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1. INTRODUCTION
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increase considerably in the coming yedt$N, 2011). This urban growth process is steered by forces of
agglomeration related to the attraction of urban areas for, employment and residences and dispersion
stemming from excessive crowdifgnas et al., 1998)

This resarch follows work done by Broitman D., Koomen E, and Rietveld P, (resubmitted October 2014) that

analyses the degree to which current urban development is in line with the general objective of increasing the
STFAOASYU dzasS 2F ftlFLyR® G.& t221Ay3a a4 F O0dz f dzND |
notions on density gradients and obta@m empiricsbased understanding of urban densification and expansion
LINE OSaasSac o

Densification processes for the urban land use type residential area are demolish/new development and
redevelopment. Brownfield development is the conversion to residentimes of vacant or underutilized
locations within the city, generally former industrial or commercial properfiesr(alty R., Alexander.[2005;

Hayek et al, 2010). Infill means that small open parcels within urban areas are developed for residential uses,
thus increasing urban densities (UTF, 2005). Using these detailed data we are able to describe the presence of
local features such as industrial, commercial and retail land uses within urban areas that may allow brownfield
development. The presence of apeones within urban areas (e.g. parks, allotment gardens or sports fields) is
includedto account for the potential for infibrocessesBroitman D., Koomen E., 2014

¢tKS RSyaAiride AyONBlFraS RIGL ' NB Y2NB N ordaddidath sh 02y
therefore the research will focus mainly on densificatitinaims to understand residential development in
Amsterdam by assessing the share of the main proceaselsmore specificallyto achieve the following
objectives:

1. assess the relativeinportance of different processes in residential diegsments.

2. assess the applicability of a Gb8sed analysis to distinguish between different urbdensification
processes.

3. determine the extent to which the available data can be used for densificatiatysis by comparing it to
actual field research results.
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2. STUDY AREA

A rectangular boundarpf approximately526 knf is chosen ashe study area for this research. This area is
situated in the Néherlands andtoversthe most importantpart of the periurban area of theity of Amsterdam

it includes 19 municipalities of which the entiraunicipality of Amsterdam and Diemen and partially the
municipalities of Aalsmeer, Amstelveen, Haarlem, Haarlemmerliede en Spaarnwoude, Haarlemmermeer,
Landsmeer, MuidenOostzaan, Oudekmstel, Uithoorn, Velsen, Weesp, Zaanstad, De Ronde Venen, Waterland,
Wijdemeren and Stichtse Veclioughlyl.7 millioninhabitants(CBSNijk-en-Buurtkaart,2013) live in this area
roughlymore than 104 of theentire Dutch population.

Within the study area of this researchrandom area was selected in the municipality Amsterdam for field
research This areaof 4.5 km? was usedas a field check on the development processes suggested by the gis
analysis. Itovers thefollowing neighbohoods;Lutkemeer en OokmeeMiddelveldsche Akerpolder en Sloten
De PuntOsdorpMidden, OsdorpOost
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3. METHOD

3.1 Data Sources

The. . D wl&adSNI 6a. SaidlyR . 2RSY3S0 NHzA ligavaabld if rasteorrhai S 5 |
for the years 1989 and 2004ith a cell size of 25nor each cell, the predominant land use is availdlsed on

an aggregated version of the spatjattxplicit land use database from Statistics Netherlands (CBS, 2008). This
dataset is derived from the detailed geometry of digital topographical maps thatremant for usage at a
1;10,000 scale, typically mapping features that are larger than one hestamneLeeuwen, 2004).

These land usdatasetswere initially classified into roughly 90 classes. However for this study it was considered
more appropriate to reclafly the datasets into & general classeso distinguish predominantly residential
areas, ommercial areas, industrial areasemipavedareas(e.g. dumping groundswnrecking yardsind other
semipaved areas), agricultural land, building sites (i.e. sites prepared for developrmangport infrastructure

(rail roads, main roads and airportsgcreational areas (e.g. day trip locations, campgrounds, amusement and
holiday parks), watersaline water natural vegetation (wetlands and heathland), greenhouses, forastiscells
outside of the Dutch bordeiThe classificatiodefinitions aregiven n Tablel.

Tablel: Land use classification

BBG |Benaminc 15 CI | Definition BBG |Benaming 15 CI [Definition
1C [Spoorwege 1 |Transport infrastructu 5C |Glastuinbou 9 |Greenhoust
11 |Vliegveld 1 |Transport infrastructu 51 |Overig agrarisch gebrt 1C |Agricultura
12 [Hoofdwec 1 |Transport infrastructu 6C |Bos 11 (Fores
2C |Woongebie 2 |Residential are 61 |Droog natuurlijk terrei 12 [Natural Vegetatio
21 |Detailhandel en hore 3 |Commercial are 62 |Nat natuurlijk terrei 12 ([Natural Vegetatio
22 |Openbare voorziening 3 |Commercial are 7C |lJsselmeer/Markerme 123 |Watel
23 |Sociaalculturele voorzieninge 3 |Commercial are 71 |Afgesloten zeear 123 |Watel
24 |Bedrijfsterreine 4 |Industrial are 72 |Rijn en Maa 123 |Watel
3C |Stortplaatse 5 [Semipaved are 73 |Randmee 123 |Watel
31 |Wrakkenopslagplaats 5 |Semipaved are 74 |Spaarbekker 123 |Watel
32 |Begraafplaa 6 |Greenfield 75 |Water met een recreatieve hoofdfun 123 |Watel
33 |Delfstoffenwinning 5 |Semipavedare: 7€ |Water met delfstofwinningsfunc 123 |Watel
34 |Bouwterreit 7 |Building site 77 |Vloei- en/of slibvelc 123 |Watel
35 [Semiverhard overig terre 5 |Semipaved are 78 |Overig binnenwatt 123 |Watel
4C |Parken emlantsoene 6 |Greenfield 8C |Waddenzee, Eems, Doll: 14 |Saline Wate
41 |Sportterreine 6 |Greenfield 81 |Oosterschelc 14 |Saline Wate
42 |Volkstuiner 6 |[Greenfield 82 |Westerschelc 14 |Saline Wate
43 |Dagrecreatieve terrein 8 |Recreational art 83 |Noordze: 14 |Saline Wate
44 |Verblijfsrecreati 8 |Recreational art 9C |Buitenlanc 15 [Dutch Borde

The BAG data (Basisregistraties Adressen en gebouwen) consists of municipafdrasation of all addresses

and buildings within each municipalityn vector format This dataset was used to derive building year
information 6 G H-A N MAEYOR O0dzA f RAYy 3 & (Buildidgan uk @ T NAKE RMAHVA @
éConstructiorpermit g y 1)S R €
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Addressesf the Netherlands were included in the BAG as a point dataset. The addresses indicate the main

LJdzNLJ2 &S 2F dzA S o6 wS aTh® BAGIdatés fopet @ata addifetnaayt GetehtSHatasasre
availableonline at https://data.overheid.nl/data

Urban boundary of 200@ataset(VROM, 2004)contains the urban areas of the Netherlands. The Ministry of
VROM (Ministry of Housing, Spatial Planning and the Environment) released a report containing the details of
the methods andechniqueproceduresused to create theuirban boundary 2000 dataselt isavailable online at
http:/iwww.rijksoverheid.nl/bestanden/documenteren-publicaties/brochures/2004/09/01/begrenzing
bebouwdgebied2000/w448.pdf

A density change dataset is available for the Netherlgisde Figure2). This information is retrieved from a
rasterized data set with a 10fietersresolution containing the number of housing units for the years 2000 and
2010, provided by PBL Netherlands Environmental Assessment Agency. This data set is based on #éoombinat
of different, pointbased data sets related to individual address location from ththéde Y Ra Q O RI & ( ¢

registry and mapping agency and numbers of housing units, inhabitamtsbasinesses from other sources
(Everset al.2005)

It is importantto notice that the cells depict density changes (change in density between 2000 and 2010) and
not the current density in that cell (dwellings per hectare).

Legend
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Figure2: Residential density change
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3.2 Data Preprocessing

Data preprocessing was necessary before analysis could be conducted. Firstly the land use datasets were
reclassified using a more general classification scheme showabiel.

Secondly, lie land use dataset of 2000 contain callassifiedr & & . dzA f(sBrfagé Fhat [is Dregared for
construction purposes)-or this particular research it was decided that it would be more beneficial to know
what tKk S fFyR dzaS ¢+ a o0SF¥2NB A4 ¢l a OflaaAFASR a oS
classification before the final land uskassificationThe land use dataset of 1989 was used to reclassify the land

use dataset of 2000 used for the arsiy, SeAPPENDIX for the preprocessing steps takeRinallyall datasets

GSNBE WwWQOf ALIISRE (2 GKS aiddzRe draddhithe BAGIdStgGéat onllydbuildingst f |
within the Density change cells were selected and using the address point dataset only buildings designated as

AAAAA
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3.3 GISbased analysis

This research differentiatebetween density changes within the existing urban boundary of the year 2000
(VROM, 2004) calledrban Density Changand changes that occur outside this boundaalled Expansion
Density ChangeThe land use 2000ataset was used talistinguish between diérent types of residential
development processeduring the time periodf 20002010.

TheNB &l YLX Ay 3 (S OKugell Ih ¢zS andlysis 8 agiydrgateé the land use dataset of 25m to a 100m
resolution ¢ KS & Y I 2 2 NAwvillgbé used $oCgyl AdnsitzxSchanges to the land use tyBeeFigure3:
Aggregation of Land use datagbit illustrates the problems of aggregatioRurther analysis was conducted
using the Urban Density Change resultsiglainurban densificatiorprocesses. fle available dataets BAG
2014and Land Use 2008ave been used in the analysiad the results werethen compared tofield research
results.

3.3.1 Density changes in expansion areas

Density changes in expansion areas are all the cells that are located outside the urban boundary of 2000. These
cells (100m) were identified and used further in this analysis. The cell values were reclassifimdéto G4 2 06 S d:
in a raster calculator to identify the land use type of each of those cells. The land use dataset originally with cell
size (25 meterswere resampled to the size of the residential density change dataset after the transport
infrastructure hnd use type was removed. This land use type was removed from the analysis as it is argued that
residential dwellings between 2000 and 2010 did not change in these areas but rather on the land use type
adjacent to it.The following arguments are made: tigort infrastructurechanged little in the study period; it is

more likely that residential dwellings are added or removed from other land use types than transport
infrastructure. This resulted in most cells being classified to the neighboring cellssous@he cells being

Of FaaAFASR +a o06SAy3a ab25FaGFéd ¢KS ab25F0F¢ OStfa o
the nearest neighbor (mostlsesidentialcellg. Figure3 illustrates the land use maps with aggregation including

G2 FGSNE YR G¢NIYyaLR2ZNI LYFNI &0NHzOGdzNBé | yR SEOf dzR )
analysis. Alow diagram is given iAPPENDIB that elaborates on the steps takeensity changes in #se
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Cell size:100m; Transport infrastructure and water excluded

Legend N
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Figure3: Aggregation of Land use dataset
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3.3.2 Density changes within the urban area

Andysing dengy within the urban area followshe same methodology as the expams analysisbut only
residential density changes within the urban boundary of 2000 are instelad The land use dataset originally
with cell size (25 meters) were resampled to the size of the residential density change dataset after the
transport infrastructure and water land use types were removed. These two land use types were removed from
the analysis as it is argued that residential dweglitetween 2000 and 2010 did not change in these areas but
rather the land use adjacent to then@s with the expansion density change the same was argued with the
transport infrastructure within the urban areaBemoving the water land use typean be jusfied due to the
FILOG GKFG y2 ySg Y2 2xahBaedaiter a detisiod hall beenimads Yy thie mankindBity of
Amsterdam in 1974 to limit the amount of moorings in the canals of Amsterdam (with some exceptions)
according to Waternetwater company for Amsterdam and the surrounding8).flow diagram is given in
APPENDIRthat elaborates on the steps taken.

3.3.3 Densification processes

Densificationprocesses includelemolishhew development,brownfield developments, redevelopments and
infill schemesThe results obtained will be compared to field research data that will indicate how accurate these
processedave been identifiechccording to tle criteria used in the analysi¥he density change cells and land
use cells were clipped to thigeld research area and contained 144 cdbensificationin all theland use type
areas where buildings built prior to the year 2000 are located contributes toptbeessaredevelopment.
Redevelopment refers to the process where an existing building is transformed amdglacchange indensity.
These changes can be due to construction or a change in the building purpose &flusklings were built
between D00 and 2010 then the intensification contributes to the processiolish/new deelopment for the
land use typeresidential. New development contributes to infilinfill schemes aresmall open parcels within
urban areaghat are developed for residentialses, thus increasing urban densities (UTF, 200%9.land use
types greenfields and foresdlso contributed to this processBrownfield development is the conversion to
residential uses of vacant or underutilized locations within the city, generallyeiomalustrial or commercial
properties Tomalty R., Alexander.D2005; Hayek et al, 2010f. none of the criteria are fulfilled then it is
OFGS3I2NAT SR & dGdzyadzNBé o

3.4 Field research

The field research area contaifsof the 13 classes (no transport infrastructuggeenhouse, building site
recreational natural vegeation or water cellg, this isa consequence of selecting anea is within the existing
urban area of the year 2000 he cells were converted to cemgoints The tables wergoined on pointL 5 Q a
used to capture field data. The field research consisted of visual interpretation of the buildings and taking field
notes regarding physical changes and intervievsoge residents.This proved to be efficiertb some extent

but could not give any indication whether a previous building existed on the particular site or not (to indicate
demolish/new development or just new development). Satellite images of the year 2000 and 2010 were
compared and from these itoelld be established # development was demolished aew developmentgook
place.Figure4 illustrates the fieldwork set up and shows the land use type and bugdwithin the vicinity of

the fieldwork points.
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Figure4: Field research



























