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Abstract: The parcel direction, as spatialindexto evaluatdahe urban form inthe parcel scale,

is currently paid less attention ihe urban morphology domain. In the paper we brought forward
the term ofthe parcel direction and its definition as to analyzeurban formquanttatively. The
approah for calculatinghe parcel direction was as well investigated, together with the empirical
study of the urban form of Detailed Planning dhe Beijing Central Metropolitan Area. We
calculated the parcel direction tfe historical urban form of Beijingn 1949, followed with the
comparison othe historical and planneétbrms using theproposed parcel directiomdex. The
demonstrated conclusions aref@towed: (1) The urban fornn terms of thegarcel direction, can
be divided into four typesncluding normal, slanting, mixed and ecological types. B¢ arcel
direction index is not correlated withe perimeter, areagr compactnesmdictorsof the parcel. (3)
The mrcel direction is explicitly spatileterogeneoysnd theprobability density fuation of the
parcel direction withinthe entire study areavaries from that of local parts. Therefore, the
probability density functiorof the parcel direction can bedoptedto examine the urban form. (4)
The parcel direction can be utilized to evaluatewhat extentthe plannedform inherits the
historical form via comparinthe parceldirection index othetwo forms.
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1 Introduction

The marcel direction(PD) can be introduced as a novel indexthe urbanmorphologyanalysisin
the parcel scalesincethe urban formcan bespatial explicitly comparethroughthe analysis of
spatial differentiation otheindex.Via comparing the directiovariationof the present parceland
plannedparces, theinfluence ofurban planningnthe urban form can balentified quantitatively
PD is the geometric analysis for geographical space ftengeography perspectivehe uban
form is the integration otlementsin the geographicakpace, includinghe shape ofthe entire
build-up spaceroad network andlandscapeThe marcel asthe basiccomponent of blockis the
container ofvariousurbaninfrastructues such as buildings, green landunicipal infrastructue
and public service. Since it has traffic connection witlthe road networkthe parcelhasclose
relationship withboth ofthe block androad network. Meanwhilesincethe block generallyhas
the same direction witthe road network, itddirection can beecanized as that of the roads
around itselfHence, the parcdlascloserelationshipg with roads within the block(Figure 1).This
paper will investigate PD as a spatial metrics to evaluatee urban form, especially the
relationship betweethe road netwok morphologyandthe parces direction namely the parcel



direction

This paper attempts to analyze gregiernof PD resuted fromvarious types ofoad network. For
instance, during theew towndevelopmenbr downtownre-developmentthe building orientation
(whether fatg south or no) and their relationship with the roacdhetwork are occasionally
changed due tthe re-plan of roads @irectionand width,together withthe parcesdlayout In the
commonsensesuch typeof developnenthas itsbenefitin improving the cityé total operating
efficiency If the direction of the road netwoik altered(Figure 2)instead ofbeing followed a
series ofundesiredssuesvould occur such asncreasedilifficulty to protect ecological resources
increagd congruction cost hard to retainvell-constructedexisting roads and difficult to keep
existinglifelines. Otherwise the existingpropertymay be dividedinto several new entitiesvhich
increase the difficulty of the urbanplanning implementationand the cooperationbetween
stakeholder and property ownefrerefore, he drection transitiorof urbanroad network resuls
in almost a complete felacemenbf the municipalinfrastructure including thegreenland system,
power system, water supply and demge system and so .ohlence,evaluating urban form
variation using®D hasprofoundsignificance in planningpractices.
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Figure 1. The schematicdiagram of the spatial relationship betweerthe road network and
parcels
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Figure 2.The schematicdiagram and the illustrated photo of the changed parcel direction
Note: The slanting parcel redis the plannedayoutin the left diagramThe blue line in the right
photo isthe original parcel directionandthe red line is thalreadyimplementedparcel direction
determinedy theurban plan
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Most of urban form related researchesd attention tothe spatial structure analysisithout
taking PD into accountror instancethe space syntax, as raovel theoryfor the urban spatial



analysis is the approactbased orthe graphc theory fHiller& Hanson, 1984Hillier, 1996; Jiang
et al.,, 1999; Jiang et al., 2002), whifittuseson the relationship betweehe urban spatial
organization and various aspedf human societythrough the quantitativedescriptionof the
human settlement spatial structu@kabe et al. (2001, 2006a, 2006b) put forwtre Spatial
Analysis of Network (SANETgsa toolkitto analyze the relationship betweemnvenience stores
as points and thestreets as network. SANET proposedthe K function and Voronopolygon
basedfor the networkbut the parcel in it is abstracted inégpoint instead of polygon As the
developerof ArcGIS, Environmental System Research Institute (EQRBlished Land Parcel
Model in 2001, whichcouldassist users managipgrcel data as a data modéthout considering
the conception athe parcel direction.

Parcel is the fundamentahalysis unitof the urban form Existing indicatorssuch asarea and
perimeter mainly focusn its geometriccharacteristicd-or instance,rbmthe geologcal view, the
parcel can b treated as a special polygoonsisted by several directed esigehus the parcalan

be represented bthe point sequence andlassified into clockwise and anticlockwiséypes
according tahe edgedirection (Ding et al., 2005; Liand Wu, 2005).However,it is apparently
different fromthe PO definition. Maniruzzaman et al. (1994) proposleelcompactness indictor
for the parcel in GIS, and analyzed the distribution asllwvas the relationship between
compactness indictaaind land usetypes. Xie and Ye (2007) proposed the CTSPA approach to
investigate the spatiemporal dynamics of the urban form. CTSPR analyzes the urban in terms of
the amount, shape and size. The gadiection, however, is not explored in CTSPR. our
knowledgePDis not yet exfored in published literatures.

From the urban planning perspectivéhe parcel is the urbaruilt-up land various in size,
enclosed byurban streetMeanwhile the parcelis the basic planning unit ithe regulatory
detailed planningwhich is homogeneouis the plannedland use typethe maximumbuilding
height,the maximumbuilding densityand thefloor area ratiqFAR). The parcels a basic unit to
analyzethe urban brm, whoseattributesincludethe perimeter, area, edge numbesmpactness,
and so onIndicators like area are useful in compgtiFAR and building density in urban
planning, ad indicators likeedge number reflect the parggometricform. The parceldirection,
asone ofsignificantindicators in thespatictemporalanalysis othe urban form inthe parcel level
few researchemgardingt has ever beerronduced.

Generallyspeakingthere areno existing literatures considering PDhe conceptioncomputation
approach and application BD will be introduced in the followingontext. h the second section
we will focus on thedefinition of PD and computation approacising GIS In the third sectioran
empirical studywill be conductedbased orthe dataset ofthe detailed planning othe Beijing
CentralMetropolitanArea(BCMA), together with theorrelationanalysis ofPD and other parcel
indicators The spatialvariation of the indicatorwill be discussedn the fourth section The
transitionbetwea the historical form and the planned fowill be evaluated irthe fifth section
Finally, we will come todiscussions andonclusionsand put forward the preliminaagenda of
the parcel direction researdh future



2 Definition and computational approach

The geometry ofhe parcelis not unified,and usually ijuadrangle. As a specigipe of polygon,

the direction of the longest edgeregardedas tle parcel directiord (Figure 3),which ranges
from -90° to 9 (including-90° and 90). The degree carepresenthe deviationfrom east that

0° denotes east (E), 9@orth (N), and90° south (S). The detailed calculation meth®grovided
in Formulal, in whichA is the vertex of the parc|, nis the total number dhevertexes oP, L

is theedgeof P, lengthis the length calculation function of lireegmerg, andy andx arethe

ordinateand abscissaf vertexrespectively

P={A A... A}
ifi,nL, AA,elsel AA
L={L, L,...L}

Len={length ), length J),..., length b.} Formula 1
length( L,) = max(Len

if X(A,;)- X(A) D D(P) 80or 90 (randomly

Y(Au) - Y(A)

X(Aa)- X(A)

else O B = arctg

V\’I

Figure 3. The parcel directiondefinition diagram

In order to calcwdte the parcel direction, we adoptd@ython script language, and develoed
toolkit named PARCTION (PARcel direCTION) to calculatthe parcel layer based on the
GeoProcessingoduleof ESRI ArcGlSpackageThe calculation process PD is as follows:

(1) Convertthe polygon parcel layerfiParced with the attribute fieldfiParcelll as the
parcets ID into the polyline parcelayer fiParcelLin®, divide polylines using their
vertexes and generat¢he line segmentdayer fiParcelLined (the kyeralso hasthe
attributefield of ParcellD indicating whichparcelthe segment belongs)to

(2) AnalyzefiParcelLineD based orthe fieldfiParcellDd, identify the longest eg of each
parcel, mark itdelete other edges in orderitoprove the calculationefficiency, and
generatehelayerfiParcelLineT®, which recordghe longest edge of each parcel

(3) Add X and Y coordinabn fields respectivelyfor the startpoint and end poindf each



edge infiParcelLineT®, add and calculate thdield ADO as the parcé direction
according to Formula.

(4) Add the attribute field AiD0 to the layer fiParced standing forthe parcel direction,
retrieve its value from the fieldDo in fiParcelLineT® matched withiParcellDb.

Since theparcel$spatial distribution oftethangs with time, we chosehe raster datsetinstead
of the vector dataetto facilitate the evaluationof the parcel directiorspatio dynamicsThe
temporal variation Dij * of the parcel direction can be calculated F@mula2, in whidh P°,
indicates the parcealt the start time pointvith the total number d¥1, forming thecorresponding
urbanform R®. P°  indicates the parceit the end time pointwith the totalnumber ofN,
forming the urban formR®. ij indicates the spatial positiol the variation of the parcel direction
is greater tha®0°, it can be denoted bis contraangle, so the final value oDij 4 is betweer0®

and9Q (including 0 and 90).

RO ={P| k 2, M}

RR={F |k 1N

D,“ =|D(R®) -D(R?)

if D,">90 therD,* =180 DB, *

Formula 2

3 Case study at Beijing

3.1 Study area and data

Aiming atthe RegulatoryDetailedPlanning ofthe BCMAissued in 2008ye computedPD of all
the plannedparcelsbased on the defition and calculation methoof the parcel directianThere
are24,163parcelswithin the study areBCMA, whose area i823.2 Knf not containinghe roads
areas between parcelkhe sptial distributionof the planned parceis shown in kgure 4, and th

area

statistical description is shown in Tabldriwhich compact=4* p* T~k
eng
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Figure 4. The plannedparcels of the BCMA (Left: the study areg right: the zoomedin area

of the study areg

Table 1.Satistical description table of the planned parcelsbattributes

Minimum Maximum Mean value Standard deviation
value value
Perimetelength m” 26 66,534 769.98 1,071
Areaared m> 10 6,931,627 38,200 142715
Compacttompact .000 1.000 .581 221
3.2 Calculation results

The PD calculation results ashownin Figure 5. The mean value &D for all the parcelss
-11.33, and the standard deviation is 55.6¥he histogranof the PD calculation results in the
row line of Table 3Most of the parcelg theBCMA are with PD value near N9 or -90°) or
EW (C°). The parcelsn other directiondend to be ira uniform distribution, and mosif them

locatein the fringeareasoutside the centrglart of the BCMA
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Figure 5. The calculation results of the parcel direction of the planning schemdthe numbers
and frames are usedin Section4)

3.3 Correlation analysis ofthe parcel direction and other indicators

We conduatd the correlation analysis dfiree indicator®f the planned parcelincluding area,
perimeter, compact, antthe resuls are listed n Table 2.The correltion degree ofthe parcel
directionand other indicatoris relatively low. Thereforethe parcel direction can regardedas
an independent indicatdor the urban form evaluation

Table 2. Correlation analysis otthe planned parcelsdindicators

Variable Name D compact length area
5 Pearson Correlation 1 -.023" .000 .004
Sig. (2-tailed) .000 991 496
Pearson Correlation -.023" 1 -.309” -.069"
compact _ -
Sig. (2-tailed) .000 .000 .000
Pearson Correlation .000 -.309” 1 706"
length - -
Sig. (2-tailed) 991 000 000
Pearson Correlation .004 -.069” 706" 1
area
Sig. (2-tailed) 496 000 000

**_Correlation is significant at the 0.01 level (2-tailed).



4 Spatial heterogeneityof the parcel direction

Based on th@D cdculation results, there sgnificantly spatialheterogeneity of PIn thewhole
studyarea. Therefore, we shoulbt onlyevaluate the pattern of P@ the entire regionbut also
the patterrs and their spatial variationin the sub region According tothe morphologyof road
network as well as the pattern of Petwhole regioncan be divided into foutypes of
subregions,including natual, oblique, regular, and mixed

At least one typical subegion is selected from each type to analyze the spettalogeneity of
PD (The subregion IDs ardabeledin Figure 5).Naturalurban forns (N1 andN2) mainlylocate

in the westernmountains in the study area. Becatiseland use type of some parcels within
these susegionsareforest or urban green lanthe parcels are relatively irregular in shaygéh
low compact indicatovalue Oblique urban form (S1, S2, S3, and S4reall cut through by
urban expresswaysnd the direction of thadjacentparcels aresignificantly correlated to the
direction of he expressways, such \d&ngjingarea Fangzhuangirea andBadaling expressway
area(the oblique urban form of Qianmen aris formedowing to the historical reasons Such
radical urban forms ithesesubregionsall resultfrom the modern urban planningherefore the
oblique form seldom lies in theld city, but mostly in the new built peripheral areas. Regular
urban forns (V1 and V2) generallynherit the original gird texture mostlywith PD inthe W-E
andN-S directions and thePD variation amonghe parcels in the regular urban fornrétatively
low. Mixed urban form (Ml)lie in the regions likeShichahaiareaand Qianmen Oblique Valley,
where theoblique and regular urban fornes-exist The PD variation among the parcels in the
mixed urban fornis relatively high.

All the analyzed subegions with various types of urban form together with their spatial
distribution andthe PD histogranare shown in Table 3'he PD histograms of each subgion
significantly differ from each other as well as tivbole region Therefore, lhe parcels in each
subregion can be regarded as the independent sampjmoSe that there is no significant
difference amonghe four types of independent urban foriftke hypothesisHg), and use
KruskalWallis H testto checkthe hypothesisTheapproximatesignificantlevel of the hypothesis
checkis 0.00Q which isless than 0.05and the original hypothesis then refused.Therefore,
there is statistical significan@e thePD variationamong the four types of urban forms a result
theparcel direction can be adopted to evaldlagurban form Besides, the similarity ahe urban
forms of the sulsegionandwhole regioncan be evaluated through tbemparisorbetweenthe
PD distribution in the sukegion and whole regio If the similarity isrelatively higher, the whole
regioncan beperceivedhroughthe subregion. That is to sayhe subregion is representative of
the whole regionln addition,the mean value and variancé PD in one regiorranbe adopted to
repregntthe diversityof PD.
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Table 3.Comparisons of urban forms invarious typical areas
ID

N1
N2
S1
S2

Type

The
whole
study

area

Natural
urban
form
Obliqu
e urban
form
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5 Temporal heterogeneityof the parcel direction

5.1 The calculation of the parcel direction for the historical form

In order to analyze theemporal dynamics of thelanned urban from and historical urban farm
terms ofthe parcel direction, w primarily identified and analyzethe historical urbariorm of
Beijing, and calculatedPD using theBeijing historical ma of 1947 as shown in igure 6 (the
extent of this map does not equal to the planned edtento limited dataset resourf.edowever,
most areas in the magve not urban budtip in 1947 so we treated thpolygonsdivided by road
networks as parcel Basdon the historical maphe urban formn 1947appeared the triangular
mesh structurenstead of the regular ad networksin W-E and NS directionsThe orientation of
settlemerd did not follow the direction of the roadetwork mainly because settfeens were
smallin scale, and thevad between settlements is usuallygtraightline.

% 5 Sl

Figure 6. The historical map of Beijing and its partial zonein 1947 (The thick red line is the
BCMA, and the thin red line is the district-level administrative divisions. Source:
Engineering Department of Peiping Municipal G overnment, 2007)

The PD calculation results are shown in Figuraftér he above historical map is digitalized into
the parcel dataset with thesctor format. The historical parcelswere more irregular than the
plannedparcels.

5.2 The comparison of the parcel direction of the planned and historical
forms

In order to compare the parcel directiorthad historical urban form (1947) aride plamedurban
form (aimed to be realized 2020), thewo parcellayers wereconverted to rastdormat. Due to
the difference of the spatial extent between the historical and planned urbantfieringersection
of the two urban forms wagletermined to be theomparativeanalysis spatial extent(the
non-white area in Fyure 8, with the total area of 976kh?). The comparisorresult of the parcel
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andthe standard deviatios 30.16. In general, parcels witbharged PDvalue of near Dor 9¢°

directionfor the two urban formg shown in kgure 8. The mean value ohanged PDs 38.20,
are relatively more.
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Figure 7. The parcel direction calculation results of the urban form in 1947
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parcel direction Then the historical and planned parass be considered inconsistent (namely

Consideringthat the parcel direction in Beijings relatively regular and mostly iW-E or S-N
reversed) According to thisdefinition, the PD reversed parcelare shown in kgure 9, with the

direction, if the changed PB between 30and 60, it can be assumed that thésevariation inthe

Figure 8. The comparison maf the planned and historical urban forms



