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Executive Summary

This report presents the results of the evaluation of the Big Data technologies andallatztion approaches
that had been utiked in the pilot citiegBlantyre, Gaborone, Kinshasa, Kigali, Lagos, Maskti@ HVT Africa
Urban Mobility Observatory (AUMO) project, as well as the initial set of indicators that had been included in
the current version of the AUMO web portéhttps://mobility.observatory.geafrica.org/#/star).

The report falls under Activity Streantg3ndicators and Technology Evaluation of the HVT &fvidan
Mobility Observatory (AUMO) project. This Activity stream features the following main activities:

1 Review of the state of practice relating to mobility indicators and Big Data;

9 Drafting of a set of mobility indicatoidsased on the results of the raw of the landscape of mobility
indicators currently being used elsewheihese wereised as the basis for the initial set of indicators
that had been included in the AUMO web portal

1 Consultationsvith beneficiary cities and technical experts to assbesBig Data technologies, and
indicators in the AUMO web portal.

Methodology
Themethodology used in the evaluation process consists of the following:

1 Review of literatureThe team reviewediterature related to the relevant challenges (mobility and
digitalisation), state of practice relating to mobility indicators and Big Datad investigated relevant
developmentsacross sukSahararAfrica. In relation to the indicators, the team mapped out relevant
regional and global processes, and the correspogidhdicator sets and also considered the general
sets of challenges and priorities of the AUMO cities/countries. The team conducted a dedicated
exerciseio investigatethe research literaturefocusing on Big Data and mobility, as well as Big Data in
the African region

9 Draftingan initialset of mobility indicators The results of the literature review produced initial set
of indicatorsthat were used as a guide in defining the approaches related to the data collection
conductedin the AUMO cities

1 Validation with beneficiary cities and technical expeffShe validation exercisegere composedof
the following: an online survey that targeted experts who work in the fieldsofstainable urban
mobility, andwho have experience/knowledge about Big Datighin the urban mobilityrealm; online
interviews with expertscity workshops that in théAUMOaction planning citiegBlantyre, Malawi
andKigali,Rwandg;

1 Pilot implementation The lessons and insights fromethctual implementation of Big Data collection
exercises were documented and form the basis for the evaluation of the Big Data technologies within
the context of the AUMO cities.

Summary ofKeyFindings

Understanding the Challenge

1 The trends highlight themportance of pursuing means towards directing the African region towards
sustainable mobility pathways. Africa is positioned to exhibit the highest rates of growth in terms of
urban transportation activity in the next decades, and the challenge of pray&lustainable, high
quality, and affordable transportation services, and the associated infrastructure and capacities, is
becomingincreasinglysignificant. Issues related to the basic tenets of sustainable mobility can be
seen as commonly present acrdlg region, albeiin different states

I The gaps in mobilityelevant data aggravate the hindrances towards pursuing sustainability in the
mobility sector in the region. These gaps are driven by various factors related to costs of sustaining
data collection efforts, lack of mechanisms or wilfings to share data, lack of attention provided to
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specific elements of the transport systenesg.,non-motorised modes)andgovernancerelated
issues, among others

I The investigation of the potential for the ugdition of Big Data towards aiding the guit of
sustainability in the mobility sector also entails the investigation of the major enablstech
technologies, such as digitadtion trends. While significant strides had been achieved in terms of
improving overall digital access metrics in tieeent past, the digital divide in the region remains
more significantas compared to other region# is also worthwhile noting that major differences in
such metrics can be observed witldauntries in Africa

I The state ofjovernmentresponsegowards addressing mobility issues, as well as those directed at
addressing digitédation and data gapsndicate that there is progress the region, but there are
significant opportunitieso accelerag this

Big Datatechnologiesin urban mobility

1 Evidencefrom the literaturehighlightsa variety ofbeneficial use cases for the application of Big Data
in the field of urban mobilityHoweverthese also reflect the diversity and complexity of the
requirements thatmust be considered inperationalsing the use of Big Data in the field

I While arich set of research papers focusing on Big Data in urban mobility has been found at the
global level, only &w (althoughincreasingwere found tofocus on Africa

9 The literature on the concept of Big Data eefis diversityin terms ofhow the concept is being
charactersed. Some definitiongocus on capturing the essence of the data generated itself, while
somego beyond the data characteristics, and encapsulate related processes, the value addition
created bythe data, and the requirements that are needed to generate andsetduch dataThe
reliance of Big Data on continuous feeds and updates, and thus, the associated proeggses (
maintenance management, andpdating) should bemphasisedn the discusions surrounding the
concept of Big Datavhich wouldthen be helpful in better understanding its nature, and the
associated requirements

i Big Data offers opportunitie® lower the overall costsf gathering relevant data for planning. It also
opens novéopportunities for betteridentifyinglinks between mobility behavioyand other factors

9 Various challenges arestricting theuptake of Big Data in urban mobilitfhese typicallyelate to
policies, managemeninfrastructure,and technology, as well as people and communities. The
experts consulted in this study view polislated challenges as most significaBnsuring data
privacy is critical for Big Data technologies, such as user movement analytics, to be effective;

I Thelessons from the pilot implementation are as follows:

o Data collection permissions and data privacy
A Most territories require formal data collection permission requéste submitted
to local authorities before data collection may commergd@éese permis®ns should
be sought well in advance oampaign commencement;
A Data privacy regulations vary across territorighiese must be investigated
thoroughly;
A Data collectionthroughremotely administeredechnologydrivensurveystools may
require additionalclearance from additional legal entities;
o Conventional field intercept surveys
A In most citiesexcept forBlantyre,conventionalfield intercept surveys proved to be
the mostcosteffectivemobility data collection method;
0 Unstructured Supplementary Séce Data SSPWhatsApp Surveyand Short Message
Service $M3 Marketing Messages
A SMS marketing messages proved to mmsteffective mechanism through which to
recruit USSD and WhatsApp survey participants
A USSxnd WhatsAppuwrveyscould only be condcted in Lagos and Blantyre since
mobile network operator costaere found to be too high in Gaborone, Kinshasa, and
Maseru, while in Kigali, the requirethta collection approvals could not be obtained;

Xiii
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A The majority of USSD survey participants were unabmplete the survey due to
the time limit associated with USSD sessions (a reduced length survey would have
helped overcome this challenge);

A In Blantyre, éspite manyUSSD respondents not having sufficient time to complete
the survey before the session expired, enough participants were able to complete the
survey to yielda cost per survey lower than any other survey m@decomparison
with field intercept surveys, WhaApp surveys, and User Movement Analytics)

A WhatsApphasthe potential to be a coseffectivetechnology to administer mobility
surveys, although due tmarketing campaigns in AUMO cities which favoured USSD,
few survey respondents chose participate via WhatsApp

A For large campaigns exceeding 1,000 respondeius to the economies of scale with
these technologies, §SD and WhatsApp survédyas/e the potential to become
considerably moreosteffective thanconventional field intercept surveys;

0 User Movenent AnalyticYUMA)

A UMAIis a smartphonédased survey technologleveloped by GoMetravhich
automatically generatetravel diarie2 y LI NI A OA LI yiaQ RSOAOSE.
location tracking;

A This technologgan be integrated with existing Andraégbps, and is also available as
a standalone appife iOS version is under development);

A The main challenge experienced in trying to integrate with existing Android apps is
achieving buyin from prospective app partners (who are usually reluctant to proceed
with integration, due to concerns thahisY I @ NB RdzOS ( KS A Nipdir LILIQ &
user experience);

A The main challenge experiencedth the standalone app wagsoor conversion rates
in terms ofconvertingcampaign advert clickhroughsinto active participants.

I The consolidated recommendations for cities are the following:

o Integrate Big Data into urban mobility plannigd\s Big Data technologies and applications
evolve and find their way into developing cities in Africa, city authoritiesilshime active in
exploring how such can be leveraged and utilised to support the fruition of their vision and
objectives relating to urban mobility;

o Adopt appropriate local policies and regulatianElevating the understandingf local
authoritiesregarding the overall governance and policy landscapes related to critical issues
related to Big Data (i.e., data privacy, cybersecurity) is crucial for guiding the development of
complementary policies and regulations at the local leVhls imecessary for crafting
supportive local policies and regulatiofesg.,bolstering capacities, provision of incentives,
and setting up appropriate data sharing mechaniyms

o 5SGSN¥AYS (GKS ORA (e QxitysittoriesIshoud candtetiing e LIJ- O A
specific roles that they want to play within the Big Data process chain, and how such roles can
evolve in the future. Considering constraints (i.e., budget, skills gaps), an iterative and
contextspecific approach towards strategic capacitylding should be taken into
consideratiotd Ly GKS &aK2NI GSNXI G2 o62faidsSNI Oade -
consultants and academic institutions could be beneficial

o Address infrastructure and technology gapghe infrastructure challengdsve been pointed
to as critical challenges for the use of Big Data. Cities should be cognisant of the emerging
technological solutions that can serve as alternatives to costly hardgvemeexample, cloud
based servers. The determination of infrastruetuiequirements, the earmarking of local
funds, and the identification of other funding and financing resoasteuld be explored
when considerindgig Data collection initiatives;

o Establish mechanisms for collaboratioDeveloping cities are mostly confited by
significant limitations in terms of capacities, skills, and resources. Finding ways to maximise

Xiv



AFRICA URBAN MOBILITY OBSERVATBIBYDATA TECHNOLOGIES AND INDICATORS REPORT r)

collaboration can help address such issues, and city authogisesh as by settingp an
urban living lab focusing on Big Data and mobiligin exlore synergies with other entities
such as academic institutions, and the private sector;

0 Support the promotion of Big Datdt is important that city authorities actively support such
initiatives and facilitate dialogue and communication effaxigh the relevant stakeholders.
Leading by Doing is a further strategy that can spur interest and sufgpdig Data use in
the mobility sector.

AUMOsustainable mobility indicators

)l

The review of relevant global and regional processes that relate to sustaimadiility indicators
findsthat there are a wide set of indicators that are being used are categosed in various ways.
Ultimately, clear definitions for any indicator adopted are of primary importance for agtagsion
making.In the case of the itial set of indicators adopted for the project, more detailed definitions/
descriptionshad been suggested by the stakeholders

The relevance of the initial set of indicat@dopted in this projechad been validated by the local
stakeholders, as well dse experts that had been consultgd

Some indicatoriad originally been included in the list, but have not been populated with data (e.qg.,
affordability, traffic fatalitiesCarbon dioxide o€Q emissions, congestioms these requirelata that
would need tabe collected fromother (e.g, secondaryksoures

Additional indicators whiclkapturefurther dimensions ofmobility (€.g.,mode shares, road safety,

and accessibilifyhad been proposetly the experts and local stakeholders fioclusion

The analysis of the data collected in AUMO shows that sucproaide key inputs to the local policy
makers and the operators feedback on improving and strengthening the transport offerings

The innovative element that the AUMO project brings is the ease of collecting large swathes of data
directly from the users. #\technology gradually becomes an integral part of thetdagtay life of
citizens, having smart devices can also become a key feedback submission portal. Threugh non
invasive data collection techniques, the personal data of the user is protemeldonlythe data that

the user wishes to share is shared for processing

The key recommendationgertaining to the indicatorare as follows:

o Retain and refine the existing set of indicater®he relevance of the initial set of indicators
was validated by the k&l stakeholders and subject matter experts. However, there is a need
to further refine the definitions as reflected in the portal, arafine the titles of some of the
indicators;

o Explore the inclusion of additional indicater§he validatiorexercise pointed towards the
benefit of having additional indicators in the portal. For one, the current indicators are
primarily focusing on urban passenger transpartdthe inclusion oturban freightfocused
indicatorsshould beexplored The use of BiData (e.g., UMA) also allows for including
additional indicators, for exampl@dicators fortrip chains andnulti-modality;

o Explore the utilisation of the AUMO data with other soure&gnificant information about
urban mobility (e.g., in relation to choigaaking) can be uncovered when effectively
combining existing Big Data (e.g., user movements) with other data refleébénghysical
environment, transport services, and socioeconomic factors.
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1. Introduction

1.1 Report objectives

This reportpresents the results of the eltation of the Big Data technologies and data collection approaches
that had beerutilised in thepilot cities(Blantyre, Gaborone, Kinshasa, Kigali, Lagos, Masktig High

Volume TransportHV1) Africa Urban Mobility Observatory (M®D) project, as well abe initial set of

indicators that had been included in the current version of the AUMO web portal
(https://mobility.observatory.geafrica.org/#/star.

The reprt falls under Activity Stream@Indicators and Technology Evaluatimithe HVT AUMO project.
This Activity stream features the following main activities:

I Review of the state of practice relating to mobility indicators and Big Data;
9 Drafting of a set bmobility indicators;
o0 Based on the results of the review of the landscape of mobility indicators currently being used
elsewhere;
0 These were then used as the basis for the initial set of indicators that had been included in
the AUMO web portal;
o Finally, casultations with beneficiary cities and technical experts to assess the Big Data
technologies, and indicators in the AUMO web portal.

1.2 Reportstructure
This report is primarily segmented into four main sections

9 Section 1 provides the backgrountithe AUMD project and how this report fits into the overall
research design

I Section Zorovidesinsights towards understanding the mobility, and the relevant data gaps and
challenges in the AUMO countries and cities, as well as iAfii@an region, in general

1 Section 3presents the results of thevaluation of the Big Data technologies and initial set of
indicators that had been included in theJMO web portallt presents the results from the literature
review, the consultations with the experts and local staddelers, as well as thiasights from the on
the-ground application of the technologigs

1 Finally, Section gresentsvisualisations of the data that had been collected in the AUMO cities.

1.3 Research background and objectives

¢KS !'!'ah NBaSINOK LINRB2SOG Aa | O2YLRySyild 2F GKS as
Commonwealth and Development Office (FCDO) Ajplied Research Programme. More specifically, in the
context of the impact that urban transport planning has on climate change and inclusion in LIC (Low Income
Countries) in Africa, this research intends to address the following three research questions:

1. Big Data Technology: What are the opportunities and rislBigdData applications in HVT cities?

2. Informal Paratransit: What is the role of informal transport in the global South and how to enable
transition towards a clearaffordable,and efficient solubn for HVT?

3. Policy Levers: What are the main levers for mode share and what is the role of data?

1.4 Project activity streams and deliverables overview

This project comprises four interlinked Activity Streams (Sgerel). Activity Streams 1, 2 and 3 are led by
GoMetro, UNHabitat and Wuppertaldrban Electric Mobility InitiativdJEM), respectively. Activity Stream 4
is led collaboratively. These Activity Streams ruparalle| and the outputs generated under one Activity
Stream are used as inputs to the others.
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Figurel: Research activity flow

1. Urban Mobility

Observatory

Lead: GoMetro

Objective: Use “big data” technology to
measure & benchmark mobility
performance across African cities.

* Field surveys to map informal public transport

* Web surveys

* Mobility app & User Movement Analytics SDK

* Measure indicators (e.g. mode, access, safety,
€02, time, harassment...by gender, age, ability)

2. Policy & Planning
Insights

Lead: UN-Habitat

Objective: Compare mobility
performance and policy drivers to
sustainable mobility pathways.

e Review literature of mobility pathways

e Benchmark performance across cities

o City interviews & desk research to identify key
policies and exogenous variables.

o Suggest policy priorities for beneficiary cities.

Lead: Wuppertal & UEMI

Objective: Evaluate effectiveness of
mobility indicators and Big Data
technology for African LICs cities.

* Review indicator state of practice.

* Interview cities & experts.

* Evaluate indicators for LIC cities

« Evaluate Big Data accuracy, usefulness, cost
effectiveness and replicability for Africa LICs.

4. Uptake & Capacity Building

Engage LIC cities and development agencies to build capacity, develop Action Plans, and catalyze uptake.

e Partner with cities to generate data. (GoMetro)
e Publish web data platform. (GoMetro)

* Build capacity on sustainable mobility policy, big data technology and

indicators. (UN-Habitat)

e Co-develop Action plans with two African LIC cities. (UN-Habitat)
o Host peer learning workshop / webinar among Urban Pathways cities

and development agencies (UN-Habitat, Wuppertal)

o Publish peer reviewed paper

This report, Deliverable 7, falls under Activity StreéarA total of 10 deliverables are associated with the four

Activity Streams (se€ablel).

Tablel: Project deliverables per activity stream

Deliverable | Description Activity Stream | Submission Date
Deliverable O Inception Repor{submitted) 0 31 August 2020
Deliverable 1 Brief Scoping Repofsubmitted) 1 30 October 2020
Deliverable 2 Launch of Big Data Applicati¢submitted) 1 18 December 2020
Deliverable 3 Web Data Platfornfsubmitted) 4 26 February 2021
Deliverable 4 Role of Informal ParatransitReport(submitted) 2 30 September 2021
Deliverable 5 Policy and Planning Insighgskeport(submitted 2 28 January 2022
Deliverable 6a | Workshop and Webinars (Introductor§gubmitted) 4 29 October 2021
Deliverable 6b | Workshop and Webinars (Post Data Collection) 4 29 April 2022
Deliverable 7 Big Data Technolognd IndicatorsReport(this report) 3 31 Augus022
Deliverable 8 Action Plans 4 31 October2022
Deliverable 9 Peer Reviewed Journal Article 4 25 November 2022
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2. Understanding the Challenge

Over the last decadepjanning and provision afrbantransportationhas become one of the most striking
challenges in African cities. This issue is exacerbated by the lack of comprehensive and updated transport data
that decisionmakers need to design aduate evidencéased policy answers. This chapter describes the

main mobility drivers and trends, transport data gaps and responses is&dra African and AUMO

countries to better understand the challendépaves the way for the subsequent analydishe potential of

Big Data. Tis sectiorfurther presents the state of digitalisation, gaps, and policy answers in these countries.
This sectioriurther presents the state digitalisation gaps,and policy answers in these countrjeghich are

also useful in subsequent analysis of the potential of Big Déatee region SubSaharan countries are

understood following the definition of the UN Statistics Division codes for statisticdlLlise

2.1 Cities and mobility trends in SuBaharan Africa
Main characteristics

Citiesin Africa arerapidlygrowing. In 2020, SuBaharan Africa (SSA) experienced an annual urban population
growth of 3.9%, slowing down compared to rates of 4.5 to 5% experienced in the 1970s to 1990s, yet still
much higher than the global average in 2020 of 1(8dn fact, the urban population in SSA cities grows at
twice thepaceof the global averagand at this rate urbanpopulation isforecasted toreach1.33 billion in

2050, compared with the current 470 milligR). This urban growth is even more challengiagt is often
decoupled from economic growth. In additianuch of thegrowth is happening inapital cities and major

urban agglomerationsaggravatinghot onlytransport challenges but alstemandingfinancial resources and
efforts, leaving little forsecondary citie$4). Lastly and critically, the increase in the number of urban dwellers
has been accompanied by urban sprawl, reducing densities and the efficiency of infrastructure and service
delivery(5).

This combination ofapid urbanisationpopulation growthand spatial expansion of cities will continue to
contribute to the soaring increase of mobility nee#igyure2 and Figure3 show the demand increase for
urban transport by 2050, continuously increasing in-Sabaran Africa farrbanpassenger transport, to a
much lesser extent fourbanfreight. SubSaharan Africa is expected to grow the fastest in termsloén
passenger transpowctivity (5.7% per annum, as compared to the global average 2863 as well as in terms
of urban freight (4.3% per annuropmpared to the global average of 2.2%).
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Despite these increasing mobility needs, governments have mostly been unable to keep pace with the
investments in transport services and infrastructure needed to addféssiemand The lack of financial
resources translates into a lack of financial supgpor collective transport services, poor road conditipasd
a lack of infrastructure. The issues are further aggravated by planning and gefiicigncies dueo
fragmented governance, multiplicity of institutions, lack of coordinatomongactors lack of modal
integration, and the absence of holistic and continuously updated planimmitige entire mobility system(4,7)

Asubstantial portion of demand is catered flay paratransit servicethat operate without publicfinancial

support andare subject to limited regulation. Id KA & NBLI2 NI Z 6S dzaS@OKS y2GAz2y
O2ft t SOGADS (NI yaLR2 NI NI sircsivideKdreyhot aystghatalyroperated NI y & LJ2
outside of aformalisedor regulated environment.

Several bodies of research have documented the challenges facedng transport companies in the
second half of the 20century, resulting in the emergence of paratransit services. In the 1990s, the
convergence of scarce financial resourdes tothe absence of public subsidies, low fares and low farebox
revenue, mismanagementandstructural adjustment policiethat preventedsignificant public support from
national governments, led formal transport operators to bankruptcy in many SSA cou@tié3 Following

this collapse, a first wave of privatedperated collective transpoite.g.,mini- and microbusesemerged to

fill the mobility gap. Smallerehiclessuch as sedans in South Africa or mtagisstarted being used iseveral
SSA countries in the context ofw globalised vehicle supply chains and facilitating tax reg(d®41) A

high diversity of vehicles is found across African cities, including tisee- and fourwheeled vehicles of
different sizes and capaciti€¢$2) These vehicles show heterogeneous operating patterns depending on the
level of business formality, the regulation of competition, the flexibility of routes and frequencies of service

(8).

Paratransit is key in SSA and oftamstitutesmore than 80% of collective transport services provided in
cities. This share significantly varies among SSA couritaesa minmum of 36%n Addis Ababa or 38% in
Casablancao a high number of cities seeing a range of 81 to 91% (Windhoek, Niamey, Algiers, Accra,
Ouagadougou, Nairobi, Lagos, Bamako), reaching %a®300% in other cities (Conakry, Douala, Dakar, Dar
es SalaanKigali and Kampal#3). These figures must however be used with caution since mostly based on
data collectedn the 1990s and 2000s (ibiddaratransit modes play a crucial roleneetingmobility
demand,whichwould stay unmet in their absence. In addition, these modes display a series of positive
features, including theiextensive coverage, flexibility, demdwesponsiveness, limited vehicle costs and
fares,whichfacilitatesa minimum level of accessibilitgimilar to formal transport servicehey alsqgrovide
revenuesto drivers, ownersas well as workers involvednimaintenance, repairs, adjunct services at
interchange points.

However, these modes also pose significant challenges for users and SSA cities liveability. Some of these
characteristics are endogenous, some exogenous. Firstly, intense competition Ibegpaesransit providers,
fragmentation of the offerand lack of coordination between actors are caused or worsened by the lack of

4
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public regulation to cap transport supplyhis has detrimental impacts on users for whom providers compete,
causing speedingvertaking, or long waiting times to gethicles filled On a socik®conomic level, the lack

of social security nets and contractual labour relationships is tightly bound with exploitative relationships
between owners and drivers in the form of highdat systems. Combined with frequent bribes to the police
(13), theseresult in meagre driver revenue®n an environmental level, vehicles used in-Salharan cities

are often bought as used or secehdnd(14), often stretching beyondheir lifespan planned by the

manufacturer and are often not well maintaingathich contributes to &ighnumberof road crashe§15,16).
Overall, the combination of old unmaintained vehicles, competition between drivers, target systems imposed
by owners incentivising fast driving led to limited reliability, poor service quality, and poor road ssfetg

While paratransit is a ajor mode of transport, walkingtill remainsthe dominant mobility option in most

SSA citieé7,17,18) Walkingis a primary choice since many urban dwellers cannot afford a persoaakport
mode, two- or three-wheeled motorcycle taxis, or even paratransit options. Walking represents up to half of
the daily trips in cities such as Nairobi, Dar es Salaam, Kigali, or Maseru, or even up to 80% in a study
conducted in Kinshagd 7,19,20) Alongside walking, cycling is presentrianyAfrican countries but, overall,
not dominant in capitatities(17). Cycling suffers from a range of barriers, including the lack of financial
resourcedo buya bicycle, poor safety of cyclists in trafficadequate infrastructure, anchallenges of

covering long travedistances.

Walking and cycling hateaditionallybeen given low recognitioand priorityin policy, legislation, budget,
resourcesand space allocation, althoughis is changingl8). There is anegative perception of non
motorisedtransport (NMT) in SSA countrjes passenger cars are associated with high status, wealth,
prosperity,and education. At the same time, cycling and walking are considered unsafe, outdated,
inconvenient, unattractiveand a mode of transport for the poor, which tend to be abandoned esnres
grow.

The lack of attention toward NMT infrastructure translates into a poor road safety record in the African
region, with the continenhaving the highest road traffic fatality rate worldwi¢4). About 40% road fatalities
are pedestrians, followed by 9% motsed two and threewheeler users, and 4% cycli¢®l). In the absence
of safe and dediated NMT infrastructurea high proportion of crashes involve pedestriavtso have tocross
arterialroads andstreets Thissituationisworsened by the absence of street lightitggck of pedestrian
crossing facilitiesand poorly enforced speed regulations. Poor walking conditions further characterise
transport poverty on unpaved roads getting muddy or flooded and the inconvenience of footbridges,
compelling pedestrians to makerig detours.

In recent yearsthere has been increasirigvestments in public transport infrastructupojects such as Bus
Rapid Transit (BRT) or Light Rail Transit (LRT) in a few cities, carried by multilateral or bilateraldenors.
implementation ofthese projectss impeded by institutional fragmentatiai7), Moreover,these projectsare
not without contestationhaving beencriticisedon the ground ofelt limited impact perceived lack of
integration of existing mobility servicesidworkforce (7,17)or the destruction of jobg13).

In addition, the trend of investments prioritising road infrastructure is persisting while mostly benefitting
passenger car users, who represent only a wealthy minority of the popul@&&@3) An illustration of this
persisting trend is the recently built elevated expreagvin Nairobi, which is available only to the population
who can affordhe toll fee.Although SSA countries halmver rates ofcarownership carsretain their
desirablestatussymboland attraction amongst highincome grou, andownership isexpected to rise as
incomes dq17,24,25)In addition toprivate usage passenger cars are increasingly used for-hidiing
services provided by digital platformkis growth of private motorisatiorcontributes tocongestionandthe
deterioration ofair quality, the latter being garticulaty striking challengén in Africa asthe region receiving
the highest number of uselight dutyvehicles(26). This also raises issues the end-of-life management of
these vehicles

Table2 provides an overview of the challenges resulting from these drivers and trends and corresponding
indicators used to deploy the AUMO project.
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Category Challenges AUMO indicators

1 Macro: traffic congestion impeding economic

development, city competitiveness and 1 Affordability;

attractiveness s Mode share
1 Macro: inefficient allocation or consumption of 1 Travel tim
Economic public financial resources ¢

9 Congestion
9 Vehicle occupangy
9 Distance travelled

9 Micro: high share of household income spent ¢
travel expenses

1 Micro: opportunites limited by insufficient
accessibility

1 Air pollution issues impact the health of drivers

transport users and urban dwellers in general,

especially those residing next to roads

Carbon emissions

Noise

Public space &rbansprawl

9 Transportrelated emissions
9 Mode share
9 Vehicleoccupancy

Environmental

9 Accessibility

9 Public transit reliability

9 Public transport comfort

9 Transfers

9 Traffic Fatalities

9 Perception of Driver Behaviour
9 Perceived Condition of

General lack of accessibility

Lack ofnclusionfor persons with disabilities or
elderly persons

Poor road safety

Lack of personal securijty

Situations of sexual harassment, especially fag

= =4 |=a-=a=

Social

= =4 =9

b . . .
q Pﬁc\;\;OTJZRty of life Public/Paratransit Vehicles
q Conggstion 9 Perception of crime on public transport

9 Sexual Harassment

In addition to these economienvironmental,and social challenges, issues related to poor governance
renders more complexities intime mobility landscapeGovernancehallengesncludethe dearth of financial
resources, institutionalragmentation,andinadequate capacities relating sustainablaurban mobility.

These trends result in misalignment of policies, a lack of regulation of transyyopty, combinedvith

insufficient policies, or insufficient implementation of existing policies. Lastlghallenges arékely to

worsen as the underigg factors areentrenched e.g.,urban sprawl pushed by investments in-cantric road
infrastructure, congestion linked to the increase of foacupancy passenger cars, environmental and health
impacts owing to the increase of motorised secdrahd vehtles, or disruptions linked to climate change
STFFSOGa adOK la Ft22RAy3Iazr | arAiddz GAzy ljdad t AFASR

Criticalaction is needed to move towards sustainable urban mobility in SSA citieSustanable Mobility for

All @umdall) Index for Sustainable Mobility shows that a significant number of SSA countries score poorly in
this regard(27). A large share of SSA countries in Western Africa, Southern Africa and East Africa belong to
the tier 3 countries of Group C, while some countries (Central African Republic, South Sudan, Chad, Niger)
belong to tier 4of Group D, namely the group of countries performing the lowest, worldsdeFigure4

below). Furthermore, the picture is worse when looking at $ntlicators foraccessibility and efficiency. Most

of the SSA countries are found in Group D for the universal accessdicator (parameters: rural access,

urban access, gender). For the efficiency-subicator, a large share of them belongs to Group D.
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Figured: SUM4AIl Sustainable Mobility Inde(@27)

N

Group D (< 25) M Group C(25-50) M Group B(50-75) MW Group A(75-100) No data

Table3 provides an overview of the situation for the six countries scrutinised in the AUMO project. A
substantial variation is found in their Mobility Rank, for instance, the Democratic Reputhiee Gbngo (DRC)
ranking 175 out of a total of 183 countries and Botswana ranking 109. However, some interesting similarities
can be identified. All of them belong to categoryi.B,,the lowest category when it comes to urban access.

All countries are igroup C or D for the suimdicators of efficiency and safety. Noteworthy, all countries score
more poorly in terms of air quality than greenhouse ¢@slG emissions, owing to the still high shares of
walking and cyclindrhis denotes an immense potentiafl SSA cities to shift priorities towards NMT and
accelerate the decarbonising efforts in transport.

Table3: Scores of AUMO countries in the SUM4AIl Sustainable Mobility Index

Malawi ‘ Botswana Rwanda ‘ DR Congo | Nigeria Lesotho ‘
IncomeGroup Low income | Upper Low income | Low income | Lower Lower
middle middle middle
income income income
Sustainable Mobility 36.0 41.1 39.5 25.8 33.1 32.8
Index Score
Mobility Rank 137/183 109/183 116/183 175/183 150/183 151/183
UniversalAccess Group D n/a Group D Group D Group D n/a
Efficiency Group C Group C Group C Group D Group C Group D
Safety Group D Group C Group D Group D Group C Group D
Green Mobility Group B air | Group B air | Group C air | Group C air | Group D air | Group B air
pollution, A | pollution, B | pollution, A | pollution, A | pollution, A | pollution, A
GHG GHG GHG GHG GHG GHG
emissions | emissions | emissions | emissions | emissions | emissions

Most of the mobility challenges described are found in SSA cities,diggarities exist within the vast
geographical scope of St#aharan Africa depending on economic growth and income lexglsstrong

contrasts between South Africa or Nigeria on the one hand and Burundi or South Sudan on the other hand)
and urbanisatiommates €.g.,higher rates in West African countries compared to East African counfies)

The vehicle typesperated,and their modal shares do vary. These differences thus call for a differentiated
analysis and the need for data.
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2.2 The transport data challenge

The dada gap(s)

Researchers consistently identify a daunting problem posed by the lack of data on SSA8)it&imilarly,
researchers and practitioners consistently identify a dearth of transpaldted data for African cities

(7,11,14,20,2633).

This scarcity of data covers a myriad of transpetated factors, such as trip characteristics including origin
and destination, modal shares, and service characteristics including travel times, alongsieesooipaphic
characteristics of usemnd trip purposg11,14) Critical data on accessibility in African cities is laclir&B)

Genderinclusive data is absent or deficient since data collected on commuter trips may not reflect the typical

trip-chaining that characterises the mobility of women; further, insufficient dsitzollected on public
transport travel time and waiting times, which play an essential role in the personal security of women as

users(32).

In this context, transport authorities lack data to formulate evidebesed policiesTable4 dives deeper into
the factors explaining the lack of transport data refine the understanding of the nature and extent of data

gaps.

Factor

Cost intensity of
traditional urban
mobility data
collection techniques

Explanation

Conventional data collection techniques take the form of travel surveys (onboard, at sto
at the household level) and are aducted manually or via phone interviews require staff, tif
and a large amount of datél4). Most SSA cities do not conduct lagmale, regular survey
such as traffic countig, household travel survey&8,34) or user satisfaction survey$4).

Some data are particularly costly to collect via conventianathods. Air quality data
traditionally u® reference stations, which are expensive and require calibration and
maintenance(35). Innovative lowcost methods are emerging, such as mobile air quality
sensors, but are not yet mainstream.

Outdated information
in the absence of
frequent data update

Some of the data on transport patterns are outdated, which casts doubts on their reliab
in the light of particularly rapidly evolving mobility and urban patterns. For instance, the
information on the modal split in Nairobi dates to 2013, when JiCaatetl the data in the
context of the Project on Integrated Urban Development Master E3&h

Imprecise information

When data exist, there maye qualityissues regarding indicators. For instance, details on
the time where indicators were measured may be lacking, or a sufficient level of details
these indicators to enable meaningful comparis@issue found ir{8)). In one examplein
Nairobi in 2013, motorcyckaxis, whose growth has been significant over the last few ye
were scrutinised within thaggregated category of twavheelers, not allowing for a
dissociation between bicycles and motorcycles.

Lack of data on
transport services
owing to the
characteristics of
paratransit

While not all paratransit services are unregulated or+#fimmalised, anumber of such service
do not have licenses or tax registrations. This may particularly be the case-fardanodes,
such as motorcychkaxis. For instance, neither decision makers nor transport represente
associations know the exact number of matgcle taxi operators in cities such as Nairobi,

es Salaam, or Kampala, as some operators provide services without a public transport

driving license, or use a motorcycle registered as a vehicle for private us€3@gh0). The
lack oftransport representative associations, or the competition between several exi
associations, may also hinder getting an overall picture. Cash payment practices do not
data collection via digital payment means.

In addition, the heterogeneity afervices complicates the way in which these modes are

understood. Jia et a{14)highlight that the behaviour of paratransit providers differs from
the scheduled public trap®rt services frequently encountered in the Global North which
means that modelling based on Global North practices is inadequate.

Lack of data on non
motorised transport
(NMT)

Data on walking and cycling is scarce and mo#teturrent policies lack quantification or
measurable goals. In a survey published in 2016 by UN Environment, 46% of officials ir
African countries surveyed responded that they do not report NMT successillenges,
contributing to a deficit in NMT dat@1). In addition, when reported, reporting was done

through media releases or internal reports or reviews, but not via publicly available ann

8
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Factor ' Explanation

reports. In addition, reporting on NMT was often by meahsediareleases or internal
reports or reviews, but notia publicly available annual reports.

Existing data but not | Stakeholdersther than public institutions have data on mobilggatterns butmay not
communicated to provide them to the government in the absence of datearing requirements, or the

public authorities government may not be aware of the existence of this d&tachstakeholdersare, for
instance, digital ridénail platformsg scarcelysharing datg42), asset financing companies
providing access to vehicles and monitoring them, insurance companies, or electric mo
companies collecting data on patterns of fodsél vehicles before starting pilots thi
electric vehiclesyet not sharing for reasons of privacy or business prote¢d8p The exact
issue may differ from country to country, depending on the regulatory framevilark.
address this issue, the importance of dataaringin African countriesfor instance by digital
minibus operators to the government, has been stresget).

Stakeholder identification of challenges and data gaps

This report reflects on challenges and data gaps that were identified through a series of activities. A
participatory online workshop withll the AUMO cities took place on the16f November 2021, gathering

24 participants collectively discussing existing challengt®incities and missing data, which are

summarised imable5. Among challenges, a strong focus on accessibility, conditions of collective transport
0LJzof AO (N}yalLR2NI JSKAOES O2yRAGAZ2Y A RNADGSNBRQ 0SK
frequency, congéd®n, environmental challenges, lack of consideration of sustainable modes such as walking
and cycling in decisiemaking, with lastly governance challenges, was identified.

A further assessment of the specific data gaps in the six countriesamaisicted via an extensive literature
review, summarised in the Policy and Planning Insights Report (Deliverable 5). Further workshops with the
two Action Planning Cities, Blantyre, and Kigali, were conducted on tharidt1%' of December 2021.
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Table5: Identification of mobility challenges and data gaps
Current situation,challengesand data gaps

Today
2 KSNBE NS @&2dz §2RF&K 2KI G OKFNIOGSNRASA @&2dzNJ OAG &
- Air pollution
- Long travel times
- Baddriver behaviour
- Irregular and unpredictable public transport
- (ongestion
- Public transport vehicle condition
- Weak institutional structure
Challenges
What challenges do your city need to overcome?
- Reduction of ICE PT vehicles
- Duplication ofinstitutional responsibility
- Lack of data
- Vehicle priority
- Polluting vehicles
- No infrastructure for walking and cycling
- No access to actionable data for policymakers
- Highest influence from car usegésen in relation to overall decision making in urban ifigh
- Personal security in public transport for all users with specific attention to women and children; common situ:
of sexual harassment, not sufficiently addressed
DataGaps
What data do you need for your desired mobility future?
Whattransport data is missing?
All Cities
Participatory workshop 16.11.21
- Need for data on modal split to inform decistomaking and investments
- Air quality data: access to affordable air quality monitors
- Data on public transport vehicle reliability
- Datacollection on experiences of sexual harassment
Blantyre
Participatory workshop 15.12.21, literature review
- Constraints to conducting larggecale surveys and data analysis at both national and local levels
- Only summarised data provided by external organdset or consultants
- Underreporting offoad crashedn the National Road Safety Council datab&sg,,fatalities enroute or at arrival at
hospitals, or in the absence of involvement of the police. In general, challenge to find reliable informatioron
fatalities and injuries
Kigali
Participatory workshop 16.11.21, literature review
- A gap in the mobility data collection
- Lack of update of most data collected via feasibility studies such as the BRT feasibility study or traffic survey
challenges to conduct them at regular intervals
- No consolidated database collating the data and displaying it temporally
- Lack of coordination: no connection between ministries and organisations collecting data
- Lack of quality: issues ofliability of the data, limited disaggregated data, scattered data, absence of historical
- Unclear use: challenges of using the data for planning purposes
- Reluctance of app developers to share data
- On the positive side, opportunities for innovativeta@ollection via cashless payment in buses

Following the assessment of transportation trendsaracteristicsand data gaps, understanding the
potential for Big Data in SeBaharan African cities requires analysing the re§istateof digitalisation
SAIAGIEAALIGAZ2Y A& KSNB dzy RSNA G 2 2 Rthe irternét{infolSle phadéB I R |
and other tools and processe§ 2 02t f SOG X &G2NBX Fylféea@styR SEOKLIY
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2.3 The digitalsation challenge

Digitalisation has been progressing rapidly in-Sabaran Africa over the last decade: significant

improvements have been achieved in terms of infrastructure coverage, quality of networks, internet usage

and knowledge (seEigure5). For instance, the percentage of individuals using the internet has progressed by
20.7 percentage points between 2012 and 2020, according to the International Telecommunication Union
(ITU)(46). The ITU indicates that mobile cellular covergglee population living within reach of a mobile

cellular signat is reaching 88.4%¢7). In some areas, the St#aharan African region is a digital frontrunner

driven by the penetration of mobile phones, the use of mobile rather than fixeddivand and the need to

improve access to financial services, many SSA countries are leading in terms of mobile money transactions. A
market with a higher number of providers has flourished, as showriduyre6.

Figure5: SubSaharan Africa: Enhanced Digital Access Figure6: Number of mobile moneye&rvices per country,

Indext Evolution of Subindices(45) 2020(48)
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However, the digital divide remains very lar@®mpared with the global average, digital readiness in the Sub
Saharan African region is relatively lagging, as illustrat&igure7 which compiles a critical numbef

Information and Communication Technology (ICT) data. According to the ITU, the percentage of individuals
using the Internet amount was 30% in 2020, against 59.94% worldd&)eThe divide is less for mobile

cellular sibscriptionsg 83 subscriptions per 100 inhabitants in SSA versus 106 worlavideis particularly
strong for ICT access at home, with a meagre share of 0.60% fixed broadband subscriptions per 100
inhabitants against a global average of 15.88%6,49) Reasons for this digital divide include a lack of
affordability, quality (low speeds) and digital ski#s).

Figure7: Digital Connectivity: country groupings under K=3 clusters

category

n 2

Note: Adzli K 2 NB Q ®©dsdd Ordrfirious fengric¢s2,43,44,45)
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Not only is there a divide between the SSA region and the rest of the world, but there is also a considerable
heterogeneity within the SSA region; this aspect receives insufficient atte(@@®nn one example Figure8

shows the percentage of individuals using the internet in the world and SSA, revealing an improvement in
both geographic scopes over the last decade but a persistent and significarktigage9 refines the analysis,

adding the evolutions in theix ) AUMO countries (Malawi, Lesotho, Rwanda, Botswana, DRC, Nigeria). One
country, Botswana, is above the world average. Lesotho and Nigeria are above the SSA avesBeyamoia

is close to the SSA average. In contrast, the number of individuals using the internet in the DRC and Malawi is
considerably lower than the SSA average.

70 70
59.9 64.0
60 60
50 50
40 40 43.0
35.5
30 30.0 30
26.5
13.6
10 10 /= 99
0 0 _/
1990 1995 2000 2005 2010 2015 2020 1990 1995 2000 2005 2010 2015 2020
e Botswana = C0ngo, Dem. Rep.
e |_@S0thO Malawi
e Sub-Saharan Africa (excluding high incomes==World e Nigeria e Rwanda

To understand the challenge, it is crucial to assess the situation in each of the six caurdeestudy Table

6 indicates the scores in these countries for key ICT indicators. Countries are presented from the lowest Gross
National Income (GNI) per capita to the highest since the status of digitatigataosely linked to the level of
economic developmen5s).

Global SSA DRC Malawi Rwanda Lesotho Nigeria Botswana
Income levels
GNI per capita, current USD 11077 1507 550 580 780 1100 2000 6640
2020
Network coverage
Population covered by a 88.4 70.00 86.00 99.94 98.00 90.80 98.00
mobile-cellular network (%), (2019)
2020
Population covered bgt 77% 54.00 86.00 98.07 98.00 74.49 97.00
least a 3G mobile network (2019)
(%), 2020
Population covered by at 40.00 64.57 98.07 67.00 4053 77.00
least a 4G mobile network
(%), 2020
Mobile phone access
Mobile-cellularsubscriptions  106.00 83.00 4555 52.30 81.95 7294 99.07 16284
per 100 inhabitants, 2020

Mobile broadband basket as 3231 20.02 6.88 6.29 1.71 1.05
a % of GNI p.c., 2020

12
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Global SSA DRC Malawi Rwanda Lesotho Nigeria Botswana
Mobile cellular basket as a % 17.19 2211 4.30 6.74 2.40 1.05
of GNI p.c., 2020
Mobile data and voice baske 69.46 64.58 17.71 14.89 353 317
(high consumption) as a % @
GNI p.c., 2020
Mobile data and voice baske 3335 30.99 8.85 10.58 342 1.86
(low consumption) as a % of
GNI p.c., 2020
Internet use
Active mobile broadband 2331 35.66 42.84 64.67 41.69 95.26
subscriptions per 100
inhabitants, 2020

Individuals using the 59.94 3004 1360 null 26.50 43.00 35.50 64.00
Internet, total (100%), 2020

Mobile social media 3.52 2.67 1958 1334 41.97
penetration, 2019

International bandwidth per 9509 null 15501 9356 8648 47553

Internet user (kbit/s), 2020
ICT access at home

Fixed broadband 15.89 060 0.03 0.06 0.14 0.24 0.03 11.04
subscriptions per 100
inhabitants, 2020

Fixedbroadband null 436 12575 null 11141 2168
subscriptions: >10 Mbit/s

Fixed broadband null 7420 3337 null 9034 5409
subscriptions: 2 to 10 Mbit/s,

2020

Fixed broadband null 4399 1773 null 45138 14132

subscriptions: 256kbit/s
<2Mbit/s, 2020

Fixed broadband basket as ¢ null 10810 125.06 6.20 2210 4.40
GNI, 2020
Fixedtelephone 12.00 1.00 0.00 0.07 0.09 0.54 0.05 5.95

subscriptions per 100
inhabitants, 2020
Households with a computer null null null 5.12 null 27.80
at home (%), 2019

Source: Own compilation based (46,47,49,54)

The following are findings from this comparative analysis:

9 Connectivity levels significantly vargcross these six countrie§ he variation is particularly strong for
the number of mobilecellular subscriptions in 2020, reaching a maximum of 162.84 per 100
inhabitants in Botswana to 45,55 in the DRC and 52.30 in Malawi. This is also the case ferathe us
internet, with active mobile broadband subscriptions reaching circa 95% of inhabitants in Botswana,
65% in Lesotho, 423% in Rwanda and Nigeria, versus 36% in Malawi and 23% in DRC. This is further
reflected in the number of individuals using theentet, wildly varying between 94% in Botswana,
43% in Lesotho, 35% in Nigeria, 26% in Rwanda and 14%;in DRC

1 Countries with a higher GNI per capita tend to have better connectiyityth higher scores found for
Lesotho, Nigeria and Botswana and lower sed theDRGr Malawi. Rwanda, in an intermediary
situation in this group of countries, achieves some of the best ICT performance, for instance,
regarding the population covered by a mobdellular network and the population covered by at least
a 4G molle network (highest coverage), or a higher number of maebdBular subscriptions per 100
inhabitants than in Lesotho. Lesotho partially scores higher than Nigeria, for instance, for the number
of active mobile broadband subscriptions per 100 inhabitamd internet use

13
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1 Asis alsgenerally found in SSAobile broadband is more widespread than fixed broadbandthre
six countriesunder study. The number of fixed broadband subscriptions per 100 inhabitants is
particularly low; even the highest figurerfBotswana (11%) is not close to the world average (16%).
This reflects the stronger focus on wireless broadband infrastructure, which is comparatively cheaper
and in the absence of prexisting telecommunication infrastructuyre

1 Affordability remains a keychallenge In DRC and Malawi, all broadband baskets (mobile broadband,
mobile cellular, mobile datand voice) reach prohibitive levels compared to the GNI per capita,
reaching even 659% in the case of high consumption of mobile data and voice bdeketwanda
and Lesotho, the costs of mobile broadband basket and mobile cellular basket against the GNI per
capita remain below a 7% threshold but reach 8 to 18% for low or high mobile data and voice basket
consumption. In Botswana, with a much higher G&H gapita, all costs remain below a 3% threshold.
As indicated by the IT{47), this creates situations where individuals are covered by a mobile
network, but do not use the Internet because of the costs, which are prohibitive compared to their
revenues

I Two major data gaps are: rural versus urban connectivity and gerfdeused data.Data is available
at the countrylevelbut are not disaggregated to show differences between cities and rural areas. A
higher connectivity rate is likely in cities, especially the capital cities, but not easy to quantify.
Secondly, at SSA level, the ITU identified a considerable gender gapylpdytistrong in the region.
For instance, 48.3% of women and 55.2% of men used internet in the world in 2019, against 20% of
women and 37% of men in the SSA region. However, no analysis could be conducted for the six
AUMO countries since the gender indima were not available: the proportion of male and female
mobile phone ownership to the total male and female population, nor as the proportion of male and
female Internet users to the total male and female population. This data is unavailable except for
Lesotho in 2019 and Botswana in 2014. Finally, data disaggregating internet use by user age was also
not available in the six countries, apart from sporadic information as in Botswana in 2014.

This section shows that the use of data, particul&ily Datain SubSaharan African countries, may vary from
country to countryand there ishigh heterogeneity in mobile penetration and internet use. Impacts on data
collection and appropriate answers will be explorecCimapter 3.

2.4 State of responses

As mentioned in the sections above, several challenges can be identified in SSA and the six AUMO cities, but
initiatives and responses from various stakeholders are emerging to address these challenges. The following
section provides an overview of politgnds to promote sustainable urban mobility, government responses to
address the challenges of digitisation, the data gaps, and initiatives focusing on closing these data gaps in the
transportation sector.

2.4.1 Responses to the sustainable urban mobility clealge: policy trends

The six countries scrutinised within the AUMO project are confronted with similar characteristics and

challenges listed in Section 2.1, including a high share of paratransit and walking, lack of reliability and quality
of paratransitJack of NMT infrastructure, a high number of road traffic fatalities, congestion, air pollution and
rising carbon emissions, accompanied by limited financial and organisational resources within public agencies
YR tF01] 2F AYyalAliad S2¢Ft LOF2NRAYF ANy ONEWEAAGW WS LI
LyaArdakida wSLER2NIZ¢é RSGSE2LISR Fa LINI 2F GKS ! ah LN
well as the policy answers and remaining gaps.

Ly LI NIAOdzZ I NEAYRSL ¢ 8 2 H§2K)ehdwsithgt Riashd thegeysix countries have

recognised the challenges and developed national or local policies supporting sustainable midieky

responses translateto short and mediurterm measures addressing climate change mitigation and
adaptation, road safety, air quality, urban developmearid transport planning. However, the report also
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indicates that implementation is lagging and identifies further needsnarove urban mobilityflease refer
to 0).

2.4.2 Governmental responses to the digitalisation and data gap challenge

Section0 has shown that connectivity issues persist, especially in countries with lower GNI per capita and that
affordableaccess remains a problem. However, steps have already been taken in African countridgeo br

the digital divide Thesix countries scrutiniseldere have established measures towards improved

digitalisation in general and in particular access to transport ¢{2@x

As a first step, governments acrabe AUMO countries are developing and implementing nationwide visions
YR LXIFyad ¢KSAS NIy3IS FTNRY .20a6lylQa *AAA2Y HANocC
corresponding legal framework, to Nige@gAgenda 2050, which focuses on digital cativity (20). Other
initiatives include the digitisation of government agencies, as Malawi is aiming for under its Digital
Government Strategy 2019, or theGovernmentinfrastructureproject in Lesoth@55,56) Rwanda, which is
part of the SMART Africa initiativiargets thedigitalisationof the transport sector in its 2050 Transport
Master Plan for Kigaéinddeveloped a Smart City Master Plan. The Smart City Master Plan describes a
concept that enables and promotes the use of ICT across Rwandan cities by providing for inclusivivatata
management and planning, efficient communbigsed infrastructure and servicesgether withlocalsedand
collaborative innovatior{57). In addition, countriesinder studyhave set ambitious accessibility targets and
adopted universal access and service delivery stratddi®sThese visions and plans also include investment
in ICT infrastructure. Rwandalé&adingin terms of connectivity, havin§9% of the populatiomeingcoverel

by mobile networksaand 98%havingat leasta 3Gor 4G mobile network (se€able6).

Measures from an institutional perspective include the expansion of transport institutions for data collection
or the introduction of digital administrative services. Mal@ational Trasport Master Plan suggests that

the Ministry of Transport should play a greater role in collecting, storingaaatysingransport data for

monitoring and researchnd is recommended to lead the development of a strategic framework and
repository fortransportrelated data In Lesotho the government and development partners worked together

to address data demand and supply issues, related to data sharing, with projects such as the UNDP Lesotho
Data for Sustainable Development projethe project focusedt technical and skills capacity development,

as well as methods and means to facilitate data collection, digitisation, and dissemi(&gjon

In Rwandathe introduction of digital administrative services, such as an integratsehaces portal by the
Rwanda National Police (Department of Transport and Road Safety), are under development. This portal
makes it possible toomplete services such as applying and registering for a provisional@®icense test or
paying fines online. A similar example from SSA, is the Transport Integrated Management System (TIMS)
established by the National Transport and Safety Authomiffairobi in 2016. TIMS is a digital online platform
that stores motor vehicle registration and transfers, licensing, and inspectionwhiehis linked with other
governmental institutions and brings together all transport sector stakeholders. Includinigstance,

financial institutions, vehicle dealers and transport service operd&9%

In addition, policy implementation and regulatory frameworks have been advancing in all AUMCFoities.
example Malawi has enactethe Electronic Traractions and Cyber Security Aotcreate a responsive legal
framework for information and communications to enable competitit€ifdevelopment and Malava
participation in the information age and econor(80). Anotherexample include th&egulation onGoverning
Licensing irHectronicCommunicationissued by the Rwanda Utiles Regulatory Authority (RURAYhich
createsa legal frameworko increase effiiency of licensing, processes and procedures in thed€tor(61).

To protect telecommunications users, Botswana, Rwanda, the Democratic Republic of Congo, Nigeria, and
Lesotho have enacted legislation or regulati¢hd). The data dissemination policy issued by Statistics
Botswana providea framework for making statistical data and information available to users, including
when, to whom and in what format the data should be disseminated. It also describes mechanisms for
accessing statistical results and principles for distribution andigatidn (62). Prior to the enactment of the

Data Protection Act, Botswana had no official regulations to protect personal data and privacy in relation to
their individual data. This law came into effect on October 15, Z63} It describes what constitutes

personal data and sets othe rights and obligations of all parties involved in the processing of personal data,

15



AFRICA URBAN MOBILITY OBSERVATBIBRYDATA TECHNOLOGIES AND INDICATORS REPORT

L>

i.e., data processors, data controllers and data subjé@ts On November 25, 2020, a law on technology and
telecommunications was enacted in theRT As the legal toolkit lacked provisions that could ensure the
protection of individual€privacy and personal data, various measures were taken, including the
establishment of mechanisms to protect personal dgia).

In Nigeria, data protection is firstly anchoradthe Constitution of the Federal Republic of Nigefid 999

and secondly, the Nigerian Data Protection RegulafMDPRdf 2019.Furthermore, Nigeriahas enacted a
Data ProtectiorBilland published an implementing framework for the NDIRR020(66¢68). These ainto
provide a legal framework for the protectiori personal data, regulate the processing of information to
identify data subjects and protect their fundamental rights and freedoms as guaranteed by the Constitution of
the Federal Republic of Nigerighe Data ProtectioBill specifically applies to theotlection, processing,
storage and use of personal data of persons residing in Nigeria or of Nigerian nationality by automated or
non-automated means; personal data processed by entities; a data controller and a data praé&3dor
addition,in 2022the Republic of Nigéa announced the establishment of a dedicated data protection
authority for Nigeria, the Nigerian Data Protection Bureau (NDPB), which will be responsible for enforcing
data protection regulations and managing all related data protection matters in Hi@8) In Lesothahe

Data Protection Act sets out the principles for regulating the processing of personal data to protect and
reconcike the fundamental and competing values of personal data protection. It applies to a data controller
who resides in Lesotho, uses automated or faatomated means in Lesotho, or where automated or non
automated means are used only for the onward transmissibpersonal data. ThBata ProtectiorAct does

not apply to personal data collected during a purely personal or domestic activity, arsstaaita, data
collected by or on behalf of thetate and relating to national security and defence or public safetydata
collected solely for journalistic purposes or for the purpose of artistic or literary expression. The law intends
to reconcile the right to privacy with the rules of freedom of expres$id). In the area of data protectign
Rwandahasalaw on the protection of personal data and privacy and on the regulation of processing it. This
law applies both to the electronic or other processing of personal data through an automated-or non
automatedmeansand to the data controller, datprocessor or third parties handling the d47d) RURA
requires that any licensed company wishing to outseuits systems, operations, or services to a third party
must obtain prior approval from RUR2A2). Moreover, there is a law that allows the public to access
information from public and private org#sations. This law contains the modalities to promote the
publication and dissemination of informatidiA3). In the case of Malawi, a study found that the
understanding of data protectioooncept is limited in the countrgstranslation into local languages often
does not fully reflect the meanin@4). Data protection is currently addressed under the Malawi Constitution
and the Electronic Transactions and Cybersecurity Act of. Ztil@ate, Malawi does not have a
comprehensive data protection law, but a draft data protection bill was published in early 2021, which
experts anticipate will be introduced in parliameant2022or early2023(68).

The Transport and Policy Planning Insights Report (DeliverdB@) presents a series of recommendations

to foster digitalisation and improve the accesdransport data. These include the creation of a maljency
strategy for the administration of the National Statistical System (NSS) and a data platform in Botswana, the
development of a consolidated database integrating information collected by diffenemstries and
organisations with crossectoral relevance in Rwanda, or the establishment of an observatory for the
collection and analysis of urban mobility data in Lesoffi® purpose of the preceding sglectionwas to

provide a general overview ofi¢ governmental response landscape in the six cities. How the measures
outlined are implemented and enforced is not analysed and falls outside the scope of this project.

2.4 3 Initiatives to fill the transport data gap

Over the past decade, several digital paighave been initiated across Africa to address mobility data gaps
and their potential for coseffective and convenient data collection is now widely recega(4).

Geospatial data such as roads or points of interest are one of the fundamental elements when itcomes
transport data. In this respect, the Open Street Map commusisignificantly contributing to the
improvement ofdata availability. Initiatives like the Humanitarian Open Street Map Team map roads, bus
stops, or transport infrastructure with the helif local andemote volunteers. To validate these wddased
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maps derived from satellite imagery, local members helpdocretise andkvaluate the accuracy of these
maps(75).

According tahe World Resources Institu®VR), at least 105 million people in African cities do not have

reliable information about their transportation syster(ig6). The importance of mapping these systems also
becomes apparent when looking at the focus areas of data initiatives across Africa. Information from
academic articles and websites of orgeations involed in digital and open data projects in the transport

sector, such as DigitalTransport4Africa (DT4A), shows that the predominant use cases focus on the public and
paratransit transport in Africa. Currently, 15 African cities have mapped their publictteansminibus taxi
systemg76). Paratransit data collection includésur key dimensions: Network, infrastructure, vehicle fleet

and passenger experien¢g4). Jia et al. describe various methods of data collection using mobildaggd
approaches. These methods include network discovery surveys, roadway and facility surveys for infrastructure
analysis, ridership surveys, vehicle age surveys and operating cost surveys to evaluate paratransit operations
and vehicle fleetsas well as theonductpassenger experience surveys using a custedmobile application

(77)

In addition, cashless fare collection syste@ibal Positioning Syster@ P $tracking devices imehicles and
onboard cameras can enhance data availability in public transport sygiethMany initiatives in this field

aim to develop and openly shateneral Transit feel SpecificationGTFpfeeds. GTFS data is a standsedi

data specification for public transit data. The data consists of a timetable layer andtanreddyer. The

schedule layer contains timetabli@re, and geographic traffic information, while thieaktime layer contains
arrival forecasts, vehicle locations and operational information. The format is used internationally by several
transit agencies and can be processed by various softappcationg78) DT4A currently provides GTFS
datasets forseveralAfrican citieg79).

Complementing traditional household mobility surveys, mobile phone logdnstructured Supplementary
Service Datal{SSPsurveys offer a additionalway to collect data on travel demand/hileinitiatives that

leverage Big Data are stidlre, applications such as GoMetro Pro or the analysis of onboard video recordings
support progress in this area. In addition, current research explores the potential of using social media feeds
and machine learning to assess road safety and providetirealinformation about traffic accidents in

Nairobi, Keny#80).

Table7 belowshows a collection of use cases drawn from academic articles and websites dkatigas
involved in digital and open data projects.

Resulf Potential impact

City, Country Description

GPS tracking devices

SubSahara Africa Across sutbaharan Africa, several compani
started to deploy GPS tracking devices in
paratransit vehicle fleets. Examples include
Netstar, CarTrack and MixTelemagtle).

Mobile applications & mobile phone signalling

fRealtime GPS tracking and monitoring

l0ARCEYS /&

eWarren is an application designed to
capture informal traffic in pasof Abidjan.
DT4A will support the company in this proje
until 2023(76).

fGeneration and publication of th
informal transport network (in GTES)

fOffers passengers the possibility to g
an overview of the available informd
means of transport and to book seats

Gaborone, Botswana

The project tests different types of data
collection approaches using mobile
technologies. These provide insights into th
network, infrastructure, operations, vehicle
fleet and rider experience of paratransit
services. Data collection methods consist 0
Network Discovery surveys, Road & Facility

Surveys, Onboard & Rank Count surveys,

fEnables analysis status quo and gap
in the system

fProvides insight into opportunities fd
the different public transit systen
elements
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Vehicle Age & Operational cost surveys and
Rider Experience surveys4).
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Resulf Potential impact

Dakar, Senegal

The study used longitudinal mobile phone
data made available by SONATEL (without
GPS) and Orange (with GPS). The btss da
stems from the public transport operator in
Dakar(81).

f Estimation of passenger demand

Enables public transport operators ft
analyse their public transport offerings

T Aids the eficient planning ohew transit
routes or extend existing routes

Nairobi, Kenya

DigitalMatatus was a joint initiative between
the University of Nairobi, Columbia
University, Civic Design Data Lab, Group S
and the Massachusetts Institute of
TechnologyFinancial support from the
Kenyan government. Operational support
mainly from the Kenya Institute for Public
Policy Research and the Kenya Open Data
Initiative (82).

fMapping of paratransijt

T Creation of a publitransportmap;

T1GTES dataset of the paratransit
network.

Nouakchott, Mauritania;
Tetouan, Morocco;
Addis Ababa, Ethiopia;
Nairobi, Kenya; Accra,
Ghana; Dar es Salaam,
Tanzania; Tana,
Madagascar

Development of an OpeBSource MultiModal
Journey Planner for SerRormal Public
Transportby the Trufi Association

T Cdlection and digitsation of public
transportroutes and timetables

i Creation of standard GTFS

T Provision of server for doeib-door
route planning

fiDevelopment of an app and enabling
routing.

Cashless Fare Collection

(CFC)

Kigali, Rwanda

Together with AC Group Ltd., Kigali Bus
Services Ltd. introduced the Tap&Go Far
Collection system on public buses in Kigali
and Yaounde. In 2017, the system was use
by about 670,000 users per day. The data
collected has not been published and there
are noknown plans to do s@83).

fValidation of payments

TVehicle location, speed monitoring
fFaud contro|
foptimisingoperations

South Africa

Passengers scan their closledp or FairPay
card when boardingaxis(14).

fNo cash needed

fIntegration of the population into the
banking system

I Generation of data

Onboard cameras & video feeds

South Africa

iSahan South Africa collects camera data a
interviews passengers while they are
traveling(14).

fPassenger counts and GPS locations

fHelps to determine the business value
of the taxi operationghrough financial
modelling

Kampala, Uganda

MapUgandaand Transport for Cairo jointly
conducted a mapping exercise to map the
paratransit system and explore street usage
in Kampala. The project was conducted froi
2019 to 202(84). Next to a nobile
F LILX AOFGA2Yy OF ff SR
project used video feeds for traffic counts
and classified vehicles with the help of
Machine Learning techniqué85).

T Creation of anap (mapping of the
paratransit network)

fCreating a GTFS with estimated travel
times;

fModernisation of the minibus industry

fIntegration of commercial and transpot
activities in the public spad@6).

Digital data platforms

Bamako, Mali

Data Transport is aNon-government
organisation(NGQ operating in Western
Africa. The initiative develops data collectio
approaches suitable for the African context

T Provides collectionef transit data in
GTFS format & maps

I Development of an opesource editor
for GTFS feeds

TWeb application tosisualise data
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City, Country Description Resulf Potential impact

and provides transit data on their open data

platform (87).

Social media mining

Nairobi, Kenya Research funded by the UK Foreign, 1 The goal is to increase road safety
Commonwealth & Development Office and |{Combination of social media data,
UKS 22NIR . Fy1lQa YyYyZ landmarksand roads to determine

Program. Social media data between 2012 | approximate crashocatior

and 2020 was scraped from the premium  |{Development of a reaime road traffic
Search Tweets Full Archive API. Combinati{ crash map for Nairobi to support urban
of different datasets ad machine learning planning.

techniques(80).

2.5 Summary

The trends presented in thiectionhighlight the importance of pursuing means towards directing the African
region towards sustainable mobility pathways. Africa is positioned to exhibit the highest rates of growth in
terms of urban transportation activity in the next decades, and the ehgh of providing sustainable, high
quality, and affordable transportation services, and the associated infrastructure and capacities, is becoming
more significant. Issues related to the basic tenets of sustainable mobility (economic, environmentg|, social
can be seen as commonly present across the region, albeit at different states. Existing iedgxtbe (

SUMd4all index) have scored the AUMO countries into the lowest categories in terms of sustainable mobility,
for example.

The gaps in mobilityelevant data aggravates the hindrances towards pursuing sustainability in the mobility
sector in the region. These gaps are driven by various factors related to costs of sustaining data collection
efforts, lack of mechanisms or willingness to share data,déektention provided to specific elements of the
transport systemsg.g.,non-motorised modes), governaneeslated issues, among others.

The investigation of the potential for the ugétion of Big Data towards aiding the pursuit of sustainability in

the mobility sector also entails the investigation of the major enablers for such technologies, such as
digitalisation trends. While significant strides had been achieved in terms of improving overall digital access
metrics in the recent past, the digitahile in the region remains to be significant. It is also worthwhile noting
that major differences in such metrics can be observed within the region. Other dimensions that are crucial to
consider are the gaps between urban and rural connectivity, and gdgténg to gendeffocused data.

The state of responses towards addressing mobility issues, as well as those directed at addressing
digitaisation and data gaps shows that a lot of movements are happening in the region, but there are
significant opportunits for accelerating such. These insights are taken towards investigating the potential, as
well as the associated challenges and risks for thesatiibn of Big Data in aiding the pursuit of sustainability

in urban mobility in the region as discussed @ttin 3.
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3. Evaluation of Big Datéechnologes and indicators used in the AUMO project

3.1 Introduction

This sectiorprovides the results of the evaluation of the Bigta technologies and data collection approaches
usedin the AUMOproject, as well as the initial set of indicators included in the AUMO portal. This séetion
four main parts Section3.3discusses the findings from the literature reviamd is sukdivided to reflect the
insights relating to a) Big Data; andsistainable mobilityndicators.Section3.4 presents the results of the
interactions withexperts and local stakeholdets gather additional insights relating to Big Data technologies,
and sustainable mobility indicator prioisation. Section3.5 presents the findings from the ethe-ground
implementation of the Big Data technologiasd data collection approaches. Finally, SecB@summarges

the main recommendationsased on the overall findings.

3.2 Methodology

Thestudy teamconducted thefollowing activitiesn relation to the evaluation of the sustainable mobility
indicatorsand the Big Data technologies (and its applicability and poteimtidne AUMO cities)

Reviewof literature

The team reviewed the state of practice relatingststainablemobility indicators(Section3.3.2), and Big
Dataand urban mobilitySection3.3.1).

Drafting of an initial set of mobility indicators

The results of thditerature reviewproducedaninitial set of indicators to reflect theustainable mobility
indicators and the review of the challenges and prioritiethe region The indicatorsvere usedas abasis for
initialisingthe contentof the AUMO portal anevere used as guide in defininghe approaches related to the
data collectione.g, survey formslinking specific approaches to input data $pecific indicatorsconducted
in the AUMO citiesSection3.3.2.1presents the selected indicators based on the literature review.

Validation of the indicatorswith beneficiarycities andtechnicalexperts

Thevalidation exerciseare composed of the activitiedescribed below which are further discussed in Section
3.4

Expert Survey

An online survey thaaimedat gathering insights from expertsas well as other stakeholders who work in

the field of sustainable mobilitywas conductedetweenMarch 18 and April 10, 202Zhe study team
disseminated the form through a combinatiofa) direct emails to a ligif individuals and partner

institutions whom the study partners had direct contacts with, and who were identified to have been working
on the topic of Bigpata and sustainable mobility (including those that had been identified who had worked on
such topicsn the African Region); b) a wider dissemination of the form through relevant communication
channels such dsinkedlnand twitter. This surveyocussed orBig Datan general, user movement analytics

(or UMA, which was tested in the pildtand sustainale urban mobility indicators. The respondents were
askedquestions based on their level of familiarity with these topics,those who answered that they are
SAGKSNI 6SEGNBYSt & FFEYAEAFINEE GOSNE Tl YveteSHomE ¢ | yR
questions relevant to the topics). A total &7 sets of validesporses werdilled out. Thesurvey formis

available undeAppendix E:

Expert Interviews

In addition tothe online survey, the team conducted interviews with experts who either work in the field of
sustainable urban mobility in AfricBjg Datdn the context ¢ developing cities/countries, or both. These
interviews were semstructured and were based on the main themes of the online survey, particularly on the
topic of Big Datan developing cities (whenever possible, the discussions $adusn insights relatig to the
African region)The team pursued a practical approach for identifying experts for the interview. The primary
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basis was the list of respondents to the survey, from which there were those who indicated that they were

willing to be interviewed. lh RRAGA 2y S | O02dzLX S 2F 2GKSNJ SELISNI & 2 dz
as they had directly been working on the topic of mobility and digitalisation in the African r@diertieam
interviewedtwelve expers. Referto Annex F

City Workshops

The city workshops held in Blantyre (Aug8st, 2022) and Kigali (Augubkt-18, 2022) were alsasedto

gather insights relating to the indicators and the applicatioBigf Datanethods from the local stakeholders

in the respective cities. One session was dedicated towards the validation of and gathering additional inputs
to the list of indicators thaare featured in the Africa Urban Mobility Observatory portal. Another session was
dedicated towards the crafting of a roadmap towards sustaining the data collection efforts that had been
initiated through the project.

Pilot Implementation

Thelessons andnisights from the actual implementation of Big Data collection exereiges documented
and formthe basis for the evaluation of the Big Data technologies within the context of the AUMO Titées.
details of thedata collectionconducted as part of the lgits are presented in SectioBl5. The resultinglata
from the pilot implementation are presented in Section 4.

3.3 Insights from theliterature review

3.3.1Big Data and Big Dat@echnologies
3.3.1.1Concept of Big Data

Big Data is often cited as a tool to transform and revoluteniwide range of sectors and an area of research
that can accelerate progress across a broad spectrum of priof8®8sAn essential first step to exploring the
potential of Big Data in urban transportation is to clarify what Big Data means.

When describing Big Data, literature frequlgmmentions the rapid increase in available data that is, on the

2yS KIyRXI O02YLX SE IyR KSGSNRr3ISyS2dza | yRI 2y (G(KS 2
anywhere, anytime and anyR S @ X89)SAsstandard defition used in literature charactesés Big Data by
usingthe 3Vt + 2 £ dzY S ¢ @&+ St 2(©WA2)ECHen etlalifike thése furthdr Byleding the term

Gk fdzS¢ G2 GKS O2YY2yféd dz2aSR o +0as gKAOK AyiSyRa
hidden value of these complex and heterogeneous data@XsWambaetalRSFAY S . A3 5F 4l |
approach to manage, process and analysassopposed to the previous 8,Qi&.,volume, variety, velocy,

veracity and value) in order to create actionable insights for sustained value delivery, measuring performance
YR SadlofAakKAay3d @aMNIcinprahérsig Sleseriptignl pyesiebt B/Bogdand

Crawford describe Big Data as a triad of technology, analytics and mythology. According to them, Big Data is

l 6 2 dzii & singcoMputatiorypbwer and algorithmic accuracy to gather, analyse, link and compare large
data sets, 2drawing on large data sets to identify patterns in order to make economic, social, technical and
legal claims and 3) the widespread belief that large data sets offer a higher form of intelligence and

knowledge that can generate insights that were pregigumpossible, with the aura of truth, objectivity and
accuracy(95)b ¢

Given thecharacteristics of Big Data, the phenomermth holds tremendous potential for all walks of life
and industriesandit brings several challenges, ranging from data privacy to the need for technological
advancement. Due to the vast and complex amountdaté from various sources, it is necessary to provide
appropriate technologies and methods which are sufficient for storing, managing, analysing andiagBai
Data(96).
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3.3.1.2Big Data and Urban Transportation

This subsection looks at possible and potential applications of using Big Data in urban transportation. It
outlines applications, some of which are alrgddasible and in use today and others that reflect trends in the
advancement of Big Data in urban transportation.

When examining two decades of literature osingBig Data applications for sustainable urban management,
researchers identified smart moliyfiand smart traffic as two of the key dimensions for sustainable urban
RSOSt2LIYSyliod ¢KAA a28adSYFGAO ftAGSNI Gd2NBE NBOASGH &K?2
transport,”and "transportation planningare among the most frequently used phraseshea peerreviewed

literature on datadriven and sustainable urban managem«¢ar).

Tofurther explore he scientific landscape of Big Data in urban transport and mohiléygonducted a
bibliometric analysidgncluding scientific literature available on the Web of Science (WoS) platform. WoS
provides a multidisciplinary database with more than 150 million entries, which allows for a comprehensive
search(98). The bibliometric analysis was performed using tBibliometrix" software package in 9). With

a defined search strategy, the number of articles analysed on Big Data and urban naohdlitgits to about
2000. Scientific production of Big Data literature related to urban transport first appeared on WoS with one
publication in 2011 and recently reached antatie high with 454 publicationger yearin 2021Figurel0:
Scientific productin on Big Data in urban mobiligigurel0, left). The most prolific countriesre China, with
around 38% of total publications since 2011, followed byuinided States of Americ@9 with 12% of total
publications(Figurel0, right). Productivity per country is measured based on the main author of each
publication. Using China as an example, 525 publications are single country publications, which means that all
authors are associated with an institution in Chilracomparison147 pubications aremulti-country
publications, which means that in addition to the lead author from a Chinese institution, authors from
institutions in other countries were contributing to the publication.
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The analysis of the most frequent keywords and keyword combinatimase@ on kywordsdefined by

authorg shows that Smart Citiet)e Internet of Things, Deep Learning, Cloud Compuyang Big Data
Analytics are among thieeytopics in the research field. Keywords suchifasman mobility ésocialmedia> ¢
anddmobile phone dataare among the emerging topicsigurell provides an overview of some of the most
used keywords visuakdin a network based othe frequency of ceoccurrence The illustration shows that
while Big Data is usddequentlyin the context of management, the Internet, Big Data analytics, or
prediction, terms such as mobility, travel, transportation, city, or urbanity often appear in combination with
time, quality, demandbehaviout or patterns.
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Figurell: Keyword co-occurrences for Big Data in urban mobility
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The following section takes a closer look at the transport dimension by providing an ovenBaybata
applications for urban transport.

(Big) Data sources for urban transport

While Big Data is an emerging topic in urban transport, déi@sed modelling and analysis have supported
passenger and freight transportation planning for decades. One exadstple four-step model, which

provides a framework to model transport based on individwedigions and travel behaviour divided into trip
generation, trip distribution, mode choice and trip assignment. Since data collection is ofteicdimseming

and costly, Big Data can add immense value for modelling, simulation and predicting trahgpature
exploring Big Data for public transportation applications looked closely at relevant data sources for the four
step model. While traditional data sources such as household surveys, censubesyrdsurveysand travel
diaries are still relevantombining them with social media data or rdahe sensor data is a garthanger.
Thiscombination with social media data or automatically collected sensor data such as fare collection,
passenger counts, or vehicle locations offers the opportunity to deéper insights and can be used as
historical data sources and as re@he information for traffic management and plannit00) Research has
shown that combining Big Data sources with traditional data is common in most use cases as the two types
complement each othef101)

Public sources, individdaourcesand sensor devicesre identifiedasthe three primary data sources for Big
Data in urban area®7) Tables belowadapts ths categorgation with a particular focus on transportatien
related data sources.

Table8: Big Data Sources for urban transport adapted from Wu et al. 202

Category Transport related examples Requwements Sources

Georeferenced urban structure data.g., |- Open data portals (101c106)
Landuse and zones - Governmental statistics
- Census, Household Travel surveys, - Data provision of transport
employment, economic activity operators
- City Statistics and forecastsg., - Surveillance systems
Public environmental - Web data mining skills to access
sources - GIS data and maps,g.,road networks public administration repositories
- Information on points of interest and traffi¢  or other websites€.g.,cultural
generating poles calendars)
- Traffic surveys, historical traffic data
- Transit system detailg.g.,GTFS data
- Web datae.qg.,ticketing websites
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Category \ Transport related examples Requirements \ Sources
- Information on largescale eventse.g.,
public/calendric events, road traffic
intersections, current/planned
infrastructure developments, emergencies
- Geocoded sociahedia data - 3G, 4G, 5@ frastructure (92,101,1
- Digital footprints of mobile phone users |- Data mining skills and 03,10&;
Individual - Collaborative applications & Crowdsourcil|  infrastructure 108)
sources (e.g.,Waze) - Provision of data by private actors
- Payment tracking data such as banks anobile phone
companies
Road traffic system: - Smart cards (92,10
- Navigation system data - Radio frequency identification 103,106,10
- Traffic signal control (RFID 7,109
- GPS data, Vehicle sensing data, Automat| - Electronic Registration 115)
Vehicle locations (AVL) and trajectories Identification (ERI)
- Selfdriving data - Closedcircuit televisionCCTV)
- Advanced driveassistance data camerasg.g.,0n major roads
- Connected cars data - Platform infrastructure
- Transport logistics data - Analysis and storage tools
- Parking data - Sensors on roadways
- Traffic counts and intensity - Wi-H
- Accidents - Bluetooth trackers
- Travel timeconsumption data - Mobile and stationary GPS trackin
- Video/ Image data devices
- Weights sensors - Collaboration with private
Sensor . : . .
devices - Pgdestrlan traffic . _ operators/ full disclosure of trip
- Trip data and other details from private records
transport operatorsge.g.,bike-sharing - Inductiveloop detectors at major
systems, scooter traffic data road junctions
Public transport system:
- Integrated automatic fare collection (AFC
- Automated passenger counts (APC)
- Individual trip record data from using sma
cards in vehicles or stations
- Tracking of departure times/trip length by
usingWIFI login information
Further sources:
- Meteorological data
- Carbon Emission data

Selected Big Data applications for urban transport across the globe

Advanced datalriven applications in urban transport serve various purposes, ranging from initiating short
term actions by providing redaime information about traffic irregularities op®ntaneous gatherings via
social media data to miterm and longterm strategic use cas€$16) In the midterm, Big Data applications
can support optinsedfrequency planning in public transport, timetable development, or provide input for
vehicle and staff capacity planning. In the long term, Big Data can infidram transport planning for
developing demandesponsive infrastructure. Most Big Data applications combine different types of data,
including traditional and Big Data, with advanced techniques to generate insights for urban transportation
planning, coadination, or monitoring.

This subsection provides an overview of Big Data applications in urban transport from different regions
worldwide. Building upon the resulfsom the bibliometric analysist includes use cases from China and the
US as the two most productive countries in terms of scientific production on the topic, as well as examples
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from Australia and Europe. Collectively, these examples from cities around the world proderaiew of
Big Data applications currently deployedpianned across urban transportation systerRiease refer t@

Case X Lisbon, Portugal

The combination of various multimodal transport and contsgecific dataets offers the potential to make
mobility planning decisions more transparent and inclusive, strengthen coordination between public
transport operators and dynamically adapt transport supply to the evolving dynamics of urban transport
(106) To advance knowledge in this area, several stakeholders in Lisbon have joined forces, including the
Lisbon City Council, local transport operators and national research institutes.

The integrated multimodal farcollecion system of Lisbon, which inclad bus, tram, metraail, and inland
waterway, allows for crossmodal and multimodal trip tracking across the public transport network. Data used
in the analysis include traffic data from sensors, public transit data from smart cards carried by passengers
and GPS tracking of pubti@ansportvehicles. Furthermore, it involves information on the city's bBkare

system and alternative new modes of transport, such as scooters, provided by private operators. In addition,
the City of Lisbon's open access dalatform allows for collecting various contextual data sources that

provide additional insights into the dynamics of urban transpéfhen available, the temporal and spatial
dimensions and the user and operator dimensians relevant for further analysi

Combining theabovementioned data, the project conducted several multimodal traffic and spatiotemporal
data analyses. These include the dynamic inference of ediggtination traffic flows, identifying bottlenecks
in the overall transportation netwdx, or providing descriptive statistics on commuter demand, walking
distances and trip durations. Identifying mobility bottlenecks can, amongst otbfes,insights taactical

and strategic mobility planning. Further applications include identifyingshass in case of missing and
existing multimodal views and extracting mobility patterns. In addition, an oriswlisatiortool provides

an analytical instrument that can support urban mobility planningrioritisingpublic transport and
integrating ative modes in a multimodal system.

Case z; Melbourne, Australia

Case analysepedestrian travel behaviour in the City of Melbourn®Ng (102) For thestudy, the

researchers use sensor data collected per minute in the central business district and published dyithe C
Both hstorical and reatime generated data from the pedestrian counting system and information about the
location of pedestrian sensors weused in the analysis. The pedestrian sensors in the city count the number
of pedestrians passing by scanning the areas below them and traimgntite collected data to a central

server every 10 to 15 minutes. These data sets comprise more than 50,000 wiiservations, of which the
researchers analysed 5 million using Excel and Power BIl. Due to the limitations of the sensor system,
implementing advanced techniques such as machine learning was not possible in this use case. The results of
the analysis fier insights into daily patterns of pedestrian traffic, the correlation of traffic with population
growth and the identification of pedestrian hotspdoints with high pedestrian concentrationsistorically

and in realtime. Combined with other datasetfrom publidransportor bicycle sensors, the analysis can also
allow insights into the multimodal travel behaviour of citizens. The insights and trends gained on how people
move around the city can support future infrastructure development and plantingddition, the analysis
provides incentives ford@/ to advance thealigitisationof the city further.

While the analysis performed in thel only considers a fraction of the available data, the study shows the
potential of more advanced Big Data anadysi pedestrian movements through the further development of
sensor technology and more advanced software tools. In addition, integrating data from cell phones, social
media, or other wearable devices offers further potential in Big Data applications.

Case3 ¢ Shenzhen, China

With an average scientific output of 66 publications per year since 2011, China is by far the leading country in
the research field of Big Data in urban mobilggéFigurel0). This output includes a wide range of thematic
focus areas and methodologies. Examples incthdalevelopment of a lowemission intelligent

transportation system comprising a vehicle emission model, a traffic flow prediction method;emasion
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navigation algorithm based on Big Daaad machine learning techniquét04) The use of Big Data to

improve traffic flow prediction and identify critical road segments by implementing prediction algorithms
using realime and historical dat104) The analysis of private vehicle movememtsvidesinsights into
Y20Af AGe LI GGSNYyaEa dzaay3d a9f SOGNERyY A Qides Saicdléchan forA 2 y
all vehicles active in an urban transportation system. Results include trajectories segmented inbo trips
identifyingattractive areas with high travel demand and traffic voluni&39)

Such findings can be used to support the optimal design of urban transportation planning to address the
challenges of trafti congestion and promote the development of sustainable c{i¢g) Geospatial
Information SystemsGl|S analysis, complex network analysis, or structural equathadellingcan be used

for modellingspatial interacions. Possible applications includealysingoublictransportpassenger flows
between cities to examine crossty interactions and strengthen functional linkagesaoalysinghe

interaction between land use and urban transpaty.,to explorethe impact of land use on mode choice
(118120).

An example omodellingspatial interactions can be seen in the study by Zhao €148) which examines the
impact of land use on bicycle use based on a combination of spatial and crawled trip data from a major free
floating bikesharing provider in Shenzhen. Sgieailly, this includes land use data such as land use types, land
use mix, and land use connectiggsich as bicycle lanes or road intersectipatong with bicycle use data

such as trip duration and distance. The trip data includes more than 7.8 nobsgrvations over 191 days.
Amongst othes, findings include that land use, particularly the amount of green sgageificantly impacts

the frequency of bicycle use in ShenzhBactors such as intersection density contributed to longer trip
duration, ard the number of stations was positively related to trip frequency and distance.

Case £ Atlanta, USA

As Big Data research in urban transportation has grown over the past decade, the topics studied have
evolved. These range from feasibility studies suchsasg GPS data from 460 cabs to guide decisiaking

on the deployment of electric cabs in the city of San FrandikZb) to assessing how walkifghaviouris
influenced by walkability factors, using computer vision to quantify stheegl factors from streeimagery in
Atlanta(122) The study focuses, among others, on the extent to which the inclusion of deesltfactors
improves the ability to explain pedestrian mode choice. Stteeel urban design factors osist of

information about the structure of the streetscape, such as the ratio of buildings to streets, greenness, or
sidewalkto-street ratio. To determine the walkability of an area, typicallgighbourhoodlevel urban form
factors such as population density, land use diversity, and street connectivityused. While these factors
are well suited for assessing accessibility, they do not adequately address the assessment of walking needs
such as safetgr comfort. For this reasomeighbourhood and streetlevel factors obtained through semantic
segmentation of Google Street View imagery are combined to improve the prediction of overall walkability
and resulting walkingpehaviour

3.3.1.3Big Data in the African Region

As this reportaims D investigatethe use of Big Data in urban mobility to create a more inclusive and
sustainable urban transport in treelectedAfricancities a cornerstone is the exploration of Big Data
applications inAfrica to date.

Asdescribed abovepr Big Data iurban mobility, a bibliometric analysis was conducted using a structured
search strategy on the WoS platforas contained ii\ppendix A: However, when narrowiopdown the
research field to Big Data in urban mobilityAfrica only nine articles were found to meet the defined search
criteria. Given this small number of results, the focus of the bibliometric anatgsisedon Big Data in Africa
in general to preide an overview of the relevance and development of the topic. The following subsection
provides an overviewf the development of Big Data research in Africa

Research on Big DataAfricacommenced in 2013 with one article published by a multinational research
team from South Africa and the United States. While publication activity began in 2013 and 2014 with one
publication per year, this number increased to artiatie high of 64 article by 202qFigurel2). The main
research areas covered by the scientific literature include environmental science and ecology, technology,
enterprise, and economicllowed by computer science and remote sensing. In contrast to the above
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analysis on Big Data in urban mobility, China ranks fourth among the most productive countries, while South
Africa, theUS and theUnited Kingdorm(UK) are leading in this are@igurel?).

Figurel2: Scientific production ifesearch on Big Data in Africa)
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Figure 13 providesan overview of thed 2 dzy” cddpetioin the field of research (Top 30 countries). It can
be seen from the figure that in addition to South Africa, among others, authors fronei©am Ethiopia,
Kenya, Tanzania, Morocco, and Nigeria are active in this Tietlfigure illustrates that there are currently

two groupsof countries the colairs indicate which countries belong tagaoupand consequently work more
closely together.

Figure13: Country collaboration esearch on Big Data in Africa)
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As shown irFigurel4, seven universities in South Africa are amongttie 10 publishing institutions
(affiliation of lead author)The University of Cape Town and theiversity ofJohannesbur@re leadngthe
way, with 41 and 36 publications, respectively.
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The most frequently used keywords in the research area are divided into four groups (indicated by the

different colours inFigurel5. The most used keywords range from general topics related to Big Data such as
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Aria et al. describe the four quadrangsiche, engine, emeigg or declining, and basic themess follows.
Niche themes are generally well developed but still insignificant to the area studied. Motor themes or hot
topics are well developed and relevant to structuring the conceptual framework of the dq2®) On the
other hand, periperal themes, i.eemerging,or declining themes, are not fully developed or are only
moderately relevant to the domaimndfundamental themes are significant to the domain and crosscut the
different domains. The underlying methodology involves a woritdvoek analysis of keywords combined with
clustering(123) The analysis of the thematic landscape shows that keywords such as patterns, growth,
productivity, and conservation are among the hot topics for Big Data in Africa. In contrast, topics such as
ohealth¢ drisk¢ and dartificial intelligencé are right on the border between emerging and foundational
topics.Figurel6illustratesthe thematic landscape created using tbigibliometrixt package in R99).
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3.3.1.4Big Datachallenges

The study team identified severig Data related challenges through the literature reviéiheidentified
challengesupportedstructuring the surveys and interviews conducted with subject matter experts.

Taking off from the insights fBection3.3.1.] specific challenges relating to tlBég Data concept itself has

been documented in varioyzsapers.Cosgrove et al. point to a broad definition®f Data as datasetsthat

are significantly largand cannot be stored nor analysed through traditional processing and storage methods
(124) Manyika et aldefine theBig Dateconcept as pools of unstructured and structured data that can be
analysed, aggregated and communica(&é@5) Structure and unstructured data can be computar
machinegenerated or humaigenerated and can encompass data fromsas, weblogs, humaimputted

data, satellite images, photographs and video data, radar or sonar data, social mediangategbile data,
among others. Structured data sets are referred to those data sets that had been produced with the relation
betweenthe data and the population these refer to had been specified, while unstructured data sets do not
necessarily follow an obvious sampling framework or experimental d€sif)

DeMauro et al. gave a framework as to how differdig Data definitions and dscriptions can be groupeay

their characteristics€.g.,0 a8 SR 2&/¢ (iKSo &+ KS (SOKy 2t 23A &lgf I yR LINJ
O2y OSLJia adzOK & dalOlflroftS | NOKAGSOGAZNBET daSNR 2 dz
on societal adancementg127) MayerSchonberger and Cukier, for example, focus on BmyData can shift

the ways we analyse information and transform how we understand and organisys@d@8) Based on

these classificationd)eMauro et al. proposed thaBigDk (1 I NBLINBaSyda GAYyFT2N¥IE (A2
such high volume, velocity and variety to require specific technology and analytical methods for its

NI yaT2NYI i@z)Sivarafah & al. @ndhaadhiat the mainchallenges relate tanalysing Big

Data in a way that brings . A 3 @29¥ dzS ¢

Sivarajah et al. refer to process challengeghoseencountered while processing and analysing the data
which emanate from the usugllunstructured(129) Carbone et al. discuss the following requirements that
are related to the needs ddig Data pilots that are happening in the European redi30)

lliashenko et al. further@pose two classes @&ig Data that is relevant to the transportation field based on

the form of data collection: static and dynan{ik31) They refer to statiBig Data as data that is recorded,
processedand transmitted for further processing and ultimately for interpretation through static/immovable
sensors€.g.,cameras)which capture data that falls into their specific directional focus. In essence, the data
is highly local. Dynamigig Data refers to data obtained from various sensors and devices that are not tied to
specific locations and are constantfyrnotion €.g.,mobile phone sensongsedin the UMA). This offers
advantages in terms of the sdfifficiency of the data as one stream of information can provide more
information about the object under studyand offers more extensive possibilities.
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Escuderceet al.emphasse that volume is not the only defining feature Bify Data, but the spontaneity of the
data generation enabled by interconnected devi¢E26) The evidence of the multiple definitions of wizit)
Data is, combined with the layers of mplexities that arise when such a concept is applied in specific
thematic areas or sectorg.g.,urban mobility), posea significant hindrance in terms of initiating activities in
relation toBig Data. Hadi et al. discuss semantatated challengegelated to extractingneaningful
information from large volumes of da(d32)

Managementrelated

As one of the key features 8fg Data is its large volume, enabling and managing the processes related to
handling such high volumes of data can result in challenges and need to cqmsider resourcese.g.,staff,
time, infrastructure,and technologies) required to enable the effective use of such data. In cases where
different data sources are to be combined, practical issues related to data formats and coding languages
related to dda generation, storagehandling,and analysisnust be consideredThe multilayered nature of

Big Dateessentially entails that data sets can grow exponentially and brings up the neces8ity foata
storage managemer(tL33)

From the perspective of the applicationBig Dataechnologies for improvingrban mobility in developing

cities, the complexities brought about by the scale of the data, the variety of data and the velocity of the data
can result in significant challenges related to data integration, analysis and ultimately in ensuring the
usefulness of the data for addressing specific goals.

In the case oépplyingBig Dataechnologies to aid policies and decision making, operating in bureaucratic
environmentsandconsidering hierarchies can pose significant challenges aglf6éll Effective interaction
betweendecisionmakers and technical stakeholders needs to be estadisGovernance approaches and
structures that take into consideration both the public and private realmgegeiredto drive the adoption

of suchBig Dataechnologies and applications.

Challenges towards ensuring that the appropriate skills and capacities necessary for goBayridageare

also critical to be addressed. Accompanying Big Datarevolution is its algorithmic counterpart consisting of
machine learning and artificial ielligence which are essentidbr utilisingBig Data Such techniques are

quite valuable in terms of conducting predictive analytics toward discovering pattrd making predictions
(126)

Skills relating tdig Dataand analytics are at the top of thestiof critical skill shortages. For example, in the
European Union, over 496 thousand job vacancies were unfilled in (@347 There are also data literacy

gaps €.9.,in the relevant workfores), as well as participation gaps that might exist across the population.

This is particularly important to consider within the contexts of developing regions, including Afradgising

the volume of data made possible through Big Data technologiesre=sprocessing methodseyond

traditional statistical analysis techniqué27y® /  Nb 2y S SG 1t ® O2NNRO2NI GS (K
BigDatda a1 A f f &e kbyxhaleygss tavardsidptingBig Dataechnologie§130) Chourabi et al. also

identify the lack of relevant (information technologglated) skills as a key challend&5)

Aside from the challenges related to personnel capacities and skills, there are also challenges that relate to
institutional roles and setip. The emergence of such technologies and embedding them into policymaking
processes raises additionalailenges related to salient aspects such as data ownership, control and
management of the processés36) Hochtl et al. posits that to the positive effectsBify Dataorgansational
setups need to be prepared for considering the volume and velociBigpData; which is generally an issue

for public authoritieg137) Therefore, exploring partnerships that involve other parties is crucial in
transitioning to an evidencbased, datadriven decisiormaking process.

Chourabi et al. identified management and orgational challenges relating t@smart city initiativeé which
might be significantly relevant when to the applicationBifj Datdechnologies- due to theemphasis of
instrumentation and interconnectedrss in smart city conceptswvithin the context of aiding urban mobility
planning and decision making such as turfing and conflicts, resistance to change, competiegack of
alignment of goals, lack of cressctoral cooperation, lack of intefepartmental cooperation(135)
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Infrastructure-related

The utilsation of Big Datdor purposive applications towards addressing specific issues relies on technological
and infrastructurerelated issues. The distributed nature requires specific technical requirements for

transmitting big quantities of datél38) This includes aspects related to the technology stacks such as

software and hardware for stage, as well as servers with adequate computing and network capgdisey
Established data storage and processing technologies, such as databases and data warehouses, are becoming
inadequate in handling the amount of data thabising generated129)

For example, Hadi et.atress the importance of open application programming interfaces (APIs) at the core
of Big Dataarchitecture, as well as the availability of integration servid82) They also stress the

importance of redundant physical infrastructure to support unanticipated volumes of data. The physical
infrastructure differs as it canébbased on a distributed computing model wherein the data can be physically
stored in different locations. Such can also result in additional complexities in relation to existifg ldadal
regulations

The importance of such infrastructure is increa$yrgecoming prominent globally. The European Commission
estimatesthat 80% of the processing and analysis of data is now taking place in data centres andseehtrali
computing facilitieg134) It also deems that a new paradigimat brings data closer to the users (e.g.,

through Internetof-things) will also bring a new set of challenges, such as those retatadbersecurity.
Carbone et al. propose supporting the adoption of free and epaurce software to avoid licensing costs and
to recognise the need (and anticipate the costs associated with) software mainte(iE3@e

Policyrelated

The discussions by Chourabi etrafjarding the policyelated challenges that confront smart city initiatives
are alsovaluable forinvestigating the challenges related Big Datan aiding urbandecisionmaking(135)

They refer to political components and external pressueeg.(policy agendasthat may affect the outcome

of informationtechnologyrelated initiatives. The removal of legal and regulatory barriers toward the smooth
implementation of such initiatives and maxsinigthe utility of the outputs are much needed.

Hochtlet al. discushiow applyingBig Datawithin existing regulatory landscapes can be challenging, as the
balance between the societal benefits of usBig Dataand the potential harm to privacy (and other values) is
difficult to achieve(137)

Carbone et alidentify that there is a necessity faommon data formats and the creation of shared
repositories to be able to fully understand the real valu@iaf Datg130) They also discuss the necessity to
enable a functional environment for securely accessing and storing seraitd/confidential data at the raw
level to unlock the analytics that can be done on fgrained data. At the regional level, they propose a
normalisation of the legislation on the use of data of public authorities.

People and Communitieselated

Challengs related to people, being either the sources of the data, or the beneficiaries of the outputs that
emanate from the use dig Datéhave also been included in the literature.this case concerns regarding
data privacy protection are a criticahallengedentified by various researchef85, 96,98, 105, 106) Sensor
based data, which can potentially be significantly relevant srtiobility sector, essentially can contain
microscopic data which can be useful in analysing and implementing targeted schemes and interybuations
the presence of such can also raise concerns about data priviEich then relate to the risks of misusitige
data(126)

Chourabi et al. (2012) emphasithat addressing the topic of people and communities in such technology
applications is critical and traditionally has been neglected. They argue thattuiciglto ensure that
GYSYOSNBEé 2F (GKS OAGE &aK2dzZ R 0 SastuBmusiteNds katthe y 20 2y
communalaspirationsand needs are appropriately recogadand relevant challenges suchtae digital

divide, information and community gatekeeping and participation and partnerships, are addressed.
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3.3.2 Sustainablemobility indicators

As part of thditerature reviewexerciseowards the identification of the initial set of indicators for the AUMO
portal, relevant globahndregional developmentelated processes, as well as other initiatives that focus on
measuring urban mobili indicators €.g.,including those that aim at benchmarking) were initially scoped
(seeAnnex Drheinitial set was also intended to guide thevaddopment of the data collection instruments
(e.g.,survey forms used in the AUMO cities)

The study teantollated a list of more than 650 indicatdrem different sourcesas contained innex DTo
produce a shorter list, acreening proceswas carried out to identifpotential linksbetween the indicators

and the primary data collection methodsedin the AUMOproject UMA, USSIEMS survey, light field
studieg. Essentially, relevant indicators primarily based on existing datasets (e.g., through desk research)
were eliminated from this exercis& summary of the selection process is depicteBigurel?7 below.

..\
/.'

Mapping of indicators in
relevant global, regional processes/initiatives

S o
e ) ) ) T ) ™,
f Screening of the long list against the applicability of generating relevant data from the \
\ AMO data collection methods /
A S
r/' _h\'|
| Grouping of the shortened list )
S o
o o _ N
If Selection of the priority indicators recommended for the demo + noting potential DI'II]I'IW‘I
\\ indicators for later adoption /a

The screening process resulted in a shorter list ofihBxators Duplicates were groupe@nd further

screening was done based on the possibility of calculating the indicators using other methods and datasets
outside theproject's scopeThe most relevant and related indicators (to the data collection methaddhe
project) were then selected dbe main recommendations to be included in the demo phase of the project.
Other potentially important and/or highly feasible indicators have been noted for fuidissessmenand

included in thedisseminated expertsvey.

It is interesting to note thathe different initiatives tendo group the indicatorsnto different categories.
These includéndicators groupediccording to the following criteria: f¢levant impacts and/or externalities
(e.g.,environment, energy, road safety, health, climate chargge,), 2) transporisystemcharacteristics and
servicelevels(e.g.,availability, convenience, efficienaygmfort, and safety)3) status of measures
implemented é.g.,clean fuels and technologiestandards, mixed development, etavoid, shift, improve).
For the AUMO projectit was decided by the team that a simplified approach for categuogthe indicators
be used in the initial phase to minisg complexity and confusion, as discussed ictie 3.3.2.1

3.3.2.1Selectedindicators

The followindist of final indicatorsare derivedirom the exercise that was described in the previous section.
These were used itdevelopingthe data collectiorinstrumentsthat were ultimately usedn thetests in the
AUMO citiesSection3.5.3.1summarisediow the questions adopted in the conventional survey, for example,
relate torelevantindicators.Figurel8 shows the initiaket of indicators included in the AUMO portal. The
definitions and other details pertaining to these indicators are foundnnex E
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3.3.3 Summary ofthe key findings

Theliterature reviewhasinvestigatedvarious aspects relating ®ig Dataits applications in the field of urban
mobility, and how relevant research has been eirajy particularly in the African regioBig Datacombines
collecting, processing, and visualislagye amounts of data. The availability of data can fuel new trends in
understanding and providing solutions that match the needs of the wsets(140)

Big Data inurban mobility

9 Evidence is present in the literatuadoutthe multitude of beneficial use cases fpplyingBig Data
in urban mobility It alsoreflectsthe diversity and complexity of the different types of requirements
that are needed to operationa the use of Big Data in the field

I While arich set of re=sarch papers focusing on Big Data in urban mobility has been found at the
global level, only a handfalf such papers focusing on Africa wéoend. However, the general trends
in the research work on Big Data (in general) in Africa point toward a megmg@st in the subject

9 The literature on Big Data reflects diversity as to how the concept is being chasadt&dme
definitionsfocus on capturing the essence of the data generated itself, wbieego beyond the
data characteristics and encapsulattated processes, the value addition created by the data, and
the requirements that are needed to generate and stilsuch data

9 The variations in the descriptions can also prove t@tmblematicin communicating what Big Data is.
The other types of chiznges in the literature can broadly be categed into the following:
management, infrastructure, policy, peopkEnd communities.

Sustainablemobility indicators

1 The review of relevant global and regional processéstedto sustainable mobility indatorsshows
awiderangeof indicatorsand indicator categoriesThese insights, coupled with insights emanating
from a mapping exercise of how the different data collection methods used in AUMO would feed into
such indicatorgAnnexD, and the guidance set by the identified priority mobility issues as discussed in
Section 2were used as a basis for selecting a preliminary set of iraligat

I From a mobility contexidentifying the right indicators can support decision makers to complement
traditional data collection techniques witBig Data techniques. UsinBig Data techniquesthe
possibility to generate granulalata(e.g.,UMA) canfeed into such indicators angpen up significant
opportunities tosupport decision makers to develop plans, policies and projectsstigtort the
pursuit of sustainable mobilitynore efficiently and effectively
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3.4 Insights fromthe expert surveys and intariews, and consultations with local stakeholders

This section provides a summary of the salient points e gathered from thenteractions with the
subject matter experts (based on the survey and interviews), as well as the insights from the local
stakeholders, primarilgollectedthrough the city workshops held in Blantyre and KigsdeAppendix C).

3.4.1Big Dataand Big Data technologies

Theexpertsurvey and interviewsas well as théocal consultationswere also used to gather deeper insights,
contextspecificviews about Big Data, amdlevant aspects that relate tBig Data use cases in the urban
mobility realm, the associated challenges, risks, and benefits.

3.4.1.1Conceptof Big Data

The followingsummarges thekeyinsights from thesubject matterexperts relatel to the concept of Big Data:

AAAAA

f ¢KS SELISNIAQ AyaArakia NBTFftSOUGSR (KS A onadhsight yOS
was provided about the misconception about Big Data being referred to as any data set that cannot
be opened through traditioal spreadsheet progranand thatthe importance of recogsingthe
nature of the datai(e.,volume, heterogeneity) and the need for advanced storage, evaluation, and
analysis techniqueshouldinsteadbe stressed

9 Big Data requires it to have significarolume (which can be relative), its nature of continuously being
generated and itselianceon constantfeeds and updates(g.,through sensors, radar, satellites, and
apps) and thus continuous maintenanégcritical;

9 Due to theunstructured, dynamiaynfiltered nature of Big Data, the derivation of valfrem it
requires speciadiedskills,technologiesand infrastructure

1 The prioritsation exercise for pursuing Big Data initiatives for deriving useful information for
responsivedecisionmaking needto considerthe local context. For example, public transport stop
data in developing dis may only contain a few static data poirtsit the same may not be the case
in a Metropolitan area in a highly developed city.

I The concept of Open Data needs to be adopteddpitalise on the potential benefits of Big Data
fully. The usability of the data for doing analysis is more important than the quaAttessibilityand
affordability should be aspects that need to be aftted to Big Data and should be opened with
appropriate limits that protect privacy. Open data standards and networks enablertizeler
utilisation of data sets, includinBig Data, towards aiding sustainable mobility.

3.4.1.2Use cases

The experts were askddr their insights regarding impactful use cases wherein Big Data can effectively be
used for urban mobility decisiemaking in developing cities, particularly in the African region.

Urban andtransport planning

1 Big Data openthe significant potential formproving the overall urban and transport planning. Big
Data costs can be significantly lower than traditional travel surusgs in planning processedig
Data techniques in rapidly growing cities can result in the most impactful indmkiésd
infrastructure and transport services planning

1 Big Data canlso aid the analysis of theterlinkages between urban mobility and different societal,
infrastructural,andeconomic factorswhich can help shape poiés and plan for infrastructure
towards more sustainable pathways for mobijity

1 Bigdata setscontaining origirdestination data can be used to better understand people's movement
and thus aid the planning of transportation services arftastructure

I Theavailability of mobilitydataobservatories opens the possibility for consolidating, analysing, and
sharing data that can be useful for various applications, including those that pertain to urban and
mobility planning that can improve the overall stateusban transport, particularly in developing
cities.
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Monitoring and improving mobility servicesind infrastructure

1

In Nairobi, a recent study wasirried outusing sensors that detected movements using theRiVi
signals of smartphones in the central buess district. Such data enabled the analysis of passenger
movements on a 24/7 basimcluding origirdestination movements, passenger counting at the zonal
level, time of stay in certain zones, and travel speed variation at the zonal level. Such dalsodas
used in informing the management of public transport services, and planning for public transport
infrastructure €.9.,stops). One of the experts shared that in Kampala (Uganda), BRT feasibility studies
usedtraffic video feeds and machine learnitechniques to count vehicles

Today,only a few African citiesave made their public transport system and minibus networks in a
standardised and open format like GTFS. Promoting the digital commons approactsiagithis, for
example, in paratransit npping can be impactful. In such a case, mapfiegeservicexan be a
critical input for analysing accessibility to such servicestaadverall improvement of mobility
servicesTheDT4Ainitiative, for example, is doing such deep dive mapping exercises and is opening
their data €.g.,in GitLab) to spur collaboration from interested entities

There arecurrent initiatives to explordlobility as a ServiceMaaS schemes; whichrely on Bg Data
(e.g.,inKigali and Dar es Salaatdltimately, theseBig Datasets can beisedto improve public
transport performancendintegration and build the case for reducing mos®dtransport demand.
There is also a significant potential #ig Datao contribute toestablishingshared mobility systems
Big Datacan contribute towardhe more efficient provision of informal/shared transport services true
to the local mobility culture. Data sources, such asuidAapp, GPS and mobile signals can
potentially beusedfor such initiatives. In formal bus systems, using smart card data, for example, can
be impactful as movement data can also be deduced filoisisource

Bigdata sets can be used for analysing the usafgeublic transport. Tweet data, for example, can be
used for reakime or historical analysis. Aside from the réiahe data from the vehicles and users,
behavioural insights can be culled from such dataich can then feed into improving such systems
and better complement public transpart

Integratingvehiclemovement sensors camelp better understandhe vehicle performance (e.g., for
drive cycle analysis) against local conditiddischdata can give information about the supply of
transport servicesrad thestatusof the transport network. These can also be used for better
understanding behaviours (e.qg., driving, parking, etehlich might behelpful for micro-level analysis
and interventions

Aside from feeding into the improvement and creation ofbility services, asset managemeptg.,
publicreporting of issues related to road infrastructui)d maintenance of transport infrastructure
and networkg(e.qg.,predictive maintenance) can benefit from the use of Big Data

Big Dataenabled travel planmg and service schedule will héggmalisethe paratransit system
operation in most developing cities of Africa.

Development of Relevant Policies and Interventions

1

f

Big Data opens the possibility for determining appropriate policies that can target issues and
beneficiaries at a more detailed leyel

The potential for combining Bidata sets(e.g., movement datayith other types of datde.g.,
population, transport netvorks, employment and residential points, movement data also be
useful forimproving theassesment of the progress towardsroadergoals such as SDG 1,M&ich
focuses on accessibility

In the case of road safety, thehavebeen initiatives towardleveloping tools for generating and
analysing Big Data to improtiee state of data on road safety incidences, particularly in developing
countries. There igastpotential for usingBig Datao complement road safety initiatives in Africa. In
Botswana, fo example, data may be available for road crash inciddénisthese may not necessarily
be readily accessibleasaccessing the detailed data needs to be coordinated with the local police
offices- and have inherent limitationg i.e.,no detaikthat prevent more detailed analyses of the
state of road safety
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1 The biggest challenges relate to the collection, analysis,data utilisationfor planning and action. In
the case of Mongolia, for example, a mapping tool called Mapillary (open sourea)sed to map
out the roads in Ulaanbaatar, which were then matched with road crash datludingsocial media
sources such as Twittéfhe matching of these datasets enabilee analysis of areas based on their
road safety featurese(g.,the presence dproper pedestrian crossings) to see if there are patterns.
The mapping of the entire city using the app was done only by a couple of people in three days

1 Big Dateaboutmobility can also be used other relevant sectors. In the case of Costa Rica,|l#ate
and remote sensing data is being used to feed into climate action planning. In the case of transport,
remote sensing data is used to deri@gsentiatransportation metrics such as travel distances,
origins,and destinations.

3.4.1.3Challengeselated to the utilisation of Big Datain the realm of urban mobility

Table9 presents a summary of thexperts' responses in relation to their opinionsttie significance of the
stated challenges in hindering the uptakeBifj Datan urban mobility application€On average, the
challenges related to policig¢6.77on averagg¢were rated as the most significant ones.

Category Average Challenges Average

Resistance to change

Competing motivations and turfing
Lack of cross-sectoral/inter-departmental coordination 7.24
Lack of integration of needed roles to deal with big data into existing organisationz
structures

Lack of appropriate skills towards governing big data

Lack of skills for utilizing Big Data

Lack of financial resources toaccommodate Big Data

Availability and compatibility of software systems

Costs associated with necessary software

Availability of redundant/supportive built infrastructure

Costs associated with supportive built infrastructure

Lack of integration of big data in wider vision

Lack of integration of ICT with political and institutional systems

Lack of appropriate relevant competition policies

Lack of appropriate regulations/policies to govern Big Data generation

Lack of appropriate regulations/policies to govern big data interoperability

Lack of appropriate regulations/policies on data sharing

Lack of appropriate regulations/policies towards ensuring data quality

Lack of appropriate regulations/policies to ensure cyber security and personal dat:
protection

Access to technology

Perceptions regarding the use of their data

Perceptions regarding the security of their data

Lack of cooperation/involvement from other relevant stakeholders

Data generation/acquisition

Data mining and cleansing

Data aggregation and integration

Analysis and modeling

Data interpretation

Translating into actions and policies

i

Management

Infrastructure

Policy

People and communities

Processes

Niejoo (oo jaiMajojo o ININ |0 (0|0 (N0 (01|00 §NIN NN
Nl fi= oo folefofw  [olo Nlofollk oo vz ju v o
Flofofa s IN|S[ololFfe  [ofo (& b8 e (2= k= B S (= B B B

Note: 0 = insignificant; 10 = highly significant

The specific insights from the subject matter exp@msthe challenges are presented below. These are
categorsed based on the maipillars as identifiedn the literature review.

Management

The comments from the experts based on the survey and the interviews point to the following main
managementrelated challengePrimarilyhighlighting the importance of addrsmg gaps in skills and
capacitiesgaps in roles and entitieas well as theeed to understandhe benefits of such Big Data so that
resources can be allocated.

9 The lack of clear entities overseeitige governance of Big Daisa challenge
9 Trained pesonnel whaoare knowledgeable in terms of facilitating the generation of the data, being
involved in the handlinggnalysisand interpretation of the data is a key issueAfrican cities
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In the case o&d hocstudies funded by international organisatigribere is a lack of sustainability as
technical capacities are not necessarily transferred to local entities

Funding for such projects and initiativissn issue since it is not being pricsgddue to the lack of
understanding oBig Data and the potential benefits.

Infrastructure

The comments from the experts show a common thread about the need to address infrastrusiaie
challenges.

f

Internet connectivity and affordability are also issumsntionedduring the interviewsFor example,

in the case of Kigali, most young people use smartphones but are confronted by mobile data
affordability issues. Poor internet connectivity inhibits the continuous stream of live data;

In the African context, there are significant gaps in teohdata sources. Open data repositories,

which are now common in developed regions such as Europe, and the United States, are still not
standardin the region

Access to available data is also an is§ieeexample, irRwanda, the National Institute of&istics

Rwanda (NISRas a data portal, but access is partially restricted and is dependent on owning an
account witha proprietaryGIS softwarg

Storage capacity cdmecomeanissue (e.g., the perceived need to ha&ig Data centres). On the other
hand cloudbased solutions are becoming more feasible alternatives. Secondly, cleaning of the data
also needs to be done, to weed out erroneous entries and data that do not match specific criteria.
Infrastructure and equipment that are necessary for uptakeBig Data(e.g., sensors capable
computerg can be expensive, and resource constraints, coupled with other priorities, may hinder large
scale deployment

Most African cities do not havebudget for suciBig Datanitiativesand the perceived infrastructure
requirements coupled with other priorities that need urgent attention

Political

1

Decisions regardinBig Dataechnologies also need to be put in context with the wider state of
transport data, in many developing Africéand in other regions) cities, even basic transport data is
not being collected

Ensuring that governance structures are put in place for organising the collection, analysis, and
utilisation of the data is essential. These roles need to be embedded iatgdhernance structure

(i.e., in a city), and specific and clear mandates need to be provided. The decisions that need data are
heavily interlinked with various factors, including political ones;

Discussionare usually done in silos and can hinder progrésterms of pursuing the application of

Big Dataechnologies taardspolicymakingThere is a lack of coordination between technical and
political stakeholders

The combination of datasets and ensuring quality towards extracting valuable insightcisiode
making is seen as a significant challenge

A key issue that the experts also emplsasiis the need tgorioritise policiesowards ensuring data
privacy and data protection. These are particularly an issue when personal identifiers are involved, as
there is a risk of misusing the data. Ensuring anonymity in the data is also a key c@mern.
suggestion was to embealcertain level of error, such as in the case of GPS data, wherein it is only
accurate to a certain degree, can be a way to ensure amigyis kept, but still making the data

usefut

The lack of policies and guidelines on data ownership and sharing has also been critical challenges
that were mentioned by the experts. In the case of spesgalBig Datause cases such dobility-as
a-Service, other factors such as the distribution of revenues between the different parties is a
challenge.

People andcommunities
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1 Consideringocietal structure is also important in determining the potential usability dfateBig
Datasets. For example, social media datasets many not necessarily be useful in contexts wherein the
use of social media is not prevalent, or if majority of the people do not have access t@gjit.
payments for transport services maybe hard¢alise ina society that is dependent on cabhased
transactions, even if we assume that the technological enablers are in;place

9 Potential bias in the data can be due to preferences of people. For@gaim the case of a situation

that Big Datahat is dependent on mobile phone data connection, lower income groups can have

lower representation

There is a general lack of awareness regar8iiggDataand its benefits, which can lead to resistance.

Potential exclusion can bachallenge, whether in terms of the data generation processes ,(n

mobile phonebased technologies for collecting data) oténms ofthe use of technologies that are

dependent omBig DatgMaasS apps)

1 Inthe case of technolgies that rely on the ownership and usage of connected devices, taerbea
significantportion of the population that become invisihl&his is a significant issue in the African
region as highlighted iSection2.3. This issue becomes more significant in the case the data will also
be used in planning policies and interventio®sich can be mitigated by combining traditional
methods of data collectiore(g.,traditional surveys) are utilized in combination with Big Data
collection techniques

1 The high degree of informalityragmentationand dynamic nature of transport systems poses
significant challenges in terms of ensuring accuracy

= =

Box 1. Opinions regaiidg the risks associated with UMA

The experts were asked about their opinions regarding risks related to UMA technologies. Risks relating to
cybersecurity were rated to be highest in terms of likelihood and severity. Data privacy risks was suggediedlas
risks to be accounted for.

Figurel9. Risks associated with UMA

Risks Associated with User Movement Analytics
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The results of the local consultations held during the city workshops in Blantyre and Kadéil(Q)
essentially reflects the challenges as discussed in the literature as contained in Sextlof and the
insights from the experts

38



AFRICA URBAN MOBILITY OBSERVATBIBRYDATA TECHNOLOGIES AND INDICATORS REPORT

L>

Tablel10: Challenges Related to Big Data initiatives: insights from the city workshops
Blantyre Kigali
Management | § Lack of accessibility to external daténere 9 Lack of data analysis skill;
are entities that arecollecting data, like local| § Gap in Research & Development;
cell phone network operators, technology | § Bureaucracy can add burdens in the proces:
corporations like Facebook, Huawei, Apple,| § There is no centralised agency that is taking

and several entities that have cell phene the lead in Big Dateelevant matters;
based apps for their businessésit to access | q Lack of professional/specialisation in data
this datais difficultunless established science;
partnershipgagreementsare formed { Lack of collaboration between various

1 Lack of coordination among road agents the institutions, Academia, policy makers,
may collect transport related data (working industries.
in silos);

9 Lack of research and development sections,
department at the city level.

Infrastructure | § Lack of appropriate infrastructure and 9 Technology required still developing/
computer packages to aid data processing; penetrating;
1 Poor cell phone network coverage. i Advancedechnology adaptation (e.g.,

satellite tech);

9 Financial capability;
9 Capital intensive infrastructure;
9 Modern standard requirement;
9 Telecommunication coverage is low especia
in Rural area;
9 Limited information on data.
Political 1 There is absence general policies related tg § Policies supporting the dedication of
mobilisation of Big Data. resources is lacking.
Peopleand |  Low penetration of smart phones; 9 Lack of data science education / awareness
Communities |  High cost of internet cell phone data for
connectivity;
1 low literacy levels for an average city citizen
1 technology is not affordable i.e., high cost o
data.
Processes 1 Low Internet speeds; 9 Complexity in therocess.
9 Limited interest in collection and using data.

3.4.1.4Benefits andopportunities

Big Data is perceived to benefit the planniog policy measuredt is also notable that it is perceived be less
beneficial for aidinghe selection implementation/monitoring, anavaluation ofspecific transport prigcts
and measure§igure20.

Figure20: Benefits ofBig Datain the field of urban mobility
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(0 = insignificant ; 10 = highly signfiicant)
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Overall urban resiency
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The other benefits that were provided by the experts were primarily in line with the insights on the impactful
uses cases as discussedaation 3.41.2.

Big Data is seen to be a good complement to traditional data gathering. Data can be cheaper to collect, and
datacan becollectedon an ongoing basis. Bptaand social analytical can be key solutions replacing
traditional methods of data collection faransport which were very expensive and tirnensumingBig Data

can also be more accurate duettte volume.It can be used for aiding planning, improving targeted
investments as it provides an opportunity to better understand current mobility statesttengotential

future scenarios. Such will also aid robust policy formulation, and the effective improvement of services. The
experts also stress the opportunity towards crafting measures and policies that would benefit the vulnerable,
lower-income groupsand addressing gendeelated mobility issues.

3.4.1.5Roles ofcity authorities

The survey also asked about the opinions ofakperts aboutwvhat they thought should be the ideal level of
involvement of city authorities in relation to aspects relating to BitpDahe ratings given by the experts
depict that they deem that city authorities should be most concerned with how the data is being consumed,
particularly in relation to how these would be used in relatioratimresghe mobility-issues in their cities
(Figure21).

(0 = no involvement; 10 = full involvement)

Invest in supportive hardware

Big data consumption

Big data analysis and elaboratio
Big data storage

Big data consolidation

Big data generation

0 1 2 3 4 5 6 7 8 9 10

The expert opinions alsecommendthat cities should act upon the provision of training opportunities for its
SEAaGAY3 &l TTo redsrBmeddbatiStidisholid il ah acfivé fle in Bedtidg up
appropriate standards. Bolstering its oveapacity by hiring new staff is also an action that was rated highly by
the experts(Figure22). It must be noted, though, thatuch a strategy would be difficutbifdeveloping cities
considering the resources required
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(0= insignificant
Invest in software and supportive service

: 10 = highly significant)

Invest in supportive hardware

0

Hire firms with big data expertise

Hire new staff with required skills relevant to big dat

Provide for training opportunities on big data for existing releva
staff
Set up appropriate competition policies/regulations that gover
the big data marketplace
Set up personal information/privacy regulationg

Set up appropriate data standards

Set up direction by integrating how big data can fit into wide
policies
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3.4.2 Sustainablemobility indicators

The initial set of indicators that had been included in #iéMOportal were chosen based on the analysis of
indicators that are included in various initiatives as explained in the previous sethimnsection contains a
summary of the insights from thexpert survey and interviews, as well as the comments given by the
stakeholders in the beneficiary cities.

3.4.2.1Initial set of indicators

The insights and suggestions from the local stakeholders in Blantyre and Kigali are foumioh@st cases,

the commentdocus on the need to provide further explanations on what the indicators mean and exploring
the potential forusingother sources of data to derive more powerful information through such combinations.
There were also no specific objections towards retajrtime general set of indicators.

3.4.2.2Indicatorsrelated to the data generated by th&/MA app
The maincomments of the expertenindicators related to the UMApp dataare:

1 TheUMAdata can significantly benefit the efforts to better understand important indicaters.,
travel time, mode shares, and number of transjeshich are crucial in transport planning and
management

1 A similaimovementsbasedapproach can be used for go®dhovement, not just on passenger
transport,

1 TheUMA datacan be used to feed into other indicators that can then be useful for relevant
stakeholders such as transport operators (e.g., can be used to derive vehicle operatavant
indicators such as seds, sudden stops, accelerations, and even perhaps drive gycles)

1 Such data can be valuable as it can provide insights on origins and destinations, mode choices, and
routes taken. To maximise the utility of the data, exploring most valuable data conthinbdata
with land use, mode availability, mode choice among options, and, if possible, withesmriomic
data to enable the exploration of potential chotcelated factors. That requires combining at least 3
kinds of data: land use/infrastructure/trait data (like from open street maps), scheduling data (e.g.,
from google maps), trip @/Route data (e.g., from GPS tracking) and information about the traveller
(e.g., from survey work)

1 Combining trip purpose data to match trip data can lead to valuaisights that can feed into service
and infrastructure planning. It is important to better understand mpliirpose trips

9 The utility of suctUMAdata can be maximised if these can be analysed against selafic
variables (e.g., travel costs; availdpiof transport supply; security; comfort, among others) and
travellerspecific variables (e.g., age, income, trip purpose, gender).

Traveltime
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1 The ommentsfrom the expertsvalidatethat UMAcbasedtravel time indicators are highiynportant;
I TheUMAdata for travel time is useful, particularly if attributable to specific modes, and particular trip
purposes.

Mode share

I The comments pointed towards validating the high importance of mode share indicators, as expected
from the literature

I Modal choice is a critical indicator that can benefit fraiA

1 Taking special consideration towards accounting for modes such as walking, cycling, and paratransit is
important, particularly in cities where such play significant roles in the urban transport system

9 Careful consideration of Big Data on mode sharesssntial as these can be fuzpgrticularly in the
case of informaland nonroute-based public transportation services

Distancetravelled per person

9 Trip distances per individual can be quite useful, particularly if these can be disaggregated by income
groups age,and gendey

9 Thisis an important indicator as it influences modal choice

9 Disaggregation of the distances travelled by trip segments can be useful

9 Distance travelled can potentially be the easiest indicator to benefit fudviA

Period oftravel

1 Gathering insights regarding the morning peak is the most significant aspect to consider
I UMAdata would be useful for analysing travel periods considering the locations, as well as feed into
interzonal analysis.

Number oftransfers

I There was a consenstlgat this indicator is highly important, particularly as it is a factor that
influences mode choige

1 UMAdata can be combined with other sources such as mobile phone signal data for the derivation of
better estimates for this indicator.

3.4.2.30ther indicators

As partof the expert survey that was conducted, the study team gathered insights regarding other potential
indicators¢ which were also based on the analysis of the existing relevant initiatitfest might be useful to
integrate in such a data portal Et The respondents were asked to rate the indicators baseithein

importance towards feeding into urban mobility decision making in the African Context (a score of 10
represents high priority, while 0 means not a priority).

Exploring the averages for @aof the indicator sulzategory provides an indication of the priority that nesed
to be given to related indicators. Data and indicators related to mode shares, and road safety were deemed to
be highly important.
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(0= insignificant; 10 = highly significant)
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The survey reveals thaadditional indicators for accessibilityg., % of inhabitants within 500 meters of
frequently - served byhigh capacitypublic transport services witan averag of five times an hour; ghinute
headway) and mode shareise(, shares of modes in relation to vehididometres travelled) would be useful

(Tablell).

Sub-Group Indicator
Accessibility % of inhabitants living within 500 meters of frequent public transport stops
Mode share Mode share - share of vehicle-kilometers by mode (%)
Road safety Number of traffic injuries per 1,000 inhabitants

Safety and security

Perception of safety for women

Affordability

% household income spent on transport

Travel time Average time (minutes) spent on travel /person/day

Emissions-related Average emission factors by vehicle type

Accessibility % of jobs near public transport stops

Accessibility Number of jobs and urban services accessible within 60 minutesby public transport
Accessibility % of jobs and services people have access to in 60 or 90 minutes

Accessibility % of low income households near rapid transit

Travel time Average speed (km/h) of public transport modes

Transfers Total time spent on transfers/person/trip

Transfers Average transfer time between public transport modes

Travel time Average network speed during peak hours

Quiality of public transport

Level of crowdedness in public transport modes

Emissions-related

% distribution of vehicle fleet by technology type

Safety and security

Number of reported incidents per thousand passenger journeys

Emissions-related

% distrubution of fleet by fuel type

Farebox recovery

% transit operational costs recovered with fares

Safety and security

Number of crime incidents in public transport per 1,000 users

Affordability

Cost of 10 km bus ride as a percentabe of income

Emissions-related

% distribution of vehicle fleet by age

Quality of public transport

Off-peak frequency of public transport systems

Affordability

% of minimum wage that can cover the average costs of 50puiblic transport trips

Farebox recovery

% subsidy/ fares collected

Safety and security

Number of crime incidents per thousand passenger journeys

Average

The city workshops have idtfied the following as other suggestions for additional indicators to be
considered for inclusion in the Observatory.

1
1
1
1

Road condition

Space for people with disability

Demand / supply (heat map indicating demaarttl supply of transport services)
Enviroimental noise

43



AFRICA URBAN MOBILITY OBSERVATBIBRYDATA TECHNOLOGIES AND INDICATORS REPORT

L>

3.4.3 Summary ofthe Key Findings

The summary of the key findings based on the insights of the exaedstakeholders who had been
consulted is provided below.

Big Data in urban mobility

f

= =

The reliance of Big Data on continuous feeds and updatebthus, the associated processesy(,
maintenance, updating) should be stressed in the discussions surrounding the concept of Big Data
which then would be helpful in better understanding its nature, and the associated requirements
While Big Data posesignificant opportunities arising from the generation oftapdate, granular

data, theattention, and resources to be put into Big Data initiatives in urban mobility should also be
consideredn relation to the other gaps in basic mobility daparticuarly in the context of

developing cities. The utility of Big Data camfeximizedf combined with othettypes ofdata sets
Open Data mechanisms are important to establish to masertiie benefits of Big Data initiatives

Big Data offerspportunities for lowering the overall costs for gathering relevant data for planning. It
also opens novel opportunities for better understanding interlinkages between mobility behaviour
and other factors€.g.,sociceconomic factors, availability of imfstructure and services)

There had been recent initiatives in the African region that showcase the potential for tisatidit

of Big Data for improving urban mobility services

There are various challenges related to the uptake of Big Data in urbaititynathich can be related

to policies, managemeninfrastructure,and technology, as well as people and communities. The
experts consulted in this study view poliilated challenges as the most significant ones.

The experts viewhat ensuringdata privacyis upheld is critical towards thatilisation of UMA for

aiding urban mobilityplanning, asuchbreaches to suchban lead to mistrust and low participation
rates

The experts suggests that city authoritiesigihare at the beginning of interacting with Big Data
initiatives can first focus outilization of the informationand howsuchcan help achievevider
processes and goals.

Sustainable mobility indicators

1

The relevance of the initial set of indicatavasvalidated by the local stakeholders, as well as the
experts thatwere consulted. Therevere no specific comments towards dropping any of the
indicators thatwereincluded in the initial list

There are some indicators that had originally been includetedist, but have not been populated
with data (e.g, affordability, traffic fatalities, C&emissionsps these require data that would need to
be collected fronsecondarysources

More detailed definitions/ descriptions of the initial list of indicatarsluded in the AUMO portal had
been proposed (e.gcondition of public transport vehicles; public transport reliability; sexual
harassment, congestion, vehicle occupancy)

In some cases, choosing a different name for the indicators may perhaps bedidrfefi the

intended audience (e.gperiod of travel, occupancy)

There were also suggestions to explore theigatlon of other sources of data in combination with

the data feeding into the indicators can lead to additional useful information for
policymaking/planning. In particular, the data that can be generated usingJtidapp can be a
powerful tool towards understanding choice making if combined with other data reflecting physical
environments, services availability, and socioeconomic fartors

Asper the suggestions in relation to additional indicators, those that are related to capturing further
dimensions of mode shares, road safety, and accessibility had been proposed for further exploration
towards inclusion.
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3.5Insights from theapplication of Bg Datatechnology: AUMQasestudies

Data collection througltonventional approaches, such as intercept field survieyspstly time consuming,

and complex to managd heAUMO projectaimedto identify opportunities toadminister surveys remotely
usingtechnology to reduce the cost and complexity associated with mobility data collec8ermeral novel

data collection technologieallowing remote administration of surveygere developed during the project,

and these were deployed in thex researhb cities (Blantyre, Gaborone, Kinshasa, Kigali, Lagos, and Maseru)
through several data collection campaigiibesetechnologybased survey tools leveraged existing
telecommunications hardware and platforms as far as possible and included USSD (unsdructure
supplementary data services) and WhatsApp surveys (both of which were used to administer rehbigke
questionnaires), and UMAan inhouse smartphondased survey tool, capable of automating the
ASYSNIGA2y 2F (NI @St Rabenhhngk thendvellidchidiolpasddisitrvgyitaol®, RS @ A
and to ensure that population groups out of reach of thémsals, conventional intercept field surveys were
alsoconductedby teams of enumeratoradministeringmultiple choice questionnairassing a dgital survey

tool.

In the subsections that follow, first theata collectiorapproachis presented, followed by the sampling

strategy, and then ktepth discussions on the various survey types and their associated campaigns. Finally,
this section concludes with a comparison of the survey types and their respective campaigns, and the degree
to which they succeeded in achieving the gofaleducing the cost ahobility data collection

3.5.1 Data collection approach

Thedata collection approachsedin the AUMO citiess illustratedvisuallyin Figure24. Typically, survey
developmentinvolvesthe selection of survey methods, followed by instrument design, whickiruparallel
with sample design. On the AUMO project, since many of the survey tools requiredextensive research
and development, an additional step was added, namely instrument development

The survey instrument was then submittéat ethics clearancéo a panel comprising individuals frobLR
Institute of Transport ResearcBTUYand University of Rwandaee approval letter il\nnex G.

For allchosensurvey methodsupon completion of thenstrumentdesignphase test surveycampaigis were
held. The collectedest data was then cleaned and analysaud uploaded to the web data platform for
testing @iscussed in more detail the Web Data Platform RepoctDeliverable 3 Based on thguality of
dataand campaign feedback, surviestruments wererefineddeveloped further.

Once thesurveytechnologies and systemegere fully developed, and the survey instrumelgsigrs updated,
main phase surveysommencel. Since the AUMO project has run over nplkiyears, multiple main phase
survey phases took place.

45



AFRICA URBAN MOBILITY OBSERVATBIBRYDATA TECHNOLOGIES AND INDICATORS REPORT

L>

Figure24: Data collection approach
Selection of Survey Method

Instrument
Development

Instrument
D‘e’slgn

Ethics Clearance

Test Survey

v

Data Cleaning

Data Analysis and Testing of
Web Data Platform

Main Survey Phase

f Data Cleaning j

Data Analysis and Publication
on Web Data Platform

3.5.2 Samplingplan development

For ease of comparison with existing datasets, as well as with those to be collected in future, all data collected
throughout the AUMO project was linked spatially witaffic analysis zone§ AZ3$aligned with official
administrative boundaries in eaclity}c These boundaries are familiar to local authorities and planners and
simplify the sampling tasks in relation to available information, such as demographic and population data.
These boundaries can be viewed in the web visualisation platform, devetmasifically for the AUMO

project: https://mobility.observatory.geafrica.org/#/start

Since there is seldom correlation between the number of TAZs in a city and the populationts&teciy, a
process of TAZ agglomeration was performed, to form TAZ clusters. The number of TAZs, and TAZ clusters per
city are summarised imablel2.

Tablel2 TAZ and TAZ clusters per city

Country City Number of Number of City 90/10 95/5
QVAVAS TAZClusters | Population | Samplest | Samplest
Size(141)

Rwanda | Kigali 35 7 1,132,686 | 473 2678
Nigeria Lagos 20 20 21,324,000 | 1353 7669
Botswana| Gaborone| 35 5 231,592 338 1918
Lesotho | Maseru 18 6 330,760 406 2293
DRC Kinshasa | 24 12 7,273,947 | 812 4606
Malawi Blantyre | 23 7 800,264 473 2672
Note: a = confidence interval and margin of error

Quota sampling was discarded as a sampling strategy, as it would have resulted in vastly different sample size
requirements across citiefnstead,the modified Cochran Formul&guationl) at TAZ Cluster level was

applied yieldinggreater consistency in relation to sampling requirements across ditissmportant to note

that although the modified Cochran Formula is typically associatedpaitbabilisticsampling the survey

methodology is nofprobabilistic in naturda A y OS y 24 S@SNE YSY0oSNI 2F Sk OK C
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chance of being surveyg@dowever since thee is a large degree of randomness in theruitmentof survey
respondents and the survey tools used are able to reach the majority of population groups, probabilistic
sampling principles can still be appli@dt2) It is critical to note that when probabilistic sampling principles
are aplied under norprobabilistic conditions, the corresponding confidence interval and margin of error
should not be interpreted as statistically accurate, but rather, simply an approxim@is)

Given the highly exploratory nature of this research, espediedigrdingthe untested technalgy-based
survey instruments, two sample targets wexssigned taach city. Theninimum targetapplied an
approximate confidence interval of 90% and margin of error of 10%, whilegher targetapplied an
approximate confidence interval of 95% and margin of error of 5%.

Equationl: Modified Cochrarformula(143)

@ _fhp A
: 5T
P~
Where:
Q p ™
Q pT[8'[U
n m

The stratification factors applied to the population were gender and age. Alternative stratification factors

were investigated, such as income and highest level of education, however there was littleeraysacross

cities, and where this information was available, it was provided at a country, rather than city levElgGee

25for an illustration of the applic&in of the chosen sampling technique. Sggpendix Dfor the number of
respondents to be surveyed per stratum per city. The number of respondenttaéum were distributed in
LINPLI2 NI A2y G2 (GKS &aATS 2F GKS O2NNBALRYRAYy3I aidNI dd
2yfte F2dzyR G2 0SS F@FLAfFo6fS G RAAZAGNAOGZT NI GKSNI GKI
distio dzi A2y ¢l a 2yfte F2dzyR G2 06S I @LAftlrofS G OAGe f ¢
found to be available at city level.

Figure25: Sampling technique flow chart

ity Metropolitan Traffic
Area Analysis Zone

3.5.3Conventional Surveys

The focus of the AUMO gject was to identify and develdechnologyenabledremotelyadministrabledata
collection methodgpresented inSections3.5.4and 3.5.5), as an alternative to conventionadtercept field
surveys However, to benchmark these technoleggabled methods in terms of unit cost per survey
response, and tensure data could be collected for demographic-pubfiles potentially out of reach of
technologyenabled survey techniques, conventional field intercept surveys wenainistered

Multiple-choice questionnairesere administered by teams of enumerators the research cities, using

survey questionnaires aligned with the final selection of indicators (as discussed in more detail in Section
3.3.2.1. The questionnags were localised for each city, and where required, translated into local languages,
before being loaded to a digital survey platform (SurveyCTO).

Three survey campaigns were conducted in each of the research cities:téstf followed by a two main
phasesNote that on the web platformonly the latest survey phase data is displayed.
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3.5.3.1Conventional Surveys Development

With the initial list of indicators (as discussed in more deiifectior3.3.2), a questionnaire was designed to
support collection of data to inform these indicators as comprehensively as was practical. The indicators for
which data could be collected through the field surveseslegsted inTablel3. The localised and translated
intercept survey questionnaires for thest and main phase surveys in all cities are provide@innex H

Table13: Africa Urban Mobility Observatoriist of indicators

Indicator Category Indicator Questionnaire Reference

Mobility Mode share Q1.13; Q1.16;
. Affordability Q1.4; Q1.7; Q3.5
Public Transport Acces Accessibility 01.2: OL4:
Travel time Q1L1.5; Q1.8;
Efficiency Congestion Q1.5; Q1.8;
Vehicle occupancy Q1l.14
Public transit reliability Q2.6
Public transport comfort Q2.4; Q2.5
. Transfers Q1.15
I . : :
Quality Perception of driver behaviour Q2.5
Perceived condition of public/paratransit vehicleg Q2.4
Perception of crime on public transport Q2.1; Q2.2
Sexual harassment Q2.1; Q2.3
Gender Distance travelled Q1.1; Q1.3;

Beforeeach survey phase, the questionnaires were uploaded to a digital survey platform (SuryeyCTO

allowing enumerators to administer the surveys using Android smartphones. SurveyCTO was chosen primarily
due to its ability to support offline data collection (only requiring internet connectivity tolaymiseand

upload survey responses to the seratithe end of each day), which is especially important in environments
where mobile data signal is poor. Being a digital survey tool, the risk of data transfer errors was also
substantially reduced.

3.5.3.2Conventionalsurveys deployment

Enumeratorrecruitment, training, equipment,and consumables

In March 2021, in all researchieit, teams were assembled to support with field survey campaigns. Field
managers were appointed who were responsible for recruiting and training enumerators, arranging training
venues purchasing equipment and consumables, and for manaigisigand main phase survey campaigns.

The survey teams typically comprised six enumerators and one supervisoparigpated inhalf-day
training sessionsn which the followingopicswere covered:

9 Distribution ofresponsibilities
0 Enumerators
0 Supervisors
1 Communicatiorrequirements
0 Internal team fieldworlkcommunicationprotocols
o0 GDPR Compliance (understanding informed consent pringipal)
o Reporting of incidents
1 COViprotocols
o Wearing of masks
0 Use of sanitiser
0 Social distancing
o Avoiding of crowded spaces
I TechnicakKills;
o Device configuration
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0 SurveyCTO installation
0 SurveyCTO Training
T Surveyadministratior
o Internal (practice among team members)

The followingequipment and consumables were purchased:

1 Power banks (1 per enumerator)

9 Backup Android devices (two per cggnumerators and supervisors were required to bring their own
Android devices)

1 Mobile data vouchers

1 PPEfacemasksandsanitiser)

Testphasesurveys and questionnaire updates

Testsurveyswere conducted during the second half of the training dayd onthe daywhich immediately

followed. Enumerators were assigned a minimum target of 10 surveys for thelfwalfand 20 for the full day
(equating to a target of 180 completed surveys per city in total). The actual number of completed surveys per
city are presented iTablel4. The targets were exceeded in all citidite that all test phase data was

excluded fromall analyses.

. Total Cleaned
City Target
respondents surveys
Blantyre 180 181 143
Gaborone 180 485 456
Kigali 180 270 269
Kinshasa 180 262 230
Lagos 180 273 272
Maseru 180 462 220

The following updates were made to the survey questionnaires prior to commencement fifsth@ain
phase(primarily to reduce the length of the questionnaite,allow for greater compatibility with USSD and
WhatsApp surveys)

1 Age question changed from multiple choice to open questionkigher resolution datanoving
forward).

f Gender optiomd LINB FSNJ y 2 { 2(to idredase theé nurbe™hB&sRoaiSRs per gender

I Questiors on walking time to public transport removed (to reduce length of questionhaire

1 Mode of travel questiorombined into single question, and second most usedie of travel
guestion removed (to reduce length of questionnaire

9 Disability status questiagcombined into single question (to reduce length of questionnaire)

Firstmain phase surveys and questionnaire updates

In August 2021g9nce the surveyuestionraire had been revisedhe first main phase field surveys took place.
These surveys were conducted over three days per city, avtassigned target &0 surveys per day per
enumerator (equating to 360 completed surveys in total). The actual number gbleted surveys per city

are presented imablel5. Again, the targets were exceeded substantially.
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Total Cleaned

City Target Respondents  Surveys
Blantyre 360 617 605
Gaborone 360 702 657
Kigali 360 564 559
Kinshasa 360 770 762
Lagos 360 574 562
Maseru 360 567 567

Based on further feedback from enumeratahgring the first main phase surveys across the cities, further
revisions were made to thguestionnaire:
1 DSYRSNJ gl & y2¢ NBRdAdzOSR (2 2y f & locabstppddparthessR G CS Y|
indicated that smerespondentsmay bereluctant toparticipateR dzS (i @on-Birarg @ DIG A 2
f Rephrasing of questiarfor clarityz ¥ 2 NJ SMBat i¥ thé n®3t cotnmon reason for you to travel
inthiscity2 61 & O KWhytIs$hR mastrequent activity yquerform that requires travelling
in this city2. These changes were made in responsissoes identifiedluring data cleaning.

Secondmain phase surveys

The second main phase survey campaigns were scheduled to take place during February 2022. Due to a
change in UMA deployment strategy, whereby respondents would be surveyed through a standalone
dedicated app, rather than through partner apps (for more details, refer to Se8t®B), a decision was

taken to use the field survey campaign as an opportunity to market the new UMA app. Flyers were therefore
printed for enumerators to hand out to passeng, and rechargeableongTerm Evolutionl(TE Wi-Fi

modems were supplied to each team, to allow prospective UMA participants to download the UMA app from
the Google Play Store.

Due to development and approval delays associated with the UMA app, the project team chose to postpone
the second main phase fietldirveycampaigns by several weeks. Since approval of the UMA app by Google
took longer than anticipated (due to stringent background location tracking permission criteria needing to be
satisfactorily met), a decision was taken to allow the field surveysdoeed without UMA recruitment, and
instead, the teams were asked to conduct field surveys for one day less than planned, so that once the UMA
app had been approved, the team could bedeployed and spend a day assisting participants with installing
the app. The second main field phase took place in May 2D@&.to challenges with obtaining data

collection permission in Kigddir technologybased surveyools, and sincat was planned that thesecond

main phasdield campaign wouleéhcorporate UMA recruitment, the entirsecond main phassurvey
campaigrwas cancelled iKigali After extensive engagements wigovernment official$rom various
departments spanning over 12 months, it was concluded that the follogtieygs should havbeen followed

in order to obtain the necessary authorisation to proceed

I Step 1) Obtain a letter of support from City of Kigali for the data collection campaign

I Step 2) Obtain a neaobjection letter from RURA for the data collection campaign

1 Step 3) Oluin a research visa from the National Institute of Statistics of Rwanda, by submitting the
following supporting documentation:

Description of survey objectives

Description of sampling frame (target population, geographical coverage)

Description of indictors;

Survey questionnaire(s) translated into Kinyarwanda

Survey team training plan and team structyre

Data analysis plan

Survey campaign schedule

0 Curriculum vitae of researchers

f Step 4) Obtain a Data Controller Certificate from the Nation&lo SNJ { SOdzNA G & ! dzii K2 NC

Protection Office, by submitting the following supporting documentation:

O O 0O OO0 O0oOOo
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0 Research visa
o Nortobjection letter from RURA and letter of support from City of Kigali
0 Service level agreements with sebntractors and cloudbasedtechnology service providers

Since these steps were not clear at the outset, by the time they were fully understood, the window for the
second data collection campaign had unfortunately already closed. The number of completed surveys per city
are presentel in Tablel16. As found during previous campaigns, the targets were exceeded in all cities but
Gaborone.

City Target Total Cleaned
Respondents  Surveys
Blantyre 360 451 442
Gaborone 360 361 251
Kinshasa 360 411 406
Lagos 360 450 434
Maseru 360 481 468

3.5.3.3Surveyresponse ratesaand cost

In this subsection, theeffectiveunit cost per completed survey has been calculated by first calculating the
total cost per campaign per city, and then dividing these values by the number of survey respondents per city
(seeTablel7). This assessment was performed using Main Phase 2 findings

Note that unlike with the technologlpasedsurvey approacheshere is little opportunity for economy of
scale(i.e.:each survey campaign incurs roughly thensasetupand campaign cycle costs, resulting in a
relativelyconsistenteffective unit cost per survey respongsegardless of frequency or scale of survey
campaign. See Sectio8.5.4.4for comparison with USSD and WhatsApp susatyip and campaign cycle
costs,where additional cycleachieve better economies of scale, due to fixemh-repeat setup costs.

City Survey Team and Number of Cleaned Effective
Consumables (4 days) Surveys Unit Cost
Blantyre GBP 1,813.10 442 GBP 4.10
Gaborone GBP 1,776.17 251 GBP 7.08
Kinshasa GBP 1,695.30 406 GBP 4.18
Lagos GBPL,868.42 434 GBP 4.31
Maseru GBP 1,791.31 468 GBP 3.83

Both the campaign cos andequivalentunit coss of surveys across the citi@gas similar, with Gaborone
survey unit cosbeing the only outlier (due to fewer cleansdrveys beingealised in this citg the cause of
which is unclear

3.5.4USSD and WhatsApgurveys

While levels of smartphone penetration across <tdharan African cities is rising steadily, a substantial
proportion of residents continue to udgew-end mobile phone¢L EMP}and feature phone$144) Therefore,
the project team explored ways to bect mobility data via these less powerful, more affordable devices,
identifying USSUnstructured SupplementaigerviceData) and WhatsApp as the most compatible options.
Since both platforms require the enagser to initiate sessions, SMS (Shddssage Service) was identified as
an appropriate mechanism through which to recruit respondents. To incentivise participation, prizes in the
form of mobile airtime vouchers were offered.

USSD is @lobal System for Mobile Communicatiq@&SMN) text channelcommonly used by Africadobile
Network OperatorgMNOSs), and is a sessimased, reatime, two-way communication service that enables
access to services hosted on a seifl&5) Therefore, USSD can support the administration of interactive
multiple-choice surveys. USSD is compatible with all GSM devices, including LEMPs, feature phones and
smartphones (regardless of operating system).
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Atest USSD survey campaign, popted by SMS marketing messages, was held in Blantyre in November
2021. This was followed by a main phase USSD and a WhatsApp survey, also supported by SMS marketing
messages, in Blantyre and Lagos in March 2022.

3.5.4.1USSDBurveys development

The AUMO projecstarted mid2020, during which time many countries had imposed Ga®idelated travel
and movement restrictions. Innovative contactless data collection methods were one outcome of these
restrictions, among which were USSD sury@ys) It was in this context that the project team investigated
the possibility of conducting mobility surveys via USSD.

USSDOunctionality and limitations

USSD sessions support tw@y communication between a USSD server and anused deviceallowing
survey questionnaires to be presented to the emgker, and allowing the endiser to then submit a response.
There are several inherent limitations to USSD technology:

I The maximum duration of a USSD session is typically between 120 to 180 seconds, depending on
Mobile Network Operato(MNO), therefore the quesbnnaire should take no longer than this time to
complete. While it is possible to resume a survey, returning to the last question reached before
timeout, by dialling the USSD code again, the likelihood of respondents dialling in again is low;

T A maximum ofl60 characters per screen can be accommodated, depending on MNO, therefore each
question and their corresponding response options should not exceed 160 characters combined;

9 Shared USSD channels are often configured to charge the user per session hathibietaccount
holder. When setting up dedicated USSD channels, this can usually be configured as desired.

With these limitations in mind, USSD is best suited to multiple cksiide questionnaires, which ensure that
LI NI A OA LI yiaQ NXBiaflidrtefrisDf the Sumbdr a Sharacterdld type, as well as the time it
takes to respond).

5dzS G2 (GKSasS fAYAUlIGAZ2Yas gKAES GKS O2y@SyidAazylf 3
the time required to answer all 24 questions was tong. For USSD surveys, the questionnaires were

reduced to 15 questions. Travel experience questions were therefore rem@vechore information on

indicators, see Sectidh3.2.]), while demographic and travel pattern related questions were retained (since

these were identified as being critical for the-development of Action Plans, to be presented in forthcoming
Deliverable 8). Due to the character limit, it walso not possible to list all the zones of the city on a single

page. Therefore, the zone selection question had to be adapted intetag&sequence, in which the first

f SGGSNI 2F GKS NBaALRY RS ydiriQgithe dir§t st&ySailodé byazefdd stageiin A RSy
whichalist of zones begimngwith the corresponding first lettewas presented tahe respondent toselect

from. As a result of this relatively convolutéhdlikely confusing sequence, much time was lost to zone

selection As a result, many respondents were unable to complete the USSD siefeys the sessions

timed out

SeeAnnex Hor the testand main phase USSD questionnaires.

Stakeholderengagementand USSIghanneland server setup

USSD channels are usually costly and 4imesuming to set up (although this does vary across regions and
MNOSs).So,unless a USSD channel is required for a-teng continuous campaign, it is uslyainore cost
STFTSOGAGS G2 RSLI2& | OFYLHAIY 2y +y SEA&GAYT &KL N
See quoted costs obtained for the setting up and maintenance of dedicated USSD channels in each of the six
AUMO citiesn Tablel8.

City Setup Cost Monthly Management Fee

Blantyre | GBP 3,725 | GBP 414
Gaborone| GBP 4,840 | GBP 620
Kinshasa | GBP 12,415 GBP 660
Kigali GBP 5,380 | GBP 660
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Lagos GBP 5,795 | GBP 995
Maseru GBP 3,725 | GBP 495

Setting up dedicated channels exceeded the availabtiget;therefore,the project team investigated such
aKFNBR '{{5 OKIyyStad ! FNAOIQa ¢ f 1 Ay3AZ-ShharanSt SO2 Y3
Africa, had shared USSD channels in Blantyre, Kigali, and Lagos, and was contracted to support with the
provision ofUSSD channels in these cities.

To obtain the necessary approvals and support for USSD survey campaigns, extensive stakeholder
engagement with MNOs and regulatory/governing authorities across the six research cities took place (see
Appendix Efor a list of these stakeholders and key outcomes of engagement).

In Kigali, although USSD and SMS campaigns were found to be relatively affordable and technically feasible,
due to various regulatory and compliance requirements, in addition to those discusSstiion3.5.3 it was

not possible to proceed with theSSzampaign in thigity. Sharing of USSD channels with third parties is not
permitted according to RURA regulation No. 003 on short code allocation (2014). Further, to set up a
dedicated USSD channel in Rwanda, a Tax Identification Number (TIN) is required. TINs arg thsued b
Rwanda Development Board (RDB), but because none of the consortium members are Rwandan entities, it
was not possible to apply for a TIN.

Once USSD channels have been set up, a USSD server must be set up to allow communication with survey
NBALRYRSYy(iaQ Y20AtS RSGOAOSaE o6G2 | RYAY ARQir&6kdrank S & dzN
illustration of thedataflow between the USSD server, thggregator server, the MNO USSD channel, and

end-user devices.

= - + <_ UssD +
| | M essages
End-user
USSD Server i

Aggregator Server MNO USSD Channel R

Rather than developing an-imuse USSD server, SASA Solut@i$outh African telecoms technology
company with an existing®5D server platforpmvas contracted to support on the project. USSD survey
Fdzy Ot A2y Lt AGe ¢l a (Sadid S Masddsinylaior (feBiquie27)f 2 f dzi A2y aQ | { {
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Simulator Welcome! Data

collected s

MSISDN anonymised before

eg 2349091971041 publishing on project

website. N10O® airtime
Your telephone number, with no to 1st 2,000
spaces, and no formatting, prefixed respondents only.

by the country code. Do not add a Please enter your age:

leading zero.

Enter your reply

¢ Dismiss L. Reply ¢ Dismiss L. Reply

3.5.4.2WhatsApp Surveyslevelopment

With the rapid adoption ot S (i WEBESApPp messenger service across Affle&r) and increasing number of
feature phones supporting WhatsApp, the project team investigated the possibility of conducting mobility
surveysvia this channel. As with USSD, WhatsApp surveys require the user to initiate sessions by sending a
message to a WhatsApp number. Therefore, a combined USSD and WhatsApp marketing campaign via SMS
was planned.

WhatsAppfunctionality and limitations

WhatsAp, like USSD, supports tweay communication between servers and emsker devices. This allows
survey questionnaires to be presented to easers, who can then submit responses. The 4.€9&racter

limit of WhatsApp messages far exceeds that of USSD hamel is no session duration limit. As a result, the
full 24-question survey could be retained, and there was no needhi®P-stagezone selection sequencas
was required for theéJSSuestionnaire. SeAnnex Hor the WhatsApp survey questionnaires.

WhatsAppserver setup

To support WhatsApp surveys, a Meta Business Suite account is required, as well as a Facebook business
page. A virtual WhatsApp number must thbe assigned, which was contracted to Turn.io (a communications
integration company)As withUSSD, to support an interactive survey, a WhatsApp server linked to the
WhatsApp account must be set up. This was contracted to SAlBfions sincéhey were already running the
USSD server for the project. A websed WhatsApp Simulatagimilar to the simulator set up for US&Re
Figure27), was set up for tetingthe WhatsApp surveys

3.5.4.3SMS andparticipation incentives campaigns preparation

USSD sessions must be initiated by users by dialling a USSD code, and WhatsApp sessions must be initiated by
users sending a message to a WhatsApp Business number.

To remotly recruit survey respondents, a marketing campaign was therefore required in which the
corresponding USSD codes and WhatsApp numbers could be shared. To achieve sampling oagectives (
discussed in Sectidh5.2), various campaign methodologies were considered. This included the possibility of
distributing flyers and putting up posters in and around activity centres, as well as digital forms of marketing,
such ag-acebook and SMS campaigns.

Since MNOsansend targeted SMSs to their subscribers based on their location relative to cellular towers,
and since all GSM devices (including LEMPs, feature phones, and smartphones) are able to receive SMSs, it
was concludedhat SMS campaigns would likely be most effective at recruiting participatteseremotely
administereddigital survey campaigrigespecially as the message would then be received on the device
through which the survey could be initiatedfter lengthy stakeholder engagements with various MNOSs in

the six research cities, it was determined that with the relevant authorisation, il@vbe possible to send

targeted marketing messages in Blantyre, Kigali, and Lagos.
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To incentivise USSD survey participation, prizes, in the form of mobile airtime vouchers, were offered.

Due to the technical limitations associated with SMS, each marketiessage was limited to 160 characters.
Thus, only information considered critical to the campaign could be included. The key points communicated
through the message were campaign purpose, participation age restriction, incentive offered, and
participation instructions. The final SMS marketing message was as follows:

Improve transport in [city name]: Enter AUMO survey to win airtime! Dial *123*4# or WhatsApp
bit.ly/xyzabc 18+, 1st USSD entry qualifies for prize, T&Cs apply

Due tochallenges in obtaining thnecessary authorisation to condutigital surveys in Kigali (as discussed in
Sectiors 3.5.3.2and3.5.4.]), it was not possible to proceed with théSSD and WhatsApp surveger the
corresponding SMS survey marketing campaign

3.5.4.4Surveyresponse ratesand cost

The total number of people who initiated a USSD or WhatsApp survey session in Blantyre and Lagos, the
number who completed at least 80% of the questionnaire, and the number who completed the questionnaire
entirely, are summarised ihable19 and Table20 respectively.

Tablel9: USSBurvey response rates
Number of Marketing SMSs Sent Initiated USSD Completed 80% of = Completed 100% of

City

(USSD and WhatsApp Combined) Survey USSD Survey USSD Survey
Blantyre 80,040 1,946 448 367
Lagos 100,000 909 604 149

Table20: WhatsAppsurveyresponse rates
Number of Marketing SMSs Sent Initiated WhatsApp  Completed 80% of Completed 100% of

(USSD and WhatsApp Combinec Survey WhatsApp Survey  WhatsApp Survey
Blantyre 80,040 15 8 3
Lagos 100,000 52 21 19

The dropoff rate (difference between the number of participants who initiatége survey, and those who
completed the surveyassociated with USSD is evidently much higher tbathat of WhatsApp, mainly due
to the time limit associated with USSD sessions (which in most instances ebffiromed out before
respondents were able to reach the end of the questionnaifg)s indicates thahad the questionnaire been
shorter (or had the the-out duration been longer), it would have been possiblathieve a higher
completion rate.

In both cities, far fewer people chose to participate in the WhatsApp survey. This was likely due to the airtime
incentive being offered only to those particifag via USSD (although, another likely factor was that a
smartphone or feature phone with WhatsApp installed was required to participate via this chasneth

devices are less common than LESYIRhich are able to accommodate only USSD sujvéhe dropoff rate
associated with WhatsApp was also high, though since the session was not time restricted, this was likely due
to respondents tiring of the survey before reaching the @indicating that the survey questionnaire was

simply too long)

Presented immable21 and Table22 are the total USSD and WhatsAgbgita colletion campaign costs per city
respectivelyThese are broken down intbe following:

I Onceoff setup coststhese arendependent of the number of campaign cycles aurthe number of
surveys completed.e.. as more surveys are completed, so these caaitsbe amortised over more
survey responses, thereby lowering the effective unit cost per survey)

I Campaigreycle costs: thesare costs incurred during each campaign cycle

9 Variable costs: these are costsialinincrease with the number of survey respondefis.:they
increase the total cost of each campaign, but have no impact on the unit survey cost, since they are
directly proportional to the number of survey responses).
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Table21: USSQlata collection campaign cogier city

Setup Costs (Oneeff) Campaign Cycle Costs VLR

. Coss
City USSD Channel Setuf USSD Server USSD Monthly  Targeted Airtime
and Maintenance Setup Cost  Campaign Cost SMS Cost  Incentive
Blantyre GBP360.86 GBP 306.20 GBP 203.73 GBP 53.54 | GBP 39.46| GBP 1,463.79
Lagos GBP 285.32 GBP 306.20 GBP 203.73 | GBP 483.40| GBP 19.88/ GBP 1,298.53

Table22: WhatsAppdata collection campaign cogier city
Setup Costs (Oneeff) Campaign Cycle Costs

City WhatsApp Business  WhatsApp Server WhatsApp Campaign Targeted SMS
Account Setup Setup Cost Monthly Cost Cost
Blantyre GBP 36.50 GBP 306.20 GBP 203.73 GBP 53.54 GBP 599.97
Lagos GBP 36.50 GBP 306.20 GBP 203.73 GBP 483.40 | GBP 1,029.83

USSD channel and maintenance costs were higher in Blantyre than in Lagos, due to the necessity to have a
dedicated USSD channélwas discovered during thest LK &S G KF G ! FNAOF Qa ¢ f Ay
only functioned on the Airtel network, while the SMS campaign wasabit/torun on theTelekom

Networks Malaw{TNM) network ¢ therefore, a dedicated USSD channel had to be set up on the TNM

network. It should also be noted that while thiritial quote for setting up a dedicated USSD channel in
BlantyrewasGBP 3,72%seeTable18), i K N2 dz3 K | T NWad poSsivle ttsét fipithe yedicated

channel forGBP860.86 Thisindicatesthat it mayhavebeen possible to set up dedicated USSD channels

more cost effectively in the cities whet#$SSD surveysmd been excluded this only becameapparent

towards the end of theroject, leaving insufficient time and budget to proceed with additidb85D

campaigns in moreities

The cost oférgeted SMSs in Blantyweas substantially leghan in Lagos, resulting in an overall USSD
campaign cost in Blantyre only slightly more than in Lagos. Since fewer people participated in USSD surveys in
Lagos than in Blantyre, the total airtime incentive cost was slightly less.

WhatsApp survey setup costs were the same in both cities, but again, targeted SMS costs were much higher in
Lagos, resulting in a much higher campaign cost overall.

In Table23and Table24, the equivalent unit cost per completed USSD and WhatsApp survey respectively, per
city, are presented.

Table23: USS@ampaign cosiper city
Number of Completed

City Total USSD Cost EffectiveUnit Cost
Surveys
Blantyre GBP 1,463.79 367 GBP 3.99
Lagos GBP 1,298.53 149 GBP 8.71

Table24: WhatsAppcampaign cosper city

Number of Completed

City Total WhatsApp Cost EffectiveUnit Cost

Surveys
Blantyre GBP 599.97 3 GBP 199.99
Lagos GBP 1,029.83 19 GBP 54.20

In Blantyre, since over twice as many survey respondents participated via USSD than in Lagos, and with similar
overall campaign costffie unit cost per survey was substantially less. Conversely, since far fewer survey
respondents participated via WhatsApp in Blantyre, unit costs per WhatsApp survey were not only

substantially higher in Blantyre than in Lagos, but also far higher thaca$tgper USSD survey (this was also

seen in Lagos).

Had the USSD survey been reduced in length further, the-dffopate could have been far lower, and
consequently, the unit cost could have been considerably reduced. Regarding WhatsApp, it is unclear whether
the lack of an incentive was the primary reason for low participation, or the lao&radtration offeature

phonesand smartphonain the region The high drojff rate associated with the WhatsApp surveys in both
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cities however can certainly be ascribed to the length of the survey. Therefore, as with USSD, a shorter survey
would have yielded a better completion rate,cha lower unit cost.

3.5.5UMA surveys

To take advantage of the rich telemetry data smartphones can collect, a bespoke automated travel diary
generating smartphordased technologfUMA)was developedby the team UMA collects location and
accelerometer data fnrm smartphones, and is therefore able to infer origin destination pairs, periods of

travel, modes of travel, number of transfers, trip duration and distance, and trip purpose (by comparing
location data withPoint of Interes{POI) data. UMA was first developed as a Software Development Kit (SDK),
to allow integration with existing apps, and thereby take advantage of host apps existingasse from

which to recruit participants. Due to limited interest among prospective aapners to integrate UMAthe

project team develope@ standalone smartphone appfter lengthy delays (discussed in more detail in the
subsections that follow), UMA campaigns were conducted in the research cities during June 2022.

3.5.5.1UMA surveys development

UMA SDK and Standalone App

To reduce the cost and time associated with recruitifgAsurvey participants, the project team chose to
develop an Android and iOS UMA SDK, thereby allowing integration with existing apps, with existing
userbases from which taecruit. The risk with this approach ike introduction of survey bias, whereby the
population of app userare unlikely to be reflective dhe whole population. To help overcome this issue, it
was the intention of the project team timtegrate UMA withas many apps as possibfndroid is the most
prevalent smartphone operating system in sBhharan Afric§148) therefore, theAndroid SDK development
was prioritised. In parallel to development, the project team embarked stakeholder engagement
programme through which prospective app partners were identifiad approached

Despite initial expressions of interest from several prospective app integration partners, as the Android SDK
approached production release, hesitze to proceed with integration had growhhe major concerns raised

by prospective app partners were the unknown impact that integration of a4héndy SDK could have on the
functionality of the host app, and the unknown impact that such an integratauid have on user

perceptions of the host app.

Once the production AndroiBackage KitAPK was released in mi@021, only one of the prospective app

partners was willing to proceed, but required payment of GBP20 per survey participant, and only had
usetasecoverage in DRC. Since the goal was to achieve targets of around 1,000 participants per city, with an
UMA marketing and recruitment budget of GBP1,200, this was not a viable option. In addition, both Google
and Apple had introduced strictepproval criteria for background location tracking, whereby app devetoper
now needed to prove that background location tracking is critical to the functioning of the app, and that there
was tangible benefit to background locatitrackingfor the enduser. Consequently, only partner apps that
already had background location tracking approveatllld-be viable candidates, since those without this pre
existing approval would likely struggle to prove that UMA support was critical to the functioning of the host
app, and of benefit to the endser.

With limited remaining development hours availaftlee team stopped the development tifie iOS UMA
SDKandinsteadfocussed developing standalone Android UMA app.

Planning and design of the standalone Android UNA eommenced lat€021, with development beginning
early 2022. After several iterations, and many months of testing, the production version of the Android app
with background location tracking capabilities was approved by Gotidilecame available for éanload on

the Google Play Store in May 2022.

UMA functionality and limitations

UMA is a smartphonbased survey todhat canpassively observe mobile phone telemetry data (including
Dt { FYR I OOStSNRYSUHUSNDXE (2 I f ftéal ckigng StldedtiBationsi A 2y 2 ¥
travel times, periods of travel, and transfer activity ($eégure28for a visualisation of UMA data).
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UMA isGeneral Data Protection Regulati@®DPR) compliant, and therefore requires informed consent from
survey participants before data collection can commence. To obtain this infocowesknt, the purpose of the
survey must be concisely communicated to the user. Once a user has downloaded the UMA app, they are
presented with the screens shownHigure29.

What we need from you

Allow access 10 your location and actiity

Use the app for 14 days. W'l stop tracking.
mstomaticatly after that

Our promise to you

Improve your City Confirm Trips

ViR rever send you ads

We will seed you a daily surmmary of 81
your trign i9-ap9 10 review and confrm

The feediack you provide ua wil help
Improve your ¢ity's transport services

M.

GoMetro

Your City Needs You

@ Get Started

If the user then agrees to participate, they are asked to complete a brief disaggregation survey, which ensures
that their data can be associated with their demographic profile,@athan any personally identifiable
information Figure30).
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What is your gender? 2. What age are you? What is your highest level of What is your monthly income Do you have any physical
education? range? disabilities?
Female Under 18 years.
None INGNO to NGN39,999 None
Male Between 18 and 25 years
Primary School NGN40,000 1o NGN99,999 Sight
Other Between 26 and 34 years
Secondary School NGN100,000 to NGN199,999 Hearing
Prefer not to say Between 35 and 50 years.
Tertiary College NGN200,000 to NGN399,999 Mobility
Between 51 and 65 years
Bachelors degree NGN400,000 to NGN799,999 Speech

More than 65 years
Post Graduate Over NGN800,000

Once the disaggregation surviO2 YLJX SG SR> GNIY O1{Ay3a A& I6fS G2 0O2YYS
become visiblgo the participant and should be reviewed by thgarticipantto confirm whether the travel

path detected is accurate, and to alsonfirm trip primary trip purpose and mode (this is used for app

calibration purposes).

HOW IT WORKS 2o ke “ il February 15, 2022 4 February 15, 2022

Unconfirmed Tri

‘What we need from you ps BLOUBEROSTAAND

0

) Refresh to see new trips ! ) m
After complei o 13:17-13:41 Cape Town BELLALE

pleting a tripit will be >

available to view within 24hrs.
Please check your tracking calendar Your participant 1D is:
and confirmif all previous trips are S 13:52-14:02 @D

accurate.

Confirmed Trips
= Dayswith trips: 0

If you don't see your latest trips Tap adate that is underlined to see its trips. Google
then hit ‘Refresh’ periodically. s v
Primary Trip Purpose

You've done O trips and you've confirmed
Complete a full two weeks of Gotthem C
tracking to enter the draw.

Complete 13 more days to claim rewards Primary Travel Mode

Tracking days: Mar 9 - Mar 23
Next (5 @ TRACKING STATUS: On (7)

The main limitations associated with UMA are as follows:

T Itis a smartphondased solution only and ibeérefore not compatible with LEMPs or feature phones

(resulting in the exclusion of a substantial proportion of the population)
o At present, UMA is only compatible with Android devices (although at the time of writing, the
iOS version was nearing complet)p

9 It relies on participants configuring their device correctly (enabling background location tracking, and
ensuring the app is allowed to run in the background without power restrictions)

1 Recruitment of users can be a challenge, especially when it i[gassible to partner with existing
host apps

I Mode detection accuracy is reduced where there is no POI data available with which UMA can
correlate travel paths (UMA is able to detect walking and cycling easily, but distinguishing between
motorised modess more challenging, unless the travel path is aligned with known transport
interchanges and stops)

1 UMA requires high accuracy location data, and therefore during trips it enters gbigér
consumption mode, comparable with navigation apps. Téssilts in reduced battery life while the
user is participating, which can result in participants opting out of the campaign before completion.
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Stakeholderengagement

Prospective UMApp partners per city are listed irable25. Engagements were held with thestakeholders
over a period of several monshhowever none culminated in integratiaorighis was largely due to concerns
by prospective partnershat their userbae would be uncomfortable with the concept of being tracked
through their app, and thathey were unwilling to risk the possibility of functionality issues as a result of
software conflicts caused by an integration

Category

-
o § <
AC Group Tap & Go Public transport app (bus) X
Ampersand Paratransit app (motorbike taxi) X
HeHe Grocery delivery app X
Kintrack Logistics/tracking app X
Maxicash Mobile money app X | X X | X X X
SafiRide Paratransit app (motorbike taxi) X
Sauti Mobile money app X
TNM Money Mobile money app X
YegoMoto Paratransit app (motorbike taxi) X

3.5.5.2UMA surveydeployment

UMA campaigns were run in all research cities, except Kigadir€ the necessary permissioosuld not be
obtainedin time ¢ see Sectiord.5.3.2for more detailg and were marketedhrough flyers handed out by field
teamsover a single dayr{gure32), andvia a Facebook advéstngcampaign Figure33). Only 43 participants
completed a full cycle of data collection across all cities. This was likely a resulinedutketingcampaign
being insufficientgonstrainedby a limited budget, anéailure tocombinethe UMA recruitment field
campaign with the coventional survey campaign as plannedue to delays in UMA development).

WIN AIRTIME! Help build better
. transport solutions for
#9  |Acos

Help build better transport solutions
for Lagos!

Earn rewards by using the GoMetro survey app
in Lagos. WI N between

> Google Play E

Download from Google Play:

S,OOONGN and

25,000NGN airtime

Search for GoMetro Survey

GoMetro Earn rewards by using the
GoMetro survey app in Lagos

Powered by GoMetro

3.5.5.3Survey Response Rates and Cost

The total number of peopléacebook adverfeed appearancesiumber of Facebook advert clicks (i.e.:
number of instances of users clicking on the advetmber of UMA app downloads, number of users who
registered and initiatedhe app correctly (grante@ermission for the app to collect data, and completed the
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disaggregation survey), and finally, the number of participants who completed thedulAy(i.e.: were

successfully tracked for seven consecutive deat® summarised ifiable26.

Table26: UMApatrticipation rates

Number of Facebook  Number of Number ofUMA Number of UMA Number of
Advert Feed Facebook Aob Downloads App User CompletedUMA
Appearances Advert Clicks PP Registrations Surveys
Blantyre 50,638 1,283 3,084 60 24
Gaborone 73,903 1,465 826 13 7
Kinshasa 197,300 1,622 326 8 0
Lagos 85,856 805 431 8 8
Maseru 63,616 1,098 651 19 4

L>

Just overhalf-a-million Facebooladvert feed appearancenverted into a healthy 7,357 advert clickad
5,318 app downloadsom the Google Play Star&he conversion rate from app downloads to completed
surveys was however less than IPhisindicates that either prospective responaks were unwilling to
participate due tareluctance to share location data, or theyere unsure how tgroceed (with the former
being the more likely scenario in most cases).

DespiteMalawihavingthe second lowessmartphone penetratiorof the five counties in which UMA
campaigns were administergd44) Blantyrehad the highest number of UMA aplownloads user
registrations, and completed UMA surveys.

The effectiveunit cost per completed MAsurvey ipresented inTable28. Firstthe total cost per campaign
per cityis calculateqTable27), and then dvided by the number of UMA respondents per cilyote that the
campaign cost figures have been converted from local currencie&GiB® andounded to the nearest whole
number.

Table27. UMAcampaign cosper city

Campaign Cycle Costs

Variable
Cbal Total

Fiyers Facebook  Survey Team Airtim.e
Adverts (1 day) Incentive
Blantyre | GBP 24.00 GBP 115.00f GBP 310.00 | GBP 115.00] GBP 564.00
Gaborone| GBP 33.00 GBP 115.00 GBP 353.00 | GBP 115.00 GBP 616.00
Kinshasa | GBP 33.00 GBP 115.00f GBP 382.00 | GBP 115.00] GBP 645.00
Lagos GBP 30.00 GBP 115.00f GBP 377.00 | GBP 115.00] GBP 637.00
Maseru | GBP 30.00 GBP 115.00f GBP 344.00 | GBP 115.00] GBP 604.00

Table28: Equivalent UMAunNit costper city

Number of

. Campaign Effective
Cit Completed .

y Cost UMA gurveys Unit Cost
Blantyre GBP 564.00 24 GBP 23.50
Gaborone| GBP 616.00 7 GBP 88.00
Kinshasa | GBP 645.00 0 N/A
Lagos GBP 637.00 8 GBP 79.63
Maseru GBP 604.00 4 GBP 151.00

Due to themuchlower number of completed UMA surveys than targefée00 per city)the unit cost is
substantially higher thaall other AUMO data collection method$hemain challenge associated with the
UMA campaignacross all cities/as evidentlysucceeding itonvincing prospective articipantswho had
downloaded the app to continue tagree tohave their location tracked for the-day period

With insufficient budget and time to conduéitirther UMA campaignst isunclear whethera larger Facebook
advert campaigrcould have yielded better results, or greater diversity in recruitment methBash should
be tested in future to establish if it is possible to encourage greater participation through improved
marketing.
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3.5.6 Key findings

3.5.6.1Sociedemographic profile of respondents per survey technology

The sociedemographic profile of survey respondersBlantyre and Lagoper technology, are presented in
Figure34 up to (and includinglrigure38. Only these two cities are included in this comparison, siw8&D

and WhatsApp surveys were not administered in the other AUMO c8iese there were very few
participants who responded via WhatsApp, the results may be misleading and therefore are not discussed.

Figure34: Ratio of responses per technology per city by gender
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Evidently field surveysame close to achieving gender parity in both Lagos and Blamtybeth cities, there
were more male USSD respondetitan female.

Figure35: Ratio ofresponsesper technologyper city by age group
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In bothcities there were few survey respondents over the agébparticipatingany surveytechnology.The
average age of USSD survey participargs lower than that of field surveypossibly due to a greater degree
of tech savviness typically expected of gger participants).

Figure36: Ratio of responses per technology per city by employment status
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The vast majority o0J)SSD and field survegspondents in both cities were employed/selinployed,followed
by students, andome fulltime parents.

Figure37: Ratio of Responses per Technology per City by Education Level
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In both cities, most USSD and field survey respondents had secondary school level educdimre (with
the majority of USSD and field survey respondents in Lagos having some form of tertiary education)

Figure38: Ratio of Responses per Technology per City by Income Group

ussD-

Blantyre

Lagos

o
o
o
~
e
=
=

=

B o9

B 100240

B 250400

[ so0.909

[ 1000-1998
2000 and above

Field =

uUssD-

Field -

Ratio of responses (%)
AUMO (2022)

While in Lagos there was relatively evepnesentation of different income grougcross both USSD and field
survey respondents, in Blantyrmost respondentgell into the lower income bracket&ince Malawi is
classifiedoy World Banlas alow-incomecountry, whichaligned with expectation§l49)

3.5.6.2Comparison of Data Collection Methods

Since the key objective of identifying and developing technelmged survey tools was to reduce the overall
cost of data collection in the research cities, a key measure of their relative success is their ability to achieve
this objective. The total cangign cost per survey type per city is presentedable29, while the effective

unit cost per survey type per city is presentedable30.

Table29: Surveycampaign total costper type per city

Conventional Total Campaign

WhatsApp

Surveys SIS Surveys ST 2 Cost per City
Blantyre GBP 1,813.10| GBP 1,463.79 GBP 599.97 GBP 564.00 GBP 4,440.86
Gaborone GBP 1,776.17 - - GBP 616.00 GBP 2,392.17
Kigali - - - - -
Kinshasa GBP 1,695.30 - - GBP 645.00 GBP 2,340.30
Lagos GBP 1,868.42| GBP 1,298.53| GBP 1,029.83 GBP 637.00 GBP4,833.78
Maseru GBP 1,791.31 - - GBP 604.00 GBP 2,395.31
Total Campaign COst | ap g 944 30|  GBP 2,76.32 | GBP 1,629.80| GBP 3,066.00
per Survey Method
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\ Conventional Surveys USSD Surveys WhatsApp Surveys UMA Surveys
City Survey = Effective Survey  Effective  Survey EffectiveUnit Surveys EffectiveUnit
Qty Unit Cost Qty Unit Cost Qty Cost Qty Cost
Blantyre 442 GBP 4.10 367 GBP 3.99 3 GBP 199.99 24 GBP 23.50
Gaborone 251 GBP 7.08 - - - - 7 GBP 88.00
Kigali - - - - - - - -
Kinshasa 406 GBP 4.18 - - - - 0 N/A
Lagos 434 GBP 4.31 149 GBP 8.71 19 GBP 54.20 8 GBP 79.63
Maseru 468 GBP 3.83 - - - - 4 GBP 151.00

UMA survey campaigns cost the leasathfsurvey types in each city, however, since the response rates were
significantly lower than anticipated, the effective unit cost was in fact the highest of all survey types across all
cities. Had UMA been deployed earlier (with more time to market aeduit UMA users, perhaps through a
range of recruitment strategies, such as posters in and around activity centres and transport stops and
targeted SMSs, in addition to Facebook adverts and very limited distribution of flyers), it is possible that more
participants could have been recruited. This would likely have reduced the unit cost considerably, potentially
making it more cost effective.

In Blantyre, USSD surveys were the most-effsictive survey type, just slightly ahead of conventional

surveys. limust be noted that while the number of respondents is indicated as 367, these are the number of
fully completed cleaned surveys. The number of USSD survey participants who had initiated a survey but did
not reach the end was 1,946lad thesurvey questionaire been shorterallowing all participants who

initiated the suney to reach the end before the session timed dbt effective unit cost per survey would

have beerGBP 0.7%which would have madthe USSD survey campai@2% more cost effective than
conventional field surveys in Blantyre). Similarly in Lagos, the total number of USSD participants who initiated
a survey was 909, therefore had the sunggiestionnairebeen shorterallowing all participants who had

initiated the survey to reach the endyé unit cost per USSD survey in Lagos would have G&&h1.43

(which would have made it 33% more cost effective than conventional field surveys in Lagos).

While WhatsApp surveys were the least eeffective survey tool in Blantyre, and only slightly moost

effective than UMA in Lagos, arguably, these figures belie the true potential of Whatsfppnlikely that

the poor WhatsApp response rate was duddw levels of WhatsApp penetration, given timereased

adoption ofthis service in the regiofl47) Thepoor participation rates werékelydue to the lack of

incentives (due to insufficient budget), and the combining of the WhatsApp magketimpaign with the that

of USSD surveys (i.e.: the two participation options were marketed through the same SMS messages, in which
it was clearly indicated that only USSD survey participants would be eligible for airtime, thereby effectively
disincentivsing WhatsApp survey participation).

In conclusion, USSD can function as a very powerful survey technology, with the potential to be substantially
more costeffective than conventional field surveys. Habbngitudinalsurveydesign approacheenadopted,

where the base@uestionnairesould besplitacrossseveralphases of data collectiofiesulting in shorter
guestionnaires per round), the completion rate likely would have been significantly higher, thereby resulting
in highe quality datasetsWhatsAppsurveys coul@lso likelybe acosteffectivesurvey toolalthough this

would need to be proven with furtheesting of the technology using different marketing techniques, and
possibly incentives. Similarly, while UMA israredibly powerful survey tool in terms of its capability to
automate the generation of comprehensive trip diary datasets, addititesting is required teevaluate

different marketing approaches and incentive strategies, to encourage greater participatio

3.6 Recommendations

3.6.1Big Datafor Aiding Sustainable Urban Mobility Transitions

Based on the analysis of the literature, combined with the insights garnered from the expert surveys and
interviews, as well as the results of the workshops, the following recengtations are put forth in relation to
the strategic actions that the cities can take in order to properly integrate Big Data technologies into the
urban transport policy cycle.
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Integrate Big Data intourban mobility planning

The cities should take an integrated approach towards governing such technologies and maximise the utility
of the outputs and link them with the objectives of the city.

Cities should define a strategic and integrated vision for sustainable mobility, whigld then become the
basis for identifying howig Datacan play a role in contributing to the attainment of the visi@he visioning
process would entadn analysis of the mobility situation and trends, the development of a vision for future
mobility, the identification of priority issues and relevant indicators, and the analysis of data gaps. The
identification of such gaps, combined with information from an inventory of relevant internal resources
(human, infrastructure, financial, etc..), and extalmitiatives (e.g., other parties working on Big Data
initiatives) will reveal the potential for the use of Big Data in urban mobility planning.

Determining the optimal use of Big Data in urban mobility planning and decision making would vary
dependingon the local context. It is important, though, to determine processes and entities that would be
involved in ensuring that the use of Big Data would complement the other sources of data used in planning.
As highlighted in this evaluation, achieving targegampling distributions, for instance, might be difficult to
achieve, which could then lead to aggravating exclusion of certain population segments, or lead to biased
results (particularly for small pilot projects).

Cities should also explore leveragimhg tstrategies towards using Big Data in urban mobility planning
considering other priorities outside the mobility pillar. For example, the setting up of data portals need not be
relegated to the urban mobility sector, and the development of such can cendicectly integrating other

urban services or be developed with scalability in mind.

Ultimately, the integration of Big Data technologies into urban mobility planning and policy cycles should be
based on the developments considering relevant resourcagacitiesand partnerships. Big Data can play a
role across the different stages of these cycles (e.g., analysis of current situation and trends, aiding the
selection of appropriate policy measures and interventions, evaluation of such, and updatiogettad

vision).

Adopt appropriate local policies and regulations

City authorities can explore adopting local policies that would facilitateuthization of such Big Data
technologies to feed into planning and policymaking. A careful review ofrexigtgulations and policies

relevant to Big Data and urban mobility (e.g., data privaglersecurity data sharing, data ownership), and
understanding the limits and opportunities for developing and adopting such at théeeity, can be a first

step. Btablishing focal points at the citgvel to coordinate with national level authorities, for example, is a
short-term step. In the case, for example, of the AUMO experience, there were significant limitations that had
to do with national level regulatiorend processes related to the eligibility of entities to conduct specific
portions of setting up the data collection channels (e.g., applying for a USSD channel requires a tax
identification number).

Local ordinances that would either drive the evolutidrirdernal capacities or facilitate collaboration among
different stakeholders (e.g., creation of a steering committees and task forces), or those that would
specifically indicate resource allocation for exploring Big Data (or improving data, in geoieuab)an

mobility, would spur interest and support, both internally and externally. Local policies and regulations that
adapt or bolster national level policies and regulations towards ensuring data privacy and cybersecurity are of
utmost importance.

Cities can use directives within their powers to enforce the sharing of data from relevant private entities. For
example, in other regions (e.g., Europe, North America), licences to operate shared mobility services require
that operators enter into data shariregreements with the cities. Additionally, city authorities can explore

fiscal and norfiscal incentives for supporting Big Data projects and initiatives, and entities working in this
field (e.g., expedited procedures for permitting, business processiap, e

DeterminetheOA G 8 Qa NRtS YR 0dzAf R OF LI OAGASAE
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Maximum societal value from Big Data can only be extracted if local government is able to direct the
initiatives to feed into its wider goals. Cities should manage and build capacities to either pgmerin or
coordinate the main processes involved (e.g., data collection, analysis, use), or to internalise some of these
functions while ensuring that the city can adequately cooperate with other stakeholders within this realm.

Bolstering the capacitiesf governments to work with technical consultantsademiaand engage in
validating assumptions and results, for example, mapédmeficialin the shortterm. Developing cities in the
region may perhaps benefit best by focusing on being a consumecbfdata and integrating such
technologies (and external entities) intlke wider planning and policy cyclan iterative approach that
considers the rapidly evolving environment, resources, and technologies, should be considered, and a
thorough assessmemhay lead cities to move towards internalising some of the other functions, depending
on local context and goals.

Another key issue when it comes to capacities are the institutional degentral institution careither be set
up, or an existing one benandated to take charge of matters relating to Big Data. In the short or medium
term, cities could explore assigning interim entities or perhaps rstdkeholder bodies to act as focal points.
A longerterm plan for institutionalising Big Data can then bglered, which will be dependent on strategic
decisions that the city would take in terms of the roles it would take, and how it would mobilise the other
relevant entities.

Addressinfrastructure and technology gap

The infrastructure challenges (and thssociated costs) have been pointed to as critical challenges for the use

of Big Data. Cities should be cognisant of the emerging technological solutions that can serve as alternatives
towards costly hardware for example, clouebased servers. ShetermdzLJANI RSa 2F GKS OA G @
technological assets need also consider potential requirements that can enable immediateBigeData for
supporting internal or cityfevel processes.

The determination of infrastructure requirements, and the earmarking of local funds, and the identification of
other funding and financing resource, should be explored in the medarm. Ultimately, the integration of

Big Datarelevant infrastructure cabe explored in wider city plans (i.e., in connection with the wider issues of
low levels of connectivity), and possibilities for pulglitvate partnerships can be investigated.

Establish mechanisms for collaboration

Developing cities are mostly confromtdy significant limitations in terms of capacities, skills, and resources.
Cities shouldctivelyfacilitate the cooperation between different entitigs.g., private entities, academia,

civil society}that are involved in data collection and generatias,well as those that can conduct analysis and
data-to-information transformation.

Supporting and collaborating with Big Data pilots can reveal whether such technologies are suitable at the
local context, their benefits, risks, and requiremer&sichpilots can better be facilitated through urban living
labs which leverage the cooperation between different stakeholders tdes@lop, evaluate, and iterate
locally-adapted solutiong in this case, solutions that relate to Big Data and urban mobility. Unioatoility
labsessentially are cooperation platformgth the goal to establish a forum for developing products,
systems, and processes in the urban cont@&kiey are based on a participatory approach throughout the
entire development, implementation, andraluation proces§150) The idea is that a coordinated mechanism
is set up wherein potential solutions (e.g., in this case, Big-2dated technolgies) are tested in specific
contexts that try to address a specific issue The proisedsemed tddeally result in a version that is best
suited to the local conditions, and meets the restrictions imposed by such contexts. Such a living lab could
explore shared responsibilities between the different stakeholders, for example, a working structure wherein
the city authority can take the lead in the coordination of activities, as well as thefuke data, while the
expert institutions handle the technitaork, and the residents benefit directly from the solutions. It is also
important to actively engage relevant mobility sector players such as public transport (formal and informal)
operators and drivers, as well as the passengers (and relevant assegjaticuch initiatives.
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Expert interviewees highlighted the need to establish Open Data portals. Cities can explore setting up their
own Open Data Portal, or actively collaborate to expand existing ones (e.g., the Africa Urban Mobility
Observatory portdlso that collaborative data generation, processing, and use (whether Big Data-8igion
Data) can be opened to interested parties.

Supportthe promotion of Big Data

The lack of participation from different stakeholdénsBig Dataan be driven by diff@nt factors such as the
lack of general awareness regarding Big Data, concerns about data privacy, and the risks relating to the
potential misuse of personal data, and the lack of awareness regarding the process. This can hinder the
effectiveness of Big D& collection efforts. It is important that city authorities actively support such initiatives
and facilitate dialogue and communication efforts to the relevant stakeholders. In the case of the UMA app,
city authorities could actively promote it for usagad support activities that explain the technology, its risks,
and benefits.

Leading by Doing is a further strategy that can spur interest and support towards Big Data use in the mobility
sector. For example, cities can undertake and highlight an intgrfedused project which makes use of Big

Data towards improving its own activitieghis could mean, in one example, a snsadale pilot focusing on
improving its own fleet operations using Big Data, or the use of the UMA app for its own employees for
crafting innovative internal schemes. Such actions can lead towards increased support and attention from
other external entities.

The cities can also explore incentivising or supporting data generation initiatives through hackathons or
collaborating with research studies. The developmentsgrcentric programs focusing on raising the
awareness regarding Big Data, its risksd benefitsand would contribute towards better understanding how
such technologies would perform in the local contexts

The points discussed above were drawn from discussions that took place at the city workshops
described/outlinedTable31 and Table32.

Descriptionof Identified Actions by the Local Stakeholders

NEkIe e Rl MpEIEY T Elaboration ofctions relating data towards achieving a vision towatdsongestion free city with
TN Tl elollIl\Al integrated multtmodal, safe, clean, smart, inclusive, efficient, affordable transport system powered
Planning renewable energp £

1 Developmenbf enabling policy at the local level
PN e st e ] | |ncreasepolitical will at Blantyre City Council letelprioritise databy elevating the awareness regardi
[T NPTl its importance
regulations 1 Explore othemon-mobility policies which may influence the overall environment sfgch, education
policy andby-laws)

1 Frequent internal system upgrades

1 Develop easyo-understand graphic user interfaces

1 Develop a citgell phonebased app for collection of data and dissemination of information

1 Enhance connectivity in areas with lamapacitynetworks;

1 Lobbying city management and city politiedership to priorie data in budget allocatiotas well as th
necessargquipmeny.

Addressing
Infrastructure and
Technology Gaps

1 Build capacity within city to prioré data collection and utgation;
1 Create a substantive section/ department on research and development
SIS\, 1 Improve working conditions at the city to attract and retakilfu/competitive workforce
Rl [=R=Ta o M=10T1[o[1a[sMIE| T Providing digitasation equipment for collection and analysis of data

Capacities 1 Strengthen skills/capacities of road agents in collecting ;data
1 Trainings sens#ation of city professionals on dataiented planning
1 Find means to fund training

9 Clear and simple procedures to access data put forward by government
1 Collaboration of data players
1 Deliberate policy for Government/City to have access to all data collected within its jurisdiction

Establish mechanism
for collaboration
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1 Dissemination of information through civic education and sésatibn campaigns

1 Run innovation hubs and competition to improve tech knowhow amongst the city citizens
9 Awareness campaigns to create demand for data

1 Allocate resources to do with awareness campaigns

1 Creating creative projects that can illustrate good planning using data.

Supporting the
Promotion of Big Datg

Description of Identified Actions by the Local Stakeholders
1 Elaboration of action®cusing on the utisation ofdata towards a visioencompassing an
Urban Mobility Plannin integrated, safe, inclusivaccessibleaffordable and sustainable urban mobiligystem

y g 1 Establishing procedures relevant to data collection up tasatibn.

Integrating Big Data into

X [o]elilpleRe=Te o] (o] el g\ (M ] 1M 1] Supportive policies for dedicating fusdor data collection and management
policies and regulations

ol IR el =¥\ T Improvement of ICT coverage in priority argas
Technology Gaps 1 Explore the creation of a cHgvel database

i Capacity building programs for data science

SRS N 2 2= T Centralised agency as a focal point for data

o N1V [olTa oM EN@ZT LIS 1 Establishing routine trainings for professionals

T 1dentify gaps and needs for structural reform / streamlining of processes

1 1dentifying opportunities for embedding flexibility in processes related to approvals from rele
agencies
1 Strengthening the collaboration with international experts

Establish mechanisms for
collaboration

SiiJoJelgilleRia=N T nlalilelaNel{ 1 Seeking opportunitiefor international cooperation (e.gtraining, research, study tours)
Big Data

3.6.2 Sustainable Mobilityindicators

The review of the initial set of indicators points towards the following recommendations:

Retain andrefine the existing setof indicators

The relevance of the initial set of indicators was validated by local stakehgpdohetthe subject matter

experss. There were no proposals that any of the indicators be dropped. However, there is a need to further
refine the definitions as reflected in the portal, and possibly explore the refinement of the titles of some of
the indicators.

Explore theinclusion ofadditional indicators

Thevalidation exercis@ointed towards thebenefit of having additional indicators in the portal. For one, the
current indicators are primarily focusing on urban passenigarsport. The rapid growth iarban freight in

the region, oupled with the fact thapassenger and freight movements interactthe same systeppoints
towards the need to explore priority indicators for urban freigRerhaps those that would reflect the state of
activity, structure, and potentially externalisethat are related to urban freight.

The use of Big Data (e.g., UMA) also allows for including additional indicators that can be derived from the
data, for example, how to better reflect muitnodality.

Explorethe utilisation of the AUMOdata with other sources

Significant information about urban mobility (e.g., in relation to cheitaking) can be uncovered when
effectively combining existing Big Da&ad.,user movements) with other data reflecting the physical
environment, transport services, and $oeconomic factors. There is also a need to explore the population of
data for the indicators with secondary data.
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3.6.3 Data Collection Tools and Techniques

USSD and WhatsApp Surveys

It is recommended that should USSD surveys be employed to collect mobiltytidese should be conducted

on a longitudinal basis, whereby questions informing various indicators are spread across different campaign
cycles, rather than attempting to collect data on all indicators during a single questionnaire session. This
would reduce the likelihood of the USSD session timing out before completion of the full survey. Similarly, to
reduce the mental burden on WhatsApp survey respondents, it is recommended that a similar longitudinal
survey structure be adopted (since many WhatsAppey respondents dropped off before the end of the
survey, likely due to fatigue).

It is also recommended that more accurate methods to determine travel distance be considered by those who
wish to collect mobility data via USSD and WhatsApp. During theQAphdject, travel distance was defined

on a centroid to centroid basis between TAZ® attempt was made to assign trips to possible travel paths,

and no attempts were made to achieve more accurat® Qairs. This could perhaps be achieved through the
useof OSM road and public transport data, and through a more accurate way of determine origin and
destination locations.

UMA

In order to encourage greater uptake of UMA by prospective respondents, it is recommended that further
attempts be made to integratthe SDK with existing apps, which have large existing userbases from which to
recruit. This would likely aid in achieving the level of trust needed for prospective respondents to feel
comfortable participating in a campaign involving location tracking.

It should be noted that UMA is experimental software, and requires much morevadd data in order to

calibrate the various machirlearning algorithms used to detect mode and identify transfers. It would be

highly beneficial if a pilot campaign were to d@nducted in partnership with transport authorities who have

an existing app, and who would be potential beneficiaries of the data generated. This could help to accelerate
the process of refining the software, thereby increasing the likelihood of gengraticurate data.

Stakeholder Engagement

In the absence of literature to inform the process of conducting technelz@ped surveys, which required the
support of many different stakeholder groups, a significant amount of energy was devoted to establishing
who the relevant stakeholders were, andhat the correct processes were in each city in order to conduct the
various campaigns. Furthermore, given many of the survey techniques were novel, and therefore not familiar
to these stakeholders, there was reluctance to support the campaigns due teeticeiped risks. It is
recommended that all future campaigns take into consideration the learnings outlined in this report, to
ensure that stakeholders can be supplied with as much information about the processes, and previous
successes and failures as [bs This would certainly reduce the high levels of perceived risk, and likely
encourage more support.
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4. Sustainable Mobility Indicators Results from the Data Collection in the AUMO
Cities

4.1 Introduction

This section presents the results of the consolidadatagenerated through the different data collection
methods applied in the AUMO citigdaseru, Lesotho; Lagos, NigerkdnshasaDemocratic Republic of
Congo; GaboroneBotswanaand Blantyre, MalawiThe visualisations represent data generated thioug
USSDWhatsApp, andhe conventional field survey3.hedetails of the data collection processes are
explained in Sectio8.5.

Kigali has been excluded frdime data and analysis that is presented in this sectamthe necessary
authorisationsfor data collectionvere not receivedrom the local authorities in Kigdfiurther detailsare
providedin Sectior3.5.3.9. Further, the analysis also does not include the data obtained from the UMA
surveys since there were just 47 UMA participants across the research.cities

4.2 Mobility

4.2.1 Mode share

Mode share habeen calculated in the AUMO project based on the main mode of transport (i.e., the mode
that covers the most distance) used by respondents to reach their primary regular activity location (such as
trips to and from school, work, and shops).

All five projet cities have various transportation modes. A scheduled public transportation system, though, is
available only in Lagos and Kinshasa. About 15% of the trips in Lagos are made by bus and Bus Rapid Transit
(BRT). The BRT use in Lagos appears, based msponses, to be higher during gféak hours.

Paratransit is the dominant mode, comprising commonly of rtatas (2wheeler taxis) and minibus taxis, in
all the project cities, with most respondents travelling by minibus taxi. Private vehicle ushasthig
Blantyre among the project cities. Among the 5 project cities, a majority of the respondents (73%) in
Gaborone use minibus taxis, possibly due to the lack of other paratransit modes.

Despite high motor vehicle use, walking is also a prominent nobti@avel in Blantyre, also during peak
hours. The other project cities also feature some extent of walking. Only in Lagos, Maseru, and Blantyre did
respondents report the use of bicycles.

With the availability of water channels, about 1% of the resporndém Lagos report using ferry services for
commuting. Reaching healthcare was the trip purpose for the majority of the ferry users, who were aged
more than 65 years old.

Figure39: Mode share of theAUMO cities excluding Kigalibased on the surveys
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Figure40: Mode share of AUMO project cities depending on the travel period
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Figure41: Mode share ofAUMO cities, excluding Kigalhased on trip purpose
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Figure42: Mode share inAUMO cities, excluding Kigabased on gender
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Figure43: Mode share inrAUMO cities, excluding Kigaliased on age
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Figured44: Mode share inrAUMO cities excluding Kigalibased on income level
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4.2.2 Distance travelled and travel time

Respondents from Lagos travel thathest (more than 9 km/trip) and take over 60 minutes for their travel.
Respondents in Maseru and Blantyre travel about 5 km per trip andntake than 50 minutes to complete
the journey, suggesting that either the travel conditions are poor, or that travel modes are slowealessit
longer to travel short distances. The mode share responses reveal that about 90% of the respondents in
Maseru se motorised modes and around 64% in Blantyre use motorised modes.

In Lagos, Gaborone, and Masgmen travel farther than women, in Kinshasa women travel farther, and in
Blantyre the travel distances of men and women sirailar butwith women travelling slightljurther than
men.

Figure45: Average travel distance and travel time BRUMO cities, excluding Kigali
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Figure46: Average travel distance according to genderAMO cities, excluding Kigali
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4.2.3 Transfers

The respondents who reported their main mode of transport was either public transport or paratransit were
asked on how frequently they changed vehicles to reach their destinatfiordl. the project cities except

Lagos (and excluding Kigali), the majooityhe respondentslid not need to transfer to reach their

destination. In Lagos, a transfer to a different mode is required at least once, which could be because in Lagos
there are multiple transport modes covering different parts of the city and hertcanafer might be

necessary more than once, especiallyenthe travel distance is long (as they are in Lagos).

Highincome respondents in Lagos do not transfer to reach their destination, which cwlibdite that they
live in an area where the transpaor paratransitservice directly reaches their destinatiorhiscouldbe
further corroborated with a detailed lardse analysis.

Similarly,in Blantyre,most of the lowincome respondents report that they do not have to transfehile
some of the higlincomerespondents report that they need to transfer twice

Figure47: Frequency of transfers in a trip IAUMO cities, excluding Kigali
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Figure48: Frequency of transfers according to income leveAWMO cities, excluding Kigali
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4.2.4 Accessibility

In order to aid the investigation afsingopenly accessible data feed into the analysis of the state of cities
in relation to relevant indicators sucls 8DG Indicator 11.2.1: Proportion of the population that has
convenient access to public transport, an exercisimgopen data sets fron®pen Street Map§OSM)151)
and WorldPoplata (152)was carried out by the study tearRlease note that tis exercise did not directly
utilise the data collected from thsurveys conducted in the AUMO cities lotitised openly accessible data.
OSM was primarilysedto extract transportation infrastucture data(e.g.,road network, public transport
stations stopg, while the population disthution is extracted fronWorldPop The WorldPop data set was
chosen for this exercise as it is opealailable and it contains recenfe.g.,up to 2020)dataat the 106meter
resolution

A network analysis exercise wesnductedusing QGlSn opensourcé&eographic Information Syste(@|J
software, usingthe service area (from layer) functigh53) The extracted public transpaiacilities {.e.,
allFdAz2yas at2Lla0 oSNPRIGBESINBERRI ASHGASNY 28R dAgza SR
the exercise is to identify thextent of thebuffered area which can be reacheudthin 500metresof the

public transport stationsBuffer zonegor (500 metres)reasfor each ofthe stations were created and were

used toestimate the percentage of the population thagside withinthese buffer zonegby dividing the

estimated populatiorwithin the buffers against the total population estimated for the area set as pecitiye
geographical boundary layer).

The main goal ahe exercise was to get insights wmat might be the potential foa heuristics approach of
usingopenly available data (without much processing and clearioggther with openrsourceprograms
(e.g.,QGIS) towards understanding the state of cities Iatien to the indicator. The results are provided
belowin Table33and are compared witkhe existing estimates of theN-Habitat (154)

Kinshasa Lagos Maseru Blantyre Gaborone
AUMO Exercise 29.1% 15.5% 6.8% 7.0% 4.6% 86.5%
UN-Habitat 50.3% 17.4% 38.1% 15.4%

The results for Kinshasa are similar to the estimate ofHaiKitat, while there are stark differences for Kigali,
Blantyre, and Lago$hese differences can perhaps be attributed to tlifference in terms of definitions. For
example, heservice areainbl Qa Y S (i KI3efinedil3& G KS alF NBI aSNIBSR o8
500 meters walking distance to a low capacity system and/or 1 km to achig#city system based on the
street networké The later portion was not taken into consideration in this exercise dukatt of consistency
in terms of identifiers in the public transport data across the cifld®re is also an inherent limitation tinis
exercise, as only OSM data wesed while the UN gerciseusedseveral other data sets that might not be
available online, as per theethodology providedAnother key limitation in this approach is that thablic
transport stops reflected in open portals such as OSM may be limited to the main stations and may not
necessarily capturbow public transport services in developing (including those in Africa) cities work,
particularly in capturing how neachedulel, nonroute based public transport services perform towards
providing accessibility.

On the other hand, using a heuristics approach provide useful indigditsan drive action at the local level.
The currentdatabase of estimates from the UlI54)does na have estimates for other cities such as Maseru
and Gaborone Also,visual outputs such as the ones provided below, can be useful in driving discussions
towards actions, not only in terms of potential strategies to improve the state of accessibilitsldouin

terms ofimproving the availability, and access to relevant data such as those relating to population
distribution and public transport infrastructure and servicAsmentioned in the suggestion discussed in
Section3.4.2.] it might be beneficial to conduct similar exercises considering other pofriteerests

reflecting basic services (e.gducational, healthcommercial facilities) aside from publi@hsport stops, to
have a more holistic view tiie state of accessibility in the cities.
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Figure49: Accessibility to Public TransporBlantyre Figure50: Accessibility to Public TransporGaborone
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4.3 Public Transport Experience

4.3.1Public perception on eamfort in public transport

The respondents were asked to choose fr@fmoZ @Acceptabl& anddExcellent to denote theirperception

on the comfortlevel during their journey on public transpo@ver 50% of the respondents from Blantyre

report that the public transport comfort level is poor. The share of respondents who report an excellent level
of public transport comfort is about 10% across the project cities (excluding Kigali). Less than 1% of
respondents from Kinshasa report an excellent level of public transport comfort. The majority of the
respondents report that the public transport comfort level is acceptaBlentrary toexpectation, acrosthe

project cities the perception of comfort leels during peak hourseemsto be better than offpeak hoursOne
potential reason fothis is thatquestion might not have been fully understoaald.,the use of the terms peak
and off peak) by the respondents.

Across all the project cities malesport a high level of discomfort by rating the comfort level as poor, the
highest being in Blantyr&kespondents fromBlantyre and Kinshasaport a high level of discomfogcross
the 5AUMO cities surveyed.
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Figure57: Perceived level of comfort depending on trip purposeAtUMO cities, excluding Kigali
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Figure58: Perceived level of comfort according to genderAUMO cities, excluding Kigali
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4.3.2 Public Transit Reliatity

Reliability of public transport plays an important role in the uptake of public transport in any city. About 60%

of the respondents from Blantyre report that the public transport is usually late, followed by Kinshasa where
about 50% of the respondesitreport that public transport is delaye@ver 50% of the respondents from
alaSNUz FyR [32a3X IyR 2@8SNJymx: 2F NBalLRYyRSydGa TNRY
on timeg.

The majority ofthe responses indicating that the public transport is unreliable is from respondents whose trip
purpose is for employmengducation,or healthcare.

Figure59: Perceived public transport reliability idUMO cities, excluding Kigal
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4.3.3 Public perception on beakdowns

Public transport breakdowns seem to occur sometimes based on the responses from the 5 cities. More than
half of the respondents in Kinshasa report that breakdowns never occur, in all the 5 cities respondents feel
that breakdowns occur at times. The shafa@satisfaction due to breakdowns among the respondents

seem to be higher in Blantyre, Lagos, and Maseru. Previous research in Maseru pointed thefithe
congestion in Maseru B common featurendcan be caused by poor roafigr), and/or aged vehicleA

further analysis of the fleet characteristics from the various private transport operatoutd reveal more
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specific reasons for the breakdown of thiehiclesand enable the possibility explore relationships between

public perception on breakdowns with the actual situation

Figure63: Public perception on therkbquency of public transport breakdown iIAUMO cities, excludingigali
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Figure64: Public perception on therkequency of public transport breakdown during specific travel periodsAiMO

cities, excluding Kigali
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4.3.4 Driver Behaviour

A very small share of respondents perceive that the driver behaviour is excellent in all the project cities.
Majority of the respondents feel that the driver behaviour is acceptable in the cities and a large share of
respondents also feel that the driveebaviour is poor. The responses are comparable form respondents of
both the genders.

Figure65: Perceived driver behaviour iIAUMO cities, excluding Kigali
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Figure66: Perceived driver behaviour during sgific travel periods irAUMO cities, excluding Kigal
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4.3.5 Sexual Harassment

Asreported bythe EMPOWER proje(d sister project oAUMQ also part of the HVT programieaccurately
measuring.JS 2 LIt S Q& S dexisl NakaSsynénsofien éhdllenging157) Interpretations ofwhat
constitutessexual harassment vawyidely, and often even those who hayersonally experienced or
withessedsexual haragaent, may not recognise it as sucbiven the AUMO project did not follow the
EMPOWER methodologwhichplacessubstantial efforts orensuing that surveyrespondentsunderstand
what constitutes sexual harassmeittis likely thatthere was underreporting of experienced and witnessed
sexual harassment BBWUMO surveyespondents

Respondents from Maserand Blantyreeport that they have been subject to harassment more than amte
public transport It is important to note that the nature dhe harassment is not revealed from the available
responses, hence it is difficult to deduce what sexual harassment entails.

Figure 68: Sexual harassment opublic transport in AUMO cities, excluding Kigali
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Figure69: Sexual harassment on public transport based respondents' gender iMUMO cities, excluding Kigali
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4.3.6 Crime

More than half of the respondents in all the project cit{egcluding Kigaligport that they have never
experience any crime on the public transport, followed by about 20% of the respondents reporting they have
either experienced crime once or more thance. A very small share report that they haperienceccrime

often. Among the project cities, respondents from Kinshasa Maserwexperiencednore crime on public
transport in comparison to the other project citieand the frequency of the crime égh in Kinshasa during

the nonpeak hours. Other researches from Africa show that crime rates seem to increase when there is
overcrowding and inadequate policif§j58,159)

Figure 70: Perceived crime situation opublic transport in AUMO cities, excluding Kigali
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Figure71: Perceived crime situation on public transport during travel periodsAlMO cities, excluding Kigali
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Figure72: Perceived crime situation on public transport based on gendeAldMO cities, excluding Kigal
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4.4 Vehicle Efficieny

4.4.1 Vehicle Occupancy

The public transport occupancy nmajority of the reportingcities is reported to be medium. Gaborone and
Maseru have a low peak public transport occupancy during peak aqpbakf hours. The low occupancy may
denotedue tothe poor quality, coverage, and lackpriority of public transport. Blantyre and Lagos are
reported to have medium to high occupancy on public transport during the peak hours. A potential reason in
Lagos is the trip distances, since the commuters travel almost 10 km for a trip, using public transport is
economical

Figure73: Perceptionon vehicle occupancy of public transport during travel periodsAUMO cities, excluding Kigali
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Figure74: Perception on vehile occupancy of public transport based on income leveAUMO cities, excluding Kadj
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4.5 Summary

In this sectionwe have shown that data can provide valuable insights into the travel characteristics and
behaviour of users. Data can provide key inputs to policy makers and operators. For exdemiyingthat

the trip distances in Lagos are loagd theperceptionof public transport in Lago3he city policy makers can
explore alternatives to the current transport offering. Providing priority to public transport and allowing
public transport to move faster can allow users to reach their destinations in lessSimst.information can

also allow transport operators to decide if they wish to operate-stop services from key origins and
destinations.The data also segregates thablicperception on public transport based on gender. In a
conventional data collectioexercisethe user surveys are conducted at fixed intervals and are subject to
availability of resources. With innovative data collection methods, users can submit responses any time and
the dataare processedn real time, allowing transport operators @ssess their performance instantly.

In many of the citieghe respondents have reported that public transport vehicles are susceptible to
breakdowns. The transport operatocsuldexplore the causes of breakdowns and increase resources
allocated to mainénance For public transport operatorhiaving real time information on the system
operation allows them to arrange for substitute modes and attend to passenger néeeseal time
information systems constituteehicle telematicssuch as GPS devicesgedi communication with the driver
and the travel loggHavingvehicle telematis systems wilprovideinformation such as the vehicle location,
trip pattern, routes, fuel consumption and driving behaviour.

The innovative element that the AUMO project bringa isew methodof collecting large swathes of data
directly from the usersThis new method will require certain level of trust both technological and legal
aspectswhich can be developed throughgper dissemination and involvement of the right entitigth
governmental and nogovernmental) As the technology gradually becomes an integral part of thetday
day life ofusers having smart devices catso become a key feedback submission poithtoughpassive
data collection techniqueshe personal data of the ser isanonymisedand protected and only the data that
the user wishes to share [isocessed
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APPENDIX BSEARCH STRATEGY BILBIOMETRIC ANALYSIS

RESULTS
SEARCH STRING
(+URL)

BLOCK 1 (B1)
12.07.2022 TS="Big Data" OR TS="Mass Data" 49,611
12.07.2022 TS="Bigpata" 48.030

(TS=("big data") OR TS=("mass data")) 5,246
12.07.2022 AND (TS=urban OR TS=cit* OR TS=town OR TS=municipality OR TS=midtg

TS=downtown OR TS=megacit* OR TS=megalopolis OR TS=Metropolis)
12.07.2022 (TS=("ly data") OR TS=("mass data")) AND (TS=urban OR TS=cit*) 5,146

BLOCK 2 (B2)

(TS=transport* OR TS=Mobility OR TS=transit OR TS=travel OR TS=traffic C

12.07.2022 TS=commut*AND (TS=urban OR TS=cit*) 182,262
(TS=bike* OR TS=metro OR TS=subway OR TS=rail* OR TS=pedestrian* O

12.07.2022 TS="bus*" OR TS=walk* OR TS=vehicle) AND (TS=urban OR TS=cit*) 88,007
((TS=transport* OR TS=Mobility OR TS=transit OR TS=travel OR TS=traffic
TS=commut*)

12.07.2022 OR (TS=bike* OR TS=metro ORslilBvay OR TS=rail* OR TS=pedestrian* OR 181,086 B2

TS="bus*" OR TS=walk* OR TS=vehicle))
AND (TS=urban OR TS=cit*)

COMBINATIONS)C

TS=("big data") OR TS=("mass data") AND TS=("urban") OR TS=("cit*") AN[ 1,554
30.06.2022 TS=("transport*") OR TS=("mobility") OR TS=("commuting") OR TS=("travel"
TS=("traffic")

(((TS=tansport* OR TS=Mobility OR TS=transit OR TS=travel OR TS=traffic ( 2,067
TS=commut*)

OR(TS=bike* OR TS=metro OR TS=subway OR TS=rail* OR TS=pedestrian
12.07.2022 TS="bus*" OR TS=walk* OR TS=vehicle)) C1

AND(TS=urban OR TS=cit*)
AND(TS="Big Data" OR TS="Mass Data"))

(((Tstransport* OR TS=Mobility OR TS=transit OR TS=travel OR TS=traffic { 2, 057
TS=commut*)

OR(TS=bike* OR TS=metro OR TS=subway OR TS=rail* OR TS=pedestrian Cc2
14.07.2022 TS="bus*" OR TS=walk* OR TS=vehicle))

AND(TS=urban OR TS=cit*)
AND(TS="Big Data"))

FOCUS AREAApplications (FA1)

C1AND(TS=application* OR TS="use*" OR TS="Operation*" OR TS="Examy 1655

12.07.2022 OR TS="Solution*")

FALC1

C2AND(TS=application* OR TS="use*" OR TS="Operation*" OR TS="Examy 1648

14.07.2022 OR TS="Solution*")

FA1C2

FOCUS AREA 2: Applications in the African Region (FA2)
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https://www.webofscience.com/wos/woscc/summary/bb2c9b8f-b4b9-4558-8307-28d16ca0c0f7-43698cc3/date-ascending/1
https://www.webofscience.com/wos/woscc/summary/396244d8-2d2d-41a7-9fc4-a4e10e034161-4310af59/relevance/1
https://www.webofscience.com/wos/woscc/summary/500c7ae9-504d-43af-8dcc-d6d2a1d039ec-43698682/date-ascending/1
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12.07.2022

(TS=Africa* OR TS=Lagos OR TS=Maseru OR TS= Kinshasa OR TS=Kigali
TS=Gaborone ORS=Blantyre OR TS=Nigeria OR TS=Lesotho OR TS= DRC
TS="Democratic Republic of the Congo" OR TS=Rwanda OR TS=Botswana
TS=Malawi)

AND(TS=("big data") OR TS=("mass data"))

FA2

14.07.2022

(TS=Africa* OR TS=Lagos OR TS=Maseru OR TS= Kinshasa OR TS=Kigali
TS=Gaborone OR TS=Blantyre OR TS=Nigeria OR TS=Lesotho OR TS= DR
TS="Democratic Republic of the Congo" OR TS=Rwanda OR TS=Botswana
TS=Malawi)

ANDTS="big data")

339

FA22

14.07.2022

((TS=Africa* OR TS=Lagos OR TS=Maseru OR TS= Kinshasa OR TS=Kigal
TS=Gaborone OR TS=Blantyre OR TS=Nigeria OR TS=Lesotho OR TS= DR
TS="Democratic Republic of the Congo" OR TS=Rwanda OR TS=Botswana
TS=Malawi)

AND TS=("big data")) NOT TS="Afriéarerican*"

302

FA23

12.072022

(TS=Africa* OR TS=Lagos OR TS=Maseru OR TS= Kinshasa OR TS=Kigali
TS=Gaborone OR TS=Blantyre OR TS=Nigeria OR TS=Lesotho OR TS= DR
TS="Democratic Republic of the Congo" OR TS=Rwanda OR TS=Botswana
TS=MalawiANDB2

5741

12.07.2022

(TS=Africa* OR TS=Lagos OR TS=Maseru OR TS= Kinshasa OR TS=Kigali
TS=Gaborone OR TS=Blantyre OR TS=Nigeria OR TS=Lesotho OR TS= DR
TS="Democratic Republic of the Congo" OR TS=Rwanda OR TS=Botswana
TS=MalawipANDC1

FA2C1

12.07.2022

(TS=Africa* OR TS=Lagos OR TS=xi@ase TS= Kinshasa OR TS=Kigali OR
TS=Gaborone OR TS=Blantyre OR TS=Nigeria OR TS=Lesotho OR TS= DR
TS="Democratic Republic of the Congo” OR TS=Rwanda OR TS=Botswana
TS=Malawi)

ANDFA1C1

FA1FA2C1



https://www.webofscience.com/wos/woscc/summary/9d585ee0-64eb-4b57-a7d9-a0ee72485b77-4310f214/relevance/1
https://www.webofscience.com/wos/woscc/summary/8ad217e2-5c7d-4f1d-96fd-c5c0ee52021d-43698045/date-ascending/1
https://www.webofscience.com/wos/woscc/summary/b2ef9cba-a1d2-4fd6-91e7-2879cf79d80a-43717a6a/date-ascending/1
https://www.webofscience.com/wos/woscc/summary/300a3439-5362-44fc-888f-94ba6db469bc-43110537/relevance/1
https://www.webofscience.com/wos/woscc/summary/7ed8df97-cf28-4c1a-8a42-30843dbdb390-43110fea/relevance/1
https://www.webofscience.com/wos/woscc/summary/ddc97c25-873d-4377-aa1d-983cca2b9586-43110d47/relevance/1
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APPENDIX EXPERTS SURVEY

| | BTC Botswana | No response received

Introduction

Survey on Big Data and Sustainable Urban Mobility

Dear experts,

This survey is being conducted as a key activity of the “Africa Urban Mobility Observatory — Big Data to Enable Inclusive, Low-Carbon Mobility”
project. It aims to gather expert insights on Big Data, its roles in shaping urban mobility, particularly in developing cities, and the associated
challenges and opportunities. In addition, this survey also includes specific portions on sustainable mobility indicators in general, and user
maovement analytics. While the survey is primarily intended to include insights from experts who have experience in the African context, we also
value insights from experts who may have had worked on/ interacted with such concepts within the context of urban mobility in other parts of the
globe.

The survey takes about 15-20 minutes to complete. The information provided will be used solely for the purposes of research, and only
aggregated results will be reported in the relevant outputs to be produced. Your contributions are highly appreciated. Please submit your
responses by April 10, 2022.

You may contact us if additional information about the study is needed:

« Dr. Oliver Lah (oliver.lah@wuppertinst.org)

« Alvin Mejia (alvin.mejia@wupperinst.org)

« Santhosh Kodokula (santhosh.kodokula@wupperinst.org)
« Emilie Martin (emilie.martin@uemi.net)

« Vera-Marie Andrieu (veramarie.andrieu@uemi.net)

The Africa Urban Mobility Observatory Project being implemented by GoAscendal, together with the Wuppertal Institute, UN-Habitat, and the Urban
Electric Mobility Initiative. It is funded by UKAID through the UK Foreign, Commonwealth and Development Office under the High Volume Transport
Applied Research Programme, managed by IMC Worldwide. The views and inquiries expressed in this research activity do not necessarily reflect the
UK government’s official policies.

PREVIOUS SUBMIT NEXT

Consent

@ Kindly read carefully

Participation

* The purpose and details of this study have been explained to me.

* | have read and understood the information sheet and this consent form.

* | understand that | am given an opportunity to ask questions about my participation.

s | understand that taking part in the survey will involve providing personal information.

s | understand that the personal information collected is the email address (and other personal information requested is optional).

* | understand that | am under no obligation to take part in the study, have the right to withdraw from this study at any stage for any reason, and will not be
required to explain my reasons for withdrawing.

Use of Information

* | understand that all the personal information | pravide will be processed in accordance with data protection legislation based on the public task basis and
will be treated strictly confidential, unless it is judged (under the statutory obligations of the agencies with which the researchers are working with), that
confidentiality must be breached for the safety of the participant or others or for audit by regulatory authorities.

* | understand that the information | provide will be used for the Africa Urban Mobility Observatory project, and for relevant publications and reparts.

| voluntarily agree to take part in this study. *

O Yes, | agree and | accept the conditions that are described in the Informed Consent Form.

O No, I do not agree and | do not accept the conditions that are described in the Informed Consent Form

PREVIOUS SUBMIT NEXT
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« Challen

Challenges - Big Data and Urban Mobility in Developing Cities

Kirdly rate the following in terms of their significance in being hurdles towards the uptake of big data technologles, particul sy in developing
citles,

Kindly micwe the sliders (0 = ingignificant; 10 = highly significant) or ditectly type the nurmber (betwean 0 and 10) in the box on the left side.
Since you had indicated that you are familiar with the African context, please answer the fallowing vath the region in mind.

Management-related * Resistance 1o change 0|
I = ings ._;l:.l'l".ll:.'_ 18 = Fube Wy migalvemal
Competing motivations o (@
and turfing

Lack of cross- 0|
sectoral/inter-

deparimental

coardination

Lack of integration of [N ]
needed roles o deal with

big data inlo existing

organisational slructunés

Lack of appropriate skills 0 |
towards governing big
data

Lack of skills far utilizing a0 |
big data

Lack of financial 0 |
resources o implement

necessary change to

accommodate big data

Infrastructure-related * Availability and 0@

(0 = inggmihcant | 10 = higtly sigslicaal)

compatibility of software
systems

Casts associated with a |
necassary software

Avallability of 0@
redundant,/supportive
built infrastructure

Costs associaled with o (@
supportive built
infrastructure

Policy-related * ) Lack of integrationof big | © | i
= it 15 =l s data in wider vision

Lack of integration of ICT 0|
with paolitical and
institutional systems
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Survey on Big Data and Sustainable Urban Mobility #0000000193 | On 18/08/2022 10:34

First Name
Last Name

Email

Administrator Remarks

User Account

Link

Introduction

Consent

| voluntarily agree to take part in this study.

G} Yes, | agree and | accept the conditions that are described in the Informed Consent Form.

C} Mo, | do not agree and | do not accept the conditions that are described in the Informed Consent Form

About You

Full Name Title

foptional)

& Test for Export

Email Address Title

& test@test.com

Your organisation

foptional)
S Test Organisation

Job Title

{optional)

B Test user

Country of Residence

you may keap this blank in case you do not wish [0 share this mformation
S Test Country
Gender

O Female

O Male

(® Prefer not to say

Which sector do you work in?
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Academic/research

Government -lacal/city

Government - sub-national/regional/provincial
Government - national

NGO/civil society

IT industry

Infrastructure

Transport service provider

International development agencies

CO0O0O000@®0O00O0

Other
How familiar are you with "big data in urban transportation,” in general?

Mot at all familiar
Mot so familiar
Somewhat familiar

Very familiar

@0 000

Extremely familiar

ich of the following best describes your competencies relating to big data in urban mobility?

swers allowed)

-

| had formal training on big data technologies and applications specifically those relating to urban
mobility

| am directly involved in the generation of big data for urban mobility
| am directly involved in the analysis of big data for urban mobility
| am directly involved in the consumption f utilization of big data for urban mobility

| am not trained in big data, but my work entails that | deal with big data concepts and interact with
stakeholders that relate to big data

K K R &R

Other

Kindly describe here
v

How familiar are you with sustainable mobility indicators, in general?

Mot at all familiar
Mot so familiar
Somewhat familiar

Very familiar

®@000O0

Extremely familiar

How familiar are you with mobility and transport issues in developing countries and cities?
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Mot at all familiar
Mot so familiar
Somewhat familiar

Very familiar

@000O0

Extremely familiar

How familiar are you with "user movement analytics"?

Mot at all familiar
Mot so familiar
Somewhat familiar

Very familiar

@000O0

Extremely familiar

Have you/are you currently invelved in relevant work in the African region?

® ves
O HNo

Kindly list down the specific countries and/or cities in Africa below

5

Have you had relevant experience in the following regions?

swers allowed)
Asia
Europe
Oceania
North America

South America and the Carribean

CINCINCINCINCY)

Kindly list down the specific countries and/or cities below

s

Big Data and Urban Mobility

Concept of big data

Big data is often referred to in relation to the V's associated with it: volume, velocity, variety, variability, and
veracity. Is there anything that you'd like to comment regarding the current definition of “big data” that you
think is important to highlight specifically within the context of developing cities?

A Test user input
Use cases of big data in developing cities
The utilization of big data technologies in aiding urban maobility planning, management, services provision

{among others) globally, particularly in more developed cities/regions. Which particular application/s or use
cases for big data should be pricritized in developing cities, and why?
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A test user input

Challenges

Management-related

i

I= Resistance to change 01010

= Competing motivations and turfing 01010

= Lack of cross-sectoralfinter-departmental coordination 01010

= La_ck_o‘ inteqre!tiorj of needed roles to deal with big data into 01010
existing organisational structures

== Lack of appropriate skills towards governing big data 01010

== Lack of skills for utilizing big data 01010
Lack of financial resources to implement necessary change to 10
accommodate big data

Infrastructure-related

{0 = dnsignificant ; 10 = highly signfifcant)

= Availability and compatibility of software systems 01010

== Costs associated with necessary software 01010

= Availability of redundant/supportive built infrastructure 01010

= Costs associated with supportive built infrastructure 01010

I= Lack of integration of big data in wider vision 01010

I= Lack of integration of ICT with political and institutional systems 01010

Z= Lack of appropriate relevant competition policies 01010

== I;;;ui‘tfﬂip;zﬂrijﬁre'er\;_:huilpations,'policies to govern big data 01010
!_ack of app_rqpriate regulations/pelicies to govern big data 10
interoperability

== Lack of appropriate regulations/policies on data sharing 10

= Lack_ of appropriate regulations/policies towards ensuring data 10
quality

= Lack of appropriate regulations/policies to ensure cyber security 10

and personal data protection

People and communities-related

{0 = lnsignificant ; 10 = highly

= Access to technology 01010
I= Perceptions regarding the use of their data 01010
I= Perceptions regarding the security of their data 01010
= Lack of cooperationfinvolvement from other relevant stakeholders 01010
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I'_-'_rm:e B .

= Data generation/acquisition 01010
= Data mining and cleansing 01010
== Data aggregation and integration 01010
= Analysis and modeling 01010
== Data interpretation 01010
£= Translating into actions and policies 01010

If there are significant challenges that are not mentioned above, kindly make a comment below.

Opportunities

“

Benefits of Big Data in Urban Mobility

Kindly rate the significance of the following potential benefits from the more towards big data in developing
cities. Kindly move the sliders (0 = insignificant; 10 = highly significant) or directly type the number (between
0 and 10) in the box on the left side.

== 0Overall capital and/or operational cost savings 01010
= Overall urban resiliency 01010
= Overall safety and security 01010
== Positive economic impacts 01010
== Enhanced services for residents 01010
= Aiding the planning for relevant policy measures 01010
= Aiding the implementation of relevant policy measures 10

= Aiding the evaluation of relevant policy measures 10

£= piding the selection of transport projects 10
Other benefits

Would you like to comment about your answers above, or provide other benefits that might be missing from
the list?

'

Opinion about Level of Priority to be Given

0= not a prianty; 10 = high prionity

In your opinion, what level of priority should be given by governments in developing countries towards
enabling big data technologies in urban transport?

—
=0

Priority Actions by City Authorities

{0 = dnsigndficant ; 10 = agnifincant)
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Based on your knowledge and experience, how would you rate the importance of these actions that city
autharities in developing cities need to take in order to maximize the benefits from big data technologies in
urban mobility?

- SEL_ up direction by integrating how big data can fit into wider 01010
== policies

== Setup appropriate data standards 01010
== Set up personal information/privacy regulations 01010
= Set u!:- appropriate competition policies/regulations that govern 01010
== the big data marketplace

= Provide for training opportunities on big data for existing relevant 01010
== staff

== Hire new staff with required skills relevant to big data 01010
== Hire firms with big data expertise 10

== Invest in supportive hardware 10

= Invest in software and supportive services 10
Other actions

Would you like to comment about your answers above, or provide other actions that should be taken by city
authorities that might be missing from the list?

S

On the involvement of City Authorities

{0 = no involvame ) = full irvodvement)

Based on your knowledge and experience, what level of engagement should city authorities have in relation
to the following 7

I= Big data generation 01010
£ Big data consolidation 01010
== Big data storage 01010
£= Big data analysis and elaboration 01010
== Big data consumption 01010
= Invest in supportive hardware 10

Other insights on the roles of city authorities

Would you like to comment about your answers above?

)

Recommendations

Do you have specific advice to developing cities on how to best enable big data towards aiding urban
transport planning and management? If so, kindly share your thoughts in a few lines below.

r

Best Practice Case Study
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Do you have a specific example (case study or a city experience) of the use of big data towards aiding urban
mobility planning and management that you'd think that developing cities can significantly learn from? Kindly
share below:

r

User Movement Analytics

Challenges and Risks

What do you think are the critical challenges in pursuing “user movements analytics” as a big data solution
towards aiding urban mobility planning and management in developing cities?

5

Benefits and Opportunities

In your own opinion, what are the key benefits and opportunities for pursuing such as solution in developing
cities?

5
Risks

Kindly rate the following risks that are often associated with user movement analytics in terms of
likelihood and severity.

Likelihood Severity
Patential cybersecurity risks High High
Patential negative impacts to employment High High
Patential negative impacts on equality High High
Patential political conseguences High High
Patential negative environmental impacts High High

Likelihood Severity

If there are other significant risks that are not mentioned above, kindly make a comment
below.

5

Ensuring representativeness and accuracy of data

In your own opinion, what are the key actions towards ensuring that sample data generated from user
movement analytics can be useful in informing wider urban mobility planning, management, and policy
measure selection and implementation?

5
Data Subscription Costs

In your opinion, should communications regulatory authorities and relevant agencies in Sub-saharan Africa
introduce mechanisms to reduce data subscription costs to support the uptake of big data, and user
movement analytics? Kindly provide some insights.

5

Recommendations
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Do you have specific recommendations in terms of minimizing the risks, and maximizing the benefits
associated with user movement analytics in the context of developing cities?

]

Best Practices Case 5tudy: User Movement Analytics

If you have a specific case study/studies that highlights best practices relating to user movement analytics in
the context of cities, please kindly share it/them below.

]

UMA-based Indicators

For the indicators provided below in this section {activity), user movement analytics data collection is possible
{using phone telemetry data).

Travel time - Combined average of the total duration of typical return journeys of respondents (from their places of
residence, to locations of primary regular activity, and back home). This could include trips to and from school,
work, shops, etc.

Mode Share - % Distribution of trips based on the main mode of transport (i.e. mode which covers the highest
distance) used by the respondents to reach their primary regular activitiy (e.g. trips to and from school, work, etc.)

Distance travelled per person - Average total distance travelled for typical return journeys of respondents (from
their places of residence, to locations of primary regular activity and back home). This could include trips to an
from school, work, shops, etc.

Period of travel - main period of travel (i.e. morning/afternoon peak or off-peak) by respondents to reach their
primary regular activity location.

Number of Transfers - Average number of transfers (frome one vehicle to ancther, or from one mode to another)
during the trips to reach their primary regular activity destination .

Other Indicators based on User Movement Analytics Data

Are there missing priority indicators that you think can be calculated using such user movement
analytics data, and can be useful for city authorities in terms of urban mobility planning and
management? Please include your suggestions below.

5

SUM Indicators

Mode Share

0= not 3 prianty ; 10 = g Doy

£= Mode share - share of person-kilometers by mode (%) 10
= Mode share - share of vehicle-kilometers by mode (%) 10
Accessibility

0= not a prianty ; 10 = g prordy

% of inhabitants living within 500 meters of frequent public

= transport stops (served by an aveerage of five times an hour; 12 10
minute headway)

o= % of inhabitants living within 500 meters of a public transport

= 10
stop

== % of jobs near public transport stops 10
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% of low income households near rapid transit 10

i

% of jobs and services people have access to in 60 or 90 minutes 10

Number of jobs and urban services accessible within 60 minutes

== by public transport m

Affordability

0= not 3 prianty ; 10 = g Doy

== % household income spent on transport 10

= % of minimum wage that can cover the average costs of 50 10

== puiblic transport trips

== Cost of 10 km bus ride as a percentabe of income 10

Travel Time & Speed

0= not a prionfty ; 10 = high priarity

= Average time (minutes) spent on travel fperson/day 10

= Average speed (km/h) of public transport modes 10

= Average network speed during peak hours 10

== Ratio of free flow over congested speed during peak hours 10

Farebox Recovery

0= not 3 prianty ; 10 = g Doy

= 9 transit operational costs recovered with fares 10

= % subsidy/ fares collected 10
ality of Public 'I'ransp-nrl:

0= not 3 prianty ; 10 = high prk

= Average reliability of services 10

= Off-peak freguency of public transport systems 10

= Level of crowdedness in public transport modes 10

== Level of comfort in public transport modes 10

== Average number of transfers in trips involving public transport as 10

== main mode

== Total time spent on transfers/person/trip 10

== Average transfer time between public transport modes 10

Road Safety

0= not 3 prianty ; 10 = g Doy

= Number of traffic fatalities per 1,000 inhabitants 10

= MNumber of traffic injuries per 1,000 inhabitants 10

Safety and Securﬂ:y

0= not a prionty ; 10 = high prio

= Number of crime incidents in public transport per 1,000 users 10

= MNumber of crime incidents per thousand passenger journeys 10
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Number of reported incidents of sexual aggression in public

= transit/1,000 users 10
= Number of reported incidents per thousand passenger journeys 10
== Perception of safety for women 10
Emissions-related

0= not a prianty ; 10 = high priority

== Total emissions by mode 10
= Average emission factors by vehicle type 10
= % distribution of vehicke fleet by technology type 10
= % distribution of vehicle fleet by age 10
== 9 distrubution of flest by fuel type 10

Other suggestions and comments

If you have comments on the indicators listed above, or insights regarding important indicators that are
missing, kindly tell us below.

y
Would you like to receive updates regarding the results of the study (via email)?

® ves
O No

Would you be willing to take part in a subsequent interview in relation to the topic?

G} fes
O No


























































































