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Modeling Population Distribution Based on ERerived Data on théBuilt-Environment

Supervised by Prof. Bing. Michael Hahn (HFT Stuttgart) and Dr. Thomas Esch (DLR)
Abstract

Last years, German Aerospace Center (DLR) made very big step forteeraamtextof global
urban mapping. TanDEM mission, utilizinglerraSARK and TanDEM satellites, made it
possible to derive very high resolution begibvironment raster productg e.g., the Global

Urban Footprint (GUF) settlement madksch et al., 2013)

The goal of this master thesis project is itovestigate tle potential to model the human
population distributions based ora combination of the above mentionedlobal Urban
Footprint product statistical census data angoptionally - additional land cover mapge.g.,
CORINE Land CoyeResulting layersn the gatial distribution of populatiorg once provided
on global level would be highlybeneficial forsustainablespatialand environmentaplanning

land managemendas well as policy

To conduct the studyalgorithms were implemented as #&ol for ArcGIShat were based on
spatialareal weighting and dasymetric mapping technic$n generalthis includesthe spatial

disaggregating of information (Sleeter, 2004).

By comparing with officially available numbers, the results of evaluation showed good enough
accuacy for the test area namely Federal State of Bavarieurther modifications and

developmentsof this project are possible.

Keywords:GIS, population grids, dasymetric mappioghan mapping
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1 Introduction

The Uhited Nation reports thain the beginning of 22 centurythe global urbanization process
passed the historical thresiay the proportion of people living irurban areasexceededthe
share of livingpeoplein rural regionslt is expected that by 2050 the world population viaé
increasel up t0 9.3 billionandthe population living in urban areasill grow upfrom 3.6 billion

in 2011 to 6.3 billionn 2050(United Nations, 2011)

Such urbanization trend raises high interest from decision makers in different fields of
territories management. Impact of urbanization could causmsequencesn socieeconomic,
political and mainly ecological natur®ne of thetasksto be solvedby means ofGeographical
Information SystemsQ@lg, in the framework of urbanization problems the calculaton and

analysis othe populationdistributionin a given territory.

The main obstacle to the solution of thisskis alack ofspatiallydetailed information on the
population distribution. Often, such information is available only in aggeedatm (e.g.,
statistical numbersat the administrativemunicipal or regional leveAn established approach
is dasymetric mapping, whicldisaggregags census data to a grid format with spatial
resolution corresponding to input builip environment mapmg products. Basidasymetric

mapping fundamentals are given in Theoretical background seofithmis thesis

Some initiatives were done towardee modeling of globalpopulation distributionshased on
mentioned disaggregating technolagyut stilltheir spatial resolution in 1 kfiis not enough to
deal on a local levelMoreover, the updates of ancillary information (e.g. remote sensing
products) are resource consuming activiti@emost valuable research projedtsNSEOQSTAT

t 2 Lddzt | (i ARrgstatD20K)Rvéhich mostly based on utilizingeoreferenced European
statistical datain combination with Corine Land Cover Classificatamd ORNL's LandScan
(ORNL 2012, based on utilizing remotelsen®d data. The overview of GEOSTAT and LandScan

are presented in Related Research section.

Populated places highly correlate to builp areas.Availability of detailed urban masks could

be beneficial in order to model population distributions. Difficulties in extraction of high
resolution urbanized areasom EO (Earth Observatioa} it was mentioned aboveelated to

its high costs. Big step in this direction was done by DLR (German Aerospace Center) utilizin

TanDEMX mission (TDM)In a TDM framework were collected two global coverages of VHR
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SAR (very high resolution synthetic aperture radar) imagenms unique dataset has expanded
the potential for builtenvimrnment analysis. Currenthscientists from DLR working on
technology forautomatic deriving builenvironmentproducts from TDM imagg ¢ the Global
Urban FootprintEsch et al., 2012)

The main goal othis master thesis research is to develgpale independentechnologyof
modeling population distributiorusing DLR urban mapping producterived from SAR and

optical EGsystemsin the section 2 the main objectives of the research are listed.

The developed methodology among the specifics of used data is described in the Principal

chapter.In the same chapter evaluation and results are presented.

The last Conclusion pastill summariz main aspects dhe research.
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2 Objectives

The aim of thismaster thesis projects to develop an approach to represent the pattern of
population distributiors for a given region in a raster/grid format. The calculations should be
basedon new DLHREO derived high resolution globaloducts on buikenvironment combired

with statistical vector information on administrative boundariemyd additionalancillarydata.

First of all itis necessary tonvestigate the mosestablishedtechnicsof deriving population

distribution grids and analyze existing produictshe matter of used data.

Based on acquired findings, the next sispo develop methodology that will handkpecifed

DLREO dataset in order to model population distributions.

As the next step,lte software has to be developed in order to automate calculation routines
' YR NBRdAzOS dziarBehnkeférable gditaMler@itoangent © ArcGIS.

The last objective of this study is tovaduate resulting grids by comparing withfiofaly

available numbers. Additionally, visual comparisons to existing products will be performed.
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3 Modelling of Population Distribution

3.1 Theoretical background

The most common way of representation of such statistical data like populationbditstn is
choropleth map, where one aggregated value is assigned to a specified (@ge
municipalities) But for better characterization of surface patteian dasymetric map could be
used, sincdt allows representingmore detail coarse spatially aggregated inforroatiwithin

zone boundatries.

I OO2NRAY3 (G2 9{wL DL{ 5AO0OuRA2yA teécBnkue Rl vhiehy S i
attribute data that is organized by a large or arbitrary area unit is more accurately distlib
within that unit by the overlay of geographic boundaries that exclude, restrict, ofire® the
FGONROGdzOS AY ljdzSadAz2yéd

The dasymetric mapping methpah the form which is knowmowadays,was developedand
named in the beginning of20" century by Rusian cartographer Benjamin Semendyan
Shanskyand popularizedby American geographewright in 1920s and 1930&etrov, 2012)
Although this method exists about 100 years it did not become popular due to its
laboriousness The complication isin the fact that for each pointtgrget map units) it is
required to make complex calculations and depending on desirable degree of detalization it

might be much resource consuming.

Even with the advent of the computers and Gd&symetric mappindid na gainedpopulaity

due to the large demands on computing power of comput€slylast 20 years(according to
mass appearance of publicatiortbe interestto the method grown up. Thiscan be explained

by growing performance of computers, functionality ofGIS, and increasedinterest to
environmental researchGenerally, dasymetric mapping could be applied for modeling any kind

of statistical information on a surface, but mostly it used for modeling population data.

Technically, dasymetric mappiagproachmeanstransformationof data fromone areal unit to
another, from lower level- source zoneto the higher ¢ target zone,e.g. from country
boundary to municipalitiesThe process ofuchtransformation could be interpreted as an areal
interpolation (Menns and Hultgen, 200§. The basic areal interpolation based on areal

weighting, where disaggregationf source zonegopulation information distributed between
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target zones proportionallpy area of target zonesLangford (200) defines this method as

simple area weightingandexpresses as
v — (1)
where Ps is population of source zonéls is area of source zong, {3 estimated population of

target source zone ané is area of target zoné\Note thatA;=B 0 .

Figure 1 demonstratesan examplehow does simple area weighting work, where populatimi
30 inhabitantdrom the source zongS)was distributedto a larger scale target zon€d and t2)

proportionally totheir areasc 20 and 10 inhabitants.

S
t2
tl
a) Choropleth representation of b) Dasymetric representation of
population of source zone population of source zonbased

on area weighting
Figurel Example of simple area weighting

Given the weakness of simple aregeighting regarding the realistic representation of
population distributionsa setof researches were done in order to improve thecuracy of the
method (angford et al., 1991t angford, 20B; Langford 2006; Mennis, 2003; Mennis and
Hultgren, 2006Batsta, F. et aJ.2013 M.-D Su et al., 2010 and many othgrdlostly these

improvements are based on including soagditionalancillary information into a model.

Usually the ancillary information represents internal structure within a target zonesg biglt
up masks (footprints), lanadover clasification road networks,maps and etc. Using this
information it is possible talivide source zones where one supposed to be populated and

another one unpopulated binary dasymetri¢Langfordet al,, 1991). Another option, to define

7
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priorities of distribution between target zonesnulti-class dasymetrigM. -D.Su et al., 2010A
general formulation of enhanced areal weighican be expresseds follows(Batista, F. et al.

2013)

Ca

(2)

where Ps is population of source zong, §3 estimated population of target source zong,is
area of target zone anw/; is weighing coefficient for every target zoms it was in formula 1,
here follows the same rulds =B 0 , which means thesum of the areaof all target zones is

equal to the area of the source zone.

Most of enhanced dasymetric mapping technics follows in some way the logic mentioned in
formula 2, but may differ in the way of obtaining W parameter, which is directly relaied t

ancillary dataBatista, F. et gl2013).

3.2 Established Initiatives and Data Sets
This section presents an overview of the two most popular glsbale projects on the topic of
population distribution modeling. Both approaches are basedlasymetric mapping technics,

but utilized different datasets.
Land®an

The LandScan is a global population database, developed byri@g&National Laboratory
(ORNL)USA. It represents geographiealeragedistribution of human populatiorwithin 24h
per dayin a global scalasinggrid format with spatial resolution of 1 Knper cell. According to
the developers, LandScan is the most accurate and reliaplesentation ofglobal population

nevertheless, accuracy assessment informati@s wot found.

alculations of grids are done listribution modelwhich is based on mukclass dasymetric
mapping technicsThe modebased orfollowing input and ancillary datdand cover land use
classification, road networkselevation models urban areas, village locatiss, and high
resolution imagery.The algorithm calculatea composite probability coefficierfor each grid
cell, which usedafterwards or proportional distributionof known population counts within
source zones In order to incrase the accuragymanual verification and improveent takes

8



Hachschule fiir Techinik # Modeling Population Distribution Based on EC Master Thesi014
DLR

Stuttgart Derived Data on the BuitEnvironment Sergey Voinov

place in the methodology. Most of the manual correcti@me made to urbaized areas, due to
not reveal urban propertiesin land cover/ land use classification errors, which can be
eliminated by isual crosshecksof high resolution imagery. Example of LandScan map

demonstrated on figure 2.
Specification®f LandScan are

1 Format:Raster GRID;

1 Projection: Geographic; UTM,;

1 Datum: WGS84

1 Resolution: 0.00833 decimal degrees; 1x1kmse8.

For US territory, LandScamovides higher spatial resolution data (up to S%)rand measure
population for daytime and nighttime scenarios. This prodwadely used in US-ederal

Government Agencies

Data availability: commercial licenses, by requéste sample dataset available for Cyprus

area.

The overview of LandScan based on official documentation of the product (ORN)., 2012

ul PplPX
. ) o i [ ]e
r i} l:.::-__-? l"‘_ L, = '_. "-' ' |:| e
} £ E}'- = I'..._'- e )
. Ly : g g e [ ]e-z
ll i et "l i - r '.__ » '..i aa E
— £ ¥ ' . 'I-_ .{‘:. T--.- E.ﬂ_'_:'
n o [ 51- 100

- Il : o I ot - 250
W "r.r_" & I 2501 - 5000
i - £01 <

Figure2 Sample of LandScan product (Cyprus Area)
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GEOSTAT 2006 population grid

The EOSTAT 2006 a prototype of populatiomgrid with reference yeaof 2006 presented by
EUROSTAGSImilarly to LandScan produchig grid representsthe information on population
distributions at 1 krhof spatial resolution for all EU countries, except Cypand forthe four

EFTA countries

Production ofGEOSTAT 2006 wseparated between severaistitutions of Europeagountries

and then standardized and assembled into a single dataset. From country to country there were
applied different technics of deriving pojation grid,but general methodology was similarhe
calculations are based on disaggregating (dasymetric) model of population per local
administrative unit (LAUY)which corresponds to NUTS3, district or another minimum
administrative unit, depending onoantry politics. In case of Germany, LAU corresponds to

Amt. The principal utilized dataset were:

1) Degree of soil sealing 2006

2) Administrative boundaries of LAU;

3) CORINE land cover classification 2006;
4) Open Street Map data

The speifics of low resolutiorof 1 knfin GEOSTAT 2006 explained by many factors, starting
from lack of reference of population informationn some regions, difficulties of
agcuiring/processing of high resolution imagery and finishing with the most valuable reason

confidentiality, due to different security polices of membering countries.

Accuracy assessment. According to the official infdrom, the grid information reliable
approx. 90% in the matter if the single cell populated or not. Regarding the count of
inhabitants per cell the comarisons to the register data shows sighnificant differences. The
error ranges from 25 % (in Netherland® 70 % (in Norway). Mostly, the degree of error
depends in the size of LAWBnother source of error comes from ancillary dataset, e.g. land
cover classification layers. Unlike LandScan, GEOSTAT 2006 had no manual imprstegy@ent
Example of GEOSTAT&(population grid shown on figure 3.

Data availability: free of charge download from official weete.
Presented information based on officiaformation from EUROSTAZ011.

10
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Figure3 Sample of GEOSTAT 2006 product (UpperaBay

11
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4 EstimatingPopulation Distributionusing Novel Data othe Built-

Environment

Fundamentals of the dasymetric mapping are given in the third section of the document.
Generally, this approach hdmeen applied many times in the context of modeling of human
population distribution (Wright, 1936; EicheC. L.and BrewerC. A.2001; Langford, 2007
Mennis,2003; Trusty 2004QRNL, 201FUROSTAR01]) and demonstrated its effectiveness.
Nevertheless theras still no special standard for mentioned approach. Most of the published
methods were developed for specific territory and strict to a certain dataset. Some attempts
were done in order to create a universal toelg. Sleeter, 200Y, but in the fact, itwas not

suitablefor the available input data and defined scenario.

In the first part ofthis section the description of used data is given. In the secand third
parts the developed methodologyand its implementationare explained. Afterwards the
acquired results are demonstrated and evaluated. Finally, this section closes with discussions

concerning this project and authors future view.

4.1 Data

As t was mentioned in Introductiormodelingshouldbe based mainly on IR.EO products with
minimum third-party datasets to make it as much independent as it possible. The minimum

required and optionatiatasets (exactly these were used for this projeet listed below

1) EO derived raster layers:
a. Binary mask on buitip areas the Global Urban Footprint (GUF), or
b. Continuous raster layer, e.gImperviousness Germany 20Q® ofimpervious
surface or Building Volume laydin the perspective)
2) Vector layers:
a. Administrative bordersvith attributive information on census

3) (Optional) Additionaancillary data, namely Land Cover classification layer (raster)

The Global Urban Footprint (GUR¥ a binary mask showing allocation of buwift areas. The
spatial resolution of GUF isx8n/px. This product derived automatically froiDM SAR

imagery and the mean overall accuracy is around 89%.

12
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The general workflow of deriving GUF is follows the preprocessing stegproceeds the
analysis of local speckle statistmSSAR imagery. This is necesgsarhighlight textured image
regions Then derived texture imagen combination with theoriginal intensity information,
analyzed by pixdbased image classificatiomethod in order to produce a binary mask
showing builtup and non-built-up areas. Thepotential urban scatters identified by high
amplitude and heterogeneous neighborhoad Afterwards, coming through the set of
thresholds and filterghe true textures and then buHtip areas extractedFinallythe built-up
areaslayer modified byfocal maximum to close small gapsnd focal minimum filteringto
prevent the smoothing of settlements outline3he output of the last procedure is GUF
product, which is binary raster image, whaaevalue of onaised forbuilt-up areas and a value
of zero fornon-built-up areas.

Described abow routines are completglautomated and implemented dd$F processor at DLR
DFD. TDM SAimages are automatically deliiag to the processaR & OMAnO K& final
products areuploading tothe product library at DLR.

More detailed description ofderiving and characteristics @UF could be found ipaper work

by Esclet al.,2012 Figure4 showsan example oGUF extracted from TSknage.

Urban

o i ¢ AR

Figure4 Original TSX image (Igfand overlayed derived GUFidght)

13
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Imperviousness Germany 2006 a raster gray value layer each pixel of which represents the

percentage ofmpervious surface This layer deriveddm MSSimagery

Impervious surface determines the degree of surface sealing bymaate objects, such like
roads, building, etc. As ageneral rule, areas with high degree of imperviousness corresponds
to high dense builup areal. The methodology of estimating the imperviousness based on
semtautomatic technigue by means of Support Vector Machines utilizing remotely sensed data
(Lands8® and cadastral information (vector)The first stepof deriving imperviousness is
creation of regression model by calculating of correlation between spectral bands of Landsat
and reference data (cadastral information). The second step is estimationparwousness
layer for the entire region using acquired regression molfre detailedexplanation about
characteristics and deriving ahperviousness layerould be found in paper works #fleinet

al.,2009andEsch et al., 200&igure5 illustratesan example ofmperviousness layer.

L 31-40

s
s s 41-50

. h

a) b)
Figure5 Original MS optical image (a), derived imperviousness (b)

Building volumelayer is a perspective produavhich represents building volursén m®. The
technology of deriving building volumes is still under developing stage, but for modeling of
population distribution itmight be ideal case since it is the most adequate description of
probable human location(EEUROSTAT, 201This layer derived from TDM imagery as well as
GUF.The concepbf building volumeslerived from TDM datantroducedby Esctet al.,2012

Samplelayer with building volumes demonstrated on Figuge

14
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150000

200000

. 250000

Figure6 Derived GUF (a), DEM derived from TDM imagery (b), derived building volumes (c)

c)

Administrative bordersis apolygonvector layer describing area of interg&ource zonesfor

modeling. This layarsedto define the area within which should be done calculations.

Census informatiorprovides characterization of population distribution data on different level

of administrative units. Normally this data could be acquired from statistical agencies in a table
format, but not for every country such informationasailable so there is no universal method

of obtainingthis data. Later onthis information should be integrated with vector data. the
framework of this master thesisvas utilized a set of different scale (NUTSATS3) datasets,
combining census and administrative borders for Bavaria Federal BI&fES division of Bavaria

in different levels demonstrated on figurg Statistical (census) data for 20@612 year was
aquired from EUROSTAdfficial website. These data are free of charge and open for

everybody.

NUTS 1 map of Bayern NUTS 2 map of Bayern ~ NUTS 3 map of Bayern
Figure7 Maps of NUTSINUTS3 division dBavaria
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Land Coverand land use classification layetn this project was utilize€CORINE Land Cover
(CLC)ayer 2006 which consists of 44 class&3l.C 2006vas derived utilizing remote sensing

data combired with previous CLC2000 dataset. Initially, CLC is a polygon vector dathse¢

every polygon has a land cover class attriblAdl.classes of CLC are encoded with integer
values and every value corresponds to theedfic class. The minimum mapg unit size in
CLC2006 is 25 haor convenient use, CLC2006 was converted to raster format using land cover
class as a pixel value. The pixel size of CLC2006 rasterisT2@r@LC dataseiith the legend

of classeslemonstrated on figures.

ARTIFICIAL SURFACES
URBAN FABRIC

I 111 Continuous urban fabric
Il 112 Discontinuous urban fabric

INDUSTRIAL, COMMERCIAL AND TRANSPORT UNITS
M 121 Industrial, commercial and public units

[ 122 Road and rail networks and associated land

7123 Port areas

I 124 Airport

MINES, DUMPS AND CONSTRUCTION SITES

M 131 Mineral extraction sites

I 132 Dump sites

[ 133 Construction sites

ARTIFICIAL NON-AGRICULTURAL VEGETATED AREAS
7141 Green urban areas
142 Sport and leisure facilities

AGRICULTURAL AREAS
ARABLE LAND
I 211 Non-irrigated arable land

PERMANENT CROPS
I 221 Vineyards
I 222 Fruit frees and berries plantations

PASTURES
I 231 Pastures

HETEROGENEQUS AGRICULTURAL AREAS
242 Complex cultivation patterns
77 243 Land principally occupied by agriculture,
with significant areas of natural vegetation
FOREST AND SEMINATURAL AREA
FORESTS
I 311 Broad-leaved forest
M 312 Coniferous forest
M 313 Mixed forest
SCRUBS AND/OR HERBACEOUS VEGETATION
[T 321 Natural grassland
[77322 Moors and heathland
324 Transitional woodland-scrub
OPEN SPACES WITH LITTLE OR NO VEGETATION
331 Beaches, dunes, sand
332 Bare rock
["7 333 Sparsely vegetated areas
I 334 Burnt areas
335 Glaciers and perpetual snow
WETLANDS

INLAND WETLANDS
I 411 Inland marshes

W 412 Peat bogs

COASTAL WETLANDS

[T 421 Salt marshes
423 Intertidal flats

WATER BODIES
INLAND WATERS

I 511 Water courses
M 512 Water bodies
MARINE WATERS

[ 521 Coastal lagoons
|71 522 Estuaries
[77523 Sea and ocean

Figure8 Raster representation of CLC dataset
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4.2 Methodology
This subsection explained developed and applied methodology withoutreference to the
specific software. This means, that this approagght be implemented in many available open

source and commercial GIS software.

Generally proposedapproach follows the concept expressed by formula 1 in the third section
of this master thesis.Depending on combination of the input data there are fqossible

scenarios of calculations:

1) GUF
2) Imperviousnessr (Volume)
3) GUF + CLC

4) Imperviousnessr (Volume)+ CLC

The mainworkflow is similar for any of suggested cases, but differs on a certain steps,
according tothe specific combination of input data 2 LIS NJF 2 NY (i Khestég f Od
{ dzZLISNIBA &SR 51 48 YS{iNRO YI Thtihayh Béa isWoivideahR prdcesd F

into three segments:

1) Pre-processing othe input raster (filtering and aggregating in order to extract connected

built-up segments), calculating of builip segments areas
2) Calculatingpf weights;

3) Derivingof final population grid On this step takes plaabstribution ofknown population of
the source zoneto the pixels which initially marked as builtp. The estimation of pixel

population can beenerallyexpressed as:

~

Lee

. 3)

wheret & estimated pixel population, SPtotal population of the source zone and is
weighing parametefor every target zonewhich indirectly related to the ppulation density

The way of calculatg W, is different for every combinatiorof input data
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GUFand Imperviousnessases

For the modelingourpose,it was assumed that there should be a linear correlation between
population and buikup areas.Of course such assumption is the oversimplification of the real
situation, therefore additional weighing factors are neededls it generally knownthe
settlements is very heterogeneous substance and population density can be different within
one town and inmost cases the average density different between different cities, depending

on its size.Based on this findings and assumptions it is possible to formiizes:

W ="GA) W, (4)

where A isthe area ofthe target zone and\V, is pixel weighng parameterof current pixej

"Q0 A ® 0 5)

where A is the area of the target zon€\max and Anin is maximum and minimum areas of built
up segments within a source zona,and b is minimum and maximum possible weighing

coefficients The optimal setting o andb for Bavaria is followinga= 1 andb = 1.6.

In case of GUBased calculatioW, parameter acquired from the shortest distance between
current pixel and the border ofucrent zone (settlement). In situation with Imperviousness
Volume layer, the pixel value itselfonsidered asd\, since it can describe good enough the
structural heterogeneity of the settlement. The correlation between population density and
such dataike vegetation indicesJmperviousness (% of soil sealing) or building volumes are
proved and discussed lyangford 2007), Taubenboeck (200&nd EUROSTAT (2011)

Accepting the assumption thah the daytime the population density is higher in the city

center than in the peripheral areas, the optimum setting$\gffor GUFbased calculations are:

p&h O p T
_c¢h O pTmdr

Wo= oh O v T (6)
Th O pumm

where D is a shortest distance between current pixel and{ompilarea border

18



Hochschule fiir Teehnilk Modeling Population Distribution Based on EC Master Thesi2014
Stuttgart LR Derived Data on the BuitEnvironment Sergey Voinov

Bavarian settings for a, b aMil, parameters are acquiredmpiricallyand accuracy assessment
shows that dimension of the resultis agree with official NUTS census information, more

detailed this will be discussed in Evaluation and Results subsections.
GUR-CLC and Imperviousness+Caes

Additional ancillary information like land cover classification makes it possible to exclude
unpopulated areas and to define priorities between populated areas. For example, it is known
where builtup areas are (from GUF or Imperviousness), but without classification it is not
possible to distinguish them between commercial/public units or liviagses. Assuming that

the most people at the day time are located in centerthe public units and having such
classification it is possible to model human distribution more accurafgproach for modeling

of human population distribution, using land cavelassification, welproven many times
(Langford, 206; EOROSTAT, 201Batista F.et al, 2013. The formulation of obtaining/V;

parameter expressed as:

We="0A) W, G (7)

where G, is land cover class coefficieat current zone angbixel. This parameter is defined by
user, e.g- for class 111 (continuous urban fabrig) € 2; for class 112 (discontinuous urban
fabric) G, = 0; for class 512 (water bodies) € 0.This means that there will be distributed two
times more people into claskll than in 111 and completely wagcluded water class (512).

Butthese valuesire not absolute since there is influenceabher weighing factors A, and W,.
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4.3 Implementation

As working environment for this this projeatasd St SOG SR | NODL{ wmMnodwm
extension. ArcGIS is one of the mosed<$sIS software IrDFBDDLR and it can perform all
necesary calculations for this projectn order to automate entire procedure of deriving
population gridsa tool for ArcGlSvere developed. All scenariomentioned in the previous
subsection (combinations of input data), were implemented in one Pytfven. 2.7) script

utilizing ArcPy libraries.

The source code of the scrigiuld be found in Annex A, a screenshot of user interface

demonstrated on figure. As well assingle use with GUI, this tool could be integrated into

F 5

Z! Population distribution modeler =NREN X

Input Raster
D:\Master Thesis\Sealing\SEALING 2006-DE_gk3.img

0]

Binary based calculation

Statistics vector
D:\Master Thesis\DE_NUTS3.shp

(A

Population field
y20086

4

| Include land cover classfication layer (optional)

Land Cover dassification raster (optional)
D:\Master Thesis\dc_by0&\dal6_de_gk3_BY_full. tif

[

Expression (optional)
111:4 11224 124:4 121:3 141:2 142:2 131:1 13201 133:1 122:1 123:1

Workspace —
D:\Master Thesis\test.gdb \@‘
QOutput grid —
D:\Master Thesis\Results\BY'\BY_N2_spdg_uf dc_1.6f \E‘

| CK | | Cancel | |Environments... | | Show Help == |

Figure9 User interface of developed "Population distribution modeler" tool

ArcGIS model builder among the ethtools to perform some complex operations.

As itcan beseen from the picture, the software has simple and intuitive interface. User has to

definefollowing parameters:

1. Input Raster. This isthe input raster on built-environment(binary or continiouys All
raster formats which supported by ArcGIS can be us&kcommendedgixel depth: 8

bit unsigned integer.
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2.

Binary based calculationShould be checked in case of ((FURbased calculation. If
consideredcontinuousbased calculation (imperviousnessvblumes) this parameter
should be unchecked (default).

Statistics vectorPolygonal vector file with boundaries and census information of source
zones.

Population field. This parameter derived from the previous oridere user has to select

one of availabldields with population data (numeric type).

Include land cover classification layefhis is optional parameter. Should beesgéd in

order to include land coverland use ancillary layer.

Land cover classification rasterAny supported by ArcGIS rastformat, unsigned 8 bit
integer.

Expression Stringtype parameter. Used to define which classes are going to be used
for modeling! O2STFAOASY(d (G2 SIOK Oflaa KlFa Gz
0SG6SSy OflaasSa Aa walHEOS & dd 9PIDPY AMMW
Workspace ArcGIS File&d Database. Used to store interim data during the calculation.
Output Grid. Path and file extension for output resultinBopulation Footprint If

extension is not defined, data will be stored in ArcGIS GRID format.

What is behind GUI?

To perform all necessary operations, a set of GIS operations were used. Logically these action

can be grouped into threeain segments(steps) according to the mentioneth the previous

subsectionideology.Thegeneralizedschematic view of the entirprocess presented on figure

10.

Block of inputs.Consists of two mandatory items (budhvironment raster and vector file with

boundaries and census information) and one optional (land cover / land use classification

raster).
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Block of inputs Processing block

Figurel0 General schematics of population modeling workflow
Processing block

Step 1) This is thepreprocessingstage of input builtenvironment raster.Firstly, operation
GOt ALE HSNB LI ASR Ay 2NRSNI 2 KIF@S NI ag:
needed to exclude areas that will not consider in calculations.

~

In case of using high resolution data, it is very common proldefnS y  -dz6JdzA LJA E St &
settlement widely distributed and not connected to each other. Due to this fact, it is not
possible to calculate the area of entire city correctly. order to extract settlements arsas

single undivided segmentsariousfiltering and aggregation procedures are needed, therefore

the next step is to aggregate and filter raster image. It is programmed to automatically detect
22













































