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1 ABSTRACT

Rapid urban growth presents considerable challetgesties in Latin America and calls for tools and
mechanisms that can help identify priority areaswairk and enable integrated responses for urban
sustainability, especially with regard to access @glivery of infrastructure services.

The concentration of population, however, generhigls demand for services. When the expansion ef th
supply of services is inadequate, significant desfiemerge in the coverage and quality of infrattee and
services, including housing. These problems arepooimded by weak urban governance. (IDB, 2015)

Thus solutions are required to secure sustainaib@nudevelopment considering financing limits dfes
authorities as well quality of life and environmehtfrastructure planning can either respond toanrb
growth providing supply by following the demand ibrcan pro-actively shape urban development in a
resource efficient way by providing supply diregtithe demand. Thus appropriate infrastructure desig
serve as an instrument for “soft” urban growth nggemaent.

AIT (Austrian Institute of Technology) has been ttanted by the IDB (Inter-American Development Bank
to develop a tool (model) to simulate urban expamdriggered by infrastructure development and to
estimate related infrastructure costs. The tookalsimulating different urban development scersabased

on different assumption on population behaviour enitéria triggering this behaviour. The tool cdllgIDS
(Urban and Infrastructure Development Simulatotdved testing infrastructure networks extensions and
estimates the expected infrastructure costs testasiies in resource efficient as well as cosicifht
infrastructure design.

Backbone of the tool is a spatially explicit migioaulation of urban expansion conducted throughgant-
based model (ABM) as well as AlIT's MASGISmo simidat platform making use of the RePastJ
environment for ABM modeling and R-statistics adlae a PostgreSQL/PostGis database and a GeoServer
for Web Map Services (WMS). Single agents reprasgrttouseholds of different socioeconomic classes
trigger land cover and land use change within a&a dy moving to certain places. To model dwelling
suitability for the agent classes the urban-redamdscape is described through attractiveness dayer
representing different characteristics increasimgdecreasing) the suitability of potential urbampansion
areas. The additional infrastructure costs for noetavork, water- and sanitation network, electyieihd gas
network, are estimated based on costs per unit Kengpipeline, area covered etc.) and the relatgyplyg
ratio. Based on the new dwelling allocations thé&astructure costs related to water and sanitation,
transportation, and energy are calculated as hligiin and connection costs and aggregated to ¢otdb

for the city, which are compared between diffenaiian development scenarios.

2 INTRODUCTION - URBAN DEVELOPMENT OF LATIN AMERICAN  CITIES

In the industrialized world - above all in Europealahe United States - urban development trends\ahen
compared against emerging countries and citietheratatic with population growth of a few percesithin
a decade. But there is still growth, emerging asceatration but more often as urban sprawl. (Pamnelbi,
2003),

In Latin America the main challenge for urban plagrhas been for long time the speed of the urlvawit

— acknowledged as the fastest urban growth in dyig®arros, 2012). During 1950 to 1980 Latin Amanc
countries went from being predominantly rural teegominantly urban in a few decades, with high
concentrations of urban population in cities witbrenthan one million inhabitants (UN-Habitat, 1998)is
urbanization produced a lot of social problemskdohto a lack of housing, since the governmenthege
countries did not manage to provide enough houaimd related infrastructure to accommodate the rural
migrants moving to the cities. Peripheral growdinted as ‘peripherisation’ by Latin American reskars
and planners, can be characterized massive devetdpof low-income residential areas beyond the city
borders. These areas are later incorporated toithey a long-term process of expansion in whiche of
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the low-income areas are then merged with the usyatem and occupied by higher income groups, while
new low-income settlers arrive, occupying new atedsuild new informal housing in the urban fringe.

The bulk of the housing stock in the peripherag i Latin American cities consists mostly of updgd (or

in the process of upgrading) low-income residerdi@as, with a large number of emerging spontaneous
settlements (Barros, 2012). These spontaneousrsetits usually lack urban services of any kindséeh,
peripherisation is not only a problem of urban dgiovit is a problem of (extreme) social inequaditees well

as service provision inequalities in the city. Tipesipherisation has strong effects in social, eaun and
infrastructure provision terms, which cannot beredlwithout strong planning action. (Barros, 2012)

But urban planning in Latin America has to considatifferent planning culture as well as a differkimd

of property perception. Urban development contsotity-wide zoning plans is no appropriate solutfon
Latin American cities. The right for dwelling iseseas a human right. Zoning plans and building leguns
outside the very centres of the cities are not@eck- neither by the “old” residents living stithger in the
cities nor by the new dwellers approaching fromakareas, perceiving that who has “cultivated” ldnyd
clearing the area and building a house has the taystay and live there. But not limiting or capiling
dwelling area expansion would cause severe envieotmh and budgetary problems for the city
administration. Uncontrolled accelerated urban exmn is causing increasing traffic and related air
pollution and is requiring high infrastructure istents, not affordable by many cities.

Therefore solutions are required to secure sudiEnaban development considering the financingtérof
city authorities as well as quality of life and e@owment. Infrastructure planning can either resptmurban
growth providing supply by following the demand ibrcan pro-actively shape urban development in a
resource efficient way by providing supply to shaipe demand. Thus appropriate infrastructure desagn
serve as an instrument for “soft” urban growth nge@maent which calls for tools and mechanisms that ca
help identify priority development areas to fostew dwellings to be built in appropriate areas webard

to access to infrastructure services. To cope tbettth these peripherisation effects, spatial piagn
requires reliable scenario results for decision enakto foresee the effects of alternative urbamrpiay
strategies. Multi agent system (MAS) models whidmstder the spatial behaviour of individuals lead t
very detailed results at the local scale. So suotets allow ex ante assessment of future land-haage
consequences with suspect to planning strategies.

3 METHODOLOGICAL BACKGROUND

3.1 Agent-based modelling and land use change simulatio

Agent-based models (ABM), also called multi-ageygtems modelling (MAS), have gained increasing
importance in the studies of social and economistesys. It has often been used to improve the
understanding of a wide range of problems and tp farecast the effects of top-down decisions oa th
micro-level. Applications include the emergencecobperation (Holland & Miller 1991) and the influan

of expectations, e.g. on the stock market (Axelk®87a and 1997b).

ABMs have been applied for urban development reseand planning since nearly two decades. A famous
early example of ABM used in urban modelling coneer the emergence of racial segregation in cities.
However, over the last ten to fifteen years has AB&&n receiving increased attention from the gdpatia
development modelling community (land-use modellisgwell as urban planning). It has been recognized
that ABM offers a way of incorporating the influenof human decision making on land-use in a foranal
spatially explicit way, taking into account sociateraction, adaptation, and decision-making orfed#t
spatial and (or) hierarchical levels (Matthewsle2@07).

Building blocks of MAS and in particular the conteyf agents itself are not always clearly defined.
However, it is argued by Jennings et al. (1998)t thABM uses three key terms: (i)'situatedness’,
(i‘autonomy’, and (iii)‘flexibility’. Here, ‘situatedness’ means that an agent receives informatount the
environment from sensors and, subsequently, caforperactions, which, in turn, can influence the
environment. ‘Autonomy’ means that an agent cansattly based upon its objectives and the system’s
internal state, without any direct external influen ‘Flexibility’ means that the agent has the igbito
change its behaviour, for instance when it needsdfapt or learn from others. Hence, in summary are ¢
say that agents are situated in and interacting ieir environment and are capable of changingr the
behaviour to reach their individual objectives.
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MAS-based land-use change models are frequentlitaiaand neighborhood-oriented (see Portugali 2000,
Wadell, 2002). AlT’s approach does not follow egjilieconomic market aspects, but considers sdiitabil
for settlement establishment or the probabilityhotiseholds in which region and where to settleetham
attractiveness criteria (Loibl et al., 2001, 200#&his approach does better meet the needs of dities
emerging countries’ like those in Latin Americathwurban development triggered by large shares of
explicitly non-market driven - informal settlemegrowth as addressed by Barros (2012) and recentiMd
Guirk (2014). AIT’s first ABM model development simulate land use change has started around 2@D0 an
has been improved (for different spatial scales@ungposes) 2003 and 2004 (Loibl et al., 2001, 2Q084,
2007). Since 2007 more interactive control has lzekted to the model: e.g. parameter adjustmeriofer
the-fly’ model run adaptation and for easy the exge of input and output data, Gebetsroither eR@07,
2009 and 2014).

The agent’s decisions to select a new housingareedriven by regional attractiveness or repulsidieria.
Attractiveness patterns may deviate for differegerd classes, depending on their preferences and
constraints related to income range socio-econguiger and affordability of places to be selectdd (i
market criteria are considered). Regional attractss influences agents’ housing area choice ireguft
different development patterns for different agelasses (Loibl et al., 2001, 2004). Thus the ditrecess
pattern mirrors the probability to move to a certplace. A probability function where to settle daa
estimated based on prior urban immigration distidvuto be explained through attractiveness lapaised
on regression analysis, if enough data is availdbleo detailed population change pattern is adéd, no
probability function can be generated and musteptaced by local expert judgment on the influeraoed(
thus weights) of different attractiveness layerssettling pattern to derive a common attractiveriager
(see section 4.2.). Several projects within the ya@srs have shown that this information about ideta
population change patterns is most often missitg Kind of attractiveness or unattractiveness riaitis
described later — there can be a wide range ariaitncluded ranging from standard market orierteés
like lot prices, or distance to the city and acimly by public transport, to availability of st
infrastructure and green space (environmental ¢iondlj area with crime rates or natural risks.

3.2 The MASGISmo simulation framework

MASGISmo is the current simulation framework builgi the UIDS used and developed by AIT.
MASGISmo, the so called Multimethod Agent-based KBBSystem dynamics (SD), GIS modelling
platform was originally developed within severabjects to combine a bottom up simulation methodVAB
with a top down method (SD) and the input, the yalas well as output of GIS data (Gebetsroith@d,7,
2009, 2014). The platform is programmed in JAVA mected to several external tools as a PostgreSQL
(PostGISj database, Vensfima (SD) tool and uses Repdsa$ core ABM tool. Several other connections
(e.g. R-Statisti¢s GAMS (TIMES) are integrated, but not fully elabted and applied in every model built
with MASGISmo — depending on the purpose). A GrephlUser Interface and the flexibility by JAVA
programming enables to generate user defined auesfto steer and analyse the developed moddise In
beginning of ABM, spatial modelling of an agent diot include geographic information. The same has t
case in the beginning of combined SD modelling ABd#/ (Gebetsroither, 2009). Geographic information
is, however, important in the simulation of, erggional development, especially if local stakebotdare
involved in the discussion of the result: Geographformation may enable local stakeholders tonsify
their engagement in the discussion of simulaticulie. Therefore, especially when local stakehasldery.,
within a participatory urban planning process usingdelling) are involved, the inclusion of datanfro
Geographic Information Systems (GIS) representsappmadvancement. Nowadays, people are used to
easily accessible geographic data, thanks to ublggiservices such as Google Maps or Open Stregs.Ma

Today, multimethod modelling including GIS datapisssible through specifically designed softwardstoo
like Anylogic, Netlogo or Repast Symphony. MASGISmowever makes use of GIS data for complex
spatial analyses, while the other software tootstheir GIS functionality mainly for obtaining infoation
about the agent’s location. MASGISmo in turn enshlsers to analyse the environment of an agent in

! http://www.postgresql.org/

2 http://vensim.com/

® http://repast.sourceforge.net/
* http://www.r-project.org/
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manifold ways within the platform, e.g., the locatican be used to estimate its influence on thatage
behaviour.

The development of the simulation platform MASGISm@redominantly determined by the requirements
of the projects it serves, i.e., the objects tontmmlelled and the modelling purposes. Almost witlkergv
model built up with MASGISmo, new functionalitiesrfthe platform are developed, serving other future
modelling purposes. The core module of the Urb&mastructure Development Simulator (UIDS), builthwvi
MASGISmo is embedded in a complex simulation emrment enabling different functionalities provided
by different open source applications. Three mairtspcharacterize MASGISmo’s graphial user interfac
(GUI): first the general simulation controls on ttog, second the interactive controls (tic boxagidns,
sliders etc.) to adress different additional feagurthird the mapping and diagram frames, presgrttia
dynamic maps and cost results, the interactiv @8 legend and an overview map.

The focus in this project was to develop a tooltgygpe as simple as possible to be also used by non
modelers. This GUI was explicitly designed for sedfic purpose - the simulation of different urban
development scenarios with changing assumptiongs Bome features of MASGISmo are not used in this
tool, as the client prefered a more simple usarfate. Figures 2 and 3 show screenshots of the Tidi
enhancement of the tool, carried out within thigjget, was mainly the link of R-statistic functidityato the
tool, to generate attractiveness layers by calingatistance surfaces and in the connection t@&aServer

to publish simulation results enabling to visualizem via Web Map Service (WMS, see section 5).

The core UIDS module, programmed in JAVA, with ceations to other open source software like
PostgreSQL/PostGIS Database, the GeoSerRestatistics and a in Java-Script programmed Wigiface
using OpenLayefsand Ext JS steeres the whole tool. A 64-bit emént was used, enabling to load all the
necessary GIS data within MASGISmo as ESRI-ASGHgymto the RAM (Random Access Memory). This
turned out to be a very powerfull way to perforrstfgeospatial operations.

3.3 Infrastructure cost estimation

The additional infrastructure costs for road netyawrater- and sanitation network, electricity anasg
network, bus-network are estimated based on camtsupit (e.g. km pipeline, area covered etc.). The
following figure 1 depicts the calculation prin@plthe length of the new network branches are Gzt
sequentially for each new allocated housing argain@g a new connection to the network. The cesés
estimated through the number of connections for ciestomers (represented by the agents) and ththlehg
the network extensions to connect the new customiginshe current network.

ALLOCATE AREA
Link area with closest network branch —
calculate distance/costs

ALLOCATE NEXT AREA
Link area with closest network branch —
calculate distance/costs

ALLOCATE NEXT AREAS...

Link areas with closest network branch —
calculate distances/costs

Fig. 1: Cost by distance calculation principle

Based on the new dwelling allocations the infradtie costs related to water and sanitation, tr@maion,
and energy are calculated as distribution and adiome costs and aggregated to total costs for itye c
which are compared between different urban devedmprscenarios. The infrastructure cost types are (i
facility investment costs (to secure supply capac(ii) transmission costs: distance from suppiydemand
and (iii) distribution costs: area covered (laterstwork) and connection costs: entities - houses.
Maintenance costs have been included considerangetjular repair work.

® http://geoserver.org/
® http://openlayers.org/
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4 URBAN INFRASTRUCTURE COST DEVELOPMENT SIMULATOR

The Urban Infrastructure Development Simulator (8)0s built on earlier tool version (Gebetsroiteeal.,
2007, 2014). The functionality of the tool was exted by an infrastructure cost calculation feature,
developed in close cooperation with the IDB. Tf¢abl application has been carried for two citsslected

by IDB: for Mar del Plata, a city in Argentina witiround 600.000 inhabitants with some 8 millionrists
during summer, selected because of rather goodagtatiability, and for Cuenca, a mountain city icugdor
with 300.000 inhabitants, known as architecturatlvberitage, to demonstrate the tools usabilityaaity
with weak data availability.

The project target was to develop the generic starting with Mar del Plata as example, but tolbgilble
enough allowing tool applications for various atia Latin America with low adaptation requirements

The UIDS shall thus enable urban planners to egtitiie impact on infratructure costs for e.g. roadiater

in relation to the land use changes (growth patdewithin the city-region. It visualizes spatialaciges
through dynamic maps depicting the results of tmeuktions and calculates infrastructure costs for
extending the current infrastructure networks.sltbeased on the analysis of geospatial data and arses
Agent-based model approach to simulate the devedapin the city-region.

4.1 Graphical user interface of the core UIDS

MASGISmo provides a standard user interface (Get#isr, 2009), but it is flexible and the GUI
developed for the UIDS was adapted for the needshefclient. The most specific interface is the
‘Management tab’ which is shown in the figure 2dvel

Map| Management | Results1 | Results2|

| Sim.Option A: uses land cover change (1985-2011) to project urban development
‘ Open UIDS description

©) simulation-Option A ScenNumber

1

General | Preferences
U

0 50000 100000 150000 200000

Population changes in numbers = 50000
Simulation Time= 20

Urban Sprawl Intensity = 20
Attractiveness weight= 96

Percent of high income population= 10
0 10 2 30 40 50 60 70 80 90 100

Percent of medium income population= 60
0 10 20 30 40 50 60 70 80 90 100
U

0 10 20 30 40 50 60 70 80 90 100

Percent of low income population= 30

Simulation Preparation and Result Export Preview Calculation
Road distance [meter] Distance past Dev.-Area [meter]

U U Detayerreview
100 300 500 700 900 100 300 500 700 900

7] use Restriction Layer

Calculate Attractiveness Layer ‘ Open Result-Viewer

Open Result-Compare

Fig. 2: UIDS major control panel, © AIT

The UIDS enables to create different scenarioschasgwo main simulation Options. Option A analytes
data from the past using the land cover changesatoulate trend scenarios based on the former
development. The data for Mar del Plata allowsxtoaet areas where recently, between 1985 and 2@,
land was occupied as residential area, and alrbailtyup area which shows low to medium development
and can be intensified to high developed areas&iwes with different population numbers and tinegigds

as well as urban expansion intensities can be cadpRopulation growth scenarios can either bethase
literature study or expert judgement. Currently ylapon growth is an exogenous parameter, becaose n
enough data was available to extract a functiomae it endogenous. Within a future version of tib
can this be adapted e.g. for a city with good patpah statistics. A scenario with a high urban egien
intensity therefore would lead to a developmenhgisnore non-urbanized areas, whereas within a soena
of low expansion intensity the low to medium deyeld areas would be mainly used (densification).sThu
lower infrastructure development costs occur festhscenarios. As an example the figure 3 belowslao
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result of a trend simulation option with 50.000 niewabitants and urban expansion intensity of 88amng
about 80% of the new occupied areas are formemunoanized areas.

This simulation option is based on the analysitanél cover changes from the past. The project hawrs
that this kind of data is not available for manties the UIDS is supposed to be used (about 28sciti
Latin America), or at least not in the same dethfigucture as available for Mar del Plata. Maindcause
of the lack of data a second simulation option {@pB in figure 2) was developed in which a fexible
combination of different spatial information can éxeed to calculate the attractiveness of diffeezatis of
the city (see sections 4.2. below).

| £ MASGISmo:. UIDS_Urban Infrastructure Development Simulator

. o -l=E

-
Tick Count: 4.0

Flebelo & [0 b I € W 01 | @ | 3| opends_srowser ‘7 ”Run:l

[ Map | Management | Resultss | Resuits2|

& Layers | i Repast| Notice Area
e — MapView

Layers

| Dist_Development_HuellaUrbana =
¥ Total_diff_trend_300m

|*§ DevAreas_trend_300m

|C®§ HonDevAreas_trend_300m

| pevSumCatLayer_300m

7 //\

|C3 Roads

| pevsumLayer_300m

|C3 DevelopmentLayer

| oiff_TrendDyn

|C® Diff_HuellaPastToCurrent
| Dist_Roads

|C2 Polygen_Lines

| Attractiveness_Layer
| Base_cobertura_past
|C® Base_cobertura_current
|® Base_cobertura_future
| Base_huellaurbana_past
|T® Base_huellaUrbana_current
| Restricted_Area

% basecrid

|C3 DistRoadSupply

|E3 DistEnergySupply

|E3 DistPubTrSupply

(=1

”;op|< p o

- Minivieve | 1nfo|

Y o SplgElow R
5 ’\ : % v \ / - ; S R,
Y N N =
| Sl | BN e S
y /

< 1 »

Fig. 3: UIDS Map Screen, © AIT (new developmentaargellow, densified areas in blue)

Abbreviation Name Description

EnSup_ Energy Supply area with current energy supgtwvork

PubTr_ Public Transport area with public transpetivork

WatSup_ Water Supply area with the current watpplunetwork

WaWat_ Waste Water area with the current wasterweatsvork

Road_ Road roads in the city

PubServ_ Public Services public services whichiportant for the city (e.g. schools, administratbuildings, etc.)
Dev_Ar Development Area area where the city shdelklop (master plan for the city)

RecAr_ Recreation Area area for recreation, relarge.g. parks, public places)

PolAr_ Points of Interest remarkable areas/pointgtfe city (e.g. schools, etc.)

RepAr_ "Repulsion" Area unattractive areas to iive

RepAr2_ "Repulsion” Area 2 unattractive areaswue in

ResAr Restriction Area ‘ra(:;t)ricted areas for (further) occupation (e.geady developed areas, water, steep slop a
RisAr_ Risk Area unsafe areas to live in (e.g. dl@ones, etc.)

reas,

Table 1: Input Layer-Categories for the Attractivenealculation

4.2 Attractiveness Layer Calculation

The calculation of local attractiveness is perfatmgthin the tool as a preparation step on a cglcéll

basis. Most layers are created using raster GlStifumality to estimate the Euclidean distance toséh
places or areas which are more or less attractike. calculation of such distance layers is caraatby

o4
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using the software R-statistics . Interfaces haaentdeveloped to read and write raster cell lalgased on
ESRI's ASCII raster format and to draw maps depgcthe distance pattern through color codes.

Raster layers to model urban development includddhowing: (i) land-use layers of prior and curtéand
use (e.g. 1985, 2011) representing built-up ardzgrugreen and traffic areas and open space cldgses
zoning regulations: nature conservation areas digdlistance to closest residential area, to roadsous
route network, to social infrastructure (schooladkrgarten, hospitals...) or to critical areas (argas with
high crime rates, natural risk areas). The lattay serve as a barrier indicating not-attractiveezomormally
not selected for housing. Table 1 lists the diffiétayer types which can be combined.

Input data for these attributes can be provideBHZRI-shape files, which are converted into ASCidl dites

for raster-cell-based distance calculation. Tharggd presents a collection of these attractiveltesgss to
give an impression how the different layers campuph selection and weighing of a subset of layers,
contribute to a common attractiveness layer.

Distance to PubTr

Distance to WatSup Distance
hed AT

LI |

Distance to RecAr

Distance to PolAr
-

L |

RisAr

Fig. 4: Attractiveness Calculation: Single attribateactiveness © AIT (Details on prefix (e.g. Pbdan be found in Table 1)

The calculation procedure is embedded in a usarfate where urban planers can use their expert
knowledge about the most important criterias fa development within the city (see figure 5). Thegke
attractiveness layers will be weighted and combiwed common (integrated) attractiveness layer.gitei
are defined individually for each layer (set throwgliders — top left in figure 5). Currently the iglets are
defined by the user, e.g. urban planners or otkperts. A data analysis to calculate the weightstlie
different input layers for Mar del Plata and Cuemgas performed, but did not lead to reliable result
because not enough population data on high spasalution was available. For others cities enodgta
might be availalbe and thus could be used to catieuhe weights to derive the overall attractiveriager.
The top image shows either one of the selectedctiiteness criterfaor as in the case of figure 5 the
currently calculated common (integrated) attractess layer. The bottom image (in figure 5) depibts
common attractiveness layer currently in use insihaulation, containing the selected and weighiadls
attractiveness layers. The new attractiveness legerbe imported to be used into the tool by dligkihe
ImportNewLayer Button (figure 5).

" this changes via Mouse Over input for the différiteria
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EnSup_

EnSup_INFR vias GA 20.. ¥

PUBTT_

PubTY_INFR trans_public... ¥

Watsup_

WatSup_INFR _red_aquap... ¥

| ] Atractiveness Layer Caicuiatio

Weighted Layer
PubTr(1)WatSup(1)Road(10)RecAr(8)

= - - PoIAr(1)RepAr(1)RisAr(4)
8 U U
0123456780910 0123456780310 0123456782310 100
920
Wawat_ Road_ FubSery_
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WaWat INFR_red_cloaca... Road_dissolve_vias.shp  w| | PubSery_ECOM_aress co... v
M n 70
P, 0 @ &
0123456780910 0123456780910 012345678010
S0 NEw ATTRACTIVENESS LAYER
Devar_ RecAr_ POTAr_ 55
DevAr_planed_new_devel... v RecAr_INFR_espacios ve... v| | PolAr INFRA escuelasshp v 20
0 U 0 0
0123456780910 012345678310 012345678010 i5
RepAr_ RisAr_ ResAr_ 0
RepAr_marginados 05 ... ¥ RisAr_BASE_susceptibilid... w| |ResAr Restricted Area A... v
U ® U
0123456780910 0123456780910 0 1
CalchewAttLayer ShowNeviAttiayer ImporthewiLayer Weighted Layer
- PubTr(10)Road(6)ResAr(1)
["Juse SketchedL... reset Layer List
100
B
EPSG:22176
&0
& dp.. v &
B

Current Att Layer

Fig. 5: Attractiveness Calculation: Ul © AIT (greareas with high, red areas with low attractiveness)

5 WEB VISUALISATION INTERFACE

The web visualisation interface was developed @benanalysing the simulation results independdmniy

the creation via internet. This mean the Java-Bqgomegrammed interface using the GeoServer and
OpenLayers is an independent application. Simulagsults which should be available to access withis
interface can be published by authorized usersdimgle click on a button in the UIDS core uséeriface
shown ind figure 2.

The map and diagram viewer as part of this interi@éows to show single to multiple maps to dispiagy
published scenario results. To explore each saerhé users can select individual combinations asfeb
maps and all used thematic maps (using differeygriastyles, legends). Base maps (Open Street Map,
Google Maps) serve as orientation to navigate withé scenario maps. Thematic maps provide inféomat
about population change, emission values as welifeegent cost categories, such as energy suppdysc,
water supply costs, etc. (see figure 6.).

Control <] Available Scenarios | sim 0pt b_s1_2030

‘Water Supply Costs (USR]l =

Mar Del Plata

Legend

Graphic | Abstract
‘Water Supply Costs [USD
[o- 200

[aok- 40

[Heon- ¢

[eok-50¢

k- 100k

100k - 2500
[esok- sooc
[ s00k - 750
750 i

Sitch to Baseflap

[e- 250
[Hzs00- 5000
[Hs000-7500
[ 7500- 10000
[ 10000- 12500

12500- 15000
1500017500
17500 20000
20000+

Fig. 6: UIDS Web Interface: Single Scenario resigdiver © AlIT
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The compare application allows to display differsinbulation results (scenarios) side-by-side, tedleted
from the selection of already published scenaridge application enables the users to compare difter
simulation runs or to compare results of one sdéer@arer time by selecting consecutive timestampsa of
specific simulation run. For up to three scenariles,user can compare attributes, such as populetiange,
CO2 emissions or costs (energy supply costs, vgagply costs, etc.). The results are shown as raagsar
charts and as tables (see figure 7 below).

Control
(2/3) scenarios e trve,
add

Select Gity

Mar del Plata

Select Attribute Group.
Costs [USD]

Choose Display Attribute

Emissions [tpy]

[o- 10000
1000020000
20000 - 0000
30000 - 40000
40000 - 50000
150000+

Graphic | Abstract

 EcontighCiass

contrt———
Show apps |

Select City

Har Del Flata ~

Edit Attribute

Pubic Transportation v

Avalable njA

No features loaded

«I| [MapNawgation | Feature selection

(83 Selected)

Avalable Scenarios | Sim Opt.a_s1_2030

Fig. 7: UIDS Web Interface: Scenario result compgarl T

<« mdp_2z2_grid_poly

Sk
T

oz

Map Navigation  Draw Selection Path | Dra Selectian Palyaon.

Cancel Slection

e

Ge1):

Fig. 8: UIDS Web Interface: Sketching tool © AIhawing a selected area (orange) and the currenicgtdnsport system (red).

5.1 The sketching feature to draft individual layers

As mentioned above was one of the main targeteveldp a tool which can be used for different sitiie
Latin America. The early stage of the current prbjeas shown that the good data situation, whicé tha
case for Mar del Plata, is more or less an excetna that most often important information like tturrent
infrastructure situation (e.g. supply areas) aresng, at least in the form of spatial maps. Thukiwthe
project an in Java-Script programmed applicatios deaveloped which enables to reduce this informatio
gap. As a result additional layers can be “draftdddugh a sketching feature allowing a simplerextgve
map creation — e.g. to show the current infrastimecsituation or to allocate future developmenasyréuture
road network. With this application at least coaspatial information, if maps as listed in tableahnot be
made available, can be created from the local éxjpé¢ne respective cities. The local experts ndiyviaow
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there city very well, whereas this information ist ralways available as georeferenced maps. The laye
creation is done by interactively marking cellsinegular grid, certain attributes (as shown itetdl can be
set to either 'available' or 'not available', witile visual help of a background map (from Openéstidap,
Google Maps, see figure 8 below). Within the cotB® (Java) interface this information can afterveabe
used for the attractiveness layer calculation. T$ketching capability has been very helpful for the
implementation of the city Cuenca into the toolpamy data has been missing for the city.

6 CONCLUSION

The tool has been developed as prototype of a gesietulation framework to be applied for differamities

in Latin America. The application has been condiiatetil now for the two test cases Mar del Platd an
Cuenca. Both test cases show the usability ofdbkin cases of different data availability, wherd¢he test
case Cuenca has demonstrated that only the skgtchpabilities enabled to implement the city at &
acquire appropriate data is always a challengenaeds a lot of resources for exploration, commitatind
harmonization. The complex simulation environmemalded to create a very flexible tool, which can be
updated with new data in the form of spatial mapsast assumptions (e.g. U$ per km road, water pipe
lines) with a minimum of effort. New and differedgéta could be used e.g. currently for the two €itie
information about land ownership and land pricesewavailable, but this kind of information can be
introduced later on e.g. as restricted areas grfonltthe high income people affordable areas.

Nevertheless the complexity and flexibility hasdtawbacks, as the engagement with the tool imea@asy
as hoped. Online trainings and video tutorials Haaen developed to provide sufficient (remote) supior
users applying the simulation tool. The web visalon allows analyzing and comparing scenariosisTh
instead of working with the complex simulation frawork to support urban planners’ work, the web dase
result visualization can be applied as standalgo@ication to allow ex ante assessment of different
scenarios (created by UIDS experts) to discussnaltiwe urban development directions and infrastmec
budget requirements. These UIDS experts will enatteking in close collaboration with the cities deta
and knowledge providers, to develop successfulicatns.
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