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ABSTRACT:

The performance of the transport network and tseaated movement of people was one of the ma#tairelements to London’s
successful delivery of the 2012 Olympic Games. Bgithe planning stages Transport for London asked.bndon Borough of
Newham to mitigate the impact of the authority’s 508 employees on transport infrastructure clos¢héo Olympic Park. To
achieve this, the authority needed to understaadydtographic distribution of its workforce and tlemand it placed on roads and
local transport hubs. The authority’'s Geospatiahrfided the research based on four cross-referesh@td sources, and spatial
analysis was used to determine priorities for spetisence arrangements and a commissioned caaaes&he research was used
to support a targeted information campaign but g@isesented considerations on large-scale datactiolte the use of Human

Resources data, and the degree to which the moverhpabple can be measured and managed.

1. INTRODUCTION

The London Borough of Newham (‘the Authority') wasavily
involved in planning and preparatory work for thendon 2012
Olympic Games ('the Games'), with the majoritytef park and
the main stadium situated inside the Borough. Théhévity
formed its own 2012 Team to co-ordinate civil cagéncy and
emergency response across the eight adjacent #igthoas
well as to ensure the effective management ofrttezface areas
immediately outside the Olympic Park. The 2012 Tednew
heavily on the input of the Authority's GeospatibBéam to
manage, analyse and coordinate spatial data witér giublic
bodies involved in the delivery of the Games.

At the end of 2011, Transport for London (TfL) edsa
concern about the impact of the Authority’s 13,%00ployees
on transport infrastructure close to the OlympickRburing the
Games. They asked the Authority to mitigate thipast in
order to better accommodate the anticipated smecfiiws
through Stratford and West Ham stations (both ottiserved
the main stadium directly), as well as Canning Tdwhich
acted as a hub serving the ExCeL Centre and tifgd¢Da). The
Authority additionally resolved to encourage empgley using
cars onto other forms of transport in light of raadtrictions
associated with the Olympic Route Network.

While workers make decisions about mode of trartspased
on geographical factors such as distance to trahdpabs
(Kitamura et al., 1997), they are also based onptexnhuman
factors including habit, personal security and dégble income
(Jou et al., 2010). The extent to which these dmtimaking
processes could be influenced was unclear, butomaly on a
much stronger understanding of existing commutiagepns.
The Authority's 2012 Team tasked the Geospatiahiledth
establishing where the workforce was travellingnfrothe
degree to which changes in mode of transport wisdgle; and
where temporary coach services could be deployedt mo
effectively.
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2. PROJECT INITIATION
2.1 Constraints

The primary project constraint was the limited tiraee within
which the work could be carried out. TfL made igjuest to
Newham in November 2011, and research findings were
required ahead of the Olympic Park Zone Referenoaiscivil
contingency exercises in March 2012. For the datkedation
stage, significant security concerns and ICT chglsnhad to

be addressed, as well as problems reaching cors@msthe
scope of the work and depth of information to bkected.

2.2 Data Sources

221 Human Resources data

The only existing source of information relevantaarney-to-
work profiling was the Human Resources (HR) databakéh
included a home and work postcode for each of thendtity’s
13,549 employees. There was initial reluctance titis@ this
database due to the sensitivity of information eisged with
individual employees. Senior Management at the Aty
determined which information would be exporteddee by the
Geospatial Team, having considering advice on tradytcal
value of each database element, summarised in Table

Field exported | Function

Employee ID Data linking and cross-referencing
Name Sense-checking and ad-hoc reporting
Grade Determining implementation role

Home postcode
Work postcode
Date of birth

Spatial analysis
Spatial analysis
Quality control / ongoing monitoring

Joining date Quality control / ongoing monitoring

Table 1. Exported Human Resources Data
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Two elements - date of birth and date of joining #&uthority -
were agreed on the basis of being able to trackgd®mto the
travel patterns of the workforce over time. Thesements
would facilitate profiling distances travelled bsngloyees with
reference to their age and date of joining the miggdion, and
would also establish baseline data for a followstumly.

To comply with the Authority's policy on data prctien, an
inter-departmental agreement governing the usaefiaita was
implemented. In considering the Authority's obligat under
the 1998 Data Protection Act, it was noted thaisieas based
solely on the analysis of personal data may carstit
"automated decision taking", and can be challengsder the
legislation. This informed the approach that anedytfindings
would serve to guide managers in their discussiwiih
employees
implementing changes.
2.2.2 Intranet Phone Book

The information stored in the HR database did nppstu the
profiling of employees in the form of an organisatil chart;
employees were associated with their work addragsniot
explicitly to a service area or to one another. diigs

summarised by service area were required to datermi

operational continuity across the various parts tbe
organisation during the Games.

To determine these relationships, the Intranet BhBook
maintained by ICT was exported to supplement thdysisa
The key difference between the two was employeerame; the
HR database included all 13,549 individuals emplogieectly
and indirectly by the Authority (including schodbf) whereas
the Intranet Phone Book was limited to the 4,44 stambers
who had centralised ICT profiles and who were essgnt
office-based PC users within the Authority.

2.2.3 Electronic Survey

As neither of the data sources outlined in 2.2.2.@r2 could be
used to infer employee mode of transport or tratisibugh a
key station, attention turned to how new informatmould be
gathered quickly from across the organisation.

It was proposed that the fastest way to gather watato issue
an electronic survey that would be presented toAththority’s

PC users at login. From a systems perspective, tbelyt,442
staff members who appeared in the Intranet Phoné Boold

be reached by such a survey. The ICT Departmentiamse a
script to deliver the survey, and in parallel, wadmmenced
with the 2012 Team and the Corporate Communicati@asml
to establish what questions would be asked of rehpats.
There were challenges reaching consensus on issuds as
whether the survey should accommodate free-tegbreses and
whether option questions should be answered adwbsoor

ranked along a scale. In addition, Senior Managémeade
decisions about certain questions with reference

organisational and operational issues outside tbpes of this
research. The most significant of these intervemstiovas a
decision to omit a question asking how long it t@skployees
to get to work. This omission impeded some aspettthe

subsequent analytical work.

As no specific service continuity plans had beeplamented

by the Authority by this stage, respondents werkedsto
assume normal working patterns during the Gameshéir

32

responses. As well as intended and alternative saafe
transport, respondents were asked explicitly whettrey
travelled through each of Stratford, West Ham andnGwy
Town stations. Where this applied, they were alsied
whether they changed or boarded a train at onkeskt stations
or whether they remained on a train passing throtgm.
Questions were also asked of employees' willingrtessise
leave time and capacity to utilise working-from-fem
arrangements.

Options were presented aimed at determining levelaterest
in various temporary transport initiatives durirfge tGames.
These included matching up employees interestedcan
sharing, providing bicycle loan arrangements, rceafety
training for cyclists, and a coach service to canridéewham's

rather than be used as the sole basis fbead office with transport hubs outside the borough

The survey was launched on Monday 13th of Febraany
appeared to all PC users who logged in that morregponse
rates were tracked and the survey was reissued ot n
respondents every day for two weeks, by which p8idil8
responses had been compiled.

224  Ordnance Survey Code-Point

Ordnance Survey (OS) Code-Point is a database oatGre
Britain's 1.6 million postcodes, and was made alkdldo the
public as part of the OS Open Data release in 2816et of
British National Grid coordinates is attached tohepostcode
in the dataset. These coordinates are mappedesoaition of 1
metre and represent the nearest addressable pwirthet
calculated centroid of the addresses within a gipestcode
unit boundary (Ordnance Survey, 2012).

This database was deemed to be the most efficieyt of

linking the aforementioned databases into GIShaspbstcode
centroid provided sufficient geographic accuracy adress
general questions about where the workforce wesedafor
example; which side of a given train line, whetknéthin or

outside the borough or M25, etc.

Code-Point uses a specific format for postcodes eviier field
always totals 7 characters, such that E1 1AB witupy the
same number of characters as EC1A 1AB by adding tb an
subtracting from the spaces between the outcodeirautie
(Ordnance Survey, 2012).

However, postcodes in the HR database containechgesi
space between the outcode and incode. To faciktatemated
matching, an additional field was added which nefatted the
HR postcodes to match the Code-Point format. Thisheasd

on a combined Excel length/concatenate query whamted

the number of characters in the outcode and irdetie

appropriate number of spaces.

3. METHODOLOGY

to

3.1 Analysis

Three software packages were used to compile tiredfatasets;
Microsoft Excel, Microsoft Access and ESRI ArcInfthe four

databases were joined in accordance with the liekagitlined
in Table 2. To establish the basic geographicidigtion of the

workforce, cross-referencing was carried out inesscbetween
the HR database and OS Code-Point ahead of thesreulie

Electronic Survey.
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HR Database Intranet Phone Book
Employee ID < > Employee ID
Home Postcode [« ICT Username
Work Postcode [« Other Data

Other Data
Electronic Survey OS Code-Paint
ICT Username > Postcode
Survey Responses Coordinates

Table 2. Summary of Data Linkages

In query builder, the join properties were setrtolude all HR
records and only records from Code-Point where tieedl
fields were equal. This would show where a postqudsent in
the HR database was not one recorded in Code-PoweJer
project time constraints meant that no attempt wasle to
remediate records from any databases that faileghatzh. In
this case, all but 45 out of 13,549 linked to Cod@P
coordinates,
databases.

Using the Add XY data command in Arcinfo and spgoij
British National Grid as the coordinate referencstay, the
data could be visualised in GIS. This is illustdate Figure 3.
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Figure 3. Apparent Distribution of the AuthorityMorkforce
311 Datalntegrity

Visualised in this way, the information raised digss about
whether some of the implied journeys representasdiliée daily

was inferred that many younger members of staffl ubeir
parents' addresses when their contracts began, heutl
subsequently relocated closer to London withoutatipd HR.
Other cases were assumed to involve second homes.
Nonetheless, linear clustering evident along théM31 M11,

M23, Midland Main Line and the Great Eastern Maime.
suggested the data was accurately representing atingm
distances out to approximately 80km.

3.1.2 Consistency of Sources

Assuming data was reliable to this distance, it nesessary to
address whether there was sufficient similarityveein the data
sources in order to extrapolate results from thwesuto the
entire workforce. This representativeness has seewn to be
a more important consideration than the numberesponses
collected (Cook et al., 2000). As discussed in $acki.2.3, the
Electronic Survey could only reach a third of enygles, and
contained an inherent sampling bias by querying R€rsu
alone. The remaining 9,107 staff members were Her most
part school staff, contractors, temporary workensl atreet
cleaners, characterised asidden workforce in the context of

matching 99% of records between the twlocal government management (McKeown & Lindorff12) It

was unclear whether these staff members were siyila
distributed outside the borough. The proportionamend
placed on public transport by this larger group Vikedy to be
mitigated by the fact that the Games were takiregglduring
the school summer holidays; although the split betwschools
and non-school staff could not be determined fréva HR
database. Subsequently, any extrapolation from siheey
results to the entire workforce would representtigher end of
probable impact across transport modes.

By cross-referencing the Intranet Phone Book with jtieed

HR-Code-Point data, it was possible to visualisedib&ibution

of PC users against those that were present in Eheldabase
alone. This is illustrated for the Greater Londoeaain Figure
4.

@ Survey Sample

@ HR Database

Figure 4. Comparison of Sources for Greater London

Three measures of similarity of the distributionrevenade;
relative clustering as per nearest neighbour rétie percentage
of employees found inside and outside Newham, dral t

commutes. When the data points around Manchestee wepercentage found inside an_d outsid_e the M25. AsleTab
isolated, they revealed a median employee age 06,25 shows, PC users were less likely to live in Newhand were

compared with the 42.9 average for the rest ofatbekforce. It
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marginally more likely to commute into the borougiom
outside the M25.

All Records Survey Sample
Nearest Neighbour Ratio 0.10 0.13
Within Newham 47.8% 31.7%
Within M25 91.9% 87.2%

Table 5. Assessing Survey Sampling Bias

Weighing these characteristics against broadlylaimtévels of
clustering and spatial distribution to the resthaf workforce, it
was concluded that there was sufficient rationasidéaor
extrapolating the results of the survey.

3.1.3 Incorporation of Survey

By the 27th of February, 3,118 responses had bemivesl to
the Electronic Survey, and work began to compitertsults.

The geographic data volunteered by individual staéfmbers
was shown to contain more errors than the HR datalfas
example, employee names entered erroneously ipdbEode
field. When assessed separately, 91% of thesed®enatched
to Code-Point, compared with the 99% match ratethéaHR
database.

It was determined that 442 responses were fronviohals not
present in the Intranet Phone Book, who were idedtifis
contractors and schools’ staff present in the HRilnkge and
PC users missing from the Intranet Phone Book. Alghothe
associated responses could not be mapped withoeit
respondent’s Employee ID (see Table 2), this datddcstill be
used to evaluate non-spatial information such alde of
interest across the temporary transport initiatives

The remaining 2,676 survey responses could be dirdeross
all four datasets, and represented 70% of the tataiber of
employees that could be reached by the survey.hAmdtic
journey-to-work data often reveals patterns obstatehigher
levels of aggregation (Sang et al., 2010), data lovaken into
sets representing the responses of different grtmughee survey.

3.2 Findings

To establish the relative dependency on each mbttaresport,
the survey data was cross-referenced with the et
distance between home and work postcodes, as atddurom
Code-Point coordinates. Modes were grouped by thgact
on, and susceptibility to, people and vehicle momeisn
associated with the Games. Distance bands werératd
manually, the results of which are shown in Figéire

321 Relianceon Car Use

The data showed a heavy reliance on car and milpgaking at
4km and 5km from place of work respectively. Fostainces
under 2km, the survey showed that the majority ropleyees
preferred to walk to work.

1,435 respondents (46%) reported driving to wonkraportion
lower than the national average but comparable tero
workforce studies (Gatersleben & Uzzell, 2007). @83hese
drivers (55%) said they also used their car duthg day for
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work purposes. This finding varied by distance, éuomployees
who stated they needed their car for work accoufbecthe
majority of car users in each 1km distance bandaup6km
from place of work.

Walk/Run =

250 /\
/ Cycle/ Motorcycle
—Bus ]
150 // \\ —Rail n

C——
T ——
0-2 2-4 4-7 7-9

N
o
o

—Car

=
o
o

Number of Employees

ul
o

912 12-15 15-19 19-24 24-30 30-37 37-50

Distance from Workplace (km)
Figure 6. Employee Mode of Transport by Distancavéled

In light of road restrictions associated with thiyr@pic Route
Network and given the office-based nature of mafiythe
corresponding service areas, guidance was issueSieteice
Managers to challenge the widespread use of privats for
work purposes. Data was summarised as per the tiggor
structures in the Intranet Phone Book and dissertinab
managers for further investigation.

Additionally, 1,119 employees (554 of whom did rabteady
drive to work) registered their interest in carratg during the
Games. This list was exported separately into GiSAxcinfo's

ttNear function was used to match potential car sharAn

unanticipated outcome of this process was the foomaof
small networks, reflecting the fact that while temployees
may be closest to each other, a third employee imayrn be
closest to one of these two, as illustrated in F&glu This was
seen as beneficial in application, presenting ojmities for
car sharing clubs and alternative connections fopleyees
who could not combine their journeys. Using thelAfa Select
by Location function, connections that crossed WRiver
Thames were removed from the list of viable carisiga
arrangements, leaving 947 matched employees. Athairist
was summarised in accordance with the reportingcttres in
the Intranet Phone Book.
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Figure 7. Arcinfo Near Function Used to Match Cagi®ins
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3.22 Transit through Key Stations

1,873 survey responses reported passing throughobrikee
three key stations, with all but 188 of these adyivooarding or
changing trains. This suggested that 9,340 of théree
workforce would use these stations by default as giatheir
daily commute, accounting for 18,680 journeys. 2Q,8f these
journeys included travel through Stratford statiarich had
been expected to accommodate 345,470 extra joutoegad
from the Olympic Park on Thursday th& af August (ODA,
2011). The Authority had thus established that teefany
interventions to change staff travel patterns, ithpact of its
workforce represented only 3% of the additional ements
expected on the busiest day of the Games.

Visualisation of this data in GIS revealed that 74fothe
Authority's employees using these stations werenginto the
borough from the east; this proportion rose to §6#/tratford
station. This distribution was consistent with datathe wider
workforce examined in previous studies (Newham, 0201

3.23 Viablechanges

Despite quantifying the relatively low impact ofetlworkforce
in relation to crowd numbers anticipated during @ames, the
Authority resolved to disperse unnecessary trahmugh the
key stations to cover unforeseen difficulties. 448pondents
(suggesting 2,239 employees) passing through te&g@ons
indicated ability to switch to modes of transpattier than car,
and were subsequently encouraged to do so; howtbesr
represented only 24% of the projected workforcerrjeys
through these stations. 473 other respondents gstigg 2,359
employees) on the same routes had no transpomatitee and
were suggested as potential priority users of émeote access
portal, particularly if they were travelling fromest of the
Jubilee line. Of the various temporary transporitidatives
offered, this group expressed more interest in témporary
coach service (218 responses) than in any othigatine. Their
distribution was examined in Arcinfo with referertogpotential
locations for a temporary coach service, along witheparate
data set comprising all 1,062 respondents who egptk an
unqualified interest in this service.

3.2.4 Coach Service

The geographic mean of the distribution of thestpowas
established by averaging Eastings and Northingeraployee
addresses isolated in the two datasets. Considévaed aith
operational factors, this distribution mean wasduas a proxy
indicator for the optimum location for the coachmaus. The
geographic mean of employees expressing an unigaalif
interest in the coach service was a point in thanity of
Barking station, shown as P1 in Figure 8. This wammared
against the same point for employees using a lkatjostand
having no transport alternative, attributed to aatmn near
Redbridge and shown as P2 in Figure 8.

This process aimed to establish only the generattion into
the borough best served by this service. As theasetd
suggested that most demand was concentrated teateand
north-east of the borough, Barking itself was chossna
terminus for the coach service.
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Figure 8. Geographic Mean of Potential Coach Users

3.3 Limitations

56% of all survey respondents requested specificrimation on
what routes they should take between their homepdaxck of
work during the Games. Although network analysigaserally
recognised as a core element of GIS-T modelling (&h€im,
1994), there was insufficient time to build a multidal
network dataset for use in the Arcinfo Network Arsal
extension. Had this been possible, a cost matriddchave
been established to direct employees away from dtations
while facilitating those with no transport alterivat It was also
noted that while GIS was used simplistically to [sop the
location of a terminus for the temporary coach iservthe
overall effectiveness of this service had not bestablished
through analytical means. Again Network Analystlddoe used
to examine the relative strengths of various roafgions
represented by additions to a network dataset.

Additionally, although a comprehensive spatial Hase had
been created for this research, no information &@&n
collected on employee commuting times for reasassudsed
in 2.2.3. This data would have revealed where tréwes were
disproportionate to distance and assisted in thwitisation of
working-from-home and special absence arrangements.

3.4 Implementation

Ongoing communication and updates to TfL were itatéd
through LOCOG's One Plan workshops and the Olympik P
Zone Reference Group. Summary analysis which outlstaff
travel intentions and ability to use alternativenis of transport
was distributed to Service Managers, who made &sisto
reduce or suspended services accordingly.

An information campaign was launched which advisedf not
to drive privately owned cars into the borough dgrithe
Games, and a temporary parking permit regime wasmmlace
across the borough. A regular coach service ran6fareeks
between Barking and the Authority’s head office let Royal
Docks. Despite the low interest recorded in tempoti@nsport
initiatives related to cycling, this mode of trangpwas heavily
promoted with the ambition of encouraging employesycle
to work both during and beyond the Games period. di@ff
members joined the cycle safety training prograntoe;pared
with 115 employees who had expressed an interestigh the
survey.
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Findings relating to car-sharing arrangements were taken
forward by Senior Management, nor were recommeodsitto
reissue the survey at the end of the Games tondigierthe
effectiveness of the information campaign. This wastly
attributed to the internal market arrangements atpdrby the
Authority, which occasionally inhibits collaboratiobetween
some teams. This left the survey baseline as therenord of
how the Authority's employees may have travelledriuthe
Games; the degree to which they followed throughtlosir
intentions was not assessed. In anecdotal termssitobserved
that the information campaign had encouraged a ehigh
proportion of workers to avail of the special alzseprovision
than had been indicated through the survey.

4. CONCLUSION

The Authority progressed from having very littledenstanding
of the commuting characteristics of its workforae & point
where numbers and impacts had been clearly gueahtif
relation to routes and stations associated withGhees. The
findings presented issues for consideration by @&eni
Management beyond the Games, highlighting sombaefriost
arduous commutes across several counties and cahyer
problematic use of cars for short distances, pteddy in
support of the Authority's work.

GIS played a fundamental role in this research, ovdy in

analysing and visualising information, but in uretending and
rationalising limitations within and across the igvas datasets
used. It facilitated a more robust comparison betwea

representative sample and a whole population datasel

presented solutions to specific geographical ingstir

HR data was shown to contain a high standard of rgpbic
information compared to that volunteered by indinH staff
members, supporting the rationale of linking surivggrmation
to a centralised data source. The use of the etg@ctisurvey
was validated in quantifying journeys through sfieci
locations, to a level of confidence that would bffiadilt to
reach through GIS analysis alone. The method oivelgl
generated a large amount of usable information kiyic
facilitating the effective implementation of a Gasrtene staff
travel plan.

Aspects of the collaborative element of the datection stage

and the ultimate implementation of the travel ptaesent cause
for thought about the willingness to embrace GlShoés and

findings, and suggest that in some settings thien@ogy may

be deployed to justify or reinforce a predetermisgategy. In

these contexts, the role of the GIS analyst in camoating

and informing is of as much importance as the astamt

analytical insight.

The outcomes of this research have resulted in tterbe
understanding of the commuting patterns of a ldrgadon
workforce and present methods and findings that ban
generalised to similar urban working populations.

5. COPYRIGHT
Materials reproduced include © Ordnance Survey @atavn

Copyright and database right 2012 and © Code-Poitéa da
Royal Mail Copyright and database right 2012
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