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ABSTRACT

This paper presents a method of settlemnesppingandtypologicalclassificationin small
islands. Seleting the Atlantic islands of Sdo Miguel, Madeira, G@anaria and Tenegfas study
areas, data acquisition was made througtssificationof remotely sensed imageryhis study
addresses the s | alatldof farge scalespatialdatg since there are nland use/covedatasets
coveringall these islandat a suitable scalr more detailed studie®ue to the large scale data
produced settlement differentiatiois only possible through enorphological approach, therefaae
morphologicalrestrictedtypology is proposedin order to applithe proposedettiementypology
in asystematic and representative analyi® study concludes measuring thlationshipbetween
settlement types and terrain attributes thro@gmultinomial logit model Overall, the study
contributst 0 a better under st anditemgsingamethodthatmaybed andsd s
applied elsewhere.

Key words built-up areas; settlement pattern; spatial typology; logistic regressiands.

TIPOLOE—‘;iA ESPACIAL PARA ANALISIS DE PATRONES DE ASENTAMIENTO B ISLAS
PEQUENAS

RESUMEN

En este articulo geresenta una metodologia para cartografiar y clasificar asentamientos en
islas pequefias. Se utilizan como areas de estudio las islas Mgbel, Madeira, Gran Canaria y
Tenerife. Dado que nexisten datos de cobertura/udel suelo que cubran estas cadslas a una
escala adecuada para realizar estudios detallados, se generé una base de datos homogénea a partir
de la cladicacion de imagene®ebido a laescala de los datos generadasdiferenciacion de los
asentamientos sélo es posible a travésrdenfoque morfol6gico,xonsecuentementka tipologia
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propuesta es puramente morfolégica. Con el fin de demodstraplicacionde la tipologia
propuesta, el estudio concluye midiendo la relacién entre los tipos de asentamientos y los atributos
del tereno a través de un modelo de regresién logistica multinomial. El interés del trabajo no es
solo local (los resultados del estudio contribuyen a una mejor comprension de las pautas de
asentamiento en las islas analizadasho también metodoldégico, ya qua metodologia
desarrollada puede ser aplicada en otros lugares.

Palabras clavearea construida; patronde asentamiento; tipologia espacial; regresigistica;
islas.

1. Introduction

Cartographic representations of settlements are usefoidoystudy fields. Nonethelesi
is not straightforward to spatially define a settleméwtording to the United Nationsettlement
means the tality of the human communitywhether city, town or villagé with all the social,
material, organizational, @ritual and cultural elements that sustaii {UN-HABITAT, 1976)
Conceptually this is one establishedefinition for a settlementbut how doesthis translées
spatially?In fact, the issues associated with the spatial delimitation of settlementacave kn
view of the increasing fragmentation of the buift tissue, due to extensive urbanization provided
by the generalization of private transport (Ha&sé&athrop, 2003; Williams, 2005). Moreover,
while the main core is relatively straightforward dentify, the outlying areas are more complex to
highlight in result of the scattered and diffuse bupt tissue.This paper seeks to address these
issues mapping settlements at a largelsdar four Atlantic islands: SaMiguel, Madera, Gran
Canaria ad Tenerife.

In this papera method is proposed to extract continubuitt-up areasntended to represent
settlements, labelling them as "Morphological Settlement Areas" (MBAs}-up areaextraction
was based on an automatic classification, followgdirbage interpretation of orthophotok
spatial terms,His study assumessdibuilt-up areé a homogeneoukndscapainit consistent with
artificial land covercharacteristics that diaguish it from the surrounding landscafée studis
focus isonbuilt-up areas, rather than urbareas, since the definition of the latt@plies additional
knowledge about humaand use (Comber, 2008

Afterwardsa method is proposenf settlementlassificationin a fourfold spatial typology.
An attempt will be maé to indicate some problems with settlement typologies and one will be
suggestedThe goal of the proposed settlement typology is to contribute to the systematic and
representative analysis of settlementhis proposedmorphologicalsettlementtypology wil be
applied to the empirical reality of the four islandissifying the MSAsAlthough resorting to four
islands as study areas, the method's low data requirements (only remote sensing datasets are used)
make mapping and classification of settlementslg replicable in other small islands, assunasg
fismald islands withless than P00 knf.
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This stug innovates proposing a morphologicastrictedsettlement typologyfollowed by
the application of multinomial logit model (MLM)to the proposedettlementtypology. In order
to applythe proposed settlemetypology in a systematic and representative analygiés study
usesthe MLM to measure the relationship between settlement types and terrain atfrieuasg
as an example of the applicatiof the proposed settlement typology daying the foundation for
further studiesThe MNL has a potential wider applicatidn small volcanic islandswhere the
physical landscapleas gpivotalrole.

Following the stud$ aims, theresearch problem ades®sthei s | a n d sldige bcale k o f
spatal data The only availabléand use/covedatacoveing all the studied islands attee CORINE
dataset, which havea limited applicationdue to scale constrains. Therefoteere are ndand
use/coverdatasetcoveringall these islandsit a suitable scale for more detailed studi@s the
other handsettlement differentiatiowith thelarge scaledataproduced is onlypossible through a
morphological approaghhence, a settlementtypology was defined with anexclusively
morphological criterion.

2. Literature r eview

The most commonly criteria for the spatial delimitation of settlements can be drimtpe
threebroad categories:) homogeneity on the basis of which spatial units can be grouped within
paraméers of minimum statistical variation of simpledicators (EUROSTAT, 2012);)2
functional on the basis of which spatial units are grouped among those that have intense exchanges
of people, goods or commigation flows (ESPON, 2005);)3norphological acording to which
one can define a spatial continuum thriodgnd cover patternd\(eber, 2001; Ackermanet al,

2003). In all this criteriatypical difficulties encountered stem from the spatial heterogeneity of
settlement patterns amdn-uniform availablity of data.

The European Spatial Planning Observatory Network (ESPON) was founded by the
member states of the European Uni&U) in 2002 in order to improve the European spatial
development policy (EUROSTAT, 2012). The establishment of ESPON haeased the interest
in comparative settlements studies among member states. In their effort, ESPON (2005) has
produced a list of "Functional Urban Areas" for 29 European countries. A "Functional Urban Area",
as defined by ESPON, consists of a cluster of ioipalities and commuting area. In 2007 this
method was enhanced to incorporate the "Morpholbgichan Areas”, contiguous municipalities
with thresholds of populetn density Although ESPON continues to have a major impact in trans
national studies ofedtlements among EU states, their scope is aimed at national scales. Issues arise
at a large scale delimitation of settlements, since administrative units are not sufficiently
disaggregated, and on the other hand, at these scales, it is often impossifgdotothe functional
criterion due to lack of data. As such, only the morphological criterion suits a large scale study,
namely through patterns of landetover.

The morphological criterion for the delimitation of settlements integrates particulally w
with Remote Sensing (RS) methodamelyto extract buiktup areas from high resolution imagery.
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Deriving infarmation from RS can be dotierough a collection of digital analysis techniques, such

as image interpretation, image classification, imagesfoamation, and cheye detection (Yang,
2010).A considerable amount of literature has been published on RS methods and these have been
extensively applied in several studies (Hall, 2010). Because of their cost effectiveness and temporal
frequency, RS appaches are widely used for the acquisition of detailed and accurate land surface
information and monitoring changes gular time intervalsSharmaet al, 2012). However,
production of spatially detailed and thematically accurate information from mnagetinues to be

a challenge (Jensen & Im, 2007). This is due to the heterogeneous nature of landscapes, which
makes discriminating land cover classdgficult (Barnsleyet al, 1993). This field of study has
attracted the attention of many researclaas several studies have been conducted using different
image classifiation algorithmsElaschkeet al, 2004; Lu & Weng, 2007; Sharneaal., 2012).

Nonetheless, once a suitable dataset of land cover is gatliteiechecessary topply
criteriain orderto identify settlements from land cover patterns. As Gluch & Ridd (2010) highlight,
t h eeternination of the composition of a single pixel is usually of little value in and dditselfl t i s
the aggregation of multiple adjacent pixels of similar cositign that make analysis possible
namely thebuilt space continuumSeveral spatial delimitation of settlements are based on the
criterion of built space continuity Weber, 2001; Ackermanet al, 2003) and the definition
proposed by the United Nation&JN]), that a settlement is a contiguous buijlt area with a
maximum of 200 meters between lding structures (NUREC, 1994)h& publication othe Atlas
of agglanerations in the EWy NUREC in 1994 is an important milestone. Employing the
definition of bult space cotinuum proposed by the UNhis d@las was prepared with information
about the population and area of more than 300 EU settlements. A more recent ésahwle
"Urban Morphological Zones" (UMZs) datasets. UMZs are European EnvironmentacyAge
datasets, built withaind cover classes used to identify the physical boundaries of urban settlements
at a 1:100,000 scale. According to the EEA (2006), an UMZ can be defined as an agglomerated set
of urban areas laying less than 2@Qapart. If the condiered urban patches are closer than®Q0
they are merged togeth#hroughobject segmentation to make a larger individual urban area: an
UMZ representing an urban settlement.

Object segmentation is a dominant method in academic literature to anallissphoe
continuity, namely through shajppasedand texture measureBdnediktssoret al, 2003; Blaschke
et al, 2004; Liu,et al, 2007; Aytekin & Ulusoy, 2011). In this field ofusly the shapbased
method of mathematicalenphology (MM) has proven tperform particularly well over RS images
(Jin & Davis, 2005; Liuet al, 2007; Pesresi & Ehrlich, 2009)Mapping spatial patterns with
morphological image processing is typically used in forest and biodiversity studies, in the field of
landscape @logy. Vogt et al (2007) and Soille & Vogt (2009) have recently developed a
morphological image processing method fand-cover patternsin the present studyhis same
method wa appliedo builtup areas to obtain settlements

Once we have a cartographietabase wih the delimitation ofsettlements, in order to
developa systemic and representatigealysis it is necessary to use typologies. settlement
typology can be seen as a process which analyses and interprets the various characteristics of
settlemats to povide a classificatianThe typology also becomes a tkiblwhich informs further
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study and interpretation of settlements and their characteristics, including setting up and selecting
categories to organise and analyse new data (Nevetnahy 20@B). Settlemen typologies can be
grouped in foubroad categories:) Dimensional typologies, where the typologiedbptedcriteria

are primarily related tds ome quantitative variabl e, etal, g. numb
2002) this is the category of typological studiemost frequentlyrepresented in the literagjr?

Spatial typologies, tere the typological criteria aoencerned with spatial attutes of settlements

( Lamo v g e &uch typdlogies Yend to include criteria relatedettlement morphology and/or
patterns of spadl distribution of popudtion; 3 Functional ypologies, where settlements are
classified on the basis of funatial data (Alvheim, 2000); and finally, 4 Multidimensional
typologies approaches, that pair together two or more typology criteria (Coombes, 2004).
Typologies of this kindgre rather rare, owing to higlata requirements.

In Europe, large scale comparativeng@rical studies are difficult due to incompatible
statisticaldata EUROSTAT (the statistical office of the EU) publishes mainly national and regional
information. Difficulties arisewhen an attempt is made to implement settlentgodlogiesin a
wider application apart fromacademicstudycasessince acess to quantitative and qualitative data
becomes a major pblemin the formation of a typology (Newmaat al, 2008).Thus,the proposal
of a settlement typologyresent a sries of problems. Perhapsetimost importanbne is that
classification thresholds arenot always consistentmoreover, a more inclusive perspective
highlights thatdue tononuniform availability of datathesecannot be realistically used within the
planning and management procdsgenconsidering there iavailable dea amongdistinctregions
it is often impossible to use the satheesholdsn orderto classify the settlementbklence only
spatial typologies can beseful to analysedifferent regions since they do not rely orosio-
economic variablesNeverthelessspatial typologies do rely on spatial data sowes with the
mappingof settlements.

Once a typology is set, it can serve as basis for further analysis, setting up categories to
organise and analyse new data (Newraial., 2008).In order to applythe proposedettiement
typology in a systematic and representative analysids study concludes measuring the
relationship between settlement types and terrain attributes through a multinomial logit model, with
the proposed settlementtypology serving as a dependant variabite.spatial analysis, logistic
regression is used to predict probabilities for the presence or the absence of a specific geographic
characteristic (Triantakonstants al, 2011) deriving relationshps between observed spatial data
(the dependent variable) and the values of physical, economic or social indicators (the predictive
variables) (Millingtonet al, 2007) This samemethodhas been used to model urban growth (Hu &

Lo, 2007, predict urbarrural land conversior(Huang et al, 2009) or broader land use/cover
change (Millingtoret al., 2007).Here itwill be usedto analysethe relationship between settlement
types and terrain attributeas an assumed reductionist appro&srent studies (Milhgtonet al,

2007; Wang & Kockelman, 2009; Huareg al, 2009) have modelled the relationship between
explanatory (predictive) and response variables in spatial analyises. multinomial logistic
regression model is used when the dependent variable drastinan two nominal categories. It is
flexible enough to be tailored to individual landscapes and it is available from most statistical
packages.
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3. Study aea and data urces

As studyareasthe most populous islandis the outermost regions of Pogal andSpain
were selectedSaoMiguel, Madeira, Tenerife an@ran Canaria.These islands make part of the
Macaronesiaecoregion and are all volcanic in their origifourism development and associated
commercial and residentigrowth dramatically charegl the landscape of these islands in the last
decades. Although haviragrecent settlement pattern and much less comprehensive public transport
than old settled regions (e.g., railroad transportation have never existed), human settlement is
extremely condioned by the physical geography of the islands and, as such, there is much less
sprawl in comparison with other newly settlediosg.

SaoMiguel is the largest and most populous island in the Portugiesees archipelago.
Covering759 knf, the islandhasapproximatelyl40,000 inhabitantdMadéra is the largest island
of the Portugues archipelago witlthe same namet has an area of 741 Krand approximately
260,000 inhabitantsTogetherthese two islands compriseore than 7% of the total populatio of
the two Portugueseoutermostregions Gran Canaria is the second most populous island of the
Canay Islands, withapproximately850,000 inhabitants Gran Canaria's surda area is 1,560 kmz.
Tenerife is the largest and most populous of the Canarndislawith a surface area of 2,034 km?
and approximately 908,000 inhabitant$ese two islands comprisaore than 8% of the total
population ofthis Spanish outermosegion

Due to the complexity of builip areas several studies have shown that higiatil
resolution imageries are required artificial environment analysi (Jensen & Cowen, 1999
Blaschkeet al,, 2004). As such, orthophotos (georeferenced and geocorrected aerial images) at a 0.5
meter resolution were obtained from the "Instituto Géfigp Portugués" and "Cartografica de
Canarias", the public companies responsible for geographic information production in these islands.
The acqudition dates are as follows: Sadiguel: 2006 Madeira: 2006 Teneife: 2008 Gran
Canaria: 2008. Thstudy dita source consisted in a generalization of the islands RGB ortophotos to
a 5m pixel, accomplished using a nearesghbour resample. Afterwardmages were mosaicked
in order to obtain a single file for each island. Since the study was intended t@foexended
geographical areas (4 islands), a 5m spatial resolution was selected. A viable resolution to
accommodate the data processing had to be usedoanthe other hand, there is literature
consensus that a 5m resolution is sufficient for the ideatibn of builtup areas (Jensen & Cowen,
1999). In order toapply the multinomial logistic model, a set ohysical data wadirectly
computedfrom the 30 meter resolutiorg r i d s ASTERtGloleal Digital Eleviion Model
Version 2 1) Altitude (meters; 2) Aspect legreek 3) Distance to coastlingmeter$ and 4 Slope
(degreek
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4. Methods

4.1. Mapping and classification of settlements

4.11. Built-up area etraction

A decision was made to apply a simple and fast classification method; apenrnsed
classification, which has the disadvantage of overestimating the classified areas (Epsigin
20(). Nonetheless, gorly corrected areas may be corrected through image interpretation. Yang
(2010) identified several advantages of image inedgbion and ways it can be incorporated
effectively into a digital classification procedure with the use ockaeen digitizing, multiple
zooming and other GIS toolsjch as overlaying and recoding.

In an unsupervised classification, heuristic process® usually used (Corander al,
2009). One of the most widely used heuristic methods is the iterative optiminétclusters, also
known as Kmeans. Kmeans unsupervised classification uses a cluster analysis that relies on the
choice of a number aflasses to partition andimensional imagery intk exclusive clusters, which
are then filled in an iterative process according to their radiance values (@ihlar2000). Since
its performance strongly depends on the initial estimation of theipayt relatively large number
of clusters are generally recommended (Cibtaal, 2000). Thus in this study, in order to achieve a
binary classification (buiftip/non builtup), 50 initial classes were selected and data was assigned
to homogenous class®ased on spectral properties.

Theidentified built-up patches were made by pixetsmpletely occupied by any artificial
human constructions. Therefore these initial areas do not aim to include vegetated pixels, even if
these are part of the urban stwref, as is the case of urban parks and gardens, or any kind of bare
soil that is not developed. Thus, the results initially classify all impervigibarsd do not make any
criterionfor land use or occupation.

The 50 classes raster was then reclassifientder to leave considered builp classes with
a single vale (e.g., 1) and the remainigtasses with another value (e.g., 0), thus creating a binary
raster: buikup andnonbuilt-up. The reclassification procedure had to be done idbgridland,
visually identifying the classes that best corresponded to-bpilareas. As expected, this type of
classification originates an overestinoatiof the buiktup areasAs such, image interpretation, by
means of editing classification errors usingseneen ecoding, was employedherefore, in order
to standardize the methodology and reduce analysis time, making it easily applicable to other
regions, it was decided that the best method to adopt for this study was an automatic unsupervised
classification folleved by image interpretian. A crucial aspect of the methoadgly had to be done
duringimage interpretation. This consisted in deleting road features to insure thatpopdtches
were not connected via road network, otherwise ‘ogilpatches woultbecane merged and even
isolated patches woulge agglutinated ind one single patchhecause of connectinghgar features,
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renderingimpossible the identification of individual settlements. As such, this method may not suit
all types of analysis.

4.1.2. Morphological settlementraas

NUREC (1994) produced thetlas of agglomerations in the European Union based on a
simple common denominator (i.e., the UN criterion of a maximum of 200m between building
structures to delimit a settlement). More recently EEBB0E) applied the same criterion over land
cover datad derive UMZs. NonethelesSlUREC and EEA methods were aimed at a small scale in
view of the administrative units. At a large scale stutg 200m criteriorwould excessively
extend the size of the gilpmerations andas a result, many settlements would cover a too large
proportion of lad according to their true sizehif would also trigger thagglutination of distinct
settlements. As such, in this large scale study the applied distance critesidovwwg but at the
same timeflexible enough to be applicable to different data sources as needed.

Based on the NUREC (1994) and EEA (2006) methods, this study definition of a
"Morphological Settlement AregfMSA) is a set of builup patches lying leghan 30m apart. The
present study also relies closely on Vegal (2007) and Soille & Vogt (2009) methods and their
use of morphological image processing asaproach for mappinignd-cover patterns.

The choice of aggregating all the features an®fers relatesto the fact thathe spatial
resolutionof the most widely available imagedata source in these islands (i.e., LANDSAT
images) is 30m. As such, although employing high resolution datasets in this study (5 meters), this
method has been deleped to be applékto other imagergata sources.df LANDSAT images, the
30 meterspatial resolution ofnposes thissthe minimumto aggregate the builtp patches.

To obtain continuoubuilt-up areasdentifying settlements, the binary image resiglfrom
the previous buitup extraction was transformed recurring to mathematical morph¢hbigly . The
role of MM is to improve the segmentation of image structural compongiisoperateson two
sets: the first one is the image and the second one &rtieduring element (Benediktssenh al,
2003). In this application the structuring element used was a 6x6 matrix, since the spatial resolution
of the data was 5m and a tstep process of dilation and erosion of the binary image cells by 30m
was undertiken. The fundamental operators in mathematical morphology are dilation and erosion
(Benediktssoret al, 2003). Since MM is well established as a method and used in severas, studie
only a verbal description of the algorithms will be providede(sSoille 2003 for a formal
mathematical introduction). Data processing was done with the freeware software GUIDOS, which
implements the rastdrased classification algorithm by Soille & Vogt (2009).

In figure 1, bt foreground pixels be represented by logical (bsilt-up area) and
backgound pixels by logical 0's (ndpuilt-up area). The basic effect of dilation on binary images is
to enlarge the areas of foreground pixels at their borders. The areas of foreground pixels thus grow
in size while the backgroundanong and within themshrink. Taking a 6x6 matrix for the
structuring element with the centre pixel used as the origin of the set B, then figure 1 highlights the
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dilation process. If the pixel is set to foreground (bugd), it remains such. If thpixel is set to
background (noibuilt-up), but at least one of its eight neighbours (connectivity in cardinal
directions) is set to foreground (builp), the pixel is converted to foreground (buiff). If thepixel

is set to background (ndwuilt-up) and none foits eight neighbours (connectivity in cardinal
directions) is set to foreground (builp), the pixel remains st background (ncebuilt-up).

A B A+B

R 6x6 matrix

@D Built-up aea
@D Dilated buik-up aea

Figure 1. Dilation process

After the dilation process all builtp patches laying 30 meters apart arereggted into
single continuous surface$he next step consists in making these surfaces to recede on their edges,
in order to maintain settlements as accurate as possible. The boundaries of the surfaces can be
receded usingnother MMoperator: erosion. Aie basic effect of erosion on a binary image is to
erode away the boundaries of foreground pixels. Thus areas of foregroundigbpiktels shrink
in size and noibuilt-up areas among and within those areas become larger.

Once again the 6x6 matrix ofdal 1's, with the middle point chosen as the origin of the
set, is useds the structuring element Bgire 2). To compute the erosion of a binary input image
by this structuring element, each of the foreground pixels in the input image were considered
turn. For each input pixel, the structuring element is superimposed on top of the input image, so that
the origin of the structuring element coincides with the input pixel coordinates. If the input pixel is
set to foreground (bu#tp) and all its eighteighbours (connectivity in cardinal directions) are also
set to foreground (bu#ip), then the pixel remains set to foreground (kupl). If the input pixel is
set to foreground (bu#ip) but at least one of its eight neighbours (connectivity in icakdi
directions) is not, thpixel is set to background (ndmuilt-up). Inpu pixels set to background (non
built-up) remain such. The effect of this operation is to remove any foregroundufiBugixel that
is not completely surrounded by other foregmbubuiltup) pixels, assming eightcell
connectednessigiure 2).

Taking one settlement as example, figure 3 compares the results obtained from-inge built
area extraction (A) and after the dilation and erosion process (B), which created the final MSAs
datasets. Essentially, the proposed MSAs are aggregated continuous surfaces ptisaile void
of roadnetwork; the absence of road network prevents having individual MSAs merged together
via road features.
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A B A-B

6x6 matrix

@ Buit-up aea

@ Receded buil-up aea

Figure 2. Erosion process

Figure 3. Built-up patches (A) and resulting morphological settlement area (B)

The resulting map from this proseeemaineda binary map with cells representing MSAs
coded as 1s. To individualize each MSA into a unique continuous area representing an individual
settement, cells coded as 1s belonging to the same contiguous area were grouped with a unique
identifier. This was done confirming the connectivity between cells coded as 1s, testing if they were
within the immediate foucell neighbourhoodleft, right, aboe, or below) of each other. If the
connectivity spatial requirements were meted, cells coded as 1s were grouped into contiguous areas
of cells. With each area having a unique value assigned tbus,representing an individual
settlement.

4.1.3. Accury assessment

The MSA$accuracy assessment was performed individually for each island using a cross
tabulation matrix. According teeference literatureFpody, 2002, the sample size was computed,
aiming at an accuracy of 85%, at the 95% confidencd.|&re overall accuracy of 885% has
often been cited as recommended target accuracy for land cover maps, gafa}y The obtained
196 minimum sample size was rounded up to 200 sample points, which in turn were created
recurring to a simple random sanmgi Since only binary maps had to be assessed, a simple random
sampling design was used. As such, in each island a random set of 200 points was created with
image interpreted samples used as reference data. The 200 points were verified and labelled against
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the reference data, with builp pixels beingregrs ent ed by | o-lguilt-apapixelsby s ,
| ogi c aGrossOabuglation matrices were then designed to assess the quality of thé MSAs

accuracy andccuraciestatisticsderived from the matrice
4.1 .4. Settlementytpology

When developing thisettlementypology twoconditionshad to bemet: 1) the typology
thresholdsshould be equally applied in all the studied islands; 2) in each jsl&@d6 of the
morphological settlement areas (MSA&dto be classified. With these two conditions in mind, a
settlementypology withfour classess proposedon the basis of two morphological dimensions:
size and proximitywith proximity being computed as tlt®iclideandistance from settlement edge
to theclosest settlement edge.

Main settlement The main settlementorrespond to the largestsettlementin the
landscap€i.e., main ®ttlement= largestpatchared. In the case of the studied islands, the main
settlement corresponds the main city in edcisland.

Consolidated ®ttlements The consolidated settlementsrrespond to MSéthat make
the primary settlement coreBheyhave high buillup densities, sincéése are settlements in which
there is a close juxtaposition biiilt-up area Thesesettementsare characterized by being the
largestsettlements in the landscapdth their size resultindgrom having multiple buitup patches
aggregatedUnder the proposedettlementypology hese aremare identified by having MSA
patch area greaterah one standd deviation to the island meaie., consolidated attlements =
(MSApatchar ea > O+10) .

Fragmented settlements These settlementsare typically associated with patterns of
clustered, noitraditional centres which may arise through sprawly processeshey have lower
built-up densities These aras are associated with tegpansion obuilt-up tissue and as such they
are Iacated, usually, in the vicinitpf consolidated settlementklnder the proposedettlement
typology, fragmentedsettlanentscorrespond to MSAwith a patch size smaller thame standard
deviation to the island meanda patch proximity smaller than th€and meani.e., fragmened
settlements ¥MSA patch size <O + ) AND MSA patchproximity < p).

Dispersed settlements Dispersed settlementarea typical pattern of ruralandscapge
resulting from isolatecand small buitup areasot graiped into villages and hamletSparsely
located,dispersedsettiements coespad, under the proposesttiementypology,to MSAs with a
patch size smaller thanne standard deviation to the island mean aSA patch proximity

anal ysi

and

higherthan theisland meani.e., dispersedestiements =NISA pat ch siANBMSA ( O+ 110)

patchproximity > p).
4.2. Multinomial logit nodel

In order b have tle same data resoluticas the physical variables computed from the

AASTER Gl obal Digital E | MSAsdatdases wereljeoadatised usirggras i o n
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nearest neighbour resample toGrBeter pixel. A set of rather standard routines were followed to

convert the raster maps to data matrices, with pixels being treated asM&ssstypologywas
treated as the categorically distributed dependent variable, and altitude, slope, aspéstanoel

from the coastline, as predicto&ince the goal of the proposed settlement typology is to contribute

to the systematic and representative analysis of settlemhbistsiudy assumes the variables as a
shortenedselection for the development of simplified reductionist modelan example of an
applicdion using the proposed settlement typololjyis cleara priori that there are explanatory

driving forcesthat are nbrepresented in the variables

Multinomial logistic regression was performed &ach of thaslands separatelfthe logit
models were used t@redict the probabilityof existence of each of theettlement types
Consequently, the value of tmeembersip of each pixel(case)to a given typologyclass can be
determined as a functiorf the values of the terraiattributes for that pixglcase) The lowest atio
of cases tandependenvariableswasin Madeirg 17001.75 to Ytable J). Thus the requirement for
a minimum ratio of cases to independent variables was by far satifidda highest score of
0.092 (table 1, the models standard errors of coefficients indicate ho numerical probldéws.
bentcimarkusel to chagacterize the models as useful whe rate improvement over tlaecuracy
achievable by chance alongostea & Eklund, @03) "By chance accuratyis computed by
summing the squared percentage of cases in éaxhaf the dependent variab&ince multinomial

logistic regression is well established as a method used in several studies and available in several

statistich software, only an analysis of the resuligll be provided(see Menard2002 for a formal

mathematical introduction).

Table 1. Multinomial logit models

S. Miguel | Madeira | G. Canaria| Tenerife
Ratio of cases to independent variabl{ 17195.25| 17001.75| 275495 33847.75
Highest standard errors of coefficienty 0.092 0.070 0.036 0.046
Accuracy achievable by chance alond 37.68% 31.86% 39.930 35.0P%0

5. Results

5.1. Mapping and classification of settlements

The islands' settlement system dates back to aatian in the fifteenth and sixteenth

centuries. Over the course of time, settlement has developed primarily along the more accessible
areas on the coast and in a few interior plains. Due to the islands' volcanic nature, the coastal zone

had a better agnidtural capacity, lower altitude and greater ease of commurnicétighe case of
SaoMiguel and Madeira, settlement havegrodenser in the south (figure 4 and Wwhile in Gran
Canaria and Tenerife, it is the northeast that has theestigtettlement ehsity (figure 6 and )7

These were the areas with better agricultural capacity and existence of nahwalfilowadays,

in all the caseghe areas of highedensity correspond to major cities, mainly because of the natural
attraction to urban censeand, on the other hand, due to the process of urbanization that has

14
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characterized these regions in the last decades. This process has been determined by forces of
attraction and repulsion and driven primarily by economic motivations, associated withicky/iod

growth and job creation. As such, these factors, paired with the islands' physical geography,
contributed to an asymmetric spatial distribution of settlements.

Primary road

- Main settlement

=gl N Consolidated settlement
- Fragmented settlement

- Dispersed settlement

25°40'W

Mosteiros

_ Nordeste
Ribeira 7

B 5 = 37°50'
37°50N = (=

= 37°45'N

[ ]
Delgada
25°40W P
Vila Franca 0 5 km
do Campo
Figure 4. Sao Miguel's morphological settlement areas
Primary road
17°15'W - Main settlement
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b - Dispersed settlement

16°45'W

: Wco

16°45'W
" Santa Cruz

A Funchal 0 5 km
Camara de
Lobos

Figure 5. Madeira's morphological settlement areas

17°W

In Madeira there is a clear asymmetry between the north and south (figure 5). The northern
slopes of the island are more windswept and rainy with high cliffs which end abruptly in the sea.
The south slopes are more sunny, less raimy warmer, the sea is calmer and there are good
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natural harbours which facilitated the initial settlements. Unlike the island of S&o Miguel, the
interior has never been exploited for agriculture or livestock due to its very rugged topography.
Figure 5 sbws a large concentration of MSAs in the southeast of the island, as it relates to the
location of primary urban centres and the existence of the main ports and the airport. The island has
vast uninhabited areas in the interior which coincide with areagyged terrain, where settlements

have concentrated at the mouths of the ravines.

GranCanaria's MSAs are clustered around the capital (Las Palmas de Gran Canaria) and its
adjacent municipalities in the northeast of the island, while inland and inetste MSAS are rather
sparse (figure 6).

. 15°30W el
Bafiaderos by,

Primary road

Las Palmas

- Main settlement 4 # .
. Puerto de _ de Gran Canaria
Consolidated settlement R P )
las Nieves & - :
- Fragmented settlement N
B oispersed settiement 15°45W e e G

Los Caserones
28°N = f e

o

7 = 28°N

N R N A
5 "f Arinaga
it

15°30'W

27°45'N =

= 27°45N

Playa del Inglés

0 5 km
-

Figure 6. Gran Canaria's morphological settlement areas

In Tenerife the cities of Santa Cruz de Tenerife and La Laguna San CristObal are physically
linked through a conurbation making Santa Cruz de Tenerifee@®opoitan area, islandvide
(figure 7). There isalsoa marled contrast in Tenerife and Gr@anaria, betweenorth and south,
where in both cases the north has a higher settlement density. Nonetheless, inahisteisands
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the south started to atit more population due to resort development. As a matter of fact tourism
was, and still is to some degree, a major pati@mming force in these islands.

Primary road
- Main settlement
Consolidated settlement
- Fragmented settlement
- Dispersed settlement
Buenavista 16°45W
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s '»‘—; - 28°30'N
Bl Santa Cruz
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Figure 7. Tenerife's morphological settlement areas

5.1.3.Accuracy g@sessment

Table 2 presans t h e

MSAs 0

a Ovevall acaunacy mses hesofdragonat

elementghe omission and commission errors. Omission errors are a calculation of cases (cells) that

have been incorregtlattributed to otheclasseswhile commission errors agecalculation of cases

(cells) which have been incorrectly included in thass
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