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How good is Volunteered Geographical Information? A
comparative study of OpenStreetMap and Ordnance Survey
datasets

Abstract

Within the framework of Web Mapping 2.0 applications, the most striking example of a geographical
application is the OpenStreetMapoject. OpenStreetMap aims to create a free digital map of the world

and is implemented through the engagement of participants in a mode similar to software development

in Open Source projects. The information is collected by many participants, calagdentral

database and distributed in multiple digital formats through the World Wide Web (Web). This type of
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However, to date there has been no systematiclgsia of the quality of VGI. This paper aims to fill this

gap by analysing OpenStreetMap information. The examination starts with the characteristics of
OpensStreetMap contributors, followed by analysis of its quality through a comparison with Ordnance
Suney datasets. The analysis focuses on London and England, since OpenStreetMap started in London in
August 2004 and therefore the study of these geographies provides the best understanding of the
achievements and difficulties of VGI.

The analysis shows th@penStreetMap information can be fairly accurate: on average within about 6
metres of the position recorded by the Ordnance Survey, and with approximately 80% overlap of
motorway objects between the two datasets. In the space of four years, OpenStrediddagaptured

about 29% of the area of England, of which approximately 4% are digitised lines without a complete set
of attributes. The paper concludes with a discussion of the implications of the findings to the study of
VGI as well as suggesting futursearch directions

1. Introduction

While the use of the Internet and the World Wide Web (Web) for mapping applicatamell into its
second decadahe landscape has changed dramatically since ZB@klayet al., 2008. One expression
of this changes the emergingneologismthat follows therapidtechnological development$Vhile

terms such adleogeographyMappingMashups,Geotaggingnd Geostacknay seem alien to veteran
in the area ofGeographicainformation Systems (GIS), thegn be mapped to esiing terms that have
been in use fodecades; so Mashup isa form ofinteroperabilitybetween geographical databases,
Geotagging means a specific form@doreferencing or Geocoding, the Geostack is a GIS and
Neogeography is the sum of these terms inagtempt to divorce the past and conquer new
(cyber)spaceTherefore, the neologism does not represent new ideas, rather a zeitgeist which is
indicative of the change that has happened.

Yet,it is hard not to notice thevhole range ohewwebsites and comrmities¢ from the commercial
Google Maps to the grassroots OpenStreetMapgto applications such as Platiathat have emerged.
The sheer scalef new mapping applicatioris evidenceof a step changé the Geographical Web
(GeoWeb)Mapping has gaied prominence within the range of applicatiokeaownasWeb 2.0, and the
attention that is given to this type of applicatiamthe higher echelons of the {tech circles is
exemplified bya series of conferenced’ 2 K $ MvHithwere started in 2006 byn Q w /kediak; &
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probablythe leadirg promoters of hil S OK | Yy @I$Ha2heen ardlnd for decades, but is no longer
only the realm of specialists. The Web is now flush with geographic data, being harnessed in a usable
and searchable forma 02 K 2808) H dn

While Haklay, Singleton and Park@008 and Elwood (208) providean overview of thisVeb Mapping
2.0landscapeone of the most interesting aspects is the emergencerafvdurced information.
Qowdsourcings one of the most significant and mottially controversial developments in Web 2.0.
This term developed from the concept of outsourcing where business operations are transferred to
remote cheaper locations (Friedman, 2006). Similargwdsourcings how large groups of users can
perform functions that are either difficult to automate or expensive to implem@tbdwe, 2006)

The reason for the controversial potentialabwdsourcings that t can be a highly exploitative activity,
in which participants are encouraged to contribute to dlegdd geater goodwhen, in realitythe

whole activity is contributing to an exclusive enterptibat profitsfrom it. In such situatios
crowdsourcings the ultimate cost reduction for the enterprise, in which labour is used without any
compensation oobligation between the employer and the employee.

On the other handgrowdsourcingcan be used in largecale community activitiethat were difficult to
implement and maintaitbefore Web 2.0Such community activities can be focused on the development
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(2006) note, in relation to this form of activity,lthd WAy YI y& LISSNJ LINPRdzOGA 2 Yy
activities are voluntary and nevf 2 Y S (i I NB @ades the/partickahtctribute to achieve a

useful goal that will serve tiiecommunity, and very frequently theider public. This is well exemiixid

by the creation of Open Source software such as the Firgédxbrowseror the Apache web server

both are used by millions, while being developedifgw hundred people. Even in cases where the
technological barrier for participation is not as highin software development, the number of

participants is much smaller than the users. For example, in Wikipedia, well over 99.8% of visitors to the
site do not contribute anything (Nielse®006) yet this does not deter the contributorson the

contrary, they gairgratificationfrom the usefulness of their contributions.

The use of largscalecrowdsourcingactivities to create reliable sources of information or higrality
software is not without difficulties. These activitiegspecially the commonrsased one; are carried

out by a large group of volunteers, who work independently and without muebrdination, each
concentrating on their own interests. In successful commuossed peeiproduction networks, there are
lengthy deliberationsvithin the communities about the directionthat the project should take or how
to implement a specific issu&ven aftesuchdeliberation these projects have a limited ability to force
participants to a specific course of action, other than banish them from tbgrat the cost of losing a
contributor (and usually agnificant one) Furthermore, and especially in informatidrased activities,
the participants are not professiorshut amateurs (Ken, 2007) and therefore do not follow common
standards in termsfodata collection, verification and use. This is a core issue which is very frequently
discussed and debated in the contextoodwdsourcingactivities (Tapscotaind Williams 2006

Friedman 2006).

The potential otrowdsourced geographical informatiorals captured the attention of researchers in

GIS (including Goodchild, 2007a, 2002008 Sui, 2008Elwood 2009. Goodchild has coined a term to
RSAONAROGS GKA& | OlGAGArdlRy FANWRIK HafEiesSd Bdbgapard 2 I NI LKA O
Information, the question of information quality lsdeen at the centre of the resear@genda since the

first definition of GIScience (Goodchild®92). Therefore, in light of the data collection by amaszthe

distributed nature of the data collection and theoke ceordination in terms of standardspe of the
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significant core questiorsboutVGI isHow good is the quality of the informatidhat is collected

through such activiti€Xhis is a crucial question about the efficacy of VGI activities and the ohthe
outputs for a range of applications, from basic navigation to more sophisticated applications such as site
location planning.

To answer this questiomhe OpenStreetMagOSM)project provides auitable case studyDSMaims to
createmap data tha are free to use, editable arlccensedunder new copyright schemessuch as
Qreative Commong which protect the project from unwarranted use by either participants or a third
party (Benkler and Nissenbaum, 2008} key motivation for this project is tmable free access to
currentdigital geographical informatioacross the worldas such information is not availahlatil now.
In many westerrcountriesthis informationis available from commercial providers and national
mapping agencies, but it @nsidered to be expensivend is out of reach of individuals and grasets
organisationsEvenm the US, where basic ro@wformationis available through the US Census Bureau
TIGER/Line programme, the details that are provided are limited (streets add mmly) and do not
include green space, landmarks and the like. Also, dibeitiget limitations the update cycle is slow
and does not take into account rapid changgsus, even in the US, there is a need for detdiled
geographical information.

OSMinformation can be edited online through a wikke interface where, once a user has created an
account, the underlying map data can be viewed and editedddition to this lightweight editing

software package working within the browsé#rere is a stad-alone editing tool, more akin to a GIS
packageA number of sources have been used to create these maps including uplGdoleal

Paositioning SystenGP$tracks, outof-copyright maps andahoo'aerialimagery which was made
availablethrough collaboraibn with this search enginéJnlike Wikipedia, where the majority of content

is created at disparate locations, the OSM community also organises a series of local workshops (called
WY I LILIA y Jwhich aiditd cBeat®and annotate content for localiggbgraphical areas (see

Perkins and Dodge, 2008). These events are designed to introduce new contributors to the community
with handson experience of collecting data, while positively contributing to the project overall by
generating newnformationand dreet labelling as part of the exeise. The OSM data are stored o

servers at University College Longand Bytemarkwhichcontributes the bandwidth for this project.
Whilst over50,000 people have contributed to the map asfafgust2008, it is a coreggroup of about 40
volunteers who dedicate their time to creatle technical infrastructure foa viable data collectioand
disseminatiorservice. This includes the maintenance of the sexweriting the core software that

handles the transactions witlhe servemwhenadding and editingieographical informationand

creating cartographical output&or adetaileddiscussion of the technical side of the project, see Haklay
and Weber 2008).

With OSM, it is possible to answeltquestionof VGI qualitypy comparingthe datasetagainst
Ordnance Survey (OS) dsgdsin the UK. A OSM started in London, and thus ttiy represents the
place that receivedhe longestongoing attention from OSM participants, it stands to reason that an
examination of the cityrad of England wilprovidean early indication about the quality of VGI.

This paper discusses analysis of the quality tfie OSM dataet, evaluating itgositional and attribute
accuracy, completeness andnsistency. In light of this analysis, the papuggests the fithess for
purpose of OSNhformationand some possible directions for future developments. However, before
turning tothe analysis, ahort discussion aévaluationsof geographicainformation quality will help to
set the scene.
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2. How to evaluate the quality of geographical information

The problem of understanding the quality geographicatiatabasesvasidentified many years ago, and
received attention from surveyors, cartographers and geographers (van ZD88). Van Oort identified
work on the quality ofeographical informatiodating back to the late 1960s and early 1970s.

With the emergere of Geographical Information Systems in the 1980s, this area of research
experiencel rapid growth, receiving attention from leading figuredtie area of Geographical
Information Science including PeteniBughand Andrew Frank (1996Mike Goodchild1995) Peter
Fisher(1999) Nick Chrisma(iLl984)and many othes (see van Oort2006 for acomprehensive review

of the area) By 2002, quality pects ofgeographicainformation had been enshrined in the
International Organisation for Standards (ISO) codes 19113 (Quality principles) and 19114 (Quality
evaluation procedures) under theegis of Technical Committee 21d.their review of hese stadards,
Kresse and Fadaie (2004) ideietifthe following aspects of quality: completeness, logical consistency,
positional accuracy, temporal accuracy, thematic accuracy, purpose, usage and lineage.

Van OorQ2 @006)synthesis of various quality standaralsd definitionss more comprehensive and
identifies the following aspects:

Lineage this aspect of quality is about tHastory of the dataset, how it was collected and evolved.

Positional accuracythis is probably the most obvious aspect of quaditygl evaluateshow well the
coordinate value of an object in the database relates to the reality on the ground.

Attribute accuracy as objects in @eographicatiatabase are representeatbt only by their geometrical
shape but also by additionattributes, this measure evaluathow correct these values are.

Logical consistenaythis is an aspect of the internal consistency of the datain terms of topological
correctness and the relationships that are encoded in the database.

Completeness this is a masure of the lack of datdhat is, an assessment of how manypjects are
expected to be foundh the databasédout are missing as well aan assessment aéxcess datghat
should not be includedn other words, how comprehensive the coverage of+gafld objectsis.

Semantic accuraaythis measure links the way in which the object is captuaed represented in the
databaseo its meaning and the way in which it should be interpreted.

Usage, purpose and constrairgshis is a fithesgor-purpose declaation that should help potential
users in deciding how the data should be used.

Temporal quality thisis ameasureof the validity of changes in the database in relation to wwatld
changes andlsothe rate of updats.

Naturally, the definitions abavare shorthand and aim to explain the principlegebgraphical
information quality. The burgeoning literature areographicainformation quality provides more
detailed definitionsand discussion of these aspe¢tse van Oort2006 Kresse and Fadai2004)

To understand the amount of work that is required to achieve a-figdlity geographicatiatabase, lhe

Ordnance Surveprovides a good examptef monitoring completeness and temporal qual{tyased on

Cros<=t al,, 2005) To achieve this goalhé Ordnance Survelyas an internafjuality assurancerocess
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99.6% significant realorld features are represented in the database within six months of coth#et/ Q ®
Internally to Ordnane Survey, the operational instruction based on this coteis the maintenance of

the Ordnance Survelargescale database currency at an average of no more than 0.7 HouseoUnits
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unsurveyed major changeversixmonths old,per Digital Map Unit (DMUPMUs are inherently map

tiles, while House Units are a measure of data capture, with the physical capture of one building as the
basic unit To verify that they comply with the criterioeyerysixmonths theOrdnance Survegnayses

the result of auditing over 4000 DM|Jselected through stratified samplingpr missing detail by

sending semirained surveyors with printed maps on the grouridhis is a significant and costly
undertaking but it is an unavoidable part of creatangeliable and authoritativgeographicatlatabase.
Noteworthy is that this work foceson completeness and temporal quality, while positional accuracy is
evaluated through a separate process.

As tis type of evaluation is not feasilfier OSM adeskbasedapproach was taken using two
geographicatiatasets: theOrdnance Survegataset and OSM dataséthe assumption is thaat this
stage of OSM developmenhe Ordnance Survegataset represerghigher accuracy and overall quality
(at least positionaand attribute). Considering the lineage and investmerthanOrdnance Survey
dataset, this should not be a contested statement. This type of comparison is comnspatial data
guality research (see Huntek999 Goodchildet al,, 1992).

3. Datasets usedand comparison framework

A basic problem that is inherent in a dds&sed quality assessment of any spati@asetis the
selectionof the comparisordataset The explicit assumption in any selection is that the comparison
dataset is of higher quality anépresens a version of reality that is consistent in terms of quality, &nd
therefore usable to expose shortcomsig the datasetthat is the subject of the investigation.

Therefore, aneaningful comparison of OSM information should take into accdumtharacteristics of

this dataset Due to the dataset collection method, the OSM dataset cannot be more accurate than the
guality of the GPS receiver (which usually captures a location withingetres) and the Yahoo!

imagery, which outside London prdeis about 15m resolution. This means that we can expect the OSM
dataset to be within a region of alit 20m from the true location under ideal conditions. Therefore, we
should treat it as a generalised dataset. Furthermore, for the purpose of the compaidgrstreets

and roads will be used, as they are the core feature that is being collected by OSM volunteers.

Based on thse characteristicsNavteq or TeleAtladatases, where comprehensive street level
information without generalisation is availabkhould be the most suitabl&hey are collected under
standardprocessesnd quality assurance procedures, with a global coverdge.these two datasets
are outsidethe reachof researchers without incurring high costs of purchasing the ,datd a requst
to access such a dataset for the purpose of comparing it to OSM was turned down.

As an alternative, the Ordnance Survey datasets were considered. Significantly, the Ordnance Survey
willingly provided theidatases for this comparisorOf the range oDrdnance Surveyectordatasets,
Meridian 2(for the sake of simplicityfleridianand MasterMapwvere used Meridian is a generalised
dataset anddue to reasons that are explained belgwholds some characteristics that make it similar

to OSM and suéble for comparison. The MasterMamiegrated Transport Lay€fTN)datasetisa large
scaledatasetwith high accuracy level butlue to data volumest can be used only in seveshall

areasfor a comprehensive comparison

As Meridian is central to theomparison, it is worth paying attention to its characteristideridian is a
vector dataset that provides coverage of Great Britain with complete details of the national road
network: Wiotorways, major and minor roads are represented in the dataConplex junctions are
collapsed to single nodes and mugarriageways to single links. To avoid congestion, some minor roads
and culde-sacs less than 200m are not represented ... Private roads and tracks are not in@l0O&d.
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2007, p. 24 The source oftte road network is highesolution mapping (1:1250 in urban areas, 1:2500
in rural areas and 1:10,000 in moorland).

Meridian is constructedothat the node points are kept in their original positiahile, through a
process of generalisatiothe road cetreline isfiltered to within a 20m regiorof the original location
The generalastion processlecreaseshe number of nodes to reduce clutt@and complexity Thus,
aSNRARALFYQa L%nleiies @ fettdr forGhezhtitied, &and Avighin 20 metrediud reakworld
position for the links between the nodes.

TheOrdnance SurvegescribedMeridian as a dataset suitable for applications from environmental
analysis to desigand management of distribution networks for warehouses to health planning.

Twoother sources were used to complete the comparison. First, the 1:10,000 raster files from the OS.
This is the largest scale raster product that is available from the Ordnance Survey. These are based on
detailed mapping, and went through a process of gelieation that leaves most of the features intact.

It is a highly detailed map, and thus suitable for locating attribute information and details of streets and
other features that are expected to be found in OSM.

The second source is the Lower Lexfebuper Output Areas (SGRA which is provided by the Ordnance
Survey and the Office of National Statistics and is based on the Census. SOAs are about the size of a
neighbourhood and are created through a computational process by merging the basic Census units.
This dataset was combined with the Index of Deprivation ZOD2007) created by the Department of
Communities and Local Government and which indicates the -sacioomic status of each SOFhis
dataset is used in sectigh5 for the analysis of the s@-economic bias of VGI.

The OSM datetthat was used in this comparison was from the end of March 2008, and was based on
roads information created by Frederik Ramm and available on his website Geofabrik. T¢etidata
provided as a set of thematic less (building, natural, points, railways, roads and waterwaykich are
classified according to their OSM tags.

Theprocess otomparisorstarted from an evaluation of positional accuracy, first by analysing

motorways, Aroads and Boadsobjects in theLondon area, and then by closely inspecfing,

randomly selectedDrdnance Survetjles at 1:10,000 resolution, coveridd.3square kilometres. After

this comparison, an analysis of completeness was caotg¢dirst through a statistical analysis asg

England, followed by a detailed visual inspection of the 1:10,000 tiles. Finally, statistical analysis of SOAs
and ID 2007 was carried out.

4. Detailed methodology and results

For this preliminary study, two elements of the possitziege ofquality measues were reviewed,

positional accuracy and completenessrsty, positional accuracisWiil KS o6 Said Saidlof AakKSR
I OO0dz2NI O& Ay (KS YI LILIAacdhefGranfugt DefeSled Poskidddl dcottagf B MmO
significant in the evaluation ditnessfor use of data that was not created by professionals wag

without stringent data collection standardSecondlycompletenesss significant in the case of VGI, as

data cdlection is done by volunteers who are collecting informaidtheir own accord withoutop-

down co-ordinationthat ensures systematic coveragkt this stage of the development of VGI, the main

guestion is the ability of thesleoselyorganised peeproduction collectivato cover significant areas

a waythat renderstheir datasetuseful.
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4.1 Positional accuracy: motorway s, Aroads and B-roads comparison 1!

The evaluation of the positional accuracy of OSM can be carried out against Meridian, since the nodes of
Meridianare derived from the higkresolutiontopographical deaset and thus are highly accurate

However, the fact that the number of nodesdizeen dilutedby the application of a filter and the

differing digitising methods mearthat the two datasets hava different number ofnodes

Furthermore,in the case ofmotorways,OSM represergtheseasaline object for each direction,

whereas Meridian represeathem asa single lineThis means that matching @pointby-point basis

would beinappropriate in this case.

Motorways were selected as the objects for compani as they are significant objeas the landscape

so the comparison will evaluate the data capture along lengthy ohjettich should be captureth a
consistentway. In addition, athe time of the comparisormotorwayswere completely covered by the
OSM datasetso the evaluation does nenhcountercompleteness problemdhe methodology used to
evaluate the positional accuracy of motorway objects across the two datasets was based on Goodchild
and Hunter (1997) anHunter (1999) The comparison is caéed out byusing buffers to determine the
percentage of line from one dataset that is within a certain distance of the same featuretimeano

dataset of higher accuracy (Figure

Coastline to
be tested

\ [ —— 'True' coastline

X fx

Buffer zone

‘/"' of width x

Figurel ¢ Goodchild and Hunter buffer comparison method. The buffexidth x is created around the
high-quality object, and the percentage of the tested object that falls within the buffer is evaluated
(Source: Goodchild & Hunter, 1997).

! This section is based on the M.Eng. reports of Naureen Zulfigar and Aamer Ather
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The preparation of the datasets for comparison included some manipulafi@compaison was

carried out for themotorways in the London arean both datasetdo ensure that theyrepresent

roughly the same area and length. Complex slip road configurations were edited in the OSM dataset to
ensure that the representatiowassimilarto the one in Meridian The rest of the analysis was carried

out by creating a buffer around each dataset, and then evaluating the overlap. Ardmance Survey
represensthe two directions as a single line, it was decided the buffer aroundvibedian shouldbe

set at D metres @s this is the filter that th@©rdnance Survegpplies in the creation of the linend to
F2ff 296 D22ROKAf R | g3 datassivasdiiErad withdlinfette Ruifer ibK S

calculate the overlap.

The results are displayed Table 1

Motorway Percentage
M1 87.36%
M2 59.81%
M3 71.40%
M4 84.09%
M4 Spur 88.77%
M10 64.05%
M11 84.38%
M20 87.18%
M23 88.78%
M25 88.80%
M26 83.37%
M40 72.78%
A1(M) 85.70%
A308(M) 78.27%
A329(M) 72.11%
A404 76.65%

Tablel ¢ Percentage overlap between Meridian and OSM bufBased on this analysis, we can
conclude that\ith an average overlap ofearly80% and variabilityfrom 60%up to 89%, the OSM
datasetprovidesa goodrepresentation of motorways.

A further analysis was carried ousingfive tiles (5km x 5km) of Ordnance Survey MasterNEN
randomly selected from the London arda provide an estimation of the accuracy of capturédebads
and Broads,which are the smaller roads in the UK hietarcFor this analysis, the buffer that was used
for A-roads was 5.6m, and for®ads 3.75m. Thus, this testas usinga higher accuracy dataset
(MasterMap) and stringent comparison conditions in the buffétis comparison includieover 24&m

of ARoadsand the average overlap between MasterMap and O 88%ywith variability from 21%

to 100%. In the same areas there werei@Bof Broads, which were captucbwith anoverall overlap of
77% and variability from 5% to 100%. The results of this compansgor@sented in Figur2.
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GoodchildHunter accuracy estimation of OSM-idads and Broads
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Figure2 ¢ Comparison of Aand Broads with Ordnance Survey MasterMap.

4.2 Positional accuracy: urban areas in London

In addition to the statistical comparison, a more detailed, visual comparison was carried out across 113
square kilometres in London usiriiye Ordnance Surve¥:10,000 raster tiles (TQ37neNew Cross,

TQ28neg; Highgate, TQ29nw Barnet, TQ26se Sutton, and TQ36nw South Norwood)The tiles were
randomly selected from the London arda.each one of them, theles were inspected visually and 100
samples were taken to evaluate the difference between@renance Survegentreline and the

location that is recorded in OSM.

The average differensdetween theOrdnance Survelpcation and OSM are provided in Tall.

Area Average
difference (m)
Barnet 6.77
Highgate 8.33
New Cross 6.04
South Norwood 3.17
Sutton 4.83
Total 5.83

Table2 ¢ Positional accuracy across five areas of London

Notice the differencén averagebetween theareas In terms of the underlying measurements,the
best areas many of the locations are within a metre or two of the location, whereas in Barnet and
Highgate distancgof up to 20 metres from th®©rdnane Surveyentreline wererecorded. Figure 3
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providesexamples fronNew CrosgA),Barnet(B) andHighgat€C) which show the overlap and
mismatch between the two datasets.
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