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Executive summary

The “Urban Drought Nexus Tool” facilitates the co-development of climate services for cities under
increasing droughts. The tool integrates multiple types of information and still can be applied to other
case studies with minimal adjustments on the parameters of land use, water consumption and
energy use in the water sector. The tool needs hydrological projections under climate scenarios to
evaluate climatic futures, and requires the co-creation of socio-economic future scenarios with local
stakeholders. Thus it is possible to provide specific information about droughts taking into account
future water availability and future water consumption. Ultimately, such complex system as formed
by the water-energy-land nexus can be reduced to single variables of interest, e.g. the number of
events with no water available in the future and their length, so that the complexities are reduced
and the results can be conveyed to society in an understandable way, including the communication
of uncertainties.
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1. Introduction

The “Urban Drought Nexus Tool” integrates urban planning with the water sector. The tool has the
purpose of providing a planning instrument to align water consumption from cities with water
available under climate change at low energy costs, which translates into low economic costs and
low greenhouse gas emissions. In this way, co-benefits across elements of the water-energy-land
nexus can be explored under climate change and presented to context-specific decision makers

aiming to achieve sustainability, especially to those dealing with droughts, but not only.

The tool can be applied with data and insights about water consumption in multiple sectors, e.g. in
cities and in the agricultural sector, and with data and insights about water available at the river basin
scale under climate change, and additionally with water made available by circular re-use,
unconventional means like desalination, and water transfers from other basins, which are all

reflected in the energy accounts.

The tool provides an entry point for urban sustainability on the basis of water scarcity and energy
intensity of water use. The tool allows to use climate projections, by using data about hydrological
model runs, and a matrix of urban future scenarios and climate scenarios can be produced. It is
recommended that the complexity of the results is reduced to a single decision variable mimicking
the decision process of the involved societal stakeholders, and that the resulting value of this variable

and its uncertainties are expressed for the matrix of scenarios.

The tool is in fact an Integrated Assessment Model (IAM) for metropolitan areas and droughts,
connecting the neighborhood scale with the river basin scale. We invite the reader to find all required
details in the body of the deliverable (see Section 2.8). The tool is developed based on the system
dynamics approach (www.systemdynamics.org). The tool is a system dynamics IAM that can be
simulated using the free Vensim version, so-called Vensim PLE. For potential users who are not
familiar with system dynamics modelling, it is suggested that they read first the guidelines at Section
4 below. This tool provides a free simulation model under the public license to simulate nexus

elements in urban areas under climate change. This tool can be expanded according to users’ needs
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in specific case studies. The tools is applied to a case study in South Eastern Spain, in the
Mediterranean coast, where the impacts of water scarcity have been felt in the economy and in the

energy intensity of water.

2. Narrative Documentation and Description of the Main
Equations

This section provides the concepts, equations and explanations behind the modelling tool. Aiming
to familiarise the potential user with the software used in the tool, the equations are expressed in the
language used in VENSIM®, which will be ultimately helpful to any user of the model. The interested
reader can find further details on the behaviour of the main variables, a formal model documentation,

and a guideline for using the tool in simulations in the next sections.

2.1. The Water Element of the Urban Nexus

For water, the model describes water into 3 separated sub-models: the surface water, the aquifer,

and the urban water distribution.
Surface water

This element describes the main reservoir and surface water distribution to urban areas (see Figure
1). In this sub-model, there are two urban areas: city A and city B. The main variables are the main
reservoir, the main reservoir outflow to city A, the main reservoir outflow to city B, and switch aquifer

and reservoir system

The main reservoir is influenced by the reservoir inflow, environmental flow, seepage water, and
outflow water to cities (city A and city B). Environmental flow is natural water flow to sustain life
downstream the main reservoir and seepage water is incoming/outcoming water from/to other water
sources such as small aquifer(s). Water levels in the main reservoir are also influenced by the

reservoir inflow which is a natural inflow based on hydrological information derived from climatic data
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either from historical, present conditions or future projections under socio-economic scenarios like

the representative concentration pathways (RCPs).

To establish a connection climate data and reservoir levels, a variable of table of the main reservoir
natural inflow_m3 should be inserted with a relationship between climate data and the natural inflow

of reservoir.

A relationship between climate data and the natural inflow is defined by a lookup function so-called
table of the main reservoir natural inflow_m3 as seen in equation 1a. A format of a lookup function
can be seen in equation 1b. By crossing equation 1a and 1b it is clear that the model is simulated
from “0” to “119” time periods (useful to simulate 10 years at monthly time scales) and ranges of
natural inflow is between “0” and “5” m*month in the particular example instantiated, however these

values might be altered to reproduce other situations.

table of the main reservoir natural inflow\_m3= WITH LOOKUP (Time/unit time of month*unit m3,
([(0,0)-(119,5)],(0,0.2885), (1,0.0264), (2,0.377), (3,0.0119), (4,0), (Yz,Xz2)))

................................................................................................... (1a)
LOOKUP NAME([(Xmin, Ymin) - (Xmax, Ymax), (Xrefl, Yrefl), (Xref2 Yref2),...
(XPefn, YIefn)]. ... e (1b)

Water in reservoir(s) may be discharged to fulfill water demand in each city. Discharged water from
the main reservoir to city A, for example, is defined as water input from the main reservoir for city A.
This outflow is based on water demand on each city as seen in equation 2a. Farming areas get
water from the reservoir through discharged water sustainable agriculture. All of the discharged

water flow for urban and farming areas are fulfilled based on the following equations:

water input from the main reservoir for city A = max ((total required water supply in city A
- total water for city A ) / adjustment time , 0) .........cooiiiiii (2a)

the main reservoir outflow for city A = IF THEN ELSE ( the main reservoir> dead storage of the main
reservoir , ( min ( water input from the main reservoir for city A , ( the main reservoir) / TIME STEP )
) 5 0 e (2b)

the main reservoir outflow for city B = IF THEN ELSE ( the main reservoir> dead storage of the main
reservoir , ( min ( water input from the main reservoir for city B , ( the main reservoir) / TIME STEP )

) 3 0 ettt (3)
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discharged water sustainable agriculture = MIN (added potential potable water owing to sustainable
agriculture from reservoir or river,(the main reservoir/TIME STEP)) ............. (4)

Water may seep from water surface to groundwater or vice versa in riverine areas. Urban areas may
have a single water resource either a reservoir or an aquifer. To anticipate these different
configurations, users should set switch aquifer and reservoir system to anticipate different
configurations of surface water and groundwater systems. For further information, please see the

next caption.

total water for
. hwd
city A ray »(:\_;

water output for
city A's end users

<fhitial water

city A>

<initial water " ired
for city A> water from resepvolf oY - . .
foraity A waier storages foreity - switch aquifer
s
only system
conncction>
scepaged water from
[M] the main a uifcr)to the
<copvees 3
the mgin reservo
Ir outﬁm{%r ot
ys initial main
cvel

the mamy !
man resctvol
AInADsCr

_<table of the
<#C—; <table ofriegin. reservoir
matl ‘ftn

Sel
na 'ﬂ&i‘g Eli_i?ﬂo“

—_—t
e

. . I
the main reservoir inflow

Required inflow from
the main's aquifer for 4 environment

al outflow

éﬂk
b
oW =

<switch aquifer
only system>

/

water from rescgvoir or
water sloragcs or city

w A
Ry SaLcty
Total water for Z - C\—\
city B /

<initial water water output for
for city B> <initial water city B's end users

for city B> Wd
w Y ety

g aquifer 3‘%&?&1‘0“\&-’?%?"2'3
system Y

Eaiiaon

he main réservorr>

<adjugiment

Figure 1. Surface water

Aquifer

The following text explains aquifer dynamics, which are a simplification based on water inflows and

outflows surrounding the aquifer basin areas (see Figure 2). Springs or upwellings are water outflows
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once a water level in aquifer(s) exceeds a specific water threshold. There is aquifer recharge by

infiltrated water from precipitation, and from surrounding aquifers and/or rivers.

Figure 2 is a model representation of simplified aquifer dynamics. The condition of spring water and
groundwater extraction is defined by monthly spring and upwelling flow and the main aquifer's

extraction respectively.

monthly spring and upwelling flow = IF THEN ELSE ( the main aquifer >= threshold of spring water
, ( ( the main aquifer - threshold of spring water ) /TIME STEP ), 0) ................... (5)

the main aquifer's extraction = IF THEN ELSE ( the main aquifer >= aquifer minimum level, ( min
( the main aquifer / TIME STEP , Required inflow from the main's aquifer for the main
reservoir+(added potential potable water owing to sustainable agriculture from the main
aquifer/converter m3to hm3) ) ), 0) ..o (6)

infiltration and percolated water to the the main aquifer = observed precipitation
* "infiltration-percolated coefficient" * the main aquifer's permeable surface areas,
TIME STEP , "infiltration-percolated coefficient" * observed precipitation * the
main aquifer's permeable surface areas*switch the main aquifer and the reservoir
(oo] ] T=Ted o] o IR PP (7)
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Figure 2. Aquifer model.

Urban water consumption

In the model, city A and city B is a representation of high and low-density areas respectively. Each

city has accommodation such as camping sites and hotels. Each city also has urban areas for the
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resident population. The main difference is population density per area in each city which can be
defined before model simulations. This differentiation enables to model the diverse water
consumption levels that characterize different urban population densities, in relation to features such
as gardens and pools in low-density areas. This is facilitated by the variable water consumption per
person per day, which is differentiated for both high-density and low-density areas (see Figure 3 and

4).

The main variables in this part are as follows: water consumption per person (for each
accommodation type and the resident population), bed capacity of each accommodation, and

average overnight stay in each accommodation type.

Please note that this part should be arranged with another part: low-high density areas. In the part
of low-high density areas, users can define average population in low and high-density areas and

the size of each area. Main equations for this sub-model as follows:

overnight stays in camping sites (city A) = total camping sites capacity in city A*the number of day
in a month*the monthly seasonality ratio ... (8)

total overnight stays in the MetroArea camping sites = "overnight stays in camping sites (city
A)"+"overnight stays in camping sites (City B)" ........ooiiiiiiii (9)

total water consumption of resident population in city A = ("water consumption per person per day
(high-density areas)"*"resident population in high-density areas of city A"+"water consumption per
person per day (low-density areas)"*"resident population in low-density areas of city A")*days in a
month*"conversion liters to m”3"*the monthly seasonality ratio
...................................................................................................... (10)

Equations 8-10 are similar for other accommodation types. Total water consumption in the Metro is
calculated based on equation 11.

total water consumption in the MetroArea's camping sites = total overnight stays in the MetroArea
camping sites*water consumption per person in camping sites*conversion liters to m”3

..................................................................................................... (11)

2.2. The Land Element of the Urban Nexus: Low and High Population Density Areas
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In this part, users can define some main variables such as average people in low and high-density
areas and sizes of low and high-density areas. Variables of low/high-density areas in city A/B are

representations of sizes of low/high-density areas in each city.

Users may want to simulate changes in area sizes in this model. To do so, users change define size
changes through fraction(s) of land-use change in urban areas in each city and initial size(s) of
low/high density-areas. For instance, users can define fraction of land-use change in urban areas in
city A: 1%. This means that low/high density-areas in city will increase as much as 1% per month.
Users can also change an initial size (hm?) of urban areas in city A through initial size(s) of low/high

density-areas in city A.
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Figure 3. Low and high-density areas in the Metro (city A and B)

2.3. The Land Element of the Urban Nexus: Local Farming Areas, Water Consumption and
Food Production

Farming areas usually consist of three important variables such as a size of farming areas, water
demand per ha, and land-use change dynamics. The land-use change dynamics are represented by

fractions of new farming areas and land-use change. The size of new farming (agricultural) areas is
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affected by fraction new farming area and delay time of operationalizing new farming areas (see
equations 12 and 13 and figure 5). Similarly, land-use change is influenced by delay time of
converting farming areas (for other purposes) and a fraction of land-use change. Equations 12-17

calculate important variables in farming areas.

new agricultural areas = DELAY3 ( fraction of new agricultural areas*the total agricultural areas in
the MetroArea, delay time of new agricultural areas ) ..............ccoooiiiiiiinnnnee (12)

land-use change (from agricultural to urban areas) = DELAY3 ( "fraction of land-use change (from
agricultural to urban areas)"*the total agricultural areas in the MetroArea,"delay time of land-use
CNANGE" ) e (13)

*n

total water demand for agricultural areas = the total agricultural areas in the MetroArea*"water

demand per ha (agricultural @areas)" ...........c.ouieiiiiii i (14)

Blue water and reused water can be main water sources of farming areas. To capture complexities
in given farming areas, this sub-model also captures wastewater treatment plants. Total used water
in urban areas is defined as inflow of used urban water. This used water is sent to wastewater plants
to generate reused water for farming areas. Another variable, reused water for agriculture,

represents total combined water sent to farming areas.

infow of used urban water = switch for agriculture water from reused water*(IF THEN
ELSE((agricultural water storage in MetroArea/TIME STEP)<=0, ((

MIN (total water demand for agricultural areas,(total required water supply under the
MetroArea/"delay processing time in the wastewater plant(s)")))) , 0)) .....ccoveviiiinnnes (15)

reused water for agriculture = "wastewater treatment plant(s) in MetroArea"/ delay time to distributed
reused water to farming areas . ..........cooiiiiiiii (16)

agricultural water use = IF THEN ELSE ( ( ( agricultural water storage in MetroArea
/ TIME STEP ) >= total water demand for agricultural areas ), total water demand

for agricultural areas, ( agricultural water storage in MetroArea / TIME STEP) ) ... (17)

This tool has two variables namely added potential blue water owing to sustainable agriculture from
the main aquifer and added potential blue water owing to sustainable agriculture from reservoir or

river. Respectively, these variables show how much blue water should be discharged from the main
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aquifer and/or from the reservoir. Total of blue water from both sources is called water from other

source(s) for agriculture, meaning other than reused.

added potential blue water owing to sustainable agriculture from the main aquifer = IF THEN
ELSE(gap between total urban water supply and demand>=1, (max(0,(total water demand for
agricultural areas-agricultural water use))*switch for agriculture water from aquifer), 0) ... (18)

added potential blue water owing to sustainable agriculture from reservoir or river = IF THEN
ELSE(gap between total urban water supply and demand>=1, (max(0,(total water demand for
agricultural areas-agricultural water use))*"switch for agriculture water from river (or reservoir)"), 0)
........................................................................................ (19)

water from other source(s) for agriculture = added potential potable water owing to sustainable
agriculture from the main aquifer+added potential potable water owing to sustainable agriculture
frOm reSErVOIr OF FIVET . ..o (20)
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Figure 4. Water consumption.
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Figure 5. The farming areas.

2.4. The Energy Element of the Urban Nexus and its Greenhouse Gas Emissions

Urban development must consider energy consumption and GHG emissions to achieve sustainable
development. To calculate total CO2 emission, users firstly define in the model the index of regional
CO2 emission (CO, tonnes/KwH). This model captures energy consumption based on the water
cycle in the Metro (city A and city B). Total energy consumption is measured after wastewater
treatment, water distribution, and groundwater extraction (see Figure 6). For each water activity,
users should define in the model each energy intensity (KwH/m?) such as energy for wastewater
treatment and energy intensity for water distribution. Energy consumption is a multiplication of
energy intensity and water consumption. Equation 21 is an example of energy consumption in terms

of water distribution in the Metropolitan area.

monthly energy consumption for water distribution around urban areas in MetroArea = energy
intensity for urban water distribution*total water consumption under the MetroArea ....... (21)
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Figure 6. Energy consumption and CO; emissions in the Metro (city A and B)

As seen in figure 6, energy intensity of repump water and energy intensity of hot water depend on
water loss, technical efficiency (hot water/pumping efficiency) and average building height.
Furthermore, energy intensity of groundwater extraction is influenced by dynamic head of
groundwater pump(s), groundwater pumping efficiency, and transmission and distribution losses

(TDL). s

Not all the described parameters will be always available in every case study. It is possible that users
or modelers may face data scarcity due to limited time or limited funding. In this case, we suggest
users to use available data from existing studies. In case of energy intensity of groundwater, an
existing study (King-Okumu et al., 2019) explained estimated data for groundwater extraction issues
such as pumping efficiency and transmission losses. Moreover, another study (Yoon et al., 2018)

provided estimated ranges of energy intensities in urban areas.
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2.5. Scenario Analysis and Graphical Output

The tool is equipped with a special module to visualize graphically the output of scenario analyses
in graphs. This module (see Figure 7) provides users with interactive menus to interact with the tool.
As the tool captures several nexus elements, they can be analysed under different assumptions in
interactive mode by switching on an off policy options and by reproducing numerically different
assumptions, e.g. a reduction on water consumption per habitant will immediately display effects on

the water available in the reservoir. For a complete explanation, please look at Section 4.

Options to run policy simulations Graphical Outputs
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Figure 7. Part of the graphical output interface.

2.6. FAQs for Potential Users and Developers

Question 1. | have little background in Vensim, where should | start ?

Answer: In case of you have no solid background in Vensim®, please read the Section 4 on

Guidelines.

Question 2. I have solid background in the system dynamics and | want to re-develop similar

model(s) using other tools. What is your suggestion?
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Answer. Assuming you have a solid background in the system dynamics, it is suggested to read this
material and the model documentation. From the model documentation, you can develop similar

model(s) using other tools such as Stella and Powersim.
Question 3. | want to combine this model with python. What shall | do?

Answer:. It is possible to use this model with python. To get more info, please go to:

https://pysd.readthedocs.io/en/master/ .

Question 4. | am a modeller working with urban planners or using climate-related data, what do

you think should be developed next?

Answer. The behavioural dimension, coupling individual responses to policies with urban densities
at the neighbourhood scale, and the inequality dimension of such behaviour, is a promising
development. Then, a big data technique aiming at generating pre-built models to start refining the
final co-produced model for specific regions would be very interesting. Despite the interest on the
drought side, which requires many dynamics in the model to be frozen to observe the impact of
changes in water availability, exploring dynamics on land use would be a natural next immediate

step.

2.7. Coupling the Tool with the Integrated Urban Complexity Model

The “Urban Drought Nexus Tool” is technically an Integrated Assessment Model (IAM), putting
together multiple linked resources to explore future socio-economic and climate scenarios. The tool
has the specific purpose of analysing droughts in metropolitan areas. The tool has cross-scale
properties, and is currently able to connect neighbourhood scales with related river basins. Further
extensions connecting individual behaviour can be expected. The tool captures water consumption
from different land use types, and for urban land use it captures different urban population density
values. In this context, the outputs of the Integrated Urban Complexity model (IUCm) (Cremades
and Sommer, 2019) can serve as inputs of the tool, further exploring the water consumption and the

implications of low-energy urban fractal-like configurations on droughts.
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3. Formal Model Documentation

This section provides a complete formal documentation of all the variables. For each variable, the
documentation includes three aspects explained, as it is the standard way in the system dynamics
community: the first aspect is the name of each variables and its mathematical calculation, the
second is in which view of the model is the variable introduced, and the third is what other variables
use the described variable. A variable may use or include more than a single other variable in its
equation, that's why many variables described include variables in common, for example,
environmental flow and initial main reservoir level both include the main reservoir. Additionally, in

each module, there are several variables, for example, the urban water distribution module is listed

in several variable descriptions. The model runs at monthly time steps and has 191 variables that

are described next.

Table 1. Description of variables included in the model behind the tool.

Urban water distribution (71 variables)

Variable Name and Description
added potential potable water owing to sustainable agriculture from reservoir or river
(m3/Month)
= IF THEN ELSE(gap between total urban water supply and demand>=1, (MAX(O,(total water
demand for agricultural areas-agricultural water use))*
"switch for agriculture water from river (or reservoir)"), 0)
Description: this is added potable water owing to sustainable agriculture policy
Present in 2 views:
e urban water distribution
e agricultural areas
Used by:
e discharged water sustainable agriculture
o "water from other source(s) for agriculture"
adjustment time (Month)
=1
Description: a needed time to distribute water to a destination
Present in 4 views:
e urban water distribution
e urban water consumption
e agricultural areas
e energy consumption and CO2 emission
Used by:
e gap between total urban water supply and demand
e gap between urban water supply and demand city A
e gap between urban water supply and demand city B
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e Reaquired inflow from the main's aquifer for the main reservoir - a required volume to fulfil
water consumption in the Metro.
e This should be extracted from the main aquifer
o seepaged water from the main aquifer to the main reservoir
o water from reservoir or water storages for city A - please choose 0: the reservoir system
please choose 1: the river system
o water from reservoir or water storages for city B
e water input from the main reservoir for city A - the number of distributed water from
Guadalest reservoir to Altea
« water input from the main reservoir for city B - the number of distributed water from
Guadalest reservoir to Polop
« water output for city A's end users - a flow of available water for end users in Altea
o water output for city B's end users - a flow of available water for end users in Polop
converter m3 to hm3 (m3/(hm*hm*hm))
=1e+06
Present in 4 views:
o urban water distribution
o the main aquifer
e urban water consumption
e energy consumption and CO2 emission
Used by:
e eneqgy consumption of water transportation from the main aquifer to the Guadalest
reservoir
energy intensity of hot water in residential areas
energy intensity of hot water in touristic areas
energy intensity of water pumping
"energy\_intensity of groundwater extraction”
gap between total urban water supply and demand
Required inflow from the main's aquifer for the main reservoir - a required volume to fulfil
water consumption in the Metro.
This should be extracted from the main aquifer
seepaged water from the main aquifer to the main reservoir
the main aquifer's extraction - extracted water from the main aquifer
the main reservoir inflow
water from reservoir or water storages for city A - please choose 0: the reservoir system
please choose 1: the river system
o water from reservoir or water storages for city B
dead storage of the main reservoir (m3)
= 700000
Present in 1 view:
o urban water distribution
Used by:
o the main reservoir outflow for city A
o the main reservoir outflow for city B
discharged water sustainable agriculture (m3/Month)
= added potential potable water owing to sustainable agriculture from reservoir or river
Present in 1 view:
o urban water distribution
Used by:
o the main reservoir - the Guadalest reservoir's water stock
environmental outflow (m3/Month)
= MIN(required environmental flow,(the main reservoir/TIME STEP))
Present in 1 view:
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e urban water distribution
Used by:
e the main reservoir - the Guadalest reservoir's water stock
initial main reservoir level (m3)
=1.1e+07
Present in 1 view:
e urban water distribution
Used by:
e the main reservoir - the Guadalest reservoir's water stock
initial water for city A (m3)
= 5000
Present in 1 view:
e urban water distribution
Used by:
o total water for city A - a stock of total water for Altea population
initial water for city B (m3)
= 5e+06
Present in 1 view:
e urban water distribution
Used by:
o Total water for city B - a stock of total water for Polop population
required environmental flow (m3/Month)
=400
Present in 1 view:
e urban water distribution
Used by:
e environmental outflow
Required inflow from the main's aquifer for the main reservoir ((hm*hm*hm)/Month)
= (MIN((the main reservoir's maximum capacity-the main reservoir),total required water supply
under the MetroArea))/adjustment time*
switch aquifer and reservoir system*(1/converter m3 to hm3)
Description: a required volume to fulfil water consumption in the Metro. This should be extracted
from the main aquifer
Present in 2 views:
e urban water distribution
e the main aquifer

Used by:
e enegy consumption of water transportation from the main aquifer to the Guadalest
reservoir

o the main aquifer's extraction - extracted water from the main aquifer
e the main reservoir inflow
o water from reservoir or water storages for city A - please choose 0: the reservoir system
please choose 1: the river system
o water from reservoir or water storages for city B
seepage coefficient (Dmnl)
=0.01
Present in 1 view:
e urban water distribution
Used by:
o seepaged water from the main aquifer to the main reservoir
seepaged water from the main aquifer to the main reservoir (m3/Month)
= the main aquifer/adjustment time*(1-switch the main aquifer and the reservoir
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connection)*seepage coefficient*converter m3 to hm3
Present in 1 view:
o urban water distribution
Used by:
o the main reservoir - the Guadalest reservoir's water stock

switch aquifer and reservoir system (Dmnl)
=1
Description: please write down 1: if you consider a combination an aquifer and a
reservoirplease write down 0: if NO aquifer exists but a reservoir
Present in 2 views:
e urban water distribution
e scenarios and graphs
Used by:
e Reaquired inflow from the main's aquifer for the main reservoir - a required volume to fulfil
water consumption in the Metro.
This should be extracted from the main aquifer

switch aquifer only system (Dmnl)
=1
Description: Please set this parameter 1: if you consider the second type (aquifer delivers water
directly users, without reservoir(s))Otherwise, please set this parameter 0
Present in 2 views:

o urban water distribution

e scenarios and graphs
Used by:

o water from reservoir or water storages for city A - please choose 0: the reservoir system

please choose 1: the river system

o water from reservoir or water storages for city B
switch the main aquifer and the reservoir connection (Dmnl)
=1
Description: write "1", there is percolated water to the main aquiferwrite "0", there is seepaged
water to the main reservoir
Present in 3 views:

o urban water distribution

e the main aquifer

e scenarios and graphs
Used by:

o inifiltration and percolated water to the the main aquifer - an actual seepaged water from

surface water to the main aquifer

o seepaged water from the main aquifer to the main reservoir
"table of the main reservoir natural inflow\_m3" (m3/Month)
= WITH LOOKUP (Time/unit time of month*unit m3,([(0,0)-
(119,5)1,(0,0.2885),(1,0.0264),(2,0.377),(3,0.0119),(4,0),(5,0),(6,0),(7,0.1697),
(8,0.1055),(9,0.1663),(10,1.0192),(11,0.4905),(12,0.0194),(13,0.3624),(14,0.601),(15,0.5459),(16
,0.1133),(17,0.0183),(18,0.0354),(19,0.0354),(20,0.0125),
(21,0.0203),(22,0.0076),(23,0.2415),(24,0.2885),(25,0.0264),(26,0.377),(27,0.0119),(28,0),(29,0),
(30,0),(31,0.1697),(32,0.1055),(33,0.1663),(34,1.0192),(35,0.4905)
,(36,0.0194),(37,0.3624),(38,0.601),(39,0.5459),(40,0.1133),(41,0.0183),(42,0.0354),(43,0.0354),
(44,0.0125),(45,0.0203),(46,0.0076),
(47,0.2415),(48,0.2885),(49,0.0264),(50,0.377),(51,0.0119),(52,0),(53,0),(54,0),(55,0.1697),(56,0.
1055),(57,0.1663),(58,1.0192),(59,0.4905),
(60,0.0194),(61,0.3624),(62,0.601),(63,0.5459),(64,0.1133),(65,0.0183),(66,0.0354),(67,0.0354),(
68,0.0125),(69,0.0203),(70,0.0076),(71,0.2415),
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(72,0.2885),(73,0.0264),(74,0.377),(75,0.0119),(76,0),(77,0),(78,0),(79,0.1697),(80,0.1055),(81,0.
1663),(82,1.0192),(83,0.4905),(84,0.0194),(85,0.3624),
(86,0.601),(87,0.5459),(88,0.1133),(89,0.0183),(90,0.0354),(91,0.0354),(92,0.0125),(93,0.0203),(
94,0.0076),(95,0.2415),(96,0.2885),(97,0.0264),(98,0.377),
(99,0.0119),(100,0),(101,0),(102,0),(103,0.1697),(104,0.1055),(105,0.1663),(106,1.0192),(107,0.
4905),(108,0.0194),(109,0.3624),(110,0.601),(111,0.5459)
,(112,0.1133),(113,0.0183),(114,0.0354),(115,0.0354),(116,0.0125),(117,0.0203),(118,0.0076),(1
19,0.2415)))
Description: a lookup table for the natural inflow of Guadalest reservoir
Present in 1 view:

o urban water distribution
Used by:

« the main reservoir inflow

the main aquifer (hm*hm*hm)
= [inifiltration and percolated water to the the main aquifer-the main aquifer's extraction-monthly
spring and upwelling flow dt + [initial aquifer volume]
Description: a water stock in the main aquifer
Present in 4 views:
o urban water distribution
« the main aquifer
e urban water consumption
e energy consumption and CO2 emission
Used by:
e gap between total urban water supply and demand
monthly spring and upwelling flow - an outflow of spring water from the main aquifer
seepaged water from the main aquifer to the main reservoir
the main aquifer's extraction - extracted water from the main aquifer
the previous level of the main aquifer
water level

the main reservoir (m3)
= [seepaged water from the main aquifer to the main reservoir+the main reservoir inflow-
environmental outflow-the main reservoir outflow for city A-
the main reservoir outflow for city B-discharged water sustainable agriculture df + [initial main
reservoir level]
Description: the Guadalest reservoir's water stock
Present in 2 views:

o urban water distribution

e urban water consumption
Used by:

¢ environmental outflow

e gap between total urban water supply and demand

e Reaquired inflow from the main's aquifer for the main reservoir - a required volume to fulfil

water consumption in the Metro.
This should be extracted from the main aquifer

o the main reservoir outflow for city A

o the main reservoir outflow for city B
the main reservoir inflow (m3/Month)
= ( "table of the main reservoir natural inflow\ _m3"+ Required inflow from the main's aquifer for
the main reservoir* converter m3 to hm3 )
Present in 1 view:

o urban water distribution
Used by:
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e the main reservoir - the Guadalest reservoir's water stock
the main reservoir outflow for city A (m3/Month)
= IF THEN ELSE ( the main reservoir> dead storage of the main reservoir ,( water input from the
main reservoir for city A) ,0)
Present in 1 view:
o urban water distribution
Used by:
e the main reservoir - the Guadalest reservoir's water stock
o water from reservoir or water storages for city A - please choose 0: the reservoir system
please choose 1: the river system
the main reservoir outflow for city B (m3/Month)
= |IF THEN ELSE ( the main reservoir> dead storage of the main reservoir ,water input from the
main reservoir for city B,0)
Present in 1 view:
o urban water distribution
Used by:
e the main reservoir - the Guadalest reservoir's water stock
o water from reservoir or water storages for city B
the main reservoir's maximum capacity (m3)
= 1.5e+07
Description: the maximum capacity of the Guadalest reservoir
Present in 1 view:
o urban water distribution
Used by:
e Reaquired inflow from the main's aquifer for the main reservoir - a required volume to fulfil
water consumption in the Metro.
This should be extracted from the main aquifer

TIME STEP (Month [0,7])
=0.0078125
Description: The time step for the simulation.
Present in 3 views:
o urban water distribution
o the main aquifer
e agricultural areas
Used by:
o agricultural water use - min(total water demand for agricultural areas,agriculture water
storage/TIME STEP) total water demand for agricultural areas
e environmental outflow
o inflow of used urban water - IF THEN ELSE(ratio between agriculture water demand and
supply<1, ((min(total water demand for agricultural areas,
(initial monthly urban water in the Metro/"delay processing time in the wastewater
plant(s)")))) , 0)
 inifiltration and percolated water to the the main aquifer - an actual seepaged water from
surface water to the main aquifer
o monthly spring and upwelling flow - an outflow of spring water from the main aquifer

total required water supply in city A (m3)
= total water consumption in city A*water loss in city A+total water consumption in city A
Present in 2 views:
o urban water distribution
e urban water consumption
Used by:
e gap between urban water supply and demand city A
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o total required water supply under the MetroArea - the total water consumption in the
Metro
o water from reservoir or water storages for city A - please choose 0: the reservoir system
please choose 1: the river system
e water input from the main reservoir for city A - the number of distributed water from
Guadalest reservoir to Altea
o water output for city A's end users - a flow of available water for end users in Altea
total required water supply in city B (m3)
= total water consumption in city B*water loss in city B+total water consumption in city B
Present in 2 views:
e urban water distribution
e urban water consumption
Used by:
e gap between urban water supply and demand city B
o total required water supply under the MetroArea - the total water consumption in the
Metro
o water from reservoir or water storages for city B
e water input from the main reservoir for city B - the number of distributed water from
Guadalest reservoir to Polop
o water output for city B's end users - a flow of available water for end users in Polop
total required water supply under the MetroArea (m3)
= total required water supply in city A+total required water supply in city B
Description: the total water consumption in the Metro
Present in 3 views:
e urban water distribution
e urban water consumption
e agricultural areas
Used by:
e gap between total urban water supply and demand
o inflow of used urban water - IF THEN ELSE(ratio between agriculture water demand and
supply<1, ((min(total water demand for agricultural areas
,(initial monthly urban water in the Metro/"delay processing time in the wastewater
plant(s)")))) , 0)
e Reaquired inflow from the main's aquifer for the main reservoir - a required volume to fulfil
water consumption in the Metro.
This should be extracted from the main aquifer

total water for city A (m3)
= [water from reservoir or water storages for city A-water output for city A's end users dt + [initial
water for city A]
Description: a stock of total water for Altea population
Present in 1 view:
o urban water distribution
Used by:
e water input from the main reservoir for city A - the number of distributed water from
Guadalest reservoir to Altea

Total water for city B (m3)
= |water from reservoir or water storages for city B-water output for city B's end users df + [initial
water for city B]
Description: a stock of total water for Polop population
Present in 1 view:
o urban water distribution
Used by:
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o water input from the main reservoir for city B - the number of distributed water from
Guadalest reservoir to Polop

unit time of month (Month)
=1
Present in 2 views:
e urban water distribution
e the main aquifer
Used by:
o "table of observed precipitation\ mm" - a lookup table of observed precipitation
o "table of the main reservoir natural inflow\ m3" - a lookup table for the natural inflow of
Guadalest reservoir

"unit\_hm" ((hm*hm*hm)/Month)
=1
Present in 1 view:

e urban water distribution

water from reservoir or water storages for city A (m3/Month)
= the main reservoir outflow for city A*switch aquifer only system+MIN(Required inflow from the
main's aquifer for the main reservoir*
converter m3 to hm3,(total required water supply in city A/adjustment time))*switch aquifer only
system
Description: please choose 0: the reservoir system please choose 1: the river system
Present in 1 view:
e urban water distribution
Used by:
o total water for city A - a stock of total water for Altea population
water from reservoir or water storages for city B (m3/Month)
= the main reservoir outflow for city B*switch aquifer only system+MIN(Required inflow from the
main's aquifer for the main reservoir*
converter m3 to hm3,(total required water supply in city B/adjustment time))*switch aquifer only
system
Present in 1 view:
e urban water distribution
Used by:
o Total water for city B - a stock of total water for Polop population
water input from the main reservoir for city A (m3/Month)
= MAX ( ( total required water supply in city A- total water for city A )/ adjustment time ,0)
Description: the number of distributed water from Guadalest reservoir to Altea
Present in 1 view:
e urban water distribution
Used by:
o the main reservoir outflow for city A
water input from the main reservoir for city B (m3/Month)
= MAX ( ( total required water supply in city B- Total water for city B )/ adjustment time ,0)
Description: the number of distributed water from Guadalest reservoir to Polop
Present in 1 view:
e urban water distribution
Used by:
o the main reservoir outflow for city B
water output for city A's end users (m3/Month)
= total required water supply in city A/adjustment time
Description: a flow of available water for end users in Altea
Present in 3 views:
e urban water distribution
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e urban water consumption

e energy consumption and CO2 emission
Used by:

e gap between total urban water supply and demand

e gap between urban water supply and demand city A

o total water for city A - a stock of total water for Altea population
water output for city B's end users (m3/Month)
= total required water supply in city B/adjustment time
Description: a flow of available water for end users in Polop
Present in 2 views:

o urban water distribution

e urban water consumption
Used by:

e gap between total urban water supply and demand

e gap between urban water supply and demand city B

e Total water for city B - a stock of total water for Polop population
Main aquifer (21 variables)

Variable Name and Description
added potential potable water owing to sustainable agriculture from the main aquifer
(m3/Month)
= |F THEN ELSE(gap between total urban water supply and demand>=1, (MAX(0,(total water
demand for agricultural areas-agricultural water use))*
switch for agriculture water from aquifer), 0)
Description: this is added potable water owing to sustainable agriculture policy
Present in 2 views:
e the main aquifer
e agricultural areas
Used by:
o the main aquifer's extraction - extracted water from the main aquifer
o "water from other source(s) for agriculture"
"conversion mm\_hm" (mm/hm)
=100000
Present in 1 view:
e the main aquifer
Used by:
e observed precipitation - observed precipitation in surrounding areas of the main aquifer
converter m3 to hm3 (m3/(hm*hm*hm))
= 1e+06
Present in 4 views:
e urban water distribution
e the main aquifer
e urban water consumption
e energy consumption and CO2 emission
Used by:
e enegy consumption of water transportation from the main aquifer to the Guadalest
reservoir
energy intensity of hot water in residential areas
energy intensity of hot water in touristic areas
energy intensity of water pumping
"energy\ intensity of groundwater extraction"
gap between total urban water supply and demand
Required inflow from the main's aquifer for the main reservoir - a required volume to fulfil
water consumption in the Metro.
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This should be extracted from the main aquifer

seepaged water from the main aquifer to the main reservoir

the main aquifer's extraction - extracted water from the main aquifer

the main reservoir inflow

water from reservoir or water storages for city A - please choose 0: the reservoir system
please choose 1: the river system

o water from reservoir or water storages for city B

"infiltration-percolated coefficient” (Dmnl)
=0.25
Present in 1 view:
e the main aquifer
Used by:
 inifiltration and percolated water to the the main aquifer - an actual seepaged water from
surface water to the main aquifer

inifiltration and percolated water to the the main aquifer (hm*hm*hm/Month)
= DELAY FIXED (observed precipitation* "infiltration-percolated coefficient"* the main aquifer's
permeable surface areas ,TIME STEP ,
"infiltration-percolated coefficient"* observed precipitation* the main aquifer's permeable surface
areas*switch the main aquifer and the reservoir connection)
Description: an actual seepaged water from surface water to the main aquifer
Present in 1 view:
o the main aquifer
Used by:
o the main aquifer - a water stock in the main aquifer

initial aquifer volume (hm*hm*hm)
=600
Description: an initial volume of the main aquifer
Present in 1 view:
e the main aquifer
Used by:
o the main aquifer - a water stock in the main aquifer

monthly spring and upwelling flow (hm*hm*hm/Month)
= MAX(0,(the main aquifer-threshold of spring water)/TIME STEP)
Description: an outflow of spring water from the main aquifer
Present in 1 view:

e the main aquifer
Used by:

o the main aquifer - a water stock in the main aquifer

observed precipitation (hm/Month)
= ("table of observed precipitation\ mm")/ "conversion mm\ hm"
Description: observed precipitation in surrounding areas of the main aquifer
Present in 1 view:
e the main aquifer
Used by:
o inifiltration and percolated water to the the main aquifer - an actual seepaged water from
surface water to the main aquifer

Required inflow from the main's aquifer for the main reservoir ((hm*hm*hm)/Month)

= (MIN((the main reservoir's maximum capacity-the main reservoir),total required water supply
under the MetroArea))/adjustment time*

switch aquifer and reservoir system*(1/converter m3 to hm3)

Description: a required volume to fulfil water consumption in the Metro. This should be extracted
from the main aquifer

Present in 2 views:

A ™
European Research Area
A

' % ' for Climate Services
‘ p_



CLISWELN Deliverable 4.1: “Urban Drought Nexus Tool” 29

e urban water distribution
e the main aquifer
Used by:
e enegy consumption of water transportation from the main aquifer to the Guadalest
reservoir
o the main aquifer's extraction - extracted water from the main aquifer
e the main reservoir inflow
o water from reservoir or water storages for city A - please choose 0: the reservoir system
please choose 1: the river system
o water from reservoir or water storages for city B
switch the main aquifer and the reservoir connection (Dmnl)
=1
Description: write "1", there is percolated water to the main aquiferwrite "0", there is seepaged
water to the main reservoir
Present in 3 views:
e urban water distribution
e the main aquifer
e scenarios and graphs
Used by:
o inifiltration and percolated water to the the main aquifer - an actual seepaged water from
surface water to the main aquifer
o seepaged water from the main aquifer to the main reservoir
"table of observed precipitation\_mm" (mm/Month)
= WITH LOOKUP (Time/unit time of month*"unit\_mm",([(0,0)-
(119,1200)],(0,124.5),(1,10.3),(2,85.5),(3,41.6),(4,1.2),(5,1.4),(6,0),
(7,11.9),(8,36.5),(9,49.5462),(10,188.3),(11,6.6),(12,8),(13,91.3),(14,136.9),(15,41.7),(16,2.1),(17
,1.5),(18,63.8),(19,63.8),(20,2.2),
(21,13.8),(22,46.2),(23,167.4),(24,124.5),(25,10.3),(26,85.5),(27,41.6),(28,1.2),(29,1.4),(30,0),(31
,11.9),(32,36.5),(33,49.5462),(34,188.3),
(35,6.6),(36,8),(37,91.3),(38,136.9),(39,41.7),(40,2.1),(41,1.5),(42,63.8),(43,63.8),(44,2.2),(45,13.
8),(46,46.2),(47,167.4),(48,124.5),(49,10.3),
(50,85.5),(51,41.6),(52,1.2),(53,1.4),(54,0),(55,11.9),(56,36.5),(57,49.5462),(58,188.3),(59,6.6),(6
0,8),(61,91.3),(62,136.9),(63,41.7),(64,2.1),
(65,1.5),(66,63.8),(67,63.8),(68,2.2),(69,13.8),(70,46.2),(71,167.4),(72,124.5),(73,10.3),(74,85.5),
(75,41.6),(76,1.2),(77,1.4),(78,0),(79,11.9),
(80,36.5),(81,49.5462),(82,188.3),(83,6.6),(84,8),(85,91.3),(86,136.9),(87,41.7),(88,2.1),(89,1.5),(
90,63.8),(91,63.8),(92,2.2),(93,13.8),(94,46.2),
(95,167.4),(96,124.5),(97,10.3),(98,85.5),(99,41.6),(100,1.2),(101,1.4),(102,0),(103,11.9),(104,36.
5),(105,49.5462),(106,188.3),(107,6.6),(108,8),
(109,91.3),(110,136.9),(111,41.7),(112,2.1),(113,1.5),(114,63.8),(115,63.8),(116,2.2),(117,13.8),(
118,46.2),(119,167.4)))
Description: a lookup table of observed precipitation
Present in 1 view:
e the main aquifer
Used by:
e observed precipitation - observed precipitation in surrounding areas of the main aquifer

the main aquifer (hm*hm*hm)

= [inifiltration and percolated water to the the main aquifer-the main aquifer's extraction-monthly
spring and upwelling flow dt +

[initial aquifer volume]

Description: a water stock in the main aquifer

Present in 4 views:
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urban water distribution

the main aquifer

urban water consumption

energy consumption and CO2 emission

Used by:

gap between total urban water supply and demand

monthly spring and upwelling flow - an outflow of spring water from the main aquifer
seepaged water from the main aquifer to the main reservoir

the main aquifer's extraction - extracted water from the main aquifer
the previous level of the main aquifer

water level

the main aquifer's extraction ((hm*hm*hm)/Month)
= |F THEN ELSE ( the main aquifer >= 550,(Required inflow from the main's aquifer for the main
reservoir+
(added potential potable water owing to sustainable agriculture from the main aquifer/converter
m3 to hm3)),0)
Description: extracted water from the main aquifer
Present in 1 view:
o the main aquifer
Used by:
o the main aquifer - a water stock in the main aquifer

the main aquifer's permeable surface areas (hm*hm)
= 2956
Description: This is permeable surface areas around the main aquifer
Present in 1 view:
e the main aquifer
Used by:
o inifiltration and percolated water to the the main aquifer - an actual seepaged water from
surface water to the main aquifer

TIME STEP (Month [0,7])
=0.0078125
Description: The time step for the simulation.
Present in 3 views:
o urban water distribution
o the main aquifer
e agricultural areas
Used by:
e agricultural water use - min(total water demand for agricultural areas,agriculture water
storage/TIME STEP)
total water demand for agricultural areas
e environmental outflow
o inflow of used urban water - IF THEN ELSE(ratio between agriculture water demand and
supply<1,
((min(total water demand for agricultural areas,(initial monthly urban water in the Metro/
"delay processing time in the wastewater plant(s)")))) , 0)
o inifiltration and percolated water to the the main aquifer - an actual seepaged water from
surface water to the main aquifer
o monthly spring and upwelling flow - an outflow of spring water from the main aquifer

unit time of month (Month)
=1
Present in 2 views:
e urban water distribution
e the main aquifer
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Used by:
o "table of observed precipitation\ mm" - a lookup table of observed precipitation
o "table of the main reservoir natural inflow\ m3" - a lookup table for the natural inflow of
Guadalest reservoir

"unit\_mm" (mm/Month)
=1
Present in 1 view:
e the main aquifer
Used by:
o "table of observed precipitation\ mm" - a lookup table of observed precipitation
Urban water consumption (72 variables)
Variable Name and Description

adjustment time (Month)
=1
Description: a needed time to distribute water to a destination
Present in 4 views:
o urban water distribution
e urban water consumption
e agricultural areas
e energy consumption and CO2 emission
Used by:
e gap between total urban water supply and demand
e gap between urban water supply and demand city A
e gap between urban water supply and demand city B
e Reaquired inflow from the main's aquifer for the main reservoir - a required volume to fulfil
water consumption in the Metro.
This should be extracted from the main aquifer
o seepaged water from the main aquifer to the main reservoir
o water from reservoir or water storages for city A - please choose 0: the reservoir system
please choose 1: the river system
o water from reservoir or water storages for city B
e water input from the main reservoir for city A - the number of distributed water from
Guadalest reservoir to Altea
o water input from the main reservoir for city B - the number of distributed water from
Guadalest reservoir to Polop
o water output for city A's end users - a flow of available water for end users in Altea
o water output for city B's end users - a flow of available water for end users in Polop

"conversion liters to m*3" (m3/liter)
=0.001
Description: conversion from liter to m3
Present in 1 view:
e urban water consumption
Used by:
o total water consumption in camping sites in city A
total water consumption in camping sites in city B
"total water consumption in hotels (city A)"
"total water consumption in hotels (city B)"
total water consumption in the MetroArea hotels
total water consumption in the MetroArea's camping sites
total water consumption of resident population in city A - total water consumption in city A
total water consumption of resident population in city B - total water consumption in city B
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converter m3 to hm3 (m3/(hm*hm*hm))
= 1e+06
Present in 4 views:
e urban water distribution
e the main aquifer
e urban water consumption
e energy consumption and CO2 emission
Used by:
e enegy consumption of water transportation from the main aquifer to the Guadalest
reservoir
energy intensity of hot water in residential areas
energy intensity of hot water in touristic areas
energy intensity of water pumping
"energy\ intensity of groundwater extraction"
gap between total urban water supply and demand
Required inflow from the main's aquifer for the main reservoir - a required volume to fulfil
water consumption in the Metro.
This should be extracted from the main aquifer
seepaged water from the main aquifer to the main reservoir
the main aquifer's extraction - extracted water from the main aquifer
the main reservoir inflow
water from reservoir or water storages for city A - please choose 0: the reservoir system
please choose 1: the river system
o water from reservoir or water storages for city B
days in a month (day)
=304
Description: average number of days in a month
Present in 1 view:
e urban water consumption
Used by:
o total water consumption of resident population in city A - total water consumption in city A
o total water consumption of resident population in city B - total water consumption in city B
gap between total urban water supply and demand (Dmnl)
= ((((the_main aquifer*converter m3 to hm3)+the main reservoir)/adjustment time)+((water output
for city A's end users+
water output for city B's end users)))/(total required water supply under the MetroArea/adjustment
time)
Present in 2 views:
e urban water consumption
e agricultural areas
Used by:
e added potential potable water owing to sustainable agriculture from reservoir or river —
this is added potable water owing to sustainable agriculture policy
e added potential potable water owing to sustainable agriculture from the main aquifer —
this is added potable water owing to sustainable agriculture policy
gap between urban water supply and demand city A (m3/Month)
= (water output for city A's end users-total required water supply in city A/adjustment time)
Present in 1 view:
e urban water consumption
gap between urban water supply and demand city B (m3/Month)
= (water output for city B's end users-total required water supply in city B/adjustment time)
Present in 1 view:
e urban water consumption
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"overnight stays in camping sites (city A)" (people*day)
= total camping sites capacity in city A* ( the number of day in a month )*the monthly seasonality
ratio
Present in 1 view:
e urban water consumption
Used by:
o total overnight stays in the MetroArea camping sites
e total water consumption in camping sites in city A
"overnight stays in camping sites (city B)" (people*day)
= total camping sites capacity in city B* ( the number of day in a month )*the monthly seasonality
ratio
Present in 1 view:
e urban water consumption
Used by:
e total overnight stays in the MetroArea camping sites
e total water consumption in camping sites in city B
"overnight stays in hotels (city A)" (people*day)
= the monthly seasonality ratio* total hotel capacity in city A* ( the number of day in a month )
Present in 1 view:
e urban water consumption
Used by:
o total overnight stays in the MetroArea hotels
o "total water consumption in hotels (city A)"
"overnight stays in hotels (city B)" (people*day)
= the monthly seasonality ratio* total hotel capacity in city B* ( the number of day in a month )
Present in 1 view:
e urban water consumption
Used by:
e total overnight stays in the MetroArea hotels
o "total water consumption in hotels (city B)"
"resident population in high-density areas of city A" (people)
= average resident population in high density areas*"high-density areas in city A"
Description: updated resident population in low-density areas
Present in 2 views:
e urban water consumption
e low-high density urban areas
Used by:
e resident population in city A
o total water consumption of resident population in city A - total water consumption in city A

"resident population in high-density areas of city B" (people)
= average resident population in high density areas*"high-density areas in city B"
Description: updated resident population in low-density areas
Present in 2 views:
e urban water consumption
e low-high density urban areas
Used by:
e resident population in city B
o total water consumption of resident population in city B - total water consumption in city B

"resident population in low-density areas of city A" (people)
= average resident population in low density areas* "initial size of low-density areas in city A"
Present in 2 views:

e urban water consumption

¢ low-high density urban areas
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Used by:
¢ resident population in city A
o total water consumption of resident population in city A - total water consumption in city A
"resident population in low-density areas of city B" (people)
= average resident population in low density areas *"low-density areas in city B"
Present in 2 views:
e urban water consumption
¢ |ow-high density urban areas
Used by:
¢ resident population in city B
o total water consumption of resident population in city B - total water consumption in city B
the main aquifer (hm*hm*hm)
= [inifiltration and percolated water to the the main aquifer-the main aquifer's extraction-monthly
spring and upwelling flow dt +
[initial aquifer volume]
Description: a water stock in the main aquifer
Present in 4 views:
o urban water distribution
o the main aquifer
e urban water consumption
e energy consumption and CO2 emission
Used by:
gap between total urban water supply and demand
monthly spring and upwelling flow - an outflow of spring water from the main aquifer
seepaged water from the main aquifer to the main reservoir
the main aquifer's extraction - extracted water from the main aquifer
the previous level of the main aquifer
water level

the main reservoir (m3)
= [seepaged water from the main aquifer to the main reservoir+the main reservoir inflow-
environmental outflow-
the main reservoir outflow for city A-the main reservoir outflow for city B-discharged water
sustainable agriculture dt + [initial main reservoir level]
Description: the Guadalest reservoir's water stock
Present in 2 views:
o urban water distribution
e urban water consumption
Used by:
e environmental outflow
e gap between total urban water supply and demand
e Reaquired inflow from the main's aquifer for the main reservoir - a required volume to fulfil
water consumption in the Metro.
e This should be extracted from the main aquifer
« the main reservoir outflow for city A
« the main reservoir outflow for city B

the monthly seasonality ratio (Dmnl)
= WITH LOOKUP ("monthly\ names"/time unit,([(0,0.4)-
(11,1)1,(0,0.5242),(1,0.5),(2,0.57282),(3,0.75935),(4,0.81325),
(5,0.83656),(6,0.8502),(7,1),(8,0.73309),(9,0.69663),(10,0.52856),(11,0.5087) ))
Description: This is a trend of tourism
Present in 1 view:

e urban water consumption
Used by:
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"overnight stays in camping sites (city A)"
"overnight stays in camping sites (city B)"
"overnight stays in hotels (city A)"
"overnight stays in hotels (city B)"

total water consumption of resident population in city A - total water consumption in city A

total water consumption of resident population in city B - total water consumption in city B

the number of day in a month (day)
= WITH LOOKUP ("monthly\ names"/time unit,([(0,20)-

(11,40)],(0,31),(1,28),(2,31),(3,30),(4,31),(5,30),(6,31),(7,31),(8,30),(9,31),

(10,30),(11,31)))
Description: the number of day in every month
Present in 1 view:
e urban water consumption
Used by:
« "overnight stays in camping sites (city A)"
« "overnight stays in camping sites (city B)"
¢ "overnight stays in hotels (city A)"
¢ "overnight stays in hotels (city B)"

total camping sites capacity in city A (people)
=1047
Description: total available beds in camping sites in city B
Present in 1 view:
e urban water consumption
Used by:
o "overnight stays in camping sites (city A)"

total camping sites capacity in city B (people)
=1047
Description: total available beds in camping sites in city B
Present in 1 view:
e urban water consumption
Used by:
o "overnight stays in camping sites (city B)"

total hotel capacity in city A (people)
=1273
Description: total available beds in hotels in city A
Present in 1 view:
e urban water consumption
Used by:
¢ "overnight stays in hotels (city A)"

total hotel capacity in city B (people)
=1273
Description: total available beds in hotels in city A
Present in 1 view:
e urban water consumption
Used by:
« "overnight stays in hotels (city B)"

total overnight stays in the MetroArea camping sites (people*day)
= "overnight stays in camping sites (city A)"+"overnight stays in camping sites (city B)"

Present in 1 view:
e urban water consumption
Used by:

v . European Research Area
g for Climate Services
‘ ’



CLISWELN Deliverable 4.1: “Urban Drought Nexus Tool” 36

o total water consumption in the MetroArea's camping sites
total overnight stays in the MetroArea hotels (people*day)
= "overnight stays in hotels (city A)"+"overnight stays in hotels (city B)"
Present in 1 view:
e urban water consumption
Used by:
o total water consumption in the MetroArea hotels

total required water supply in city A (m3)
= total water consumption in city A*water loss in city A+total water consumption in city A
Present in 2 views:
o urban water distribution
e urban water consumption
Used by:
e gap between urban water supply and demand city A
e total required water supply under the MetroArea - the total water consumption in the
Metro
o water from reservoir or water storages for city A - please choose 0: the reservoir system
please choose 1: the river system
e water input from the main reservoir for city A - the number of distributed water from
Guadalest reservoir to Altea
o water output for city A's end users - a flow of available water for end users in Altea

total required water supply in city B (m3)
= total water consumption in city B*water loss in city B+total water consumption in city B
Present in 2 views:
o urban water distribution
e urban water consumption
Used by:
e gap between urban water supply and demand city B
e total required water supply under the MetroArea - the total water consumption in the
Metro
o water from reservoir or water storages for city B
« water input from the main reservoir for city B - the number of distributed water from
Guadalest reservoir to Polop
o water output for city B's end users - a flow of available water for end users in Polop

total required water supply under the MetroArea (m3)
= total required water supply in city A+total required water supply in city B
Description: the total water consumption in the Metro
Present in 3 views:
o urban water distribution
e urban water consumption
e agricultural areas
Used by:
e gap between total urban water supply and demand
o inflow of used urban water - IF THEN ELSE(ratio between agriculture water demand and
supply<1,
((min(total water demand for agricultural areas,(initial monthly urban water in the Metro/
"delay processing time in the wastewater plant(s)")))) , 0)
e Reaquired inflow from the main's aquifer for the main reservoir - a required volume to fulfil
water consumption in the Metro.
e This should be extracted from the main aquifer

total water consumption by resident population in MetroArea (m3)
= total water consumption of resident population in city A+ total water consumption of resident
population in city B
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Description: fofal water consumption by resident population in the Metro
Present in 2 views:
e urban water consumption
e energy consumption and CO2 emission
Used by:
o monthly energy consumption for hot water in residential and tourism accommodation
total water consumption in camping sites in city A (m3)
= "conversion liters to m"3"* "overnight stays in camping sites (city A)
person in camping sites
Present in 1 view:
e urban water consumption
Used by:
o total water consumption in city A - total water consumption in city A (permanent and
resident population)

UES

water consumption per

total water consumption in camping sites in city B (m3)
= "conversion liters to m*3"* "overnight stays in camping sites (city B)
person in camping sites
Present in 1 view:
e urban water consumption
Used by:
o total water consumption in city B - total water consumption in city B (permanent and
resident population)

UES

water consumption per

total water consumption in city A (m3)
= "total water consumption in hotels (city A)"+ total water consumption of resident population in
city A+
total water consumption in camping sites in city A
Description: total water consumption in city A (permanent and resident population)
Present in 1 view:
e urban water consumption
Used by:
o total required water supply in city A
e total water consumption under the MetroArea - the total water consumption in the Metro

total water consumption in city B (m3)
= total water consumption of resident population in city B+total water consumption in camping
sites in city B+
"total water consumption in hotels (city B)"
Description: total water consumption in city B (permanent and resident population)
Present in 1 view:
e urban water consumption
Used by:
o total required water supply in city B
e total water consumption under the MetroArea - the total water consumption in the Metro

"total water consumption in hotels (city A)" (m3)
= "conversion liters to m"3"* "overnight stays in hotels (city A)
hotels
Present in 1 view:
e urban water consumption
Used by:
o total water consumption in city A - total water consumption in city A (permanent and
resident population)

"

water consumption per person in

"total water consumption in hotels (city B)" (m3)
= "conversion liters to m*3"* "overnight stays in hotels (city B)

"

water consumption per person in
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hotels
Present in 1 view:
e urban water consumption
Used by:
o total water consumption in city B - total water consumption in city B (permanent and
resident population)

total water consumption in the MetroArea hotels (m3)
= total overnight stays in the MetroArea hotels* water consumption per person in hotels*
"conversion liters to m*3"
Present in 1 view:
e urban water consumption

total water consumption in the MetroArea's camping sites (m3)
= total overnight stays in the MetroArea camping sites* water consumption per person in
camping sites* "conversion liters to m*3"
Present in 1 view:
e urban water consumption

total water consumption of resident population in city A (m3)
= ("water consumption per person per day (high-density areas)"*"
density areas of city A"+
"water consumption per person per day (low-density areas)
areas of city A")*days in a month*
"conversion liters to m"3"*the monthly seasonality ratio
Description: total water consumption in city A
Present in 1 view:
e urban water consumption
Used by:
o total water consumption by resident population in MetroArea - total water consumption by
resident population in the Metro
o total water consumption in city A - total water consumption in city A (permanent and
resident population)

resident population in high-

nin

resident population in low-density

total water consumption of resident population in city B (m3)
= ("resident population in high-density areas of city B"*"water consumption per person per day
(high-density areas)"+
"resident population in low-density areas of city B"*"water consumption per person per day (low-
density areas)")*
"conversion liters to m"3"*days in a month*the monthly seasonality ratio
Description: fotal water consumption in city B
Present in 1 view:
e urban water consumption
Used by:
o total water consumption by resident population in MetroArea - total water consumption by
resident population in the Metro
o total water consumption in city B - total water consumption in city B (permanent and
resident population)

total water consumption under the MetroArea (m3)
= total water consumption in city A+ total water consumption in city B
Description: the total water consumption in the Metro
Present in 2 views:
e urban water consumption
e energy consumption and CO2 emission
Used by:
« monthly energy consumption for hot water in residential and tourism accommodation
« monthly energy consumption for repump water in tall buildings
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 monthly energy consumption for transport and extract surface and ground water in
MetroArea —
total energy consumption of transported water from the main aquifer to the Guadalest
reservoir

« monthly energy consumption for water distribution around urban areas in MetroArea —
total energy consumption for water distribution to urban areas

¢ "monthly energy consumption for water treatment (purified water) in MetroArea" —

e total energy consumption for given water purification

o total reused water in MetroArea

water consumption per person in camping sites (liter/(day*people))
=85
Present in 1 view:
e urban water consumption
Used by:
o total water consumption in camping sites in city A
o total water consumption in camping sites in city B
o total water consumption in the MetroArea's camping sites
water consumption per person in hotels (liter/(day*people))
=307
Present in 1 view:
e urban water consumption
Used by:
o "total water consumption in hotels (city A)"
o "total water consumption in hotels (city B)"
o total water consumption in the MetroArea hotels
"water consumption per person per day (high-density areas)" (liter/(day*people))
=195
Description: an average water consumption per resident population of high-density areas
Present in 1 view:
e urban water consumption
Used by:
o total water consumption of resident population in city A - total water consumption in city A
o total water consumption of resident population in city B - total water consumption in city B

"water consumption per person per day (low-density areas)" (liter/(day*people))
=357
Description: an average water consumption per resident population of low-density areas
Present in 1 view:
o urban water consumption
Used by:
o total water consumption of resident population in city A - total water consumption in city A
o total water consumption of resident population in city B - total water consumption in city B

water loss in city A (Dmnl)
=0.1
Present in 1 view:
e urban water consumption
Used by:
o total required water supply in city A

water loss in city B (Dmnl)
=0.15
Present in 1 view:
e urban water consumption
Used by:
o total required water supply in city B
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water output for city A's end users (m3/Month)
= total required water supply in city A/adjustment time
Description: a flow of available water for end users in Altea
Present in 3 views:
o urban water distribution
e urban water consumption
e energy consumption and CO2 emission
Used by:
e gap between total urban water supply and demand
e gap between urban water supply and demand city A
o total water for city A - a stock of total water for Altea population

water output for city B's end users (m3/Month)
= total required water supply in city B/adjustment time
Description: a flow of available water for end users in Polop
Present in 2 views:

o urban water distribution

e urban water consumption
Used by:

e gap between total urban water supply and demand

e gap between urban water supply and demand city B

Variable Name and Description

e Total water for city B - a stock of total water for Polop population
Agricultural areas (31 variables)

added potential potable water owing to sustainable agriculture from reservoir or river
(m3/Month)
= |IF THEN ELSE(gap between total urban water supply and demand>=1, (MAX(O,(total water
demand for agricultural areas-
agricultural water use))*"switch for agriculture water from river (or reservoir)"), 0)
Description: this is added potable water owing to sustainable agriculture policy
Present in 2 views:

e urban water distribution

e agricultural areas
Used by:

e discharged water sustainable agriculture

o "water from other source(s) for agriculture"

added potential potable water owing to sustainable agriculture from the main aquifer
(m3/Month)
= IF THEN ELSE(gap between total urban water supply and demand>=1, (MAX(O,(total water
demand for agricultural areas-
agricultural water use))*switch for agriculture water from aquifer), 0)
Description: this is added potable water owing to sustainable agriculture policy
Present in 2 views:
e the main aquifer
e agricultural areas
Used by:
o the main aquifer's extraction - extracted water from the main aquifer
o "water from other source(s) for agriculture"

adjustment time (Month)
=1
Description: a needed time to distribute water to a destination
Present in 4 views:
e urban water distribution
e urban water consumption
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e agricultural areas
e energy consumption and CO2 emission
Used by:

e gap between total urban water supply and demand

e gap between urban water supply and demand city A

e gap between urban water supply and demand city B

e Reaquired inflow from the main's aquifer for the main reservoir - a required volume to fulfil
water consumption in the Metro.
This should be extracted from the main aquifer

o seepaged water from the main aquifer to the main reservoir

o water from reservoir or water storages for city A - please choose 0: the reservoir system
please choose 1: the river system

o water from reservoir or water storages for city B

e water input from the main reservoir for city A - the number of distributed water from
Guadalest reservoir to Altea

e water input from the main reservoir for city B - the number of distributed water from
Guadalest reservoir to Polop

o water output for city A's end users - a flow of available water for end users in Altea

o water output for city B's end users - a flow of available water for end users in Polop

agricultural water storage in MetroArea (m3 [0,0])
= ["water from other source(s) for agriculture"+reused water for agriculture+agricultural water
use-agricultural water use df +
[initial agricultural water storage]
Present in 1 view:
e agricultural areas
Used by:
o agricultural water use - min(total water demand for agricultural areas,agriculture water
storage/TIME STEP)
total water demand for agricultural areas
o inflow of used urban water - IF THEN ELSE(ratio between agriculture water demand and
supply<1,
((min(total water demand for agricultural areas,(initial monthly urban water in the Metro/
"delay processing time in the wastewater plant(s)")))), 0)

agricultural water use (m3/Month)
= IF THEN ELSE ( ( ( agricultural water storage in MetroArea/ TIME STEP )>= total water
demand for agricultural areas ),
total water demand for agricultural areas ,( agricultural water storage in MetroArea/ TIME STEP)
)
Description: min(total water demand for agricultural areas,agriculture water storage/TIME
STEP) total water demand for agricultural areas
Present in 1 view:
e agricultural areas
Used by:
e added potential potable water owing to sustainable agriculture from reservoir or river —
this is added potable water owing to sustainable agriculture policy
e added potential potable water owing to sustainable agriculture from the main aquifer —
e this is added potable water owing to sustainable agriculture policy
e agricultural water storage in MetroArea

"delay processing time in the wastewater plant(s)" (Month)
=1
Present in 1 view:
e agricultural areas
Used by:
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o inflow of used urban water - IF THEN ELSE(ratio between agriculture water demand and
supply<1,
((min(total water demand for agricultural areas,(initial monthly urban water in the Metro/
"delay processing time in the wastewater plant(s)")))), 0)

"delay time of land-use change" (Month)
=36
Present in 1 view:

e agricultural areas
Used by:

o '"land-use change (from agricultural to urban areas)"
delay time of new agricultural areas (Month)
=12
Present in 1 view:

e agricultural areas
Used by:

e new agricultural areas

delay time to distributed reused water to farming areas (Month)
=1
Present in 1 view:
e agricultural areas
Used by:
e reused water for agriculture

"fraction of land-use change (from agricultural to urban areas)" (1/Month)
=0.0125
Description: 0.0075
Present in 1 view:
e agricultural areas
Used by:
o '"land-use change (from agricultural to urban areas)"
fraction of new agricultural areas (1/Month)
=0.01
Present in 1 view:
e agricultural areas
Used by:
e new agricultural areas

gap between total urban water supply and demand (Dmnl)
= ((((the_main aquifer*converter m3 to hm3)+the main reservoir)/adjustment time)+((water output
for city A's end users+
water output for city B's end users)))/(total required water supply under the MetroArea/adjustment
time)
Present in 2 views:
e urban water consumption
e agricultural areas
Used by:
e added potential potable water owing to sustainable agriculture from reservoir or river —
this is added potable water owing to sustainable agriculture policy
e added potential potable water owing to sustainable agriculture from the main aquifer —
this is added potable water owing to sustainable agriculture policy

inflow of used urban water (m3/Month)

= switch for agriculture water from reused water*(IF THEN ELSE((agricultural water storage in
MetroArea/TIME STEP)<=0,

((MIN(total water demand for agricultural areas,(total required water supply under the MetroArea/
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"delay processing time in the wastewater plant(s)")))) , 0))
Description: IF THEN ELSE(ratio between agriculture water demand and supply<1,
((min(total water demand for agricultural areas, (initial monthly urban water in the Metro/"delay
processing time in the wastewater plant(s)”)))) , 0)
Present in 1 view:
e agricultural areas
Used by:
o '"wastewater treatment plant(s) in MetroArea"
initial agricultural areas in the MetroArea (hm2)
=1500
Present in 1 view:
e agricultural areas
Used by:
e the total agricultural areas in the MetroArea
initial agricultural water storage (m3)
= 1e+06
Present in 1 view:
e agricultural areas
Used by:
e agricultural water storage in MetroArea

initial wastewater plant capacity in the MetroArea (m3)
=100
Present in 1 view:
e agricultural areas
Used by:
o "wastewater treatment plant(s) in MetroArea"
"land-use change (from agricultural to urban areas)" (hm2/Month)
= DELAY3 ( "fraction of land-use change (from agricultural to urban areas)"* the total agricultural
areas in the MetroArea ,
"delay time of land-use change" )
Present in 1 view:
e agricultural areas
Used by:
e the total agricultural areas in the MetroArea
new agricultural areas (hm2/Month)
= DELAY3 ( fraction of new agricultural areas* the total agricultural areas in the MetroArea ,delay
time of new agricultural areas )
Present in 1 view:
e agricultural areas
Used by:
e the total agricultural areas in the MetroArea

reused water for agriculture (m3/Month)
= "wastewater treatment plant(s) in MetroArea"/ delay time to distributed reused water to farming
areas
Present in 1 view:
e agricultural areas
Used by:
e agricultural water storage in MetroArea
« "wastewater treatment plant(s) in MetroArea"

switch for agriculture water from aquifer (Dmnl)
=1
Description: please choose 1: water for agriculture comes from aquiferplease choose 0: water
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for agriculture comes other sources
Present in 2 views:
e agricultural areas
e scenarios and graphs
Used by:
o added potential potable water owing to sustainable agriculture from the main aquifer —
this is added potable water owing to sustainable agriculture policy

switch for agriculture water from reused water (Dmnl)
=1
Description: please choose 1: water for agriculture comes from reused waterplease choose 0:
water for agriculture comes other sources
Present in 2 views:
e agricultural areas
e scenarios and graphs

Used by:
o inflow of used urban water - IF THEN ELSE(ratio between agriculture water demand and
supply<1,

((min(total water demand for agricultural areas,(initial monthly urban water in the Metro/
"delay processing time in the wastewater plant(s)")))), 0)

"switch for agriculture water from river (or reservoir)" (Dmnl)
=1
Description: please choose 1: water for agriculture comes from river/reservoirplease choose 0:
water for agriculture comes other sources
Present in 2 views:
e agricultural areas
e scenarios and graphs
Used by:
e added potential potable water owing to sustainable agriculture from reservoir or river —
this is added potable water owing to sustainable agriculture policy

the total agricultural areas in the MetroArea (hm2)
= [new agricultural areas-"land-use change (from agricultural to urban areas)" dt + [initial
agricultural areas in the MetroArea]
Present in 1 view:
e agricultural areas
Used by:
¢ '"land-use change (from agricultural to urban areas)"
e new agricultural areas
o total water demand for agricultural areas

TIME STEP (Month [0,7])
=0.0078125
Description: The time step for the simulation.
Present in 3 views:
o urban water distribution
e the main aquifer
e agricultural areas
Used by:
o agricultural water use - min(total water demand for agricultural areas,agriculture water
storage/TIME STEP)
total water demand for agricultural areas
e environmental outflow
o inflow of used urban water - IF THEN ELSE(ratio between agriculture water demand and
supply<1,
((min(total water demand for agricultural areas,(initial monthly urban water in the Metro/
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"delay processing time in the wastewater plant(s)")))) , 0)
o inifiltration and percolated water to the the main aquifer - an actual seepaged water from
surface water to the main aquifer
o monthly spring and upwelling flow - an outflow of spring water from the main aquifer
total required water supply under the MetroArea (m3)
= total required water supply in city A+total required water supply in city B
Description: the total water consumption in the Metro
Present in 3 views:
o urban water distribution
e urban water consumption
e agricultural areas
Used by:
e gap between total urban water supply and demand
o inflow of used urban water - IF THEN ELSE(ratio between agriculture water demand and
supply<1,
((min(total water demand for agricultural areas,(initial monthly urban water in the Metro/
"delay processing time in the wastewater plant(s)")))) , 0)
e Reaquired inflow from the main's aquifer for the main reservoir - a required volume to fulfil
water consumption in the Metro.
This should be extracted from the main aquifer

total water demand for agricultural areas (m3/Month)
= the total agricultural areas in the MetroArea*"water demand per ha (agricultural areas)"
Present in 1 view:
e agricultural areas
Used by:
e added potential potable water owing to sustainable agriculture from reservoir or river —
this is added potable water owing to sustainable agriculture policy
e added potential potable water owing to sustainable agriculture from the main aquifer —
this is added potable water owing to sustainable agriculture policy
o agricultural water use - min(total water demand for agricultural areas,agriculture water
storage/TIME STEP)
total water demand for agricultural areas
o inflow of used urban water - IF THEN ELSE(ratio between agriculture water demand and
supply<1,
((min(total water demand for agricultural areas,(initial monthly urban water in the Metro/
"delay processing time in the wastewater plant(s)")))), 0)

"wastewater treatment plant(s) in MetroArea™ (m3)
= [inflow of used urban water-reused water for agriculture dt + [initial wastewater plant capacity in
the MetroAreal]
Present in 1 view:
e agricultural areas
Used by:
o reused water for agriculture

"water demand per ha (agricultural areas)" (m3/(hm2*Month))
=50
Present in 1 view:
e agricultural areas
Used by:
« total water demand for agricultural areas

"water from other source(s) for agriculture” (m3/Month)

= added potential potable water owing to sustainable agriculture from the main aquifer+
added potential potable water owing to sustainable agriculture from reservoir or river
Present in 1 view:
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e agricultural areas

Used by:
e agricultural water storage in MetroArea

Low-high density urban areas (24 variables)
Variable Name and Description
average resident population in high density areas (people/hm?2)
=100
Description: average population per ha in high-density areas
Present in 1 view:
¢ |ow-high density urban areas
Used by:
e "resident population in high-density areas of city A" - updated resident population in low-
density areas
e "resident population in high-density areas of city B" - updated resident population in low-
density areas
average resident population in low density areas (people/hm2)
=9
Description: average population per ha in low-density areas
Present in 1 view:
¢ |ow-high density urban areas
Used by:
¢ '"resident population in low-density areas of city A"
o '"resident population in low-density areas of city B"
"change of high-density areas in city A" (hm2/Month)
= DELAY3("fraction of land-use change in urban areas in city A"*"high-density areas in city A",
delay time for construction )
Present in 1 view:
¢ |ow-high density urban areas
Used by:
¢ "high-density areas in city A"
"change of high-density areas in city B" (hm2/Month)
= DELAY3("fraction of land-use change in urban areas in city B"*"high-density areas in city B",
delay time for construction )
Present in 1 view:
¢ |ow-high density urban areas
Used by:
¢ "high-density areas in city B"
"change of low-density areas in city A" (hm2/Month)
= DELAY3("fraction of land-use change in urban areas in city A""low-density areas in city A",
delay time for construction )
Present in 1 view:
¢ |ow-high density urban areas
Used by:
¢ "low-density areas in city A"
"change of low-density areas in city B" (hm2/Month)
= DELAY3("fraction of land-use change in urban areas in city B"*"low-density areas in city B",
delay time for construction )
Present in 1 view:
¢ |ow-high density urban areas
Used by:
¢ "low-density areas in city B"
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delay time for construction (Month)
=36
Description: a needed time to construct a building in high-density areas in term of months
Present in 1 view:
¢ |ow-high density urban areas
Used by:
¢ "change of high-density areas in city A"
¢ "change of high-density areas in city B"
¢ "change of low-density areas in city A"
¢ "change of low-density areas in city B"

"fraction of land-use change in urban areas in city A" (1/Month)
=0.0135
Present in 1 view:
¢ |ow-high density urban areas
Used by:
¢ "change of high-density areas in city A"
¢ "change of low-density areas in city A"

"fraction of land-use change in urban areas in city B" (1/Month)
=0.0125
Present in 1 view:
¢ |ow-high density urban areas
Used by:
¢ "change of high-density areas in city B"
¢ "change of low-density areas in city B"

"high-density areas in city A" (hm2)
= ["change of high-density areas in city A" dt + ["initial size of high-density areas in city A"]
Present in 1 view:
¢ |ow-high density urban areas
Used by:
¢ "change of high-density areas in city A"
e "resident population in high-density areas of city A" - updated resident population in low-
density areas

"high-density areas in city B" (hm2)
= ["change of high-density areas in city B" dt + ["initial size of high-density areas in city B"]
Present in 1 view:
¢ |ow-high density urban areas
Used by:
¢ "change of high-density areas in city B"
e "resident population in high-density areas of city B" - updated resident population in low-
density areas

"initial size of high-density areas in city A" (hm2)
=25
Present in 1 view:
¢ low-high density urban areas
Used by:
¢ "high-density areas in city A"

"initial size of high-density areas in city B" (hm2)
=5000
Present in 1 view:
¢ |ow-high density urban areas
Used by:
¢ "high-density areas in city B"
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"initial size of low-density areas in city A" (hm2)
=50
Present in 1 view:

¢ |ow-high density urban areas
Used by:

¢ '"low-density areas in city A"

o '"resident population in low-density areas of city A"
"initial size of low-density areas in city B" (hm2)
=1500
Present in 1 view:

¢ |ow-high density urban areas
Used by:

¢ "low-density areas in city B"

"low-density areas in city A" (hm2)
= ["change of low-density areas in city A" dt + ["initial size of low-density areas in city A"]
Present in 1 view:
¢ |ow-high density urban areas
Used by:
¢ "change of low-density areas in city A"

"low-density areas in city B" (hm2)
= ["change of low-density areas in city B" dt + ["initial size of low-density areas in city B"]
Present in 1 view:
¢ |ow-high density urban areas
Used by:
¢ "change of low-density areas in city B"
¢ '"resident population in low-density areas of city B"
resident population in city A (people)
= "resident population in high-density areas of city A"+"resident population in low-density areas of
city A"
Present in 1 view:
¢ |ow-high density urban areas
Used by:
o total resident population in the MetroArea
resident population in city B (people)
= "resident population in high-density areas of city B"+"resident population in low-density areas of
city B"
Present in 1 view:
¢ |ow-high density urban areas
Used by:
o total resident population in the MetroArea

"resident population in high-density areas of city A" (people)
= average resident population in high density areas*"high-density areas in city A"
Description: updated resident population in low-density areas
Present in 2 views:
e urban water consumption
e low-high density urban areas
Used by:
e resident population in city A
o total water consumption of resident population in city A - total water consumption in city A

"resident population in high-density areas of city B" (people)

= average resident population in high density areas*"high-density areas in city B"
Description: updated resident population in low-density areas

Present in 2 views:
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e urban water consumption

¢ |ow-high density urban areas
Used by:

e resident population in city B

o total water consumption of resident population in city B - total water consumption in city B
"resident population in low-density areas of city A" (people)
= average resident population in low density areas* "initial size of low-density areas in city A"
Present in 2 views:

e urban water consumption

¢ |ow-high density urban areas
Used by:

¢ resident population in city A

o total water consumption of resident population in city A - total water consumption in city A
"resident population in low-density areas of city B" (people)
= average resident population in low density areas *"low-density areas in city B"
Present in 2 views:

e urban water consumption

¢ |ow-high density urban areas
Used by:

e resident population in city B

o total water consumption of resident population in city B - total water consumption in city B
total resident population in the MetroArea (people)
= resident population in city B+ resident population in city A

Present in 1 view:
e low-high density urban areas

Energy consumption and CO2 emission (64 variables)
Variable Name and Description
adjustment time (Month)
=1
Description: a needed time to distribute water to a destination
Present in 4 views:
o urban water distribution
e urban water consumption
e agricultural areas
e energy consumption and CO2 emission
Used by:
e gap between total urban water supply and demand
e gap between urban water supply and demand city A
e gap between urban water supply and demand city B
e Reaquired inflow from the main's aquifer for the main reservoir - a required volume to fulfil
water consumption in the Metro.
This should be extracted from the main aquifer
o seepaged water from the main aquifer to the main reservoir
o water from reservoir or water storages for city A - please choose 0: the reservoir system
please choose 1: the river system
water from reservoir or water storages for city B
o water input from the main reservoir for city A - the number of distributed water from
Guadalest reservoir to Altea
« water input from the main reservoir for city B - the number of distributed water from
Guadalest reservoir to Polop
o water output for city A's end users - a flow of available water for end users in Altea
o water output for city B's end users - a flow of available water for end users in Polop
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conversion from water volume to water mass (kg/m3)
=1000
Present in 1 view:
e energy consumption and CO2 emission
converter Joule to kWh (Joule/KwH)
= 3.6*1e+06
Description: a constant to convert energy in kWh to Joule
Present in 1 view:
e energy consumption and CO2 emission
Used by:
e energy intensity of hot water in residential areas
e energy intensity of hot water in touristic areas
e energy intensity of water pumping
o "energy\ intensity of groundwater extraction"”
converter m3 to hm3 (m3/(hm*hm*hm))
=1e+06
Present in 4 views:
o urban water distribution
« the main aquifer
e urban water consumption
e energy consumption and CO2 emission
Used by:
e eneqgy consumption of water transportation from the main aquifer to the Guadalest
reservoir
enerqy intensity of hot water in residential areas
enerqy intensity of hot water in touristic areas
enerqy intensity of water pumping
"energy\_intensity of groundwater extraction"”
gap between total urban water supply and demand
Required inflow from the main's aquifer for the main reservoir - a required volume to fulfil
water consumption in the Metro.
This should be extracted from the main aquifer
seepaged water from the main aquifer to the main reservoir
the main aquifer's extraction - extracted water from the main aquifer
the main reservoir inflow
water from reservoir or water storages for city A - please choose 0: the reservoir system
please choose 1: the river system
o water from reservoir or water storages for city B
converter to Joule (Joule/(m*m*kg/(s*s)))
=1
Description: a converter from kWh to Joule for energy consumption
Present in 1 view:
e energy consumption and CO2 emission
Used by:
e energy intensity of hot water in residential areas
e energy intensity of hot water in touristic areas
e energy intensity of water pumping
o "energy\ intensity of groundwater extraction"”
"dynamic\_head" (m)
= initial water level*1.2+5*(MAX(0,(water level-previous water level))+total dynamic head)
Present in 1 view:
e energy consumption and CO2 emission
Used by:
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o "energy\ intensity of groundwater extraction"”
energy intensity for urban water distribution (KwH/m3)
=3
Description: energy consumption for each m3 water distribution to urban areas
Present in 1 view:
e energy consumption and CO2 emission
Used by:
 monthly energy consumption for water distribution around urban areas in MetroArea —
total energy consumption for water distribution to urban areas

energy intensity for wastewater treatment (KwH/m3)
=5
Description: energy consumption for each m3 transported water from the main aquifer to the
Guadalest reservoir
Present in 1 view:
e energy consumption and CO2 emission
Used by:
e monthly energy consumption for wastewater treatment in MetroArea —
energy consumption for each m3 transported water from the main aquifer to the
Guadalest reservoir

energy intensity for water treatment (KwH/m3)
=2
Description: energy consumption for each m3 water purification before household consumption
Present in 1 view:
e energy consumption and CO2 emission
Used by:
e "monthly energy consumption for water treatment (purified water) in MetroArea" - total
energy consumption for given water purification

energy intensity of hot water in residential areas (KwH/m3)
= (1+"water loss in water heating system (residential buildings)")*gravity*converter to Joule*
required energy to heat water per m3/converter m3 to hm3*other losses*water mass density*
"height\ for\ residential\_accommodation"/(converter Joule to kWh*water heater energy
efficiency)
Present in 1 view:

e energy consumption and CO2 emission
Used by:

« monthly energy consumption for hot water in residential and tourism accommodation
energy intensity of hot water in touristic areas (KwH/m3)
= (1+"water loss in water heating system (tourism accomodation )")*gravity*converter to Joule*
required energy to heat water per m3/converter m3 to hm3*other losses*water mass density*
"height\ for\ _accommodation\ buildings"/(water heater enerqgy efficiency*converter Joule to kWh)
Present in 1 view:

e energy consumption and CO2 emission
Used by:

« monthly energy consumption for hot water in residential and tourism accommodation
energy intensity of water pumping (KwH/m3)
="height\ for\ accommodation\ buildings"*converter to Joule*gravity*water mass density*
(1+"water loss the pumping system (tall building)")/(converter Joule to kWh*water pumping
efficiency for end users*converter m3 to hm3)
Present in 1 view:

e energy consumption and CO2 emission
Used by:

« monthly energy consumption for repump water in tall buildings
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"energy\_intensity of groundwater extraction” (KwH/(m3))
="dynamic\ head"*gravity*water mass density*converter to Joule/(groundwater pumping
efficiency*
converter Joule to kWh*converter m3 to hm3*(1-TDLosses))
Present in 1 view:
e energy consumption and CO2 emission

Used by:
e monthly energy consumption for transport and extract surface and ground water in
MetroArea —
e total energy consumption of transported water from the main aquifer to the Guadalest
reservoir
gravity (m/(s*s))
=9.8

Description: a gravity constant
Present in 1 view:

e energy consumption and CO2 emission
Used by:

e energy intensity of hot water in residential areas

e energy intensity of hot water in touristic areas

e energy intensity of water pumping

e "energy\ intensity of groundwater extraction"
groundwater pumping efficiency (Dmnl)
=0.3
Present in 1 view:

e energy consumption and CO2 emission
Used by:

e« "energy\ intensity of groundwater extraction"
"height\_for\_accommodation\_buildings" (m)
=40
Present in 1 view:

e energy consumption and CO2 emission
Used by:

e energy intensity of hot water in touristic areas

e energy intensity of water pumping

"height\_for\_residential\_accommodation" (m)
=40
Present in 1 view:
e energy consumption and CO2 emission
Used by:
e energy intensity of hot water in residential areas

index of regional CO2 emission (tonnes/KwH)
=0.297
Description: CO2 emission for each MWh energy consumption
Present in 1 view:
e energy consumption and CO2 emission
Used by:
o "Water-related CO2 emissions in the MetroArea" - total CO2 emission for given MWh
energy consumption

initial water level (m)
=10
Present in 1 view:
e energy consumption and CO2 emission
Used by:
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e "dynamic\ head"

Joule converter (Joule/(m*m*kg/(s*s)))
=1
Description: A joule converter to convert "Joule/(m*m*kg/(Month*s*s))" to Joule
Present in 1 view:
e energy consumption and CO2 emission
monthly energy consumption for hot water in residential and tourism accommodation
(KwH)
= energqy intensity of hot water in residential areas*(total water consumption by resident
population in MetroArea)+
enerqy intensity of hot water in touristic areas*(total water consumption under the MetroArea-
total water consumption by resident population in MetroArea)
Present in 1 view:
e energy consumption and CO2 emission

Used by:
o monthly energy consumption in the MetroArea - total energy consumption in the Marina
Baixa

monthly energy consumption for repump water in tall buildings (KwH)
= energqy intensity of water pumping*total water consumption under the MetroArea
Present in 1 view:

e energy consumption and CO2 emission

Used by:
o monthly energy consumption in the MetroArea - total energy consumption in the Marina
Baixa

monthly energy consumption for transport and extract surface and ground water in
MetroArea (KwH)
= "energy\ intensity of groundwater extraction"*total water consumption under the MetroArea
Description: total energy consumption of transported water from the main aquifer to the
Guadalest reservoir
Present in 1 view:

e energy consumption and CO2 emission

Used by:
o monthly energy consumption in the MetroArea - total energy consumption in the Marina
Baixa

monthly energy consumption for wastewater treatment in MetroArea (KwH)
= energy intensity for wastewater treatment*total reused water in MetroArea
Description: energy consumption for each m3 transported water from the main aquifer to the
Guadalest reservoir
Present in 1 view:
e energy consumption and CO2 emission
Used by:
o monthly energy consumption in the MetroArea - total energy consumption in the Marina
Baixa

monthly energy consumption for water distribution around urban areas in MetroArea
(KwH)
= enerqy intensity for urban water distribution*total water consumption under the MetroArea
Description: total energy consumption for water distribution to urban areas
Present in 1 view:

e energy consumption and CO2 emission

Used by:
o monthly energy consumption in the MetroArea - total energy consumption in the Marina
Baixa
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"monthly energy consumption for water treatment (purified water) in MetroArea" (KwH)
= enerqy intensity for water treatment*total water consumption under the MetroArea
Description: total energy consumption for given water purification
Present in 1 view:

e energy consumption and CO2 emission

Used by:
o monthly energy consumption in the MetroArea - total energy consumption in the Marina
Baixa

monthly energy consumption in the MetroArea (KwH)
= monthly energy consumption for transport and extract surface and ground water in MetroArea+
monthly energy consumption for wastewater treatment in MetroArea+
monthly energy consumption for water distribution around urban areas in MetroArea+
"monthly energy consumption for water treatment (purified water) in MetroArea"+
monthly energy consumption for hot water in residential and tourism accommodation+
monthly energy consumption for repump water in tall buildings
Description: total energy consumption in the Marina Baixa
Present in 1 view:
e energy consumption and CO2 emission
Used by:
o "Water-related CO2 emissions in the MetroArea" - total CO2 emission for given MWh
energy consumption

other losses (Dmnl)

=13

Present in 1 view:
e energy consumption and CO2 emission

Used by:
e energy intensity of hot water in residential areas
e energy intensity of hot water in touristic areas

previous water level (m)
= WITH LOOKUP (the previous level of the main aquifer,([(433,-400)-(455,-300)],(433.324,-
394),(433.903,-393),
(434.482,-392),(435.061,-391),(435.64,-390),(436.219,-389),(436.798,-388),(437.378,-
387),(437.957,-386),(438.536,-385),
(439.115,-384),(439.693,-383),(440.272,-382),(440.851,-381),(441.43,-380),(442.009,-
379),(442.588,-378),(443.166,-377),
(443.745,-376),(444.324,-375),(444.902,-374),(445.481,-373),(446.059,-372),(446.638,-
371),(447.216,-370),(447.794,-369),
(448.373,-368),(448.951,-367),(449.529,-366),(450.107,-365),(450.685,-364),(451.26 3,-
363),(451.841,-362),(452.419,-361),
(452.997,-360),(453.575,-359),(454.153,-358) ))
Present in 1 view:

e energy consumption and CO2 emission
Used by:

¢ "dynamic\ head"

pump efficiency in local aquifers (Dmnl)
=0.6
Description: a pump efficiency in coastal aquifers
Present in 1 view:
e energy consumption and CO2 emission

required energy to heat water per m3 (Dmnl)
=120
Present in 1 view:
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e energy consumption and CO2 emission

Used by:
e energy intensity of hot water in residential areas
e energy intensity of hot water in touristic areas

TDLosses (Dmnl)
=0.15
Present in 1 view:
e energy consumption and CO2 emission
Used by:
e« "energy\ intensity of groundwater extraction"

the main aquifer (hm*hm*hm)
= [inifiltration and percolated water to the the main aquifer-the main aquifer's extraction-monthly
spring and upwelling flow dt +
[initial aquifer volume]
Description: a water stock in the main aquifer
Present in 4 views:
o urban water distribution
« the main aquifer
e urban water consumption
e energy consumption and CO2 emission
Used by:
e gap between total urban water supply and demand
monthly spring and upwelling flow - an outflow of spring water from the main aquifer
seepaged water from the main aquifer to the main reservoir
the main aquifer's extraction - extracted water from the main aquifer
the previous level of the main aquifer
o« water level

the previous level of the main aquifer (hm*hm*hm)
= DELAY FIXED(the main aquifer, 1 , the main aquifer)
Present in 1 view:

e energy consumption and CO2 emission
Used by:

e previous water level

total dynamic head (m)
=111
Present in 1 view:
e energy consumption and CO2 emission
Used by:
¢ "dynamic\ head"

total reused water in MetroArea (m3)
= total water consumption under the MetroArea
Present in 1 view:
e energy consumption and CO2 emission
Used by:
« monthly energy consumption for wastewater treatment in MetroArea —
energy consumption for each m3 transported water from the main aquifer to the
Guadalest reservoir

total water consumption by resident population in MetroArea (m3)
= total water consumption of resident population in city A+ total water consumption of resident
population in city B
Description: fotal water consumption by resident population in the Metro
Present in 2 views:
e urban water consumption
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e energy consumption and CO2 emission
Used by:
« monthly energy consumption for hot water in residential and tourism accommodation
total water consumption under the MetroArea (m3)
= total water consumption in city A+ total water consumption in city B
Description: the total water consumption in the Metro
Present in 2 views:
e urban water consumption
e energy consumption and CO2 emission
Used by:
« monthly energy consumption for hot water in residential and tourism accommodation
« monthly energy consumption for repump water in tall buildings
 monthly energy consumption for transport and extract surface and ground water in
MetroArea —
total energy consumption of transported water from the main aquifer to the Guadalest
reservoir
 monthly energy consumption for water distribution around urban areas in MetroArea —
total energy consumption for water distribution to urban areas
« "monthly energy consumption for water treatment (purified water) in MetroArea" —
total energy consumption for given water purification
o total reused water in MetroArea

water heater energy efficiency (Dmnl)
=0.45
Present in 1 view:

e energy consumption and CO2 emission
Used by:

¢ energy intensity of hot water in residential areas

e energy intensity of hot water in touristic areas
water level (m)
= WITH LOOKUP (the main aquifer,([(433,-400)-(455,-300)],(433.324,-394),(433.903,-
393),(434.482,-392),(435.061,-391),
(435.64,-390),(436.219,-389),(436.798,-388),(437.378,-387),(437.957,-386),(438.536 -
385),(439.115,-384),(439.693,-383),
(440.272,-382),(440.851,-381),(441.43,-380),(442.009,-379),(442.588,-378),(443.166,-
377),(443.745,-376),(444.324,-375),
(444.902,-374),(445.481,-373),(446.059,-372),(446.638,-371),(447.216,-370),(447.794 -
369),(448.373,-368),(448.951,-367),
(449.529,-366),(450.107,-365),(450.685,-364),(451.263,-363),(451.841,-362),(452.419,-
361),(452.997,-360),(453.575,-359),
(454.153,-358) ))
Present in 1 view:

e energy consumption and CO2 emission
Used by:

¢ "dynamic\ head"

"water loss in water heating system (residential buildings)" (Dmnl)
=0.3
Present in 1 view:
e energy consumption and CO2 emission
Used by:
e energy intensity of hot water in residential areas
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"water loss in water heating system (tourism accomodation )" (Dmnl)
=0.535
Present in 1 view:
e energy consumption and CO2 emission
Used by:
e energy intensity of hot water in touristic areas
"water loss the pumping system (tall building)" (Dmnl)
=0.3
Present in 1 view:
e energy consumption and CO2 emission
Used by:
e energy intensity of water pumping
water mass density (kg/(hm*hm*hm))
=1e+09
Description: a constant represents the mass of water for a hm*3 water
Present in 1 view:
e energy consumption and CO2 emission
Used by:
e energy intensity of hot water in residential areas
e energy intensity of hot water in touristic areas
e energy intensity of water pumping
e "energy\ intensity of groundwater extraction"
water output for city A's end users (m3/Month)
= total required water supply in city A/adjustment time
Description: a flow of available water for end users in Altea
Present in 3 views:
o urban water distribution
e urban water consumption
e energy consumption and CO2 emission
Used by:
e gap between total urban water supply and demand
e gap between urban water supply and demand city A
o total water for city A - a stock of total water for Altea population
water pumping efficiency for end users (Dmnl)
=0.5625
Present in 1 view:
e energy consumption and CO2 emission
Used by:
e energy intensity of water pumping
"Water-related CO2 emissions in the MetroArea" (tonnes)
= index of regional CO2 emission* monthly energy consumption in the MetroArea
Description: total CO2 emission for given MWh energy consumption
Present in 1 view:
e energy consumption and CO2 emission
Variable Name and Description
switch aquifer and reservoir system (Dmnl)
=1
Description: please write down 1: if you consider a combination an aquifer and a
reservoirplease write down 0:
if NO aquifer exists but a reservoir
Present in 2 views:
o urban water distribution
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e scenarios and graphs
Used by:
e Reaquired inflow from the main's aquifer for the main reservoir —
a required volume to fulfil water consumption in the Metro. This should be extracted from
the main aquifer

switch aquifer only system (Dmnl)
=1
Description: Please set this parameter 1: if you consider the second type (aquifer delivers water
directly users,
without reservoir(s))Otherwise, please set this parameter 0
Present in 2 views:
e urban water distribution
e scenarios and graphs
Used by:
o water from reservoir or water storages for city A —
please choose 0: the reservoir system please choose 1: the river system
o water from reservoir or water storages for city B
switch for agriculture water from aquifer (Dmnl)
=1
Description: please choose 1: water for agriculture comes from aquiferplease choose 0: water
for agriculture comes other sources
Present in 2 views:
e agricultural areas
e scenarios and graphs
Used by:
e added potential potable water owing to sustainable agriculture from the main aquifer —
this is added potable water owing to sustainable agriculture policy

switch for agriculture water from reused water (Dmnl)
=1
Description: please choose 1: water for agriculture comes from reused waterplease choose 0:
water for agriculture comes other sources
Present in 2 views:
e agricultural areas
e scenarios and graphs

Used by:
o inflow of used urban water - IF THEN ELSE(ratio between agriculture water demand and
supply<1,

((min(total water demand for agricultural areas,(initial monthly urban water in the
Metro/"delay processing time in the wastewater plant(s)")))) , 0)

"switch for agriculture water from river (or reservoir)" (Dmnl)
=1
Description: please choose 1: water for agriculture comes from river/reservoirplease choose 0:
water for agriculture comes other sources
Present in 2 views:
e agricultural areas
e scenarios and graphs
Used by:
e added potential potable water owing to sustainable agriculture from reservoir or river - this
is added potable water owing to sustainable agriculture policy
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switch the main aquifer and the reservoir connection (Dmnl)
=1

Description: write "1", there is percolated water to the main aquiferwrite "0", there is seepaged
water to the main reservoir
Present in 3 views:

o urban water distribution

« the main aquifer

e scenarios and graphs
Used by:

inifiltration and percolated water to the the main aquifer - an actual seepaged water from
surface water to the main aquifer

seepaged water from the main aquifer to the main reservoir
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4. Guidelines for Using the Tool on Simulations

Once the reader is familiar with the nature and technical details of the model, the next step is to use
it for simulations. The objective of this section is to provide a guideline for installing the “Urban
Drought Nexus Tool” (from here onwards, the tool), and to understand how to simulate urban system
dynamics with the tool, especially in the context of water scarcity and multiple sustainability goals
relating to water, energy and land. It is important to read this guideline to avoid possible errors,
mistakes, and loss of time in small but important details. This should be seen a starting document
for non-specific background users, so that they can simulate their environment with the tool. Users
are also free to simulate and expand this tool for their own needs. Although this tool is developed
based on the system dynamics approach, this document will not cover detailed aspects such as the
development of a system dynamics model, or the water-energy-land nexus (see Cremades et al.,

2020). Please refer to www.vensim.com or www.systemdynamics.org to find suitable system

dynamics courses. However, it is hoped that upon reading this material, users can simulate with the

tool confidently.

The tool is developed in Vensim©. Vensim®© is an application developed by the Ventana Systems
(www.vensim.com) to build and simulate system dynamics models. In general, Vensim®© versions
can be categorized into two categories: free versions and commercial versions. Commercial
versions are, for example, Vensim Professional and Vensim DSS while Vensim PLE is a free Vensim
version. This tool can be simulated using Vensim PLE (free). Advanced Python users have Python
modules available to import and use the tool in python, too, however the graphical interface provided

by VENSIM is an added value that would need to be rebuilt.

Users can download Vensim PLE following following steps.

1. Please go to (https://vensim.com/download/) for downloading Vensim software (see Figure

1),

2. Please click “Free downloads” to download Vensim PLE.
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Vensim.

NTANA

Home ContactUs Software Support

Download Vensim® Software
Contents
1. Current Version: 2.0 (released August 2010)

2. Documentation

Current Version: 8.0 (released August 2019)

All Vensim configurations are available by download and can be upgraded online. New purchases of Vensim
P and DSS are by g Ventana using the order links below. or from our
International distributors. Pricing for Vensim. Installation instructions.

Download Licensed software

Download Licensed/Paid for Software

If you have already purchased Vensim. you can download from here. Enter the registration code you were sent by
email or that appears the back of your CD dust jacket. You will be offered the most current software you qualify for.
You will be told if you need to upgrade or extend your maintenance to receive the newest version_ If you have
previously updated be sure to enter the most recent registration code you have. Vensim Pro and DSS licenses

h current maintenance now include a Ventity subscription! Leamn more.

Free Downloads

Free Downloads

Vensim PLE (Evaluation or Educational), Vensim Model Reader. Molecules

Upgrades

Upgrades

If you want to upgrade to the latest Vensim release, and you bought Vensim directly from us. you can do so from
here. Please log into the download center, links will be available for you to extend maintenance and upgrade.

If you bought Vensim through an international distributor you will need to contact them for upgrades

New Licenses

New Licenses

All versions of Vensim are available for purchase online via credit card. Use this link to visit our online shop

Documentation

notes. User's Guide & Reference Manual

Online courses

61

FAQ News

Site Map
Allocation by Priority
Applications of Vensim
Causal Tracing™

Comparison Chart for Vensim
Configurations

Contact Us
Courses

Documentation

Download Vensim® Software
FAQ

Fourteen reasons to trade in
your spreadsheet

Free Downloads
Modeling with Molecules 2. 02

Molecules Copyright and
License

News
Optimization

Portuguese Documentation
Privacy Policy

Purchase Vensim®
Resources

Spanish Documentation
Subscripting

Support

The Workbench

Vensim Model Reader

Vensim online course —
advanced version

Vensim online course — basic
version

Vensim online course —
intermediate version

Vensim online courses
Vensim PLE — Survey Form

Vensim Software

Figure 1. A download page # the first screen

3. In the next page (see Figure 2), please require fill columns and click “download software”.
Afterward, please go to your email to receive a download link for your downloaded software.
As you see on a download page, each Vensim version is available for Windows and Mac
users.
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Vensim.

Pt

Free Downloads

Contents
1. Commercial, Government, Consulting Use

2.PLE
. Model Reader
. Download

3.

4

5. Troubleshooting
6. Notes.

7

. Return to the McGraw-Hill Business Dynamics page (if you came from there!)

Current version: 8.0

Commercial, Government, Consulting Use
PLE

Ventana Systems is proud to support education with tens of thousands of free PLE downloads every year.

However ... we need the support of non-educational users to tain our Vensim develop t efforts. Therefore
we ask that commercial and government users purchase an inexpensive license for uses other than software
evaluation. This requirement includes any research that lacks an educational component or is proprietary or
classified. If there’s any doubt, please consult section 7 of the Vensim license.

Model Reader

The Vensim Model Reader may be distributed for free with your models (including commercial use).

Download

Choose a Product and Platform:

Anti-spam L Please tick this box

Product ®Vensim PLE
OModel Reader

Platform ®Windows x64 (XP/Vista/7/8/8.1/10)
CWindows x32 (XP/\Vista/7/8/8.1/10)
(“Macintosh OSX (10.10+)

Vensim ¥ISubscribe

newsletter Name ®
PLEASE NOTE: DOWNLOAD INSTRUCTIONS WILL BE EMAILED TO YOU, YOU MUST
PROVIDE A VALID EMAIL ADDRESS. BY DOWNLOADING, YOU AGREE TO BE CONTACTED
AFTER DOWNLOADING TO PROVIDE ADDITIONAL RESOURCES.

Email address

Retype email address
The Vensim newsletter is used for announcements of software updates, courses, and related
information. Frequency is low — typically quarterly — and addresses are never shared.

Download software

Home Contact Us Software Support Online courses

FAQ News

Site Map

Allocation by Priority
Applications of Vensim
Causal Tracing™

Comparison Chart for Vensim
Configurations

Contact Us

Courses

Documentation

Download Vensim® Software
FAQ

Fourteen reasons to trade in
your spreadsheet

Free Downloads
Modeling with Molecules 2.02

Molecules Copyright and
License

News

Optimization
Portuguese Documentation
Privacy Policy
Purchase Vensim&
Resources

Spanish Documentation
Subscripting

Support

The Workbench
Vensim Model Reader

Vensim online course —
advanced version

Vensim online course — basic
version

Vensim online course —
intermediate version

Vensim online courses
Vensim PLE — Survey Form

Vensim Software

Figure 2. The download page.
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4.1. Basic Concepts
Four types of combinations of surface water and groundwater

There are four possible combinations of water sources i.e. combinations of surface water and
groundwater. The first one is a combination between an aquifer and a reservoir. The second one is
a reservoir is a single water source, and the third one is an aquifer is a single water source. The last

one is a river as the main water source.

This tool aims to cover all these possibilities. By default, this tool implements the first type — a
combination between an aquifer and a reservoir. The following steps should be initiated prior to
simulating the stool. Please note that users also can change these variables in the “scenarios and

graphs” module.

The first type (by default)
2. The second type
Please set “switch aquifer and reservoir system” = “0”, in case you consider an observed
system with a reservoir only, without aquifer(s).
3. The third type
Please set “switch aquifer only system” = “1”, in case you consider this system.
4. The fourth type
Please, in addition to setting the switches as indicated in the table below, rename “the main

reservoir” by “river reach” (https://www.usgs.gov/fags/what-a-reach?qt-

news_science products=0#qt-news_science products). Also, please rename all related

variables with a “reservoir” word with a word with “river”. For example, replace “the main
reservoir inflow” to be “the main river inflow” and another instance, replace “the main reservoir

outflow for city A” to be “the main river outflow for city A”.

Switch The first type The second The third type | The fourth type
variables type
switch  aquifer 1 (default) 0 0 0

and reservoir

system
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switch  aquifer 0 (default) 0 1 0
only system

Table 1. Setting switch variables relate to the water source(s)

Land-use change

Before running the tool, users should co-produce narratives with societal stakeholders that take into
account plausible futures, and later use them as the basis for land-use change scenarios. Users can
set fraction of land use change in the module for low-high density areas. The fraction of land-use
change represents a change of land based on given narratives. In this way, stakeholders can

translate narratives into policy analysis through model simulations, if needed facilitated by modelers.

Reproducing the situation in a metropolitan area

1. Before running policy analyses, please make sure that you change the sub-model of urban
water consumption accordingly. For instance, users should set each accommodation
capacity such as total camping sites capacity in city A and total hotel capacity in city A to be
according to the modelled area.

2. Moreover, in case of users do not consider farming areas, initial agricultural areas in the
MetroArea in the module of agricultural areas should be set to 0.

3. Inthe sub-model or module of agricultural areas, there are three switch variables. The switch
variables are switch for agriculture water from reused water, switch for agriculture water from

river (or reservoir), and switch for agriculture water from aquifer.

Please set switch for agriculture water from reused water to nil, if users do not consider the
application of reused water for agriculture. Otherwise, please set this variable = “1”.

The second switch variable, switch for agriculture water from river (or reservoir), should be
nil, if agriculture gets NO water directly from river or reservoirs. Setting this switch variable =

“1” meaning agriculture gets water from a river or reservoir directly.

In case, agriculture gets water directly from an aquifer, please set switch for agriculture water
from aquifer to “1”. Otherwise, please set this variable to nil.
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4.2. How to Conduct Analysis in a Vensim Environment

Instructions to start, and simulate the model are described in following paragraphs.

1. Please open Vensim PLE (free version) and open the tool (for it, you may double-click the
.mdl file “Urban_Drought_Nexus_Tool_v0.mdl” to open the model in Vensim PLE).

2. Checking available modules

Upon opening the Vensim model or the tool, you can click a menu as seen in figure 3a to see all
modules. The model consists of seven modules (with an overview module), such as the main aquifer
and agricultural areas. A screenshot of different modules is displayed in figure 3b. You can click any

module to see variables in each module or sub-model.

Overview
urban water distribution
the main aquifer

urban water consumption
agricultural areas
low-high density areas
energy consumption and CO2 emission
scenarios and :

ar

Figure 3. Overview of modules

Running the tool for the first time

There are three consecutive steps to conduct policy analysis in the Vensim environment. The first
step is to open and run the model that constitutes the tool. The second one is setting policy levers
and the last one is to save outputs (graphs or tables). Beware of warnings, because they might

appear first thing after running a simulation and the non-expert user might not be able to interpret
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every possible warning, however warnings are not errors, so there is no inherent problem with a log

showing warnings, e.g. about end of simulation issues.

Now, how to run the models is explained. Please go to module scenarios and graphs as explained

section C2. checking available modules. You will get a screen as seen in figure 4.

ifer, Graph themainre€érvoir,Graph gap et supply and demand Graph total rpsident population the MetroArea,Graph

AVAILABLE POLICIES TO RUN l

SETTING URBAN AREAS
SETTING ENERGY INTENSITIE(S) SETTING AQUIFER(S)
° <

B
| — al hotel capacil B El
4 Ell: ey ot hotel capacity i ety !
“inde of regional CO2 emission “ater consumpion per persen pe oy (R densiy areasyr (O BOtel capacity incity A oral ot i city “Tnital aquifer volume

[ —— |

threshold of spring water

total 2-emission in the MetroArea,Graph

total camping sies capacity 1 ity total camping sites capacity n iy B

water distribution

"sater consumption per person per day (low-density areas)”
 E— =

‘Wastewater treatment

sepage cosfficient

ion of land-use change in urban areas in Gty A"

! average tesident population in high deasity e
water consumption per person in hotels

[S—]
— e 1 BT 1 =
7 itensity for water treatment Tow 4 Sfland = areas i city B'
ater consumption per person it camping sites ? € ?
; rom he - =
energy itensity from the aquifer to the reservoir T

5 il water for city B
"initial size of high-density areas in city A" e forety

“initalsize of low-density areas in ity &' vigiial sz of low density areas n cty B
“initial size of high-density areas in city B ’ ‘

Figure 4. A module “scenarios and graphs”

Please set switch variables (see switches for model options with letters in red color) as explained
above. Before running simulation, please naming your scenarios. In the module graphs and

scenarios, switch variables are displayed in the right bottom of this screen.

Please do a double click to change the value of these switch variables. A new pop-up screen will be
displayed as seen in figure 5. Please click “equation” and a new screen as seen in figure 6 will be

displayed. Users can change the values as shown in the arrow (figure 6).
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Options

Options for <switch aquifer only system>

 Shape %
" MNone ¢ Box < Diamond
¢ By Type ¢+ Clear Box ¢ Triangle
¢ Circle ¢ Hexagon < Up Triangle
—word Position
7 Inside " Above < Right
¢ Below < Left
— Face:
Times New Roman Example
@M algun Gothic ~ TrueType Times New Rom
@M algun Gothic Semilight
@Microsoft JhengHei v
Size [Points] 12 -~ v Bold I Italic I Underline
Color — I Wertical [ down

Shape Color — — Hide Level

I~ Background Color = I |N0ne vI I E=xact
Thickness ﬁ

oK I Cancel I Equation I

Figure 5. Changing variable values — step 1

Edit: switch aquifer only system

Variable Information — Edit a Different Variabl
ame  [switch aquifer only system |A11 v||a number of day in a month ~
added potential potable water owing to sustainable agriculture frc
Type |Constant v | Sub-Ty; ormal < __ Search Model || G3cd potential potable water owing to sustainable agriculture frc
i i New Variable adjusted seasonality constant
Units IDmnl | Check Units | [ Supplementary o |adjustuent tine . .
Grouw =] Min Max [ Incx] | |——————————|adjustnent tine for the main aquifer extraction
P I"”Eln genex: ol versila v| I Junp to Hilite average resident population in high density areas v
~Equations
Subscript
0K Chk

Functions Conmon | Keypad Buttons Subscripts {Range ~| Variables|[Causes |

ABS ~ 7| 8| 9| + | :aND:

DELAY FIXED =

DETATL 4| 5| 6] —| :or:

DELAY1I 1| 2| 3| = | :NOT:

ELAY3 :

DELAY3I 0Nl [8E) Z | _cRi

EXP ] <>

GET 123 CONSTANTS = =

GET 123 DATA 2 1] 2o SIS

GET 123 LOOKUPS [l

v

GET DIRECT CONSTANTS Undo | - | 10013

Connent Please set this parameter 1: if you consider the second type (aquifer delivers water directly users, without reservoir(s))
Otherwise, please set this parameter 0
I~ Ezpand
Errors: [Equation OK |
OK | Check Syntax Check Model | Delete Variable | Cancel | Help |

Figure 6. Changing variable values — step 2

Naming scenarios

It is useful to name each run (each simulation) with meaningful names. This aims to ease readers in
compare different simulation outputs. Figure 7 displays a text box for naming your runs. Referring to
figure 7, you replace “the 1% simulation” to rename your runs with meaningful names. An icon

“‘browse” is used to reload existing scenarios or existing runs.

Simulation results file name ]
[the 1st simulation -

Browse

F‘igure 7. I\Eming each run / simulation
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After naming your scenarios, please click an icon “Simulate” as seen in figure 8.

B

Simulate

Figure 8. An icon “Simulate”
To see simulation outputs, please click the icon “Lock Sketch” (figure 9). A screen will be displayed

as seen in figure 10.

Figure 9. An icon “Simulate”
Please note, clicking an icon “Move/Size”, means you want to move a variable or enlarge outputs

(graphs, tables).

[8) Vensim:WELN._general_tool_Nov_2020_mod1a.mdI Varaquifer minimum level —
File Edit View Layout Model Options Windows Help

“mRE =X €D T | Simulation results file name =>BEE®
S 30 swe | P | Cu Com P an {[general ool 11 Jsov: | s ves ame 18
e D = -
BXU AN SE | S SN mw | A
Cauzes | ook toversic | varsvle B o Rate | Bhet | (10 ommer | unhide ride Delete | quation CA
2
i 5 > z . N
vee Options to run policy simulations Graphical Outputs
&
o
\ WATER and CO2 OUTPUTS
X SETTING URBAN AREAS
o
=N ()| [ the main aquifer the main reservoir | [Water-related CO2 emissions in the MetroAr
Cuees| |50 300, |100 500,000 [100 500,000 200, 20M 400M
E “person per yr== - Total A ‘total hotel capacity in city B
o s EE H i 200m
= J E 600 3 135M 3
150 450] |500 500,000 |[ggg 500,000 5
ﬁ pesonper by Y & o g St ey m ity B NI 0
E (e [ | [ & # w & B8 10
;‘:: J o 0 56 112 ' 0 56 112 st Gdoud)
50 s50| |25 . so0] 0 Y. Tine (Month) Time (Month) bty
S, P ——— PO —————
the main aquier : genenal tool11 the main reservoir - genenal toolll —
Q% 50 Q 5 @J otal water consumption under the MetroArea total water demand for agricultural areas
Graph k :
20M 80,000
2 £
m 500 150,000 J 0 50,000 E 10M £ 65,000
I: |: : 0 50,000
500 150,000 (500 150,000 500 150,000 0 21 4 6 8 105 0 21 4 63 84 105
= o - A" i ty Time (Month) Time (Month)
[P . pyi
(. = (- MetroArs  genenl tooll] ‘zeneal soolll ——————
0 1 ‘ ‘ l:nl ‘ﬂ 1 ‘ [

Figure 10. Output after running a simulation

Policy Analysis: Setting Policy Levers
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As previously mentioned, once users click a simulate icon, users can only see outputs of the models
without controlling or changing parameters during the simulation. For setting policy levers, users

should click a Sim Setup icon, so users can change parameters prior to model simulation.

1. For setting policy levers, users should click “Sim Setup” as seen in figure 11. Upon clicking
“Sim Setup”, a screen will be displayed as seen in figure 12.

1 i*; Simulal
& el
Sim the 1<

Setup

Figure 11. Sim Setup Icon
There is an icon “stop setup” which will halt simulation while “model constants” will save the latest

parameter setup. These icons are important in case users want to save constants or want to restart

a new simulation with new parameters.

File Edit View Changes Model Tools Windows Help

Input Datasets fw :" n 3=

EUIer S . ° ’
P Maoded e op
Browse Lookups P (O

—onstant: Co
A
%

a (@ A [T] N & A <S>
v ¥ “ v v v
Couses

Tree
Figure 12. An icon of “Stop Setup” occurs after clicking Sim Setup

D
c<E ‘

2. In the “Sim Setup,” users can setup parameters (available in the module of scenarios and
graphs) before running simulation. Figure 13 displays some parameters, so-called sliders

that can be manipulated before running simulation.
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SETTING URBAN AREAS
50 300| (100 500,000 100 500,000
"water consumption per person per day (high-density areas)” total hotel capacity in city A total hotel capacity in city B
water consumption per person per day (low-density areas) total camping sites capacity in city A ¥Rl Catig Wi S I iy B

|
|
J

50 550 25 500

— e e dent lation in high density areas "fraction of land-use change in urban areas in city A"
50 350 |5 150 ] : .
water consumption per person in camping sites average resident population in low density areas  iraction of land-use change in urban areas in city B”
500 150,000 | 50,000 0 50,000
"initial size of high-density areas in city A" P e initial water for city B
[ | |[ [ [(————
500 150,000 500 150,000 500 150,000
Y ——— "initial size of low-density areas in city A" "initial size of low-density areas in city B"
0 1 12 60 0 1
water loss in city B P water loss in city A

Figure 13. A sample of sliders to set policy analysis

To change a parameter named water consumption per person per day (high-density areas) (see
figure 14), users move a slider to right/left or simply write down a number in a middle-center box.

This principle applies for all sliders in the scenario and graphs module.

= |——o
s0 175 | 300

"water consumption per person per day (high-density areas)"

Figure 14. A slider “"water consumption per person per day (high-density areas)"”

3. After changing the values of parameters using sliders, please do not forget to name your

scenario. Afterward, please click “Simulate”, and users can see a screen displaying some
graphs with 2 different scenarios.
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Figure 15. A screen after clicking “simulate”

4. Users may simulate the model dynamically through the “synthesim” mode. To activate this
option, press the “synthesim” button in the menu. During the “synthesim” mode, users can
change a slider value and dynamically see the outputs.

5.

If users want save a simulation under the “synthesim” mode, users can click “save this run”.

4.3. Visualizing and saving outputs

There are three possible ways to display and/or saving the values of any variables. They are “graph”,

“bar graph”, and “table” as seen in figure 16. These icons are located in the left of the Vensim

environment.

To see an output display, users can simply a variable ( a chosen variable will be seen as
figure 16a) and then click a preferred display (bar or graph or bar graph as seen in figure
16b). Afterward, a preferred display (a graph or a table) will occur in the Vensim environment.

Please note for each preferred display, users can save a given display as seen in figure 18.

- . ‘-:’, nh
the main reservoir h

(a) A chosen variable will be shadowed i

Table

(b) Three display/saving types

Figure 16. Displaying/Saving Variable Outputs

2. After clicking an icon table, a display as seen in figure 17 will be appeared.
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] Toble [ the main resevoir.
File View Winde

- x

Time (Month) 0 1 2 3 [ 4 [ g [ 6 7 B 9 10 11 12 13 14
the main reservoir  the 1t simulation_a2 0 378589M 7124M  GI3158M  448357TM  41927M  426811M  296164M  454313M  669062M  853444M  944503M  $80833M  S65396M 826655 M
0 432045M  785531M  7.08831M  557779M  529289M  535627M  419111M  561446M  7.54029M  922416M  10.0435M  943878M  930268M  8.97113M

the main reservoir : the 1t simulation_al

Figure 17. A display of “the main reservoir”

3. To save the output, please click “file” and then click “save” as seen in figure 18.

[ Table | the main reservoir - X
File  View Windows
Lock Window [} [ 1 2 3 4 [ 5 [ 6 [ 7 B [ 9 [ 10 [ 1 12 [ 13 [ 14
GilsSjon_a2 0 37889M 71204M  613158M  448357TM  4.1927M  426811M  296164M  454313M  669062M  853444M  944503M  880833M  8.65896M 826655 M
Print. Culep  jon_al 0 432045M  785531M  708831M  557779M  520269M  535627M  4I911IM  561446M  754020M  922416M  100435M  943878M  930268M  897113M
Print Preview:
Page Setup..
Close Cutew.

Figure 18. Saving an output
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5. Examples of the Behaviour of the Main Variables

As the population in a metropolitan area with two cities (city A and city B) increases (figure 1), water
demand also increases in both cities. Consequently, water available in the main aquifer and the main
reservoir tends to decrease (figures 2 and 3).

This model also has features to assess whether city A, city B, and farming areas get sufficient water.
Figures 4 displays potential imbalances between water supply and water demand. Figure 5 displays
the CO emissions in the metropolitan area.

population in MetroArea

2M

I.5M

IM

people

500,000

0 14 28 42 56 70 84 98 112
Time (Month)

resident population in city A : general tool
resident population in city B : general tool
total resident population in the MetroArea : general tool

Figure 1. Population trend in metropolitan area.
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the main reservoir
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Figure 2. The main reservoir.

the main aquifer

600
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Figure 3. The main aquifer.
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gap between total urban water supply and demand

400

300

Dmnl

200

100

0 50 100
Time (Month)

general tool

Figure 4. Total balance between water supply and water demand in the metropolitan area.

total monthly CO2 emission in the MetroArea
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Figure 5. Total CO2 emission in Metropolitan area.
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6. An example of application of the tool

6.1. Case study

To provide an example of an application, we showcase the use of the tool in a case study around
Benidorm, in Spain. A complete description about the case study area is available on earlier
deliverables of the project CLISWELN (Bahri et al., 2018), and on publications emerging from the
project (Cremades et al., in preparation). As a brief summary, the case study where the model has
been applied with showcasing purposes is located in a drought-prone area in Alicante (South Eastern
Spain), in one of the most arid places in Europe. Specifically, the area modelled is formed by the
touristic hub formed by the coastal municipalities of the Marina Baixa county: Benidorm, L'Alfas del
Pi, Altea, Benidorm, Finestrat, La Nucia, Polop, and La Vila Joiosa. These municipalities share water

resources from an aquifer and two relatively small rivers with a dam on each of them.

6.2. Model calibration

Details about the calibration and validation of the data used are already available on other previous
deliverables of the project CLISWELN (Babhri et al., 2018). In addition to that content, we elaborate
here on specific values where the calibration has been improved. To increase the model confidence,
this study shows similar patterns between simulated outputs and observed outputs. There are four
main types of outputs such as water transfer, total water demand (urban and agriculture), and energy
intensities (kWh/m?). Similar patterns in the agricultural water demand and urban water demand are

also described in this section.

Furthermore, energy intensities described in this study such as energy intensity of groundwater
extraction and energy intensity of hot water are comparable to those described in another study
(Yoon et al., 2018). For instance, this study finds that energy intensity of repump water and energy
intensity of groundwater extraction are about 0.2517 kWh/m?® and 0.5791 kWh/m?® while that study
(Yoon et al., 2020) found similar values are about 0.2519 kWh/m?® and 0.531 kWh/m? for respective

energy intensities.
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This study also finds that energy intensity of hot water in touristic and residential areas are about 49
kWh/m® and 58 kWh/m?® respectively. For comparison, another study (Yoon et al., 2018) described
energy intensity of hot water in touristic and residential areas are about 53.7 kWh/m? (49.8-64) and
54.9 kWh/m? (47-66). This means that this study has similar ranges of energy intensity of hot water

as described in that study (Yoons et al., 2018).

The Algar aquifer has the significant roles in providing water supply for the Marina Baixa county.
This aquifer is especially useful or play important roles during droughts. In our model simulation, it
is found that the contribution of the Algar aquifer is about 18% of the total required water supply for
Marina Baixa. These findings are similar to data in policy documents detailing the contribution of this

aquifer in a 20% (CHJ, 2015).

Based on the system dynamics simulation, the total agricultural demand and urban water demand
are about 21.7 hm®/year and 26.9 hm?®year respectively. The referred policy document projects
demands for 2015-2021 between 21.9 and 24.6 for total urban water demand, while for total
agricultural water demand it projects 20.2 and 27 (CHJ, 2015). To sum up, this study can reproduce
similar patterns of nexus elements, like water and energy. In this way, the model used in this study
is a representation of the observed nexus system in the Marina Baixa, Spain. Owing to this point,
the system dynamics model can be used to estimate the impacts of climate change on the nexus in

the Marina Baixa.

6.3. Defining scenarios, modelling and communicating results in a complex system

Policy scenarios have been co-produced with stakeholders, during the co-production phase,
interviews were carried out as described in Cremades et al. (in prep.) to understand the future
scenarios considered by the stakeholders. It is important to understand that complicated scenarios
mixing several or multiple policies and other aspects included do not clarify the understanding of the
outcome of policy actions, thus, while modelling a complex system like this, it is advisable to explore

single changes one by one, and to focus on specific variables of interest linked to the decisions of
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stakeholders for presenting the results. In this way, a simplified set of results can be explored
meaningfully and the implications of single policies can be understood by non-scientific audiences.
The focus in these scenarios is on approaching the variables of interest of the land use and water
planners when considering droughts, hence the variable of interest is the number of months without

water in the system, requiring an external transfer.

Table1. Policy scenarios considered by stakeholders across their visions of the future in the Marina

Baixa coastal hub.

Increase in
% Change in Circular Water
Irrigated % Change in Reuse by
Agricultural Agricultural Agriculture and
% Change in Land Use 2100 | Water Use Per Increased Cities
Urban Land [2], (Baseline Agricultural Storage (exchanged
Name of scenario | Use data in ha) [3] Area Unit Capacity (m3) m3/year)
Urban growth 50 0 0 0 0
Irrigation
efficiency 0 0 -30 0 0
Agricultural
decline 0 -30 0 0 0
Water storage 0 0 0] 3.500.000 0
Circular water 0 0 0 0 | 2.000.000
Baseline
reference 0 0 0 0 0

The policy scenarios are explored under plausible climatic futures represented by hydrologic data
from diverse models obtained from the sectoral water tool of the e Copernicus Climate Change
Service (C3S). In particular, while the C3S Climate Data Store was fully developed, we could use
data from the pilot available at SWICCA.EU. In total, data from 10 regional climate model (RCM)
and general circulation model (GCM) were used, covering a variety of representative concentration
pathway (RCP) scenarios (8.5, 4.5 and 2.6). This is the list of models with the nomenclature

RCM_GCM_RCP:

REMO2009_MPI-ESM-LR _rcp85, SMHIRCA4_EC-EARTH_rcp85, SMHIRCA4_HadGEM2-
ES_rcp85, KNMIRACMO22E_EC-EARTH, KNMIRACMO22E_EC-EARTH_rcp45, RCA4_EC-

EARTH_rcp45, IPSL_CM5AMR _rcp45, SMHIRCA4 HadGEM2-ES_rcp45, REMO2009_MPI-ESM-

A A o
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LR _rcp26, SMHIRCA4_EC-EARTH_rcp26. This diversity of RCMs, GCMs and RCPs allowed to

express the results in the light of the existing uncertainty in the climate signal.

6.4. Results

The sets of results in Figure 1 below exemplify the use of the tool for the scenarios above. Results
can be observed one by one as indicated in the guidelines, or can be produced massively in an
automatic way by advanced users and then analysed to express the uncertainty across climate and

policy scenarios for a key variable in a single plot.

The results in Figure 1 showcase the potential of the tool for exploring climate futures, e.g. in time
windows of 20 years, expressed in each column of panels in the figure, and across policy scenarios,

expressed in each row of panels in the figure.
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Figure 1: Number of drought (defined as no water supply available) events and their duration in
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months across policy scenarios (rows) and time windows of 20 years (columns), expressed as box-
and-whisker plots for 3 representative concentration pathways (RCPs), each with ensemble

members as indicated above.
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7. Conclusions

The present deliverable represents a complete detailed explanation of a new tool for the provision
of climate services for cities facing droughts. This tool incorporates all elements required to explore
cities and their context as a complex system, on the basis of the lens of the water-energy-land nexus.
This tool enables climate-related service provision on the basis of its very detailed water component,
which includes differentiated water consumption by urban land use densities and by touristic

establishments, in accordance with the focus of the case study where the tool has been exemplified.

It is strongly recommended to use the energy intensity of water as an entry point for urban
sustainability, because when urban water demands or demands coming from other sectors become
too big, or the limitations of water available under climate change become significant, the energy
intensity of water increases its values beyond what is economically viable considering the costs of
energy. With this cost-based rationale it is possible to find an entry point for sustainable planning of
cities under climate change, even in those locations where the short-term agenda is more prominent

than long-term climate impacts.

System dynamics as a tool for modelling and interacting with stakeholders have the advantage of a
graphical output with sliders that can be modified while the changes in the graphs are observed. This
provides an opportunity for creating systems understanding amongst stakeholders, so that they can
see themselves the impact of their envisioned scenarios under climate change on their variables of

interest.

Tool availability and license

The “Urban Drought Nexus Tool” is an open access software piece and is stored in ZENODO, where
future releases would be also announced, the DOI link provided below is also the address of the tool

in the ZENODO repository. The tool has a CC-BY 4.0 license, and according to this license you can

A ‘N
European Research Area

& for Climate Services
‘ p



CLISWELN Deliverable 4.1: “Urban Drought Nexus Tool” 82

share and adapt the tool, and only need to give credit, e.g. by including the following citation with a

DOI:

Bahri, M., & Cremades, R. (2021). The Urban Drought Nexus Tool (Version 0.1). Zenodo.

http://doi.org/10.5281/zenodo0.4587632
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