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1 ABSTRACT

Spatial planning relies on the availability of spatata like land use maps, cadastral maps, ¢raiffid
pollution information, and data on infrastructufithere is a variety of techniques for capturingrietp
managing, and distributing these data. Differetiegiadopted different techniques and thus haverdiit
processes. This makes it difficult for cities invd®ping countries to decide, which approach te takd
which solution to implement. The paper sketchesditation in three different cities, Vienna (Aus}r
Bratislava (Slovak Republic), and Teheran (Iranyaidable data, their quality, and their usage iatisph
planning are presented. The differences, probleand, opportunities of each of the solutions are then
discussed.

2 INTRODUCTION

Spatial planning shall guarantee that natural nessuand especially land are used efficiently aowlas
interactions are provided with the necessary sp@patial planning in a city provides a special dmge:
Cities have a high population density and thusadamnflicts can easily arise. Cities are importaiving
forces in environmental trends as a consequendbeoincrease in the share of the global populatian
reside in urban areas and the large intensity tfitaes of urban dwellers. As the world continugs
urbanize, however, humans have lost contact withasal the services it provides to sustain lifegiBroh
and Vlek 2008). Spatial planning is one of the sdol prevent conflicts between different groupslifferent
processes by assigning enough space to each gnddpraeach process. This requires
* information about what is there,

* information about what is missing, and
« information about existing and emerging conflicts.

This information can be acquired by collecting datd discussion with the population. The idea titatens
are local experts (Goodchild 2008) can be usedatbey the information but requires processes thava
citizens to contact the planning authority and pfevthe information. On the receiving end the piagn
authority must process the information and develggcture of the city that shows existing and erimgrg
conflicts and unused potential.

The structure of the paper is as follows. We stdtth a brief introduction in the data necessary dpatial
planning and in the typical processes. Then theasin in the three cities is presented and contpake
brief discussion of the results completes the paper

3 DATA AND PROCESSES FOR SPATIAL PLANNING

A basic type of information necessary for spati@nping is information on existing objects. The mos
obvious kinds of objects are roads and buildindggesE are necessary for a number of different agijwits.
The level of detail varies between the applicatidhsr example, suitability assessment for solare|zais
possible with block models of buildings with approgte roof structures (Kapfenberger-Pock 2010)
whereas visualization demands detailed roof strastand even facade textures. Data sets contaimasg
kind of information are usually derived from aerjathotography (Unsalan and Boyer 2005) and laser
scanning (Morgan and Tempeli 2000). Then typicd#ita on land coverage is available, too.

Traffic planning requires additional data like fraidensity, street capacity, public transport esytetc. This
information will be used when addressing probleikes fraffic congestions or air pollution cause byffic.
Problems like noise pollution may also influence pghanning problems.

A major issue for spatial planning is the availaiifrastructure. Streets and buildings have alrelagign
mentioned. However, supply lines for gas, wated alectricity, sewer capacities, street illuminatiand
service installations like hospitals or schools amportant aspects in spatial planning. Data orsdhe
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installations are necessary for efficient spatlahping. These data should also be available tqothsic
because then the data can be used by additionédesgre.g., in case of disasters.

Processes of spatial planning should include puhBmza and Tilio 2010). Public participation hakag
tradition in many countries since it is an effeetimeasure to ensure that spatial planning soluoes
accepted by the public. Traditional methods inclpdblic meetings and discussions, publicationslahg
including the possibility to raise objections, apdblic contests. Recently, online methods have been
investigated, too (e.g., Steinmann, Krek et al.220Blowever, these methods have not yet been hyazeld
since they have still some problems. The largesli@hge is that not everybody interested in theuwdision

has access to the Internet. Thus alternative methoal necessary and these are typically in analtagoe
Thus online methods are mainly used as an additmssibility for discussion.

Land owners are an example for a group that shioeilshvolved in the planning process at some pding
implementation of planned changes may affect thaththus they should at least be informed about the
change. In addition to data on the planned chatigesrequires information on land ownership and the
spatial extent of the land owned by a specific @er§ hus systems like a cadastre and a land regmist

be in place to provide this information. Even iété is no concept of private land ownership theitebs
people who use the land. In this case these psbplgld be informed and the necessary informatiost e
provided by some form of information system.

The results of the planning processes should besmpadlicly visible again. Typical methods are larsg

and land planning maps. These can be publishethatogue and/or digital form. Traditionally, the msap
were analogue and could be inspected at the plaroffites and a number of other places. The chaimes
the producing process of these maps include thefsben analogue to digital mapping. This leadshe t
availability of digital land use and land planningps. These are easy to copy and distribute. Tieaty
channel for distribution is the Internet. Accessthgse kinds of maps is then easier compared to the
analogue maps and this may stimulate more actixahiament of the public in planning processes.

Rising income levels lead to changes in the urltama@my’s consumption and production patterns thath
the unintended benefit of greening the city. Maspartant, people in richer cities are more likety t
consume higher-quality products and to work indbevice sector. These behavioural changes helptaffe
pollution-causing effects of increasing scale (K2006).

Efforts to use such comparisons to rank citieseerms of greenness are complicated by the factntiaaty
factors help determine how pollution affects a’sitigealth. Geographic factors, for example, carrha
increase or reduce a city’s vulnerability to dagesremissions (Kahn 2006).

Urban population growth is a key driver of envire@ntal degradation. As more people crowd into cities
problems of urban air pollution, water pollutiomdasolid waste production all grow worse. New midsa
do not simply increase the scale of economic dgtithey also tax and sometimes overwhelm basic
infrastructure services. As a result urban suskdliig as measured by both the ecological footpend
public health approaches, declines. This is aniarontcome, given that most new urbanites are drewn
cities by the hope of a better quality of life.

The restructuring of social relations, which hasrbehartered from the international through to Iteal
level, has not been uniform either across the theg®n states or across the many regions whick baen
identified. The patterns suggest both continuitesl breaks with the past. A continuity has been the
increasing scale of activity which has shifted dieei-making for many aspects of economic activity
increasingly to the national or international sghdsiven this shift, debate has emerged as todhtnuied
significance of the local area in this restructucagitalist system (Thorns 1992).

4 CITY SITUATIONS

There are two approaches how to see our study hehttis established set of examples actually ges/a
picture of development as such, or whether it mgmes a collection of inspiring special cases. &hre
different cities are compared in the paper. Twthefcities are situated in central Europe, onesiaAEach
of the authors selected a city in his home-courang thus cities from Austria (Vienna), Slovakia
(Bratislava), and the Iran (Teheran) have beerctale
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4.1 Vienna

The city of Vienna started in the 1970ies with &ledic data management. One of the triggers tcspaéal
information technology was the increased need fuatial analysis. After a short period of analogue
processing, digital storage and processing equipmeas used. One of the first projects was a laogdes
high quality base map of Vienna, the “StadtkartefVi The map was the result of a complete survesllof
relevant objects in Vienna and is still the basisrhany services provided by the city of Viennatha late
1980ies Vienna moved to GIS technology, which al@ennecting geographical information with all kgnd
of user data. This geodata network is called Vi&iBa Since 1995 an increasing amount of applicatien
also available in the Internet to stipulate pubbe of the data and services (ViennaGIS 2011).

Not all data are collected by the city of Viennand register and cadastre are maintained by thaliRepf
Austria. These registers started the digitizatibtheir data in the 1970ies and since the mid 1€9@il data
are available in digital form. This allows onlinecass of the most current land owner data.

The data collection of the city of Vienna can beeassed from an internal and external viewpoint.nEac
viewpoint corresponds to a defined set of righteeims of data accessibility and editing. Hence gkternal
viewpoint utilizes a web based GIS capable of \liguy data approved for public use. In contrakg t
internal viewpoint is intended for intra-adminigioa use, which provides restricted data as wek@sng
rights.

The administration of the city of Vienna has a dapant which is, among other duties, responsibiethe
internet applications — the external viewpoint denha's data. Services like the digital street iaag the
address finder are well known and widely used. iydanumber of results from spatial planning are als
distributed using this channel including

* intended land use plan (Flachenwidmungs- und Beigaplan),
e prohibitions on building,
e protected zones,
« zones of world heritage,
e projects of city development,
* networks of public transport, streets, and bicyolges,
e natural protection zones, and
e service installations like Libraries, kindergarteasd schools.
Figure 1 shows three different kinds of data tlaat lse shown on top of the Vienna base map.

Land owners are automatically informed if there @ranges in the intended land use in the vicinittheir
property. This is necessary if land owners may haeeright to object changes. It is a simple tdsalli
necessary data are available in digital form as the case in Vienna. The digital process thefaoes a
labour intensive process of extracting first thedlgarcels, then their owners, and finally theidradses.
The simplification of such processes is one oftibeefits of a digital system like it is used in K.

The Viennese system is quite expensive. The ciliehna supports a large number of organizationakp
which are directly or indirectly required for sgdtplanning. The department for maintaining thesinet
applications is also responsible for the compugeiiment in the whole organization and consistapgfrox.
500 persons. The surveying department createdatatiae 2D maps of Vienna and the 3D city modeloTw
departments deal with questions of land use plapmine with strategic development, one with plagroh
social and medical services, and there are mang.mor
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Fig. 1: ViennaGIS maps for the inner city of Viersteowing the Viennese base map (leftmost), langlese (left), cadastral map
(right), roof potential for solar collectors (righost).

All of the departments work with electronic datadgroduce their results in electronic form. Thiabk
simple publication of the data on the homepagehef dity of Vienna. It also enables sharing the data
between the departments. The city model, for examgan be used by all other departments by simply
accessing the shared model. It is not necessatystobute updates in paper for or by using dateaste
media like CDs or DVDs. This enables quick updatded and a high currency of the data.

4.2 Bratislava

The situation is slightly different in Bratislavdhe Bratislava region is severely tied to the regiof
Vienna, Brno, Gyor, and Budapest and has poteasial centre for European-wide flow of capital, pay,
research, and cultural and social cooperation. Mewehe land use plan of Bratislava must complighlie
requirements for nature protection and proposengtior new economic activities.

Currently the city of Bratislava creates its owiatsgd information portal, which has the ambitionpimvide
citizens with comprehensive spatial information ropeblic networks. The proposed advanced solutigh w
enable timely provision of current information abdite real state space city in universally accéssind
understandable form. The data held by the muni@gahda in the form of regulations, records, drgwin
and maps are inserted through special featurebendatabases. They consist of information about the
location of sources of pollution, waste managenteat state of public green spaces, traffic orgditimaand
management, urban real estate, geodetic docunwntati buildings, up-to-date street names, and valid
regulations for new investment plans and theirizatibn.

Data organization and structure in a digital envinent is designed to avoid multiple information
acquisition in agenda of individual municipal dep@nts in the future. This shall increase the igfficy of
municipal operations, in particular by restrictinwltiple data insertion and immediately publishimgw
data.

A basic component of spatial information portalhe computer basis of the digital technical maghefcity
(DTM). This map contains information about geontetrrangement of buildings above and below the
surface, the relief, and the technical infrastrrestu

=
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New data are continuously inserted into the damlascording to geodetic survey of new buildings.
Information outputs are generated in the form otagaaphically processed map editions in the sohle
1:500 or as a digital record of map sheets onaligibbrage medium like CD-ROM. The municipalityaals
provides spatial information and specific mapsha scales of 1:10 000, 1:2000 and digital aeriaitqd
intended for projecting buildings, architecturaldies, and general plans. Such information is alkal for
citizens on a daily basis in a specialized munigipdepartment. This department also offers adwioeghe
use of the data and the limitations of the data set

Employees of the municipality office can use thetgiato access the data created by them in thd 6él
environment, construction, traffic and transportinicipal property. However, the portal also alldimging

the data to data from other. This allows, for exempross-validation with general developing pldasd-
use zone plans, and spatial plan of city. Softvegelications allow analysis of data according taots
criteria, monitor relations between different kirafsiata, or derive new relations.

Data that the municipality has at its disposaltdel
e aerial photos,

e vector cadastral map (under the agreement with aBlo@eodesy, Cartography and Cadastre
Authority), and

« digital technical map of city (held in .dgn format)

The digital technical map of the city is publishedder city regulation act no. 1/1995 and is prgopeit
capital city of Bratislava. It is a part of theyihformation system and represents a core compafeits
land use identification base. The municipality pdes

« liability to notify changes of digital map content,

» evidence of technical equipment operators/admatists, and

* release of data from digital map according to usquests.
The digital technical map of Bratislava contains

» selected parts of spatial database of geodesygrapghy and cadastre information system in the
form of vector cadastre map (at 1:1000 scale),

e selected parts of information system of real estatiastre,
* information about planimetry, altimetry and destiap, and

* selected parts of technical documentation fromedgffit information systems of technical equipment
operators/administrators.

Objects to measure and locate within digital tecalninap are:
* permanently stabilized geodetic points of planimetrd altimetry,
< all the buildings larger than 1m2 or areas reqgipermission,
« traffic networks and equipment,
* public green,
* water areas,
« objects and infrastructure of technical equipment,
* borders of cadastre districts, parcels, proteatedsa etc.,
e altimetry data,
e description (street names, institutions), and
» other information like land resources or borderartsianized areas (Figure 2).
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Fig. 2 Digital technical map of the city (part)

Updating of the DTM is done continuously by the mcipality. The data are available due to the ligpilo
notify changes for all operators, administrators te€hnical equipment, subjects performing building
activities, and new geodetic measures.

The currently valid land use urban plan of Bratialas available as a PDF output, and partiallyhia t
geoportal of Bratislava administrative region (Feg@). This land use plan provides information loa parts

of the city for which it is necessary to create approve land use plans of city zones. It alsoesens a
basis for guiding the investment activities anddjpatial decision making.

The environmental agenda has not been strictlyrporated into Bratislava municipality politics iaskt two
decades because of pressure of investing groupa.cdssequence there are buildings in some aree of
city that do not fit to their neighbourhood and thtended land use. There are, for example, parkitg
where green areas should be, and streets servéyraaitransit traffic corridors that have not béslended
for this task. It will take a longer time to cortebese mistakes and bad decisions in urban plgrama to
increase urban environmental quality. There istgoetential to make good decisions and implemesxen
urban projects in “brownfield” sites which comprigdatively large areas of former factories.

Bratislava relies significantly on automobile mdtiyil There is need for a strong recognition of pineblems
(environmental and others) and limitations of cigwelopment. However, this has not yet been adefless

Of course, there is no guarantee that higher insamikk translate into greener consumption. As tigcame
more prosperous, it also changes urban productterps in a way that promotes greater investmiants
quality of life. Finally, income growth gives patiians both the incentives and the means to makanur
sustainability a significant policy priority. Urbagconomic growth can also increase demand for green
policies. In addition, in many post-industrial egi the tourism sector is a growing employer. Tindsistry
represents another powerful force lobbying to prasquality of life in urban areas.

Because there is no suitable geoportal of theitsgff, the citizens can partially use the geopoofathe
Bratislava administrative region (http://212.5.2®%/). This situation does not suit current neetishe
citizens and other subjects in the city (scale) eted new solutions have to be developed and immgahéed.
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Fig. 3 Geoportal of Bratislava administrative region

Currently, public users cannot access data fromtadligechnical map of Bratislava directly. Citizenan
request data on a specific part of the city anéiveca static map. The Bratislava municipality pdeg and
maintains digital technical map as a base for dmtigrocesses, but it is not directly accessibtdtie public
since it is only intended for internal purposesafftreates a barrier for spatial analysis and #megl usage
of the well prepared spatial information of theycRublic access to urban land use plans in forpdbfiles
with description and textual information is aval&tand fulfills the obligation to make this kind data
public. However, spatial information as a statiardiy readable map is not sufficient and does atisfy
current public needs.

4.3 Teheran

Several organizations are responsible for collgciind maintaining spatial data for Tehran. Theonati
cartographic centre (NCC) provides digital coveringps (scale: 1:12000) for all Iranian cities, uaidhg
Tehran, which are updated each 5 to 10 years.sliiifarmation types such as parcels, land use and |
cover, streets, etc. This data is sold publiclyHy organization.

The national cadastre organization is responsinigfoviding cadastral data for all the countryd@stral
data has been available for Tehran in form of papaps since 2002. Digitization of these data has be
recently started and is still in progress. Cadasfata can be ordered by owners or organizatiouisit mot
yet publicly available.

Besides the above mentioned national data provitleesTehran Geographical Information Centre (TGIC)
collects and maintains several types of spatia @atTehran. They provide public online data feig(re 4)

+ street networks and traffic,
e public transport: bus, BRT and metro,
< underground faculties: water, power, and gas lines,
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* protected and historical zones, and
« facilities such as schools, hospitals, fire statj@nd stores.

On the other hand, TGIC is responsible to provitegublic data for a project to reconstruct theréepted
regions of Tehran. Tehran is located on severaleaiults and this project aims to reduce the dpeaaf
probable future natural hazards (especially eaekes) through renovating the old regions of thg ag

well as managing the suburbanising. A master piagu¢e 5) together with the following data enabies
derive a spatial planning process:

« Faults: Activity status, information on last actiw{e.g. last activity, magnitude, etc.)
e Buildings: Structure, material, construction damtember of floors, etc.
* Streets: Width, construction date, material, etc.
¢ Underground faculties: type, possible danger, etc.
This information is available for public in orderknow the status of a certain building in thisamey
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Fig. 5: A sample of Tehran master plan

5 COMPARISON

Each of the three presented cities has spatia) ddiah are also used for spatial planning. Eacthefcities
has also recognized the value of having digitah delowever, there are large differences in thelalviity
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of these digital data. Vienna started the creatioa digital map base 30 years ago and nowadaya kakd
digital database to work on. In Bratislava the tiligtion started later due to other important teesfsr the
democratisation of the country and the split fréva €zech Republic. Thus the basic data are availai
the processes to use and distribute them are nabyepletely in place. Finally, the data for Telmersinot
yet completely digitized. The importance of digitidta for efficient processes was recognized dlfter
experiences of other countries were perceived. Mewethis is also an advantage because the city of
Teheran can incorporate the experiences of othiess cnd avoid mistakes. It allows for a more moder
design of the system, too. The effect of such @asdn should not be underestimated. A comparidon o
public access for cadastral data in Austria andntc@s like Slovenia or Belarus shows that the iolde
Austrian system is much more complicated and usd#riemdly than the modern competitors. This
demonstrates the advantage a city may utilizegatera modern and efficient spatial planning emvrent.

The comparison also showed that the design of heepses is time-consuming. The city of Viennadras
environment where spatial planners as well as tidigocan access spatial data. There are diffeseimcthe
quality of the accessible data but the reasonsghisrare comprehensible. The access to some datdena
restricted due to privacy or security issues. Txistence and capacity of underground telephonessalibr
example, may be important for spatial developmeak the implementation of infrastructure projecteeT
information, which of the lines leads to the heatgr of a major company, however, may be protebjed
law. These differences are well developed and desteVienna. In Bratislava, the system is still the
creational phase. Processes are still subjectadngshand are sometimes bypassed. This leads tdis@mse
undesirable situations but it is a typical problama transition phase. The processes in Teheramaae
similar phase. However, since parts of the datastlteavailable in analogue form only, the processyill
require significant re-engineering. Thus, Teherdhexperience similar difficulties as visible irr&islava.

6 CONCLUSIONS

The comparison of the cities showed that the tlniges are in different phases of the transitioonfr
analogue to digital spatial planning. Spatial plagnprocesses are in place in all three cities. frtaén

difference is the availability, use, and distrilbatiof these data. Teheran is still in the phasgigfizing the

core data (phase 1). In Bratislava this phasenisiied and the administration is adjusting the ¢gees and
legal rules to efficiently use the digital data §ph 2). In Vienna the processes and legal regntatioe
settled working (phase 3).

The most interesting phase from a research pergpeis probably phase 3. The basic processes and
regulations are in place and new strategies caedied and (if successful) implemented. This ispthase
where online public participation is evaluatedginbnnections are be used for automation and btter
more transparent) decisions, and interdependeresecinvestigated and balanced.

7 REFERENCES

Braimoh, A.K. and P.L.G. Vlek (2008). Land Use &ull Resources. Springer. ISBN 978-1-4020-6777-8.

Goodchild, M. F. (2008). Assertion and authoritye science of user-generated geographic contarge®dings of the Colloquium
for Andrew U. Frank's 60th Birthday. G. Navratil.e&vina, Austria, Department of Geoinformation and @ggephy,
Vienna University of Technologyseolnfo 39:5-24.

Kahn, M.E. (2006). Green Cities. Urban Growth amgl Environment. Washington: The Brookings InstitatitSBN 0-8157-4815-9.

Kapfenberger-Pock, A. (2010). Grazer SolardachkatasG|S-unterstiitzte Standortanalyse fiir Solaget. Angewandte
Geoinformatik (AGIT), Salzburg, Austria, Wichmann.

Lanza, V. and L. Tilio (2010). An Operational ModeWwards Playful Public Participation. RealCORP, Vi@niwustria,
www.corp.at.

Morgan, M. and K. Tempeli (2000). Automatic Buildigtraction from Airborne Laser Scanning Data. Pddth Int"l Soc.
Photogrammetry and Remote Sensing Congress (ISPRSjeAtam, Netherlands, ISPRS.

Steinmann, R., A. Krek, et al. (2004). Analysis ofiee public participatory GIS applications witlspect to the differences between
the US and Europe. UDMS 2004.

Thorns, D.C. (1992). Fragmenting Societies? A Contpardnalysis of Regional and Urban Development. dam Taylor &
Francis, 1992. ISBN 0-415-04135-X.

Unsalan, C. and K. L. Boyer (2005). "A system teedehouses and residential street networks in spdtitral satellite images."
Computer Vision and Image Understand@83): 423-461.

ViennaGIS (2%%1). Entstehungsgeschichte des Viel$hd@tp://www.wien.gv.at/viennagis/geschichte.htidcessed February
28", 2011.

ProceedingREAL CORP 2011 Tagungshand ISBN:  978-3-9503110-0-6 (CD-ROM); ISBN: 978-3-9508%1-3 (Print) E
18-20 May 2011, Essen. http://www.corp.at Editors: Manfred SCHRENK, Vasily V. POPOVICH, Peter ZEILE



