Understanding gatial variations in accessibility to banks usingvariable

floating catchment area techniques

Abstract

In response to changing consumer habits driven by the advance of online services and mobile
apps,substantial reductions in the provision of bank branches have been widely documented
over the last decad8uch closures have economansequencdsr thesustainability of local
businesses and the state of local hstieets andnay disproportionately affect demographic
groups such as the elderly, those on low incomes, and those experiencing poor public transport
and digital broadband connectivity. Geogrigph modelling can help to examine and better
understand the impacts of bank closures, inform and guide future reductions, and contribute to
impact assessment exercises. Many recent studies concerned with the spatial provision of
services have adopted Ftimy Catchment Area techniques, exploring their use in a wide range

of thematic and geographical contexts, but hitherto not to retail banking. This study documents
the trialling of several approaches to the implementation of variable sized catchmemts withi
FCA tools in order to address previous concerns regarding tted asied size catchment in

study areas that encompass a wide range of settlement Byppéisigs suggest considerable
potential in applying these tools to the banking sector, whilstdaseing attention to current
limitations in the type of data available to differentiate settlement areas and guide parameter
settings. However, with the future inclusionsaipply-side measuresuch as brancbpening
hoursand the incorporation of multhodal travel, FCA tools can enhance existing impact
assessment exercises and provide the public with greater confidence that the implications of

bankbranchclosureshave beeifully considered.
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1. Introduction

Recentenquiries and committendings from both the UK Parliament ant¢he devolved
institutionsin Scotland and Waldsave drawn attention to the economansequences bank
branchclosuregrom both public anbusinesperspectiveéThe Scottish Parliament Economy,
Jobs and Fair Work Committe2018 National Assembly for Wales Economy, Infrastructure
and SkillsCommittee, 201p Evidence provided to thesnquiriesdemonstrad that branch
closuredisproportionatelympactgroups such as the elderly atmdse on low incomesho
arelikely to bemost dependent grhysicalbanking facilitiedor servicesuch as cash depasit
or withdraval. They also highlight wider communitywide economic impacts on the
sustainability of local businesseabe state of local high streedad tourismopportunitiesin
affectedareag(seeAccess to Cash Review, 2019imilar trends in bank closures have been
observed in other countriewith general changes in consumer behaviour as well as factors
unique to particular international contexts being citesd potential explanatory factors
influencing variations imccessility to financial servicem countries such as Spairhich has
the highest per capita number of banks in the Eurogdiaetin-Oliver, 2019).This has led
someUS-based researchearsparticular © point to he emergencef so-called castor banking
desertsemotive terns which suggest thahe wider needs afonsumers are being overlooked,
effectively leaving communitiesvithout access t@ither abranch,an ATM, or an alternative
provider of banking servicéslegerty, 2016 202Q Kashian et al2018) This, it is arguedgcan

be compoundedor those living inrural areasvho often experiene a combination ofpoor
broadbandervice inferior levels ofpublic transport provisigrandanincreased likelihood of

being charged for withdrawing money finaemainingATMs.

Whilst thee have been waves of bank closuaesl reductiors in the opening hours othe
remaining branchesince at leastthe late 198s, recent moves tonline and mobileapp
bankingwith its consequent impacts dhe number®f financial transactions and customers
passing through physichlancheshas meant that the peristhce 200 haswitnessedsome

of the most dramatieductionsn provision(House of Commons Librar2018).For example,
drawing on the Experian Shopoint dataset, a recent Financial Conduct Authority report
(December 2018) estimated that baimkthe UK closed 3,114 branches or around 24% of the
network in the period 2012017, citing a 42% fall in the number of branch interactions
between 2011 and 20E&the primary reason for this declineosses have been experienced
across the UKin Scotland 368 branchedosed between 2013 and 20{Bhe Scottish
Parliament Economy, Jobs and Fair Work Committe&82Whilstin Wales235 closedn the



period 2015 to 2018 (Which? 2019) Written evidenceprovided by Which?to the UK
Par | i aScoatisht Affadrs Committeédccess to Financial Services in Scotlamdyuiry
suggest one in five (19%) of the populatiamow live more than three kilometres from their
nearest bank branch in the U&nd one in ten (8%) more than five kilometr8ach closures
have widerimplications fordigitally excluded groups living iscommunities where there are
few, if any, alternative financial providerand who are often amongst thawestreliant on

access to cash or cheques

The UK-wide Access to Banking Protocfenamed thé\ccess to Bankingt&dardin May
2017), agreed to bsnajor retail banks in 2015 and monitored @&geltregulatory bodythe
Lending Standards Board (LSB), provides guidance for banks planning closure programmes
It addressesssues such as customer notification, the publication of an Impact Assessment
outlining the reasons fahe plannedoranch closureandtheneed to make customers aware of
alternative assistance and help with their bankiaghamls. Impact assessmentan include

data on the nearest post offiegth financial servicesraise awareness ofocal broadband
provision and provideinformation on how far customers would need to travel follovirg
closure of the branclunder considerationRather than consult customepsior to the
announcement of the closutbe standardapplies when the decision to close the branch has
alreadybeentaken angrimarily aims tocommunicag the rationale for the closeior redued
opening hours of thkranch and signpost alternatives (such as post offices or mobile vans) to
people inaffectedcommunities topotentially help lessenits impact (House of Commons
Scottish Affairs Committee, 2018)

As part of ths Standard, &nks should demonstrate howactors such as the demographic
characteristics of their customer base, the availabilitgwiainingbankingservicesand cash
withdrawal facilities (post offices, ATMsanobile branchgsand the current state of public
transport opportunities taccess such alternativeave influencedheir decisionsAlthough
the regulatory bodyas no powers to reverse tbemmercialdecisionof a bankto close a
branch, it can reviewhrough secalled thematic reportihe type of information provided to
custamers informing them of closurén this paper, welraw attention tdhe types ofpatial
analyticaltools thathavethepotential to bencorporated intampact assessmerttsinform the
public of the implications gbroposed changes in provisidn.doing sothe aim is to draw on
GlS-based analysi® betterunderstandhe potentialimplicationsfor geographic patterns of
accessibility prior todecidingto close orreducethe opening hours o& branchwithin a

community



Severaktudies havdemonstrated hogpatialanalytical approachesan be usetb investigate
the implicatons ofpreviousroundsof branch rationalisatigror more generalljnave shown
how the/ maybe usedn the planningof banking serviceghese arsummarisedn Section2

of this paper In Section 3 we briefly review the background and developmentlo&ting
catchment ea (FCA) metricswhich are a group of analytical tools based anmodified
gravity modelhataim toquantify spatial accessibilityy considering simultaneously both the
availability of a service the local supplyto-demand balance or density of provision) and
characteristics of st proximity according to realistic network distancksSection4 of the
paper,methodsto adaptFCA toolsin orderto providemore insights into the implications of
changesn banking serviceare describedThe resultsof applying suchaccessibility models
are presentedn Section 5, which includes a dwussion of their appropriateness in wider
contextsand ideas for takinthis research forwardrinally, we reiterate thepotential useof
spatial analyticatools in a period of continual rationalisation and changthaprovisionof
both public and private servigdsr monitoringthe implicationson those most dependeoi

thesefacilities.

2. Literature Review: Spatial Approaches to Analysing Changes in Banking Provision

Previous studiesf the impacts of variations iccess to financial systenmcluding banking
servicehavehighlightedtherole d geographyn a range of national and international contexts
(see for examplAlamaet al., 2015Birkin and Clarke, 1998 hakravarty, 2006; Leyshon and
Thrift, 1995 Pollard, 1998 As evident fromrecentdebatesconcerningthe definition and
empirical representation of thermbanking deseria variety ofapproachebave been usead
studiesconcerned with examining the implicatiom$ changes inbanking servicesThe
Financial Conducfuthority (201&), for examplgusedcoverlge on alistrict-level per capita
basis(number of branches per 100,000 inhabitam&sach local authority) aspoxy foraccess
to brancheso analyse changes over time in the UK (2@027). Their findings suggesta
concentration of branches in busier retail areas frggregiouslymore regionallydispersed
coveragebutalsosuggestdthatthose with esmaller percentage deir populaton living in
rural areasvere comparatively protected in terms thfe lossesexperiencedver this time
period.The report recogniskthat travel distance to branches gi¢ays an important rolend
analysishighlighted he increasing distances neéddo reachthe nearest branch following a

closurewhich especially impacts those living in rural at&deir findings based orcustomer



data andravel distancederivedfrom OpenStreetMasuggestdthatbetween 2015nd2016,
9.1% ofthosebankingin rural areas an@.8%of thosein urban areawere affectedy branch
closure. This led to a median increasedistancefor consumers travighg to their nearest
branchof 3.7 and1.9 milesrespectivelyFinancial Conducts Authorit2018).

Geographicaiodellingapproaches have been usedxamine the impacts of previous waves

of closures ofbranchesun by some ofthe largestbanks and building societies in Britain
(Leyshon et al., 2008). Thistudy demonstratethow closuresn the periodl9952003were
spatially uneven anténded to be disproportionately concentratedrivan deprivedreagas
measured byhe English Index of Multiple Deprivationa trend that continuedntil 2012
(French et al., 20135imilar approaches have been usedttmly the implications of branch
location patterns in other countriess part of wider studies of financial exclusion at
municipality or neighbourhood levelélama and Tortos@usina, 2012DunhamandFoster
2015;Pollard, 1995 Hegerty (2016) usedbuffer and spatial clusteringpproachksto analyse
spatial variations itbanks and credit unior{as of January 201% the blockgrouplevel for

two US cities Specifically,onemile buffers were generated from blogkoup centroid and

the number of facilities aggregated for each block as one strand and compartent-$pat
measure (G* statistic) based on the numbers of banks/credit unions located in each block. These
in turn were used in a regression analysipas of a wider study of ardavel demographic

and economic characteristics associated findmcialprovision Similartechniquedave &0
beenused to examine bank locations in relation to demographic characteristics at the block
level for the city ofChicago in 2018Hegerty, 2020. This analysigound that areas withoorer
access tended to meore deprivedand less white than ciwyide averages anshowedthat

thesetrends have been relatively stable sintiee 2008financial crisis

Spatialapproachekavealsobeen used to study changes in accessibility to bawdsstimein

the aftermath o$pecificclosure programer periods of prolonged declinargent and Rolley

(2000) for example drew on secondary data sources at five temporal cross sections to show
that rural areas of New South Wales, Australia experienced a larger decline in bank branches

in the period 1981998 despite withessing population growth in the same period. Spatial
aralytical tools have also been used in decisitaking processe®gardingwhich branch(s)

to close andor measuringootentialya s soci at ed i mpact s. Morri son
spatial interaction models to examine the impact of a closure programarathies in the
Wellington region of New Zealanghich includedestimatinginancial exclusion effectsnder
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different scenariogviore recently, Tischer et al. (2019) used detailed GIS mapping of financial
infrastructure to show inequalities in access tehca an urban area of the UK (Bristaly
generating 500m buffers around population weighted cestanidiaggregatinghe different
types of infrastructurgresentwithin these areasThey further demonstratethow such
techniques can be used to examine those parts of the city that experienced theelargyasige

loss of ATMs in the previous year.

Various dternativeapproaches have been used to measure potential accessibility or availability
of banksin studes of overallfinancial provisionat a range of spatial scal&&impson and
Buckland (2016)adopteda container approach to aggregate the locations of financial
institutions for census tracts in Toronto, Canada for a range of temporaseohess over the
period 19812006 Theyexploredchanges in the patterns of provision across the city ovey time
as well agotential associations with demographic varialsigsh as income at the tract level
Others havéocussed omsng proximityto examine spatial patternidartin-Oliver (2019) for
example used bank branidtationsin Spain (200v2014)to examine changes straightline
distances between branches as a proxy for accessiiitgn aeraged across municipalities
for two crosssectiongheyfound poorer accessibility municipalities with lower populations
Distancebasedvariables weralsoadopted i Kashian etl. (2018)usingas the definition of
bankdesertsthosefive percent of census tradts the USA in 2009 and 201that were the
greatest distance from the tract centroid and the nebaedt office locationweighted by
population Variations in access weranalysed with census data to examine potential
association with socitdemographic datat each crossectionto identify areas with lower
levels of provision However,Leyshon et al (2008) illustratgabtential problems inusing
straightline distances when assessing changes in banking proguismga case study of a
community in the South Wales valleys which lostaamkbranchin the early 200Qg~ailureto
take into account the intervening topographyad network and lack ofpublic transport
opportunitiesvhenidentifying the nearest alternative servioe the communityesulted in an
unrealistic appraisal of the accessibility implications of the loss of proviBmgicontradiction
between straigHine and actual travelistancehad implications for those areaficially
defined adinancially exclded (based on the voluntary Banking Code in place at the; time
defined as when the nearest alternative bank branch is more than one milediuidnarmiles
(rural) distanceby road Frenchet al., 2009).



This study aims to address some of the limitations identified above, firstly byeargiagced
two-step floaing catchment are@E2SFCA) techniquesFCA-metrics are a set of spatial
analytical techniques widely adopted in recent research literature concerned with the spatial
provision of services. Initially developed in the context of examining access to pheweiltly

care facilities, the simple interpretability of their outputs and ease of computation within a GIS
have led to their subsequent adoption in application areas as diverse as access to public libraries
(Guo et al., 2017), earyears childcare faciliés (Langford et al., 2019), emergency services
(Kiran et al,2020 and greenspace (Xing et al., 2020). F@atrics return a supphp-demand

score based on localised traxetchments and potentially allow more nuanced insights into
accessibility than can be derived from simple proximity alone, at finer spatial scales than is
typically possible from containdrased approaches. In this study E2SFCA models ardased
generate a comprehensive and systematic countly mapping ofthe localized supply
demand balance in bank branch provision. Such informadiamvaluable to those charged

with strategic decision making and policy development, providing a synoptic overview of the
level of provision experienced at the local level. Thetglib repeat such analyses across time
frames or to feed in alternative models of future infrastructure provjadiers a powerful
mechanism to monitor, evaluate and manage a volatile and rapidly changingvertheless

economically importantservice provision.

Furthermore, the study aims to show that the same actions required to drive E2SFCA models,
specifically networldistance tracing between service provision points and population demand
centres, can also yield detailed insight into poéential vulnerabilities of local communities

faced with specific individual branch closures. Thus a spatial analysis undertaken primarily to
provide strategic overview of geographical patterns in service provision can be further
leveraged to deliver thesort of information needed to support and inform the Impact
Assessment exercises discussed earlier that are required when potential bank closures are under

consideration.

3. Floating Catchment Area(FCA) based approaches
3.1Introduction

Two-stepfloating catchment area (2SFCA) metbtmyy hasdeveloped andeenreported

through a series afeminalacademigapersto which the reader is directed further details



(Radke and Mu, 2000; Luo and Wang, 2003; Wangl Luo 200h Fundamental to its
calculationare tavel catchmenidased on time or distanasnstructecaround botlservice
supplypointsand population demand centf@gsent in the chosen study areasummaryjn

step 1 the potential demand populatid?j, acting oneach service provider poinf is
established by determining thatal populationthatfalls inside acatchmentreak; computed
around it asdefined bythe local transport network amadmaximum travel timeistancedmax
Dividing the supply capacit presentat pointj by this local demandpopulationyields an
estimate oits availability, R, which isthesupplyto-demand rati&/ Py. In step 2,acatchment
areak; is similarly computed around each population demand centgain defined byhe
local transport network anehaximum travel tim&listancedmax The value of allR scores
falling insideeachcatchmenk; are summed to yieldfinal accessibility scoréi for demand
pointi. In the enhanced twstep floating catchment area (E2SFCA) algorithm, introduced by
Luo and Qi (2009), additional distandecay term3\, and Wi are appliedin each step to
account for the effects of geographical friction. {fheodel the declining degree of interaction
expected between supply and demand centres in respdhs# tocreasingseparation, in the
same manner am classic geographical gravity mddeof which E2SFCA is a variant.
However, he most appropriate form of distance decay functicadtuptin either E2SFCA or
geographical gravity modetemains an area of considerable contention and debate (see for
example, Chen and Jia, 2019; Bauer anoh@berg, 2016).

The outputfrom two-step FCAmodelsare geographicallyweighted supphto-demand ratis

based on thdikely activity space of the service usersScores representhe proportionor

share of the total service supply capacitgnsumed byor allocated tpeach demand centre.
This, arguablyjs one reason why E2SFCA studies have appeared with increasing frequency
in geographical research literature over the last two decades. Plannersialnstsatists are
already familiar with accessibilityreported asa supplyto-demand ratio pertaining ta
pre-definedgeographicategion(e.g.aCounty, Parliamentary Constituency,Census block)

The outputs oE2SFCAmodels areghusmoreintuitive andbetterunderstood by professionals

and the wider publighanthosereturnedby traditional gravity model

Defining and justifying the value atmaxwhich controls thefloating catchmentsize has
however, often provedto be problematic Each @tchment represents the maximum
distance/timecustomersare willing or able to spend in order $ervicetheir need. Despite
inherent difficulties in identifying this limit, whicls the subject omuch of this paper, the
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fundamental concept of a finite travel tolerance remains intuitive and appealing. For example,
if it is accepted that a rational individual would moinsiderusinga bankthatrequiresa 10

hour rouneitrip by car, it followsthatafinite limit to their travel toleranceust exisho matter

how difficult it may be to definelThe philosophicastangboint of finite travel limisis inherent

in all two-step floating catchment area methodologiestamginay be another reason why they

haveoftenbeen preferred to traditional gravity models in recent years.

3.2 Variable FCA approaches

A relatively recent focughn E2SFCA literaturdias beermn examirnng theimpact ofadopting

variabk sizedcatchmentreasyith severaktudies drawg attention taalternativeapproaches

to estimatingvariablecatchment sizeS he study byLuo and Whippg2012)was one othe

first to draw attention to thiemitationsof fixed size catchmentsproposing instead th#tey

be incrementdly enlarged untila minimum specified suppifo-demand ratias attained A

similar approach as taken by Naylor et al. (2019) to provide a national picture of access to
healthcare providers in the tited States Variable 2SFCA method# is suggestedbetter

reflect the proposition that residents of rural asasvilling to travel further and spend more
timetravelling to avail themselves of services (McGrail Blnphreys, 2009). Tégpopulation

base and ratio were used to determine travel time catchment sizes for individual locations in a
continuum of urban to rural settings (proxied by population density) and to calculate
accessibility in the FCA models. Thismias suggested Arevealed gr
variation of accessibility compared to resul
2012; p.789)with fixed catchment sizobservedo overestimate accessibility comparedto

variable catchmemhodel However,as has also been recognised tivatlst conceptuallythis

may be a suitable approafdr measuring access to health servities]ack of evidence with

which to determinanoptimal ratiowhen applying it tatherthematicstudies (such asanks

in this instance) limitshe potentiabpplicationof this methodologyWang, 2012).

It remains that case thab date, nost researchon variable catchment 2SFClAas been
concerned with applying such todsmeasue acces$o health careandprimary healthcare

in particular (McGrail, 2012). Inone study McGrail and Humphreys (2009) suggested
population catchments could be defirmted orthe area covered by the nearest 100 services
(up to maximum travel time of 60 minute#).a later studyMcGrail and Humphreys (2014)

propose an alternativfer definingvariablecatchments by initially using fave-level dynamic



catchment sizéset t030, 45, 70, 120and 200 minutg to reflectthe range of circumstances
encounteredn rural areas of Australiandas a response to varying health service utilisation
behaviours ireachsetting. Byadoptingfive levels of national remotenegs the populaton
demand centres, @efined by the Australian Bureau of Statistics, breakpoints were defined
and usedo constructzaryingcatchment sizesvith theresultsbeingcompared tahat obtained

from a uniform catchment sizef 60 minutes. A detailed investigation gffecific €enarios
found anomalieshatillustrated the potential limitations o$etting catchmergize according

only tothe remoteness typologyhis in turnled to an alternative solutionhat furthermrefined
catthment size based on proximity of the population at the catchment boundary to services in
areasthat sharel either the same or differing remoteness levalseng with further ground
rules headjustedravel timelimits for each category of remotenegsre in the authorgview,

a bettereflecion of expected travel behaviour. Tregampléllustrates thecomplexitiefaced

by thoseattempting to uselynamic catchment sizesften in the absence ainy empirical
evidence o actualserviceutilisation behavioyrand openghisup as a research area for further

exploration and application.

4. Data and Methods
4.1 Resources

The provision of retail bankranchesacross Walewvasmodelled using datderived fromthe
Points of Interest Gre&ritain business listingfOrdnance Survey, 2018a)his is a database

of over 4 million records containing information relating to businesses, public infrastructure
and government authorities across the UK. Each listed feature is provided with a Ul&lnation
grid coordinate and classified into one of nine major groups, inechglcommercial services
from which our data werdrawn. Froma datasetdated March 2019 a subs#tfeaturesvas
extractedcontainingall points falling inside the national boundaries of Wales and relating
specifically to retail bank branches. A total of 413 sites waueidentified, belonging to 11
commercial brandg¢Figure 1). The branchesof distinct brandssometimeshad an identical
postcodeandtheseappear cdocated on tls map butall aretreated as separate entities during
the analyses.Unfortunately, this datasourcedid not provide any meaningful suppbide
estimate of service capacity or qualisp¢h adranch opening hours, or the number of service

counters available) so aliteswereassumed to be of equal status. Howgetee E2SFCA

10



methodology can readily incorporatachinformationinto the analysis#f it were to become

available asomefuture date.

[INSERT FIGURE 1 ABOUT HERE]

The potentialemand for banking services wagerived frompopulation counts associated with
10,036 Output Area (OApopulationweighted centroids in Waleasused to disseminate UK
Census of Populatiostatistics. Each poirttad an associated migear population estimate,
dated 30th June 2018pm which acount of all persons aged 16 and above and resident in the
associated OA polygowas derivedCombining thetotal of 2,575,922such persons across
Waleswith the number of bank brancheyielded a global supphto-demand ratio of 0.16
branches per 1008dult population.Both point datasets were snapped to a tapoéd road
network derived from G Open Roadsdata (Ordnance Survey2018h. Each pointwas
displacedo bedirectly on a road segment at the closest possible perpendicular distaitce.

a nominal scale of 1:2500is dataseprovided a comprehensive topologically connected

representation of all major and minor roau$Vales

All data were loaded, stored, neged and analysed in a Postgre§2017)database installed
with PostGIS(2018)and pgRouting2018) spatial extensions. Enhanced F&tep Floating
Catchment Area (E2SFCA) statistics were computed using a bespoke suite of sefttieme

in C#. This alleved for the specification othe modelling parameters before leveraging the
spatial queryingspatial indexing, and network routing capabilities of Post@jBouting to

aid in the computation of E2SFCA accessibility scores.

4.2 Methods

The computational process involved teecutionof various E2SFCAmodes, all using a
lineardistancedecay functionand progressing throughreemainstagesthefirst usedfixed-
sized floating catchmentshe second usd catchments sizethat were varied in accordance
with a rural/urban classification tfie OA centroids; thethird used catchmentsizesthatwere
variedin accor@ncewith the proximity of bank branches to each OA centrBatchapproach

is described in merdetail in the following sections.
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4.2.1 Fixed-size catchments

Our first analyses explored outcomes from E2FS@#delsusinga fixed catchment sizeset
according to estimatieaverage travel distanseeported by the Financial Conduct Authority
(2018b).Thesevalueswerecomputed from a random sample of adult customers drawn from a
database of 1.5m entridsatlinked ahome address to a current account held aittajor UK
retailbank. Travel distano@asmeasuredia an OpenStreetMap networkttte nearest branch

of the specific brandsed bythe customerandwill thereforeend to ovetestimatehedistance

to the nearest branch of any provider. In December 2016 consiumtée UK travelledon
average4.2 km to reach their nearest brandihis wasfurther differentiated into 8.2 km in
rural areas and 3.1 km in urban areé#singthis information E2SFCAmodelswere computed

first with afixed catchmensize of 3.1 km andthenwith a fixed catchment size 82 km.

4.2.2 Variable catchmentqcategorised)

A logical development athe standarce2SFCAmethodology is to allowdemand catchmest
to vary in size between different environments (McGrail, 2017Zhis inevitably raises
guestions concerning the basis upon whiaseenvironments are differentiated amawtheir
respective catchment sizese determined The averageurbanand rural travel distancéo
nearest branafuotedabovesupporsthe hypothesis that urban dwellesgpect tdravel shorter
distances thatheir rural counterpartsvhenseeking access wbank An E2SFCA model that
incorporates this distinctiowould appear therefore to be a desirable optibime urban and
rural distancegeported by the Financial Conduct Authority (2018b) were bapedthe 2011
RuralUrban Classification for Small Area Geographies dataset (henceforth RUQfGit&,
for National Statistics, n.J.which provides a consistent and wetlocumented idification
of therural/urban statuef all UK Output AreasUsing the same RUC20Xlassification,an
E2SFCA model wasomputedn which OAdemand catchment se&eresetaseither 3.1 km

or 8.2 kmrespectivelyaccordng to this code

The RUC2011datasefurther differentiate four urban and six rural stdategories (Table 1).
Only eight of thee classes arpresentin Wales,but nevertheless present an opportunity to

applya finer level ofervironmental partitioninghantherural/urban divisioralone
[INSERT TABLE 1 ABOUT HERE]

To operationalisehis approachthe network distancef the nearesbankbranchto eachOA
centroid was computedccording taits full RUC2011 tassfication. An initial appraisal of

these data suggested stranvgrlaps betweersomeRUC2011groups,leading to the adoption
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of a five-class schemeéocumented in Table ZAlthough he average network distance to
nearest branchariedgreatly according tthe relative rurality of each category, it did not offer
a sound basis on which tiefinecatchment sizes because of the-sgmmetrical distribution
of distancevalues in each clasall hadpositive skewness ranging from moderate to high).
account for thighe 93" percentile distance in each class was adopgéts @atchment size
before asecondvariable catchment E2SFCA model wasmputed based atie five-class

scheme.

[INSERT TABLE 2 ABOUT HERE]

4.2.3 Variable catchmentgadaptive)

This stage of th&2SFCAanalyss sought to utiliseéhe concept ofariable catchments whilst
avoiding the need to group OAs into categoriastead the travel tolerance of residents in
each OA wasidapeduniquely to theispecificenvironmental circumstancebhelogic behind
this approach ithatOA residentswill ultimately travel as far as is necessary in order to reach
a bank. The spatial database Wassusedto compute for each OA the network distancthto
N nearest brach, whereN ranged from 1 to 8/VhenN=1, thisdefinesthatthe catchment size
of eachOA bejust large enougho encapsulatés nearest branch. Given 10,036 population
centres andnly 413 branches in #dataset many OAsust stillshare the same nearest branch,
implying that a supplyto-demand ratioas computed by E2SFCA is stilbf relevarce
Furthermore,the full set of computed network distance® the nearesiN branchesare
themselves potentially usefuiformationfor studying the vulnerability of specific OAs to
potential future closureasis discussed later.

Clearly, the nearest braneghll not always belong to tHeank used by particular residents of
an OA. Furthermoremany other reasonsnay exist for choosing not to utilise the nearest
branch such as opting for one conveniently located in respect to a workplae#at élls on-
route to friends and relatives one pertaining to a particular brarmrational individuals might

be expected to seek banking servibesadly within their local neighbourhoodyut do not
necessarilyalways usdhe nearest branch. By relaxing the rule on catchment sizsdthe
distanceto the Nth nearest branghwhere N > 1, we can potentially accommodate such
behavioual patternsinto the modelling process. Thua series of E2SFCA scores were
computed using adaptive catchment sizes based on network distancHttorikarest branch.
Values ofN from 1 to 6 were adopted in order to assess the potential of this approach and

explore the sensitivity of outcomes the rank selectedlhe essentih feature of these
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experimentss that echdemand centréas a unique catchent size defined by its network

based proximity to branchesthin its local vicinity.

Adaptive demand catchments vebeenexploredbeforewhen analysing access poimary
health care servicegor example,McGrail and Humphreys (2@), and Lou and Whippo
(2012) In the formerstudy catchment size &s constrainedo a maximum number of 100
service delivery pointanda furtherrule limitedthem toa maximum60 minutes travel time
In the latter an initial size of 10 minutes travel time wast deforeincrementally increasg
this until either aime limit of 60 minueswasreachedor a minimum supphto-demand ratio
was attained within the catchment. Our methodology has similawttbsboth approaches.
Like Lou and Whippd2012 our catchment sizeincrease until a conditiois met butin the
banking scenarimo appropriatéargetsupplyto-demandratio exists So nsteadour size is
adjusted with the objectivef achievinga minimal level of choice. Like McGrail and
Humphreys (2014) oucatchmentsizes areconstrainedto a maximum number of service
deliverypoints However, heir target ofLlO0 servicedelivery pointss clearly irmppropriaten
the contexbf bankbranchprovision so we adopt very much smaller numb&espitesuch
differencesall three approacheemainalike in thatall attemptto better model the behaviour

of individuals seeking a serviée®m within their local neighbourhood.

5. Results

Due to a lack oempirical evidencevith which to judge therelative merits ofalternative
models researcherdave often beenforced torely upon visual analysisand their local
knowledge and expert opiniowhen assessg the outputs fromexperimental 2SFCA
approache@MicGrail and Humphreys, 2014h the following sections we attempt to interpret
the resultsobtainedfrom trialling different approaats toE2SFCAmodellingwith variable
sized catchmerg by comparng ther outputsto thosederived froma single fixed-size
catchmentlt should be noted that all data used in the experimeats constrained to the
limits of Wales Consequently, dundary effects mawrise along the eastern bordewith
Englanddue tothe fact thapotentialinteractiongetweerpopulationdemandentresand bank
branches locateditherside of ths borderhavenot beenaccounted farOur discussion and
examples focusnly on areas that fall beyond the regiwhereborder effectsnightoccur.
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5.1Single fixed-size catchments

Usinga3.1 kmfixed sizecatchmentalmost 37% (3,697) of OAs retigdno accessindicating
thatresidentsn these population centremuld beunable to reach a branch within this distance.
Almost exactly twethirds of OAs in Wales are classified as urban, one third as rucaldacg

to the RUC2011 scheme. Amongst rural OAs almost thuseters returnedo accesand
althoughthis figure declinedn urban OAs it still amounted to almost one fifth of all instances
(Table3). A mapof E2SFCA scorebased orhis catchmensizeprovided good differentiation

of accessibility insidenajorurbanareassuch a<Cardiff, but in rural areas itvas bo small to

be usefulmany communities/ereunable b reach @ankgivena travel limit of 3.2 kmleading

to apredominance afio accessutcomesn mostof rural Wales(Figure2);.

[INSERT TABLE 3 ABOUT HERE]
[INSERT FIGURE 2 ABOUT HERE]

A simple way tceliminateno accesscores is to increase tleating catchment sizeRaising

the travel limit to 8.2km resulted inless than 0.25% of urban OAs retimgn no access
although 28% ofural OAscontinued to do sdrhuseventhislarger catchment sizeouldnot
accommodatéhe mast rural regionsof Wales, despite being guided kynpirical evidence
suggestinghisis how far ruralresidents travedn averagé¢o reach their actual bank across the
UK as a whole. Furthermortheselargercatchmentsvere nowunrealistic for urban dwellers
who could read almost every branch in the metropolitan aaethis setting.Consequently
althoughthe mapproducedoy this modelshowedmore OAswith an E2SFCAscore,in urban
centressuch asCardiff they resulted inover-generalisedpatterrs. Previous studies have
reportedthat using a single fixed-size catchmenis problematicin regiors thatencompass a
wide range opopulation densities (McGrail and Humphreys, 2012). This study corroborates
the opinion that E2SFCA scores baseda@inglefixed catchmensizeareunsatisfactoryn
geographical settingbatcontaina wide range oénvironmentgrom deeply rural througto
highly urban A small catchment size yields valuable information on accessibility levels in
urbanareadbutit leavesrural areas without a scorevhilst thelarge catchment size needed to

return meaningful scores in rural areas renderstitygut in urban areasuninformative.

5.2Variable catchments (categorised)
Using variable catchments determined tye RUC2011 classificatioproduced on balance,

animprovedaccessibility map. Aierural/urban splitesulted inbetteroverall coveragefewer
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no accesscores)thanthat achieved witha single 3.2km catchment, whilssimultaneously
retainingtheurban differentiatiorthat wadost whenasingle8.2km catchmentvasdeployed
However, close inspection revealachumber ofproblemswere still present First, as noted
previously the travel limit of 8.2 kmis insufficient to model the activity space wibstrural
residentsso the prevalence ob acces®utcomes in rural areas remain@dlopting alarger
catchmentsize might rectify this problem, but it would be preferable $pecify this using

alternative evidence rather theslying on an arbitrary decision.

[INSERT TABLE 4 ABOUT HERE]

By design allUK Output Areascontain asimilar population counfaround 300 persopand
arethereforesmalker in urban areas and lamgie rural areas. Welsh OAs classified as urban
havean average area of 0.25 kinange 0.005 to 23.3yhile in rural OAs this increases to
5.74 knt (range 0.018 to 138). However, because QGAarerepresented biheir population
weighted centroislin the E2SFCA moded, the distanceof its neighbous and their respective
classifications nght provide betterinsight into howthe catchments assigned to each class
potentially interactand so provide someguidance anqustification for a manually assigned
size. Using the spatial databasee networkdistanceand RUC2011 codesf the rearest
neighbours of eacl®A centroidwere extractedas summarised in Tab#e This analysis
indicatal that theclosest entroidto eachurbanOA was almost without exception (6701 times
in 6709) another urban OA, on average f8apart. Similarly, thelosestOA to eachrural

OA was almost always (3223 times in 3328paural, on average 709 m apart. Tilisstrates
boththe clwstered nature of OAs in each category and their aforementioned sizes. Of greater
interestperhapsarethe network distansgo the nearest OA not of the same RUC2011 code,
becausehis provides someevidence regardingpow clustersmay interact with each other
spatially. For urban OAs theveragenetwork distance tiis nearest rural OA was 2520, and

for rural OAs toits nearest urban Oahis averaged 1092h. These numbersuggest the
3.1km catchment size assigned to urban ©&ddbea little too largecausing them to teract
with rural populationgn placeswhere the respective clusters spatially albbeyalso suggest

it may be possible to increase the &M catchmensize for rural OAsto providea better

analysis othedeeply rural environmentsithout causing detrimental effects.

However,the mapped accessibility scoratsorevealed instances where some OAs received
E2SFCA scorgwhile their closeneighbourglid not which wasdifficult to justify or explain
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based orlocal knowledge of the study area.€lproblem was particularly prevalent in the
South Wales Valleys region, whenmeany adjacent towns and villages disptahthis trend
although all were similar postindustrial conurbations in a peasrban environment.
Comparablefiperverse outcomeéswere reported by McGrail and Humphreys (2014) in a
national study of access to general practitioners in Australia using a similar system of
categorised catchment sizes. They attribitsgatimary causéo large differences in catchment
sizes between clases, which may be a contributory factor herg althoughthe analysis of
network distancgto nearest neighbouemongstural and urban OAalsosuggestd another

possillity .

Displayed inFigure 3 thesesuggestherewaslittle true differentiation betweeRUC2011
classes Although rural OAs sometimes had a more distaearest neighbour, in many
instances they were as closely spaced as their urban counterparts. The same issue is illustrated
in map form in Figure 4in a deply rural setting (area Ahecentroids are widely spaced and
would benefit flom a large catchment size (greater than the currenkrB)2to return
meaningful E2SFCA scores. In a city environment (areth€gentroids are closely packed
and the currer®.1 km catchment size eppropriateln theSouth Wales Valley&rea B) both
urban and rural classifications are interwoven amongdbties and villagesMany of those
identified as rural wergust as closely packed as others defirtedbe urban. It was this
inconsistent classificatioocombined with the varyingatchment sizeassigned to each class
that led to the questionable patterms accessibility scores producéy the model in this
environmemn Unfortunately,this also means that while tsie&g a larger rural catchment size
might be beneficial for deeply rural OAS; is likely to lead to further problems and

inconsistenciearising withn this challenging environment.

[INSERT FIGURE 3 ABOUT HERE]
[INSERT FIGURE 4 ABOUT HERE]

This problem can potentialy be addressed by adoptireymore detailedOA classification
schemeA similar solutionwas pursued by McGrail and Humphreysho added additional

rules to define three further swhategories tan initial five-class schemewhich therefter
improwed the outcome By replacing the urban / rural distinction with the more detailest f

class schemeach with a separate catchment size defined as described earlier in Section 4.2.2,
it may be possible to disentangle these settlement environments ahdhérbeir respective
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catchmentsto better reflect the true travel behaviourof residentswithin each group
Unfortunately,visual analysis othe output suggested thaésults remained disappointing.
Once againnconsistent and seemingly unjustifiable differences aamsengstaccessibility
scoresreported from djacent communitiesand betweenlistarce settlementthat appeared
themselves to bbroadly similar in nature. Amongst g®anomaies was another situation
previouslyreportedby McGrail and Humphery§2014) whereby settlementalling roughly
midway between others and devoidbainksthemselvesvould returred higher scores thma
adjacent townsghatactuallycontairedabranch Analysngthenetwork distance to nearest bank
in each category showgonce againthatdespite thencreasd number of classetheissue of

poor interclassdifferentiationremained Figure 5)

[INSERT FIGURE 5 ABOUT HERE]

The poblems encounteredin both the tweclass and fiveelass modelshad the same
fundamental caus@amelythatthe RUQO011 classificatiorwas nadequate fodifferentiating
residentialbankingenvironmens. Despite its status as a definitive UK National dataset for
rural/urban differentiation, it was not designed specifically for this purpose and its ela@sees
ineffectivein defining clear divisions in thbanking environments experienced amongst the

range of settlementncounteredvithin this study area

5.3Variable catchments (adaptive)

Outcomeglerived fromadaptive variable catchments displageserainotable differenceto
those reporte@dbove Firstly, because these catchments always included at leasiaoke
branch, allOAs return an E2SFCA scoM/henN = 1 each OA is effectively assigneduse
only its nearest branchvhichhas the effect of clustering OAs into grouffgtshae the same
nearestbranch This caused some problerno be manifested byank brancheshat were
located intight clusters. @e branchrom thelocal clustewould typically prove to benearest
to mostof the neighbouring OAdeavingothess in the same clustasbeingclosestto only a
few. This generated Ige disparitiesin the accessibilityscoresrecorded bytie surrounding
OAs whereasin reality, all would benefitequaly from the presence dhe cluster.Figure 6
illustrates an exaple, in which threedistinct OA groupsarecreatedoy the presence of three
branchesn a localcluster. The soudrn grougng is the largest and consequentlyhas the
largest total populationThis results inthe branch with whiclthey areassociatedeturring a
low availability score, andonsequentlyhese OAs receivelow E2SFCA score Meanwhile
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OAs in theeastern clustereportmuchhigherE2SFCA scoreprimarily only because fewesf
themarepresent in the cluster, thereby ensuting availability of the bank to which they are

closestis computedo be greater

[INSERT FIGURE 6 ABOUT HERE]

It is dso noablethatwith N=1 the distancalecay functiorhasno effectbecause the applied
weightingssimply cancel each other out eachstep of the calculationVith distancedecay
ineffective, somerural OAs report highE2SFCA a&cess scoregrimarily because theifnot

very) nearest branch serwenly a small populatiomotal. Overall, the resultsfrom thismodel

were problemati¢c mainly because they are driven only by the perceived demand placed on
each supply point without any realist accalnility of the local supply density. Tdissue is
largely addressedlven adaptive catchmerdserelaxed to include the™" nearest brancith

N = 2 or more The local supphto-demand balance resulting from clustered service points,
and the effegtof geographical friction modelled by the @istedecayfunction now operate

in muchthe same way abey dofor atraditional fixed catchment model.

With N set to more than ondvé E2SFCA scoresppearedooth informative andlargely
explicable. OAgositioned tose to local clusters pertedhigh accessibility scores. OAs in
remote hamlets without a local brancpagedlow scoresClear distancalecay effects were
evident in the vicinity okerviceprovision pointsMost of theproblematic situations identified
previouslywith fixed size catchments andariable catchmentsased oran OAs classification
were no longer evidenBased orour local knowledgeput neverthelesa subjectiveopinion,
these models appeared to show the most convincing portreadess to bank services across
all environments in the study ardaurthermore, xaminingthe E2SFCAscores arising from
varying the number afearest bran@s(i.e. N = 2, 3,etc.) carprovide further insight into the
robustness ofesvice accessibility experienced particular communitiedMapping the change
in accessibilityscore reported under differing scenari¢elps to indicaie which specific
communitiesaremost vulnerable to the effects of future branch closures in their vickoty.
example, many OAs whode2SFCA score declined greatlypetween N=2 and N=#ere
located inthe South Wales Valleysuggestinghat theseareascould experience a notable
decline in access to banking services if the branch netwaskurtherdiminished However,
all interpretatios must be performed carefully becausg for example,areas shown to
experiene little changemight still relate to aonsistentlypoorbaselineaccessibility status
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While computing aseries of E2SFCA adaptive catchment madeldetailed pofile of each
OAOGs pr o xNmardstbranclees iggtuiedwithin the database. As noted earlier, this
presents an opportunity to also explore at very local léwel potential implications of
individual branch closures on specitommunitiesWhilst a map of E2SFCA scores drawn
across the study area provsdesynoptic view of patterns that may help to formulate strategic
responses, this networkstance profile toN nearest branches can inform individual
communities of the likelympacts of a branch closure, and would be valuable in formulating
detailed Impact Assessment documentatido.illustrate thisa fewcase studies drawn from

our datdaseare presented in Table

[INSERT TABLE5 ABOUT HERE]

Case 1lis an OAlocated in the Cardifthat currently has accessto 4 brancheswithin
approximately ¥2 km distanc@lthough choice would diminish, travel distance to the nearest
branch would not be unduly affected by the loss of its nearest bGash 2 lies i residetial
suburb ofCardiff and currently hasaccesgo two local branches at a similar %2 km distance
While the impact of one closuveould be minimal, ifboth wereto belost theresidents would
facetraveling muchfurther, more than 3 km, to reaghbank Case 3 lies at the city margin
with a single nearby branchis accesgo banking isvery vulnerable tothe closureof this
branchbecausehe next nearest clusterlocatedat over 3.5km distance. A similar buore
extremeexample is the OAocated in avlarketTown. Thisis reliant on a single branch at just
over ¥z km distancdts closure would forceesidentdo facehugely increased travel distances
of almost 20km. Case 5 is an OA in a relatively remote South Wales Valley without a local
branch. All its immediate options involve relatively long travel distaraie=sady and the
situationwould not changgreatly f any ofthe nearest branches wdast. Finally, Case 6 is

an OA in a rural hamlet that faces a predictably long journegabt a bankNevertheleshis
couldstill increase by more than 50%tlife nearest branch were clase

6. Discussion and Conclusions

Recent enquiries into access to banking services in Scotland and Wales have suggested that
more research is needed to assesgent levels of provision of bankirand financiakervices

including the frego-use ATM networkjn order to understand \ahis needed to maintain a

20



universal banking provisiorzor example, th&conomy, Infrastructure and Skills Committee

of the National Assembly for Wales recommended in their October 2019 report (p. 7) the need
t o fthaggps in banking services overaticcess to banks, Post Offices, fteaise ATMs

and connect i vi t yoinfoonrfutuckistatediearied d enpravingitioe avell

being of residentsn communities most severely impacted by a loss of provigibthe same

time, there hae been concerrexpresseth some quartersegardingthe lack ofopportunities

for the public to have meaningfulinput into thedecision to close aréanch This in turn has

drawn attention to the perceived ineffectivenesghis regardof the Access to Banking
Standardand the role of impact assessmentsansultingonthe implicationsof bankclosures

or changes in opening howthin branchesn order to helpunderstandand mitigatethe

impact of closure on communities.

Our concerns in this paper relatethe impact®of changesn bank branch services patterns

of geographical accessibilignd the potetial for modellingapproaches tbe included iran
overall assessment die implications of such proposagsior to implementatiorWhilst
acknowledgingoncerngegading financial exclusiomrebroadeithanjustthosesurrounding
the impacts ofjeographic distangseeMidgely (2002)for example) we suggest that the type
of research discussed in this paper can contribute to such debates by providing a baseline
picture of current provision as well &lpng to monitoring thefuture impacts ofproposed
changesin particular, thetypes ofsophisticéed spatial aalytical methodsreportedin this
papercan generate insight and information to inform impsatlies, direct closure plaasd
instigate plans to mitigate their effed&irthermoreby encompassingccess to a wider range
of facilities that provide banking servicess(ich as building societies, ATMs, credit unions,
community banking models, mobian delivery and post officgsas Tablé illustrates these
tools could help examine the implications of such changes mtaity basisby providinga
more comprehensive picture of the impactsldnging provisionFurthermoresuchoutputs
have the potential to becluded in wider studies of financial exclusion thampare patterns
of accessibilityto those of socicecaomic variablessuch asage, disabilityhealth and

depivation and considelocal factors such as publiansport provision.

Spatial analyticabpproaches to measuring accesbadokingservices havéargely adopted
simpledistancemetricsto monitor thampacts ofbank closuresAt the same time, there is an
increasing literaturbasewhich highlights thepotential for approaches based around floating
catchment area techniques that padevpotentially more nuance@nalygs of variations in

access to a wide range of services. To knowledge this is the first paper to apply such
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techniques to the study of banking provisi@Qur findings suggedhere is real potential in
adapting these tools fdhe bankingsectorby consideing approaches that adopariable
catchmentsizesto move beyond fixeccatchmentmethodsand help to assesshe spatial
accessibilityimplications of bank closuresBy highlighting examples othe mapped(and
tabula) outcomes of different approaches to estimatingptrameters within such moddiss
study also drawattention tothe limitations ofthe type 6 datasets available to differentiate
areas andjuide thechoice ofsuchdistance settingat detailed spatial scales reality, the
approach takeis likely to be informed by expert judgememithe usefulness of tke outputs
under different types of modelling scenarioslowever, this approach andhe potential
inclusionof other supplyside measuresuch a®pening hourandrange ofbanking services
as well aghe incorporation of mukimodaltravel within FCA calculations(Langford et al.,
2016; Ma et al., 2019)pffer real potentiako incorporateE2SFCAtools as part of wider
enhancmens toexistingimpact assessmeexerciseshatcould provide the public withmore

confidencehatthe implications obuchclosure programs have bektly considered.
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Urban Rural
Major Minor City and | Town and | Village Hamlets &
Conurbation | Conurbation | Town Fringe Isolated
Dwellings
Sparse | No | Al Bl Ci1 D1 El F1
setting? (not present)| (not present)
Yes C2 D2 E2 F2

Table 1 Rural / Urban classificatiaof UK Output AreagRUC2011)

RUC2011 | Five-class| Averagenetwork | Skewnesg Catchment size
Code groupng | distance tdhe within based on 95
nearest bank class percentile distance

C1l G1 2063 m 1.27 4650m

C2 G2 1208 m 0.43 2500 m

B; G3 4203 m 1.19 11000 m

El

F1 G4 6493 m 1.12 12200 m

E2

= G5 9766 m 0.54 19000 m

Table 2: Distance to nearest bankdcatchment sizes eaffive-class OA classification scheme

Urban Rural
| Total count 6709 (67%) | 3327 (33%)
Catchment size| OAs reportingno access
3.1 km 1271 (19%) | 2427 (73%)
8.2 km 15 (0.22%) | 937 (28%)

Table 3: Distribution ofurban and rural OAlassifications in Wales, artde proportions
returningano accessutcome whemsinga fixed-sized catchment

RUC2011 Distance tamearestural OA | Distance tanearesurban OA
classification

Urban 2520 m 187m

Rural 709m 10922m

Table 4: Distance of OA centroid to nearagstighbour according to RUC20tlassificatiors
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Urban Urban Urban Market South Wales | Rural

(centre (suburb (fringe) Town Valley Town | Hamlet

C1 C1 C1 D2 D1 F1
1 534 393 173 560 6942 11471
2 568 440 3706 19589 8501 17518
3 597 3131 3765 19652 8542 17578
4 686 3148 3807 28805 8544 18866
5 3572 3362 8394 28852 8601 22291
6 3692 3493 8504 28911 10637 22355
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Table 5: Distance profiles tt"" nearest bank for selected @Antroids

Figure 1: Distribution of bank branchd#), and OApopulationweighted centroidéB)
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Figure 2. E2SFCA accessibility scorger Cardiff city (left) and Pembrokeshire (rightased
ona 3.1 km fixedsizedcatchmentind using a quintile classification scheme

Frequency
1050 -

urban OAs

rural OAs

3001 ' 1 ' |
31.6 100.0 316.2 1000.0 3162.3

Network distance to nearest neighbour

Figure 3: Network distance to nearesighbour ér urban (ippe) and rural lpower) OAs
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Figure 4: Distribution ofurban and ruraDA centroidsin: rural Wales(A), the South Wales
Valleys(B), andCardiff city (C).
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