unitless
	converter
	Water sold to other (non-residential) consumers
http://www.epal.pt/EPAL/docs/default-source/epal/relat%C3%B3rio-e-contas-2017.pdf?sfvrsn=2

	perceived capacity gap
	SMTHN (Capacity_gap, Time_to_perceive_gap,99999)
	m3
	converter
	Perceived capacity gap by policymakers

	Population
	Population(t) = Population(t - dt) + (Change_in_population) * dt = Initial_population
	people
	stock
	Total population in Lisbon region

	Precipitation coefficient
	GRAPH(IF Precipitation_coefficient_switch>0 THEN TIME ELSE 1)
	unitless
	converter
	ARS argues that a 20% drop in precipitation will happen until 2100, according to Resccue (2017), as seen on their communications on
https://www.facebook.com/events/422852018179169/. We use it on the BAU scenario as it seems consistent with mainstream climate change literature (RESCCUE_Precipitation_coefficient). For a forced collapse scenario, we adopt a discretionary 60% drop by 2100 (PESSIMISTIC_Precipitation_coefficient).

	Precipitation coefficient switch
	1
	unitless
	converter
	A switch for precipitation variations

	Pressure on tariff increase
	Relative_company_debt
	unitless
	converter
	If there is water company debt, then there is a pressure on the regulators to increase water tariffs and save water utilities.

	Ref company margin
	0.4
	unitless
	converter
	From EPAL 2017 balance sheet, their operational margin.

	Ref distribution
	195646482
	m3/years
	converter
	From EPAL 2017 balance sheet

	Ref interest rate
	2.2/133.4
	1/years
	converter
	From EPAL 2017 balance sheet (interest paid/total debt)

	Ref safe water level
	850000000
	m3
	converter
	Based on a threshold that was rarely challenged since the 1970s, this is the reference water level that the authorities consider safe

	Ref time to build
	4
	years
	converter
	Time to build water capacity

	Ref time to perceive gap
	4
	years
	converter
	Time to perceive a water capacity gap

	Ref water capacity
	1047760000/0.83
	m3
	converter
	Based on SNIRH (Castelo de Bode dam capacity) and EPAL 2017 balance sheet (fraction of water coming from Castelo de Bode)

	Ref water demand per capita
	Ref_distribution/Initial_population
	m3/people/years
	converter
	Reference water demand is calculated from what was distributed in 2017 and the initial population

	Relative company debt
	Water_company_debt/Initial_company_debt
	unitless
	converter
	

	Relative Resistance
	(Resistance-Initial_Resistance)/Initial_Resistance
	unitless
	converter
	Relative societal resistance

	Relative water insecurity
	Fraction_of_population_water_insecure-Initial_water_insecurity
	unitless
	converter
	

	Resistance
	Resistance(t) = Resistance(t - dt) + (Change_in_Resistance) * dt = Initial_Resistance
	Dimensionless
	stock
	Resistance is modelled as a stock to avoid circularity and to account for the fact that the change in societal structure is marginal

	Relative collection
	IF Precipitation_switch=0 THEN ((.Smoothed_yearly_inflow*RESCCUE_Precipitation_coefficient^2)/Historical_collection_avg) ELSE ((.Smoothed_yearly_inflow*PESSIMISTIC_Precipitation_coefficient^2)/Historical_collection_avg)
	unitless
	converter
	Collection as compared to historical collection. Using a Bernoulli rationale to deal with precipitation.

	Safe water level
	Ref_safe_water_level*(1-Relative_Resistance)
	m3
	converter
	Resistance influences what is considered to be the safe water level

	Sensitivity
	0.11
	unitless
	converter
	Price-demand, suggested by professor Rui Santos from his experience with water models

	Tariff adjustment time
	4
	years
	converter
	Time to adjust water tariffs when needed

	Tariff subsidies switch
	0
	unitless
	converter
	A switch for the water tariff subsidies policy

	Taxation of low income population
	0.23
	unitless
	converter
	We assume that, whenever we talk about the lowest income populations, their income is almost entirely designated to consumption, and therefore use the taxation on consumption, as described by http://www.oecd.org/ctp/tax-policy/tax-database.htm#D_TaxesConsumption

This is consistent with the taxation of low income (33-67% of avg income) taxation estimation by the same source (OECD), that varies between 21% and 31% since the beginning of the century.

	Time to build
	Ref_time_to_build/(1+Innovation_capabilities)
	years
	converter
	Innovation capabilities help reduce the time to build new water infrastructure

	Time to change resistance
	1
	years
	converter
	

	Time to collect
	1095000/(183495.87*12)
	years
	converter
	Based on historical data for Monthly inflow (dam3)/Monthly stored volume for all the data series provided by SNIRH

	Time to perceive gap
	Ref_time_to_perceive_gap/Adaptability
	years
	converter
	Societal adaptability influences the time to see a water gap.

	Time to waste
	1
	years
	converter
	

	Unit cost of capacity expansion
	203.78/0.6755
	EUR/m3
	converter
	Based on recent dams built in Portugal.
https://www.jornaldenegocios.pt/economia/detalhe/custo_da_obra_do_alqueva_derrapa_75
https://structurae.net/structures/alqueva-dam

	Wasted water
	0.02*Water/Time_to_waste
	m3/years
	flow
	Calibrated from EPAL balance sheet. Difference between sold and collected in a year (2016).

	Water
	Water(t) = Water(t - dt) + (Collection - Distribution - Wasted_water) * dt = 1047760000/0.83
	m3
	converter
	The initial level is based on EPAL balance sheet.

	Water capacity
	Water_capacity(t) = Water_capacity(t - dt) + (Capacity_expansion) * dt = Ref_water_capacity
	m3
	stock
	EPAL balance sheet

	Water company debt
	Water_company_debt(t) = Water_company_debt(t - dt) + (Water_company_losses) * dt
	EUR
	stock
	EPAL balance sheet

	Water company losses
	Water_company_losses = -(Water_tariff*Distribution)*Water_company_margin
	EUR/years
	flow
	Losses, whenever they happen, accumulate as debt

	Water company margin
	Ref_company_margin*Eff_of_water_tariff_on_company_margin
	unitless
	converter
	

	Water cost per low income person
	(Interest_paid_per_low_income_person+Expansion_cost_per_low_income_person+Water_tariff_cost_on_houselds+Water_tax)
	EUR/people/years
	converter
	Water costs on low income populations are not limited to water tariffs. They also end up paying for capacity expansion and debt of public utilities

	Water deficit
	IF Safe_water_level-Water>0 THEN Safe_water_level-Water ELSE 0
	m3
	converter
	There is water deficit if the water levels are below the safe level

	Water demand
	Water_demand_per_capita*Population
	m3/years
	converter
	

	Water demand per capita
	(Ref_water_demand_per_capita*((Initial_water_tariff/Water_tariff)^Sensitivity))*(1-(Eff_of_campaigns_on_demand*Campaigns_switch))
    UNITS: m3/people/years
	
	converter
	A typical sensitivity equation

	Water tariff
	IF Tariff_subsidies_switch<1 THEN SMTH3(Initial_water_tariff*Pressure_on_tariff_increase*"Eff_of_cross-regional_tariff_equalization_instruments_on_tariff", Tariff_adjustment_time, Initial_water_tariff*"Eff_of_cross-regional_tariff_equalization_instruments_on_tariff") ELSE Initial_water_tariff*"Eff_of_cross-regional_tariff_equalization_instruments_on_tariff"
	EUR/m3
	converter
	Water tariffs are influenced by a myriad of factors, but mostly by the pressures that regulators face in terms of the financial health of public utilities

	Water tariff cost on houselds
	Water_tariff*Water_demand_per_capita*Fraction_of_water_sold_to_households*(1-Discount_for_minor_consumers)
	EUR/m3
	converter
	Not all the tariffs are charged from domestic consumers.

	Water tax
	0
	EUR/people/years
	converter
	This a policy instrument that exists in the country, but is still very timid, and, therefore, we did not attribute a value to it.




