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1 ABSTRACT

To date, the practice of urban planning and desigRussia is based on the principles of the Squestned
economy, while the current economic conditions imequew approaches.

Perm National Research Polytechnic University togetvith JSC «PROGNOZ», with the financial support
of the Perm Region Government during the year 4826 developing an integrated spatial developriient
model, which allows the bringing together of see@mnomic statistics, real estate state cadastie da
mathematical, statistical and adaptive methodaribintegrated with GIS under one platform.

The main purpose of the system is the improvemewalality of decisions taken in different urbaraphing
types, design improvements of Land Use and DevetoprRegulations and prioritization of the municipal
budget allocation.

Decision support system is based on the Progndfoffa(PP) - a next-generation Bl platform for loling
high-tech business applications on a turnkey b&#sallows to visualize and analyze operationa datdel
and forecast processes. It has its own data wasetarsigner which helps to build full-featured isttial Bl
systems based on the Prognoz Platform. PP Integradith the state information system for urban plag
allows consideration of established local and feldéaw requirements for the quality of the urban
environment, the prevailing land use and capadsliof municipal budgets.

Model is to be used for the following tasks:
* Analysis of the effects of the changes in the adstrative-territorial division of the region;

* Optimization of social facilities, taking into aaga standards of security, transport availabikig,.
on the territory;

« Analysis of the current and future needs of transpérastructure development, resource security of
the region;
« Justification of the area choice for investmenjgets, etc.
In the first phase the analogs of software thatuaesl to solve problems of this kind, were idegifi

In the second phase of the model development tgyobnd classification of simulation objects were
studied, a list of necessary calculation and paréorce indicators/indicative indexes were determiaed
algorithm providing integration with GIS and a miype system were created. Prototype testing was
conducted for the following tasks:

* Optimization of social facilities, taking into acowt federal regulations and budgetary constraints:
selection of the site for the construction of a rsehool in the city;

e Justification of the energy infrastructure develepiscenario by combining mining settlements of
Kizelovskoe and Gremyachinskoe municipal distraft®erm Region;

e Land Use Plan development for new residential arésew Lyady, Perm

« The next step of the analysis implies specificddbusing and social infrastructure development
challenges arising at the local government lewal ttie solution of which it is expedient to use the
created model.
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2 URBAN PLANNING PROBLEMS IN RUSSIA, OBJECTIVES AND T ASKS

To date, the practice of urban planning and desig®ussia signifacantly differs from other markebeomy
countries, thus is based on the principles of tbei€® planned economy, while the current economic
conditions require new approaches.

Due to resource limitations municipalities cannaiviide required amount of experimental researchter
development and accessement of variable scenafigsom-economic development, thus cannot define
priorities in construction financing of objectssafcial, transportation and engeneering infrastrectu

At present there are no practical technologiesdhatv the improvement of validity of spatial plang and
decreasing the amount ineffective budget experediaigsociated with implementation of urban planning
policies.

Implementation of Western urban planning techn@sgeems to be impossible due to condition of Rassi
urban planning system, which is still undergoing tbhrmation stage ,whereas, the development a#sciti
goes either spontaneously or according to shart gganning.

The complexity of spatial planning of any urbanedl$ lies, primarily, in variability of settlemetypologies
and the necessity of large amount of input dataessing (from climate and geographical to polijieadd
decisions, taken at different levels of administeatnanagement.

The research objective is the decision suppotiesyslevelopment based on a complex model of spatial
development, containing general socia-analyticaltigtcs, federal real estate state cadastre data,
mathematical, statistical and adaptive methodsatibintegrated with GIS considering establishedthrsy
legislation level of availability of different tygeof services, opportunities municipal budgetsyaitiazg
urban conditions.

3 GENERAL CHARACTERISTICS OF TASKS SOLVED WITH THE IT -MODEL OF
INFORMATION-ANALYTICSL SYSTEM

The decision support system is based on the IT-hwidgpatial development. It allows the bringingéther
of socio-economic statistics, real estate statastagl data, mathematical, statistical and adaptgthods
library integrated with GIS - under one platformheTmodel allows consideration of established |ecal
federal law requirements for the quality of theaurkenvironment, the prevailing land use and caipiakilof
municipal budgets.

Model is to be used for the following tasks:
« Analysis of the effects of the changes in the adstriative-territorial division of the region;

* Optimization of social facilities, taking into aagd standards of security, transport availabikig.
on the territory;

e Analysis of the current and future needs of transpérastructure development, resource security of
the region;

« Justification of the area choice for investmenjgets, etc

4 OVERVIEW OF THE EXISTING ANALOGS

In the first phase the analogs of software thatusesl to solve problems of this kind based orofalg
criteria were identified:

¢ Conducting research of spatial data possibility;
< Availability of tools of geospace modelling;
« Data visualization (presentation of data in usemAfly format);

* The completeness of the sofware (does not needlatish of or plug-ins primary or secondary
programs);

e Users accessibility (possibility to download theftware without conducting any additional
commitments or agreements).
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Name Developer Operation system Access Purpose nibgfieautures
ArcGIS Esri Linux, Windows, | Limited Create, Has a special application for the PC, mohile
http://www.esri.com/ unix, iOS, | (mmarusie | visualize, phone; Visualizes large volumes of geo-
Android, versions) | manage, referenced statistical information;
Windows Phone analyze Maps of all scales: from the plans of plots |to
spatial data world map; Toolkit for analyzing spatigl
information
Agstats Dr. Kevin McGarigal {1 Windows Free Landscape | The ability to use the characteristics such as|the
University of metrics  for| area, density, physical parameters
Massachusetts different
http://www.umass.edu/lg types of
ndeco/ models
research/fragstats/
fragstats.html
Erpy RIiSE group| Linux, MAC OS, | Free Spatial A collection of algorithms, combined in groups
(@gmail:rise.group.eafit| Windows clasterization | for regions
), Dr. Juan C. Duque and
Boris Dev
Grouper http://www.rise-
group.org/section/
Software/clusterPy/
Eodaspace GeoDa Center fpiMAC 0OS, | Free Spatial Spatial models built using GMM, IV and
Geospatial analysis Windows econometrics | spatialHAC
and
Computation
https://geodacenter.asu.p
du
/software
Google Google Linux, MAC OS, | Free/ 3D Has a special application for the PC, mohile
earth http://earth.google.com/| Windows 400$ visualization | phone; Automatically updates the data throygh
extended the Internet; Contains current and histori¢al
version maps; You can create a small visual elemgnts
correlated with internet
Grass GRASS  DevelopmentLinux, MAC OS, | Free Environment | Extensive set of tools for GIS raster and vedtor
Team Windows visualization | data, SQL, visualization
http://grass.osgeo.org/
Legacy GeoDa Center Windows Free Analysis  of Visualization, ESDA, contains territorigl
GeoDa http://geodacenter.asu.ed spatial data regression; interactive exploratory analysis, the
u/ basic spatial possibilities of recourse
geodasum
PySAL GeoDa Center Linux, MAC OS, | Free Analysis  of| Modules for
http://www.pysal.org/ Windows spatial data computational geometry, spatial weights,
mobility and spatial econometrics
Quantum QGIS Development Linux, MAC OS, | Free Environment | Has broad functionality, additional plugin
GIS Team Windows visualization | capability, includes elements of geoprocessirjg
http://www.qggis.org/
R-Analysis | Roger Bivand Linux, MAC OS, | Free Analysis  of| Integration of spatial data: -classificatiop,
of Spatial | http://cran.r-project.org/ | Windows spatial data processing, reading and writing spatial dgta,
Data view=Spatial graphical representation, environmental
analysis, spatial regression
SAGA Institute of Geography at Windows, Linux Free GIS, spaceSurface analysis, geostatistics, terrain analysis,
the University analysis hydrology modeling, various TIN tools

of Hamburg,
Germany
http://lwww.saga-
gis.org/en/index.html

Table 1: The results of software analogs analysis.
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One of the defining criteria was the presenceuotfional of geospace modelling. Basic charactesisif
analyzed software are summarized in Table 1.

There were 12 systems analyzed, most suitable fariaty of analytical tasks of spatial planning ar
ArcGIS, SAGA, PySAL, providng special tools to mée challenges of spatial planning.

The algorithm and prototype of the model basecherrésearch conducted was created.

5 KEY PARAMETERS AND TARGET FUNCTIONS OF THE MODEL

In the second phase of the model development tgyobnd classification of simulation objects were
studied, that allowed to determine a list of neagsgalculation and performance indicative indegés
providing favourible living conditions on differemérritories. The existing standards are analyzedtie
provision of social services by the example ofPleem edge areas to determine necessity of estataigthof
certain restrictions. The main theoretical appreadio modeling spatial location problem of sociilfties,
the objective functions and the basic relationsdusethe analysis of urban development in the Rumssi
Federation have been outlined in the research afofkV. Golovin [4].

Set of key parameters for the prediction of tafgettions that characterize urban planning situatod
used for the verification of the model include:

The number and size of households (people), thebauraf students and preschool (% of population),
estimated housing security, FAR (the ratio of flepace to land area), a planning factor (the rattithe
living area to the total area), the ratio of larevelopment, % , water consumption (liter/personag)d
stories of buildings.

These parameters are determined using the speudfiators to be defined by the plan of the muritip,
Land Use and Development Regulations or SP 424133311 "Urban Planning. Planning and construction
of urban and rural settlements”, or set on theshafsiemographic and urban research.

The target functions which are determined by theutation formulas for the forecast period (yeansjude:
the predicted increase in population, studentspaadchool, required land area of residential deprakmt,
community facilities, water and energy consumptitwe, need for new development in public transpod a
projected level of motorization, forecast maximumaaof commercial real estate and other parametéhe
territory.

This information is included in the attribute infeation of model geodatabase.

6 ALGORITHM AND PROTOTYPE OF THE MODEL

The main components of IT-model as the basis @ision support system of strategic decision-making
the field of spatial planning are three major ssbawys: 1) data storage, 2) tools for working witipsiand
3) modeling and forecasting tool. For this purpibesy are integrated on a single platform.

Data repository must contain:
* Socio-economic statistics,
« Forecasts for the development of territories,
« Information system for urban planning,
* Legal and regulatory framework of urban planning,
« Other sources of data used in the practice of upbeming.

Tools for working with the maps will be borrowediin the geographic information systems considered in
the table above.

Prognoz Platform is used as a tool for modeling fordcasting. It is a next-generation Bl platforor f
building high-tech business applications on a taynkasis. Prognoz Platform supports the developmient
software solutions on the desktop, web, and malgigces for visualization and online analyticalqessing
(or OLAP), reporting, and modeling and forecastiff@pusiness processes.

Application of Prognoz Platform and its analytidabls will help to find solutions of multiobjective
optimization problems of spatial distribution ofriaus objects (housing, civil, industrial etc.)urban areas
and analyze long-term scenarios for the developoiecities.
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The logic of the system taking into account sekkctemponents and the use of this system to sobatipal
problems is presented in Figure 1.

Modeling and forecasting tool is designed to make desearches, create different econometric maeahels
analytical calculations implementation based onmth&he possibility of visual design models and
algorithms of arbitrary complexity, a rich libraof mathematical and statistical techniques (moaa tBOO
units.) as well as automatic generation of repwitls the analysis results, are its main advantages.

Modeling and forecasting tool is widely used in ttevelopment of economic and mathematical models in
many countries and regions, including USA, Bra2hjna, Kazakhstan, Russia.

e Home | Caiculamon | View Quirk sta L| Tools -
- | p1/01/2000 - - ["e1/01/2010 - S |
From: | 01/01/2000 From: | 01/01/2010 Scenarios U/W >
Tor | 12/31/2008 - | To 12/31/2015 - Selected:2 - Caiculation  Calculate Stop
order calculation

Sample period Forecast period Calculation

USA Model Example [ 2= sdheme |=H Data |= code
i e ) =
Household final | Final consumption | GDP growth (annual %)

| 5
o ., etc. (annual % O—— —_

i

(@nnual % growth] | growth] |

( & )] e JDE‘

General government final Exports of goods and l e
consumption expenditure services (annual % growth)

(annual % growth)

Imports of goods and Gross capital formation

services (annual % growth) {annual % growth)

| . . L

| Inflation, consumer prices Labar force, total
(annual %) —
\——-\& [ Lending interest rate (%)

Wholesale price index (2005
- 100)

Specification Lines Table Summary statistics Corretation matrix Descriptive statistics Diagnostic tests Calculation of model

¥ =0.7517°X1 + 0.2234"X2

Coefficient
Factor
Value Standard error t-statistics Probability
ol flf - At {Household final consumption expendture (annual % growethiit 07817 0.0194 40,3458 0.0000
B gl = | A2: {General government final consumption expenditure (annual % growih i} 0.2224 0.0222 10.0411 0.0000

Figure 1. Example of the USA macro model impleménising PrognozPlatform - modeling and forecastird.

Results of solving
- optimization problems

Decision Support (using spatial models)

System "Management o]

Spatial Development

%W%jf/?y/%% of the Region" Recommendations for the

L v

Figure 2. IT-model structure.
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7 PRACTICAL RESULTS
The following problems in developing the model gsits prototype were solved:

» Location optimization of social facilities subjettt federal regulations and budgetary constraints:
selection of the plot for the construction of a reakiool in the city;

e Land Use Plan in the development / utilization efwresidential development area of Lyady Perm.
Demo application on Figure 3 shows a prototype mfmtéhe solution of plot choice.
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Figure 3. The task of Social objects location opation interface.
Decision Support System
Q Management spatial development of the region
Home page Data Monitoring Analytics i Modeling Help
o MODELS A 1. CRITERIA 2. ALTERNATIVES 3. LOCATION 4, EFFICIENCY
. MNew model... The results of calculation of the objective function (F) - : [l
F o= . Number of found solutions (for each alternative): 1
Sk DX L Alternative 1 Alternative 2
= F= £ 250
.~ Model 1 Conclusion: A Edit

Mast preferred is the implementation of alternative 2. Given cost of transportation distance to sources of
Model 2 raw materials and water resources will be minimal (F = 250).
) Restriction - possible lack of settlements near the proposed location of the object.

~ Model 3 Target location " =

Calculation of the objective function revealed the following versions the object location:

+ Model 4 s
m - Alternative 1

within the allowable region

@ - Alternative 2
within the allowable region

>> Change the torget location
manually

@l caLcuLATION RESULTS

Figure 4: The interface of startegy developmeritofye Liady.
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To date OAO PROTON, one of the largest enterpridebe aero-space sphere, implements the Program of
Territory Cluster Development «Technopolis Novyi eZdnyi», which is based on the expansion of
production by 3,000 new jobs.

The inplementation plans of the interprise is dlyedependent on solving the problem of housing new
employees, development of transportation and ergimginfrastructure of the New Lyady District iefin.

Calculations conducted using the prototype modelvsthat New Lyady have sufficient land resources to
accommodate new residential buildings within ergptexisting boundaries and the additional landidets
the existing boundaries, is not required. During finst stage of production up 2016 (opening uB@o
jobs) the existing social infrastructure (kindetgas, schools) is sufficient. The reconstructionhef school
building and enlargement of its capacity will netfequired until the the year 2020. Budget expenelt for
the first stage of development until 2016 shouldlivected to the reconstruction of utilities anddd?erm —
New Lyady reconstruction.

8 CONCLUSION
The first stage of system development is finished:

* basic optimization algorithms developed;

e a software tool that allows the system to use &icalyand GIS spatial data simultaneously
developed,

* socio-economic statistics and state real estatesti@ddata repository formed.

The next step of the analysis assumes specificlaf@went challenges of housing and social infrastme
arising at the local government level; testing thedel in the development of land use regulation$ an
development and prioritization in the municipal gatlallocation.
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