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Executive Summary 

This report presents the results of the evaluation of the Big Data technologies and data collection approaches 
that had been utilised in the pilot cities (Blantyre, Gaborone, Kinshasa, Kigali, Lagos, Maseru) of the 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 portal (https://mobility.observatory.go-africa.org/#/start). 

The report falls under Activity Stream 3 ς Indicators and Technology Evaluation of the HVT Africa Urban 
Mobility Observatory (AUMO) project. This Activity stream features the following main activities: 

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

¶ Drafting of a set of mobility indicators based on the results of the review of the landscape of mobility 
indicators currently being used elsewhere. These were used as the basis for the initial set of indicators 
that had been included in the AUMO web portal; 

¶ Consultations with beneficiary cities and technical experts to assess the Big Data technologies, and 
indicators in the AUMO web portal. 

Methodology 

The methodology used in the evaluation process consists of the following: 

¶ Review of literature: The team reviewed literature related to the relevant challenges (mobility and 
digitalisation), state of practice relating to mobility indicators and Big Data, and investigated relevant 
developments across sub-Saharan Africa. In relation to the indicators, the team mapped out relevant 
regional and global processes, and the corresponding indicator sets and also considered the general 
sets of challenges and priorities of the AUMO cities/countries. The team conducted a dedicated 
exercise to investigate the research literature, focusing on Big Data and mobility, as well as Big Data in 
the African region; 

¶ Drafting an initial set of mobility indicators - The results of the literature review produced an initial set 
of indicators that were used as a guide in defining the approaches related to the data collection 
conducted in the AUMO cities; 

¶ Validation with beneficiary cities and technical experts - The validation exercises were composed of 
the following:  an online survey that targeted experts who work in the field of sustainable urban 
mobility, and who have experience/knowledge about Big Data within the urban mobility realm; online 
interviews with experts; city workshops that in the AUMO action planning cities (Blantyre, Malawi, 
and Kigali, Rwanda); 

¶ Pilot implementation - The lessons and insights from the actual 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 of Key Findings 

Understanding the Challenge 

¶ The trends highlight 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 challenge of providing sustainable, high-
quality, and affordable transportation services, and the associated infrastructure and capacities, is 
becoming increasingly significant. Issues related to the basic tenets of sustainable mobility can be 
seen as commonly present across the region, albeit in different states; 

¶ The gaps in mobility-relevant 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 willingness to share data, lack of attention provided to 

https://mobility.observatory.go-africa.org/#/start
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specific elements of the transport systems (e.g., non-motorised modes), and governance-related 
issues, among others; 

¶ The investigation of the potential for the utilisation of Big Data towards aiding the pursuit of 
sustainability in the mobility sector also entails the investigation of the major enablers of 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 digital divide in the region remains 
more significant as compared to other regions. It is also worthwhile noting that major differences in 
such metrics can be observed within countries in Africa; 

¶ The state of government responses towards addressing mobility issues, as well as those directed at 
addressing digitalisation and data gaps, indicate that there is progress in the region, but there are 
significant opportunities to accelerate this. 

Big Data technologies in urban mobility 

¶ Evidence from the literature highlights a variety of beneficial use cases for the application of Big Data 
in the field of urban mobility. However, these also reflect the diversity and complexity of the 
requirements that must be considered in operationalising the use of Big Data in the field; 

¶ While a rich set of research papers focusing on Big Data in urban mobility has been found at the 
global level, only a few (although increasing) were found to focus on Africa; 

¶ The literature on the concept of Big Data reflects diversity in terms of how the concept is being 
characterised. Some definitions focus on capturing the essence of the data generated itself, while 
some go beyond the data characteristics, and encapsulate related processes, the value addition 
created by the data, and the requirements that are needed to generate and utilise such data. The 
reliance of Big Data on continuous feeds and updates, and thus, the associated processes (e.g.: 
maintenance, management, and updating) should be emphasised in the discussions surrounding the 
concept of Big Data, which would then be helpful in better understanding its nature, and the 
associated requirements; 

¶ Big Data offers opportunities to lower the overall costs of gathering relevant data for planning. It also 
opens novel opportunities for better identifying links between mobility behaviour, and other factors; 

¶ Various challenges are restricting the uptake of Big Data in urban mobility. These typically relate to 
policies, management, infrastructure, and technology, as well as people and communities. The 
experts consulted in this study view policy-related challenges as most significant. Ensuring data 
privacy is critical for Big Data technologies, such as user movement analytics, to be effective;  

¶ The lessons from the pilot implementation are as follows: 
o Data collection permissions and data privacy; 

Á Most territories require formal data collection permission requests to be submitted 
to local authorities before data collection may commence ς these permissions should 
be sought well in advance of campaign commencement; 

Á Data privacy regulations vary across territories ς these must be investigated 
thoroughly; 

Á Data collection through remotely administered technology-driven surveys tools may 
require additional clearances from additional legal entities; 

o Conventional field intercept surveys; 
Á In most cities, except for Blantyre, conventional field intercept surveys proved to be 

the most cost-effective mobility data collection method; 
o Unstructured Supplementary Service Data (USSD)/WhatsApp Surveys and Short Message 

Service (SMS) Marketing Messages; 
Á SMS marketing messages proved to be a cost-effective mechanism through which to 

recruit USSD and WhatsApp survey participants; 
Á USSD and WhatsApp surveys could only be conducted in Lagos and Blantyre since 

mobile network operator costs were found to be too high in Gaborone, Kinshasa, and 
Maseru, while in Kigali, the required data collection approvals could not be obtained; 
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Á The majority of USSD survey participants were unable to complete the survey due to 
the time limit associated with USSD sessions (a reduced length survey would have 
helped overcome this challenge);  

Á In Blantyre, despite many USSD respondents not having sufficient time to complete 
the survey before the session expired, enough participants were able to complete the 
survey to yield a cost per survey lower than any other survey mode (in comparison 
with field intercept surveys, WhatsApp surveys, and User Movement Analytics); 

Á WhatsApp has the potential to be a cost-effective technology to administer mobility 
surveys, although due to marketing campaigns in AUMO cities which favoured USSD, 
few survey respondents chose to participate via WhatsApp; 

Á For large campaigns exceeding 1,000 respondents, due to the economies of scale with 
these technologies, USSD and WhatsApp surveys have the potential to become 
considerably more cost-effective than conventional field intercept surveys; 

o User Movement Analytics (UMA); 
Á UMA is a smartphone-based survey technology developed by GoMetro which 

automatically generates travel diaries ƻƴ ǇŀǊǘƛŎƛǇŀƴǘǎΩ ŘŜǾƛŎŜǎΣ ǳǎƛƴƎ ōŀŎƪƎǊƻǳƴŘ 
location tracking; 

Á This technology can be integrated with existing Android apps, and is also available as 
a standalone app (the iOS version is under development); 

Á The main challenge experienced in trying to integrate with existing Android apps is 
achieving buy-in from prospective app partners (who are usually reluctant to proceed 
with integration, due to concerns that this Ƴŀȅ ǊŜŘǳŎŜ ǘƘŜƛǊ ŀǇǇΩǎ ǎǘŀōƛƭƛǘȅΣ ŀƴŘ impair 
user experience); 

Á The main challenge experienced with the standalone app was poor conversion rates 
in terms of converting campaign advert click-throughs into active participants. 

¶ The consolidated recommendations for cities are the following: 

o Integrate Big Data into urban mobility planning ς As Big Data technologies and applications 

evolve and find their way into developing cities in Africa, city authorities should be 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 regulations ς Elevating the understanding of local 

authorities regarding 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 level. This is necessary for crafting 

supportive local policies and regulations (e.g., bolstering capacities, provision of incentives, 

and setting up appropriate data sharing mechanisms); 

o 5ŜǘŜǊƳƛƴŜ ǘƘŜ ŎƛǘȅΩǎ ǊƻƭŜ ŀƴŘ ōǳƛƭŘ ŎŀǇŀŎƛǘƛŜǎ ς City authorities should consider defining the 

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 

context-specific approach towards strategic capacity building should be taken into 

considerationΦ Lƴ ǘƘŜ ǎƘƻǊǘ ǘŜǊƳΣ ǘƻ ōƻƭǎǘŜǊ Ŏƛǘȅ ƎƻǾŜǊƴƳŜƴǘΩǎ ŎŀǇŀŎƛǘȅΣ ǿƻǊƪƛƴƎ ǿƛǘƘ ǘŜŎƘƴƛŎŀƭ 

consultants and academic institutions could be beneficial; 

o Address infrastructure and technology gaps - The infrastructure challenges 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 to costly hardware ς for example, cloud-

based servers. The determination of infrastructure requirements, the earmarking of local 

funds, and the identification of other funding and financing resources should be explored 

when considering Big Data collection initiatives; 

o Establish mechanisms for collaboration - Developing cities are mostly confronted by 

significant limitations in terms of capacities, skills, and resources. Finding ways to maximise 
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collaboration can help address such issues, and city authorities ς such as by setting-up an 

urban living lab focusing on Big Data and mobility - can explore synergies with other entities 

such as academic institutions, and the private sector; 

o Support the promotion of Big Data - It is important that city authorities actively support such 

initiatives and facilitate dialogue and communication efforts with the relevant stakeholders. 

Leading by Doing is a further strategy that can spur interest and support for Big Data use in 

the mobility sector.  

AUMO sustainable mobility indicators 

¶ The review of relevant global and regional processes that relate to sustainable mobility indicators 

finds that there are a wide set of indicators that are being used and are categorised in various ways. 

Ultimately, clear definitions for any indicator adopted are of primary importance for aiding decision-

making. In the case of the initial set of indicators adopted for the project, more detailed definitions/ 

descriptions had been suggested by the stakeholders; 

¶ The relevance of the initial set of indicators adopted in this project had been validated by the local 

stakeholders, as well as the experts that had been consulted; 

¶ Some indicators had originally been included in the list, but have not been populated with data (e.g., 

affordability, traffic fatalities, Carbon dioxide or CO2 emissions, congestion) as these require data that 

would need to be collected from other (e.g., secondary) sources; 

¶ Additional indicators which capture further dimensions of mobility (e.g., mode shares, road safety, 

and accessibility) had been proposed by the experts and local stakeholders for inclusion; 

¶ The analysis of the data collected in AUMO shows that such can provide 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. As technology gradually becomes an integral part of the day-to-day life of 

citizens, having smart devices can also become a key feedback submission portal. Through non-

invasive data collection techniques, the personal data of the user is protected, and only the data that 

the user wishes to share is shared for processing; 

¶ The key recommendations pertaining to the indicators are as follows: 

o Retain and refine the existing set of indicators - The relevance of the initial set of indicators 

was validated by the local stakeholders and subject matter experts. However, there is a need 

to further refine the definitions as reflected in the portal, and refine the titles of some of the 

indicators; 

o Explore the inclusion of additional indicators - The validation exercise pointed towards the 

benefit of having additional indicators in the portal. For one, the current indicators are 

primarily focusing on urban passenger transport, and the inclusion of urban freight-focused 

indicators should be explored. The use of Big Data (e.g., UMA) also allows for including 

additional indicators, for example, indicators for trip chains and multi-modality; 

o Explore the utilisation of the AUMO data with other sources - Significant information about 

urban mobility (e.g., in relation to choice-making) can be uncovered when effectively 

combining existing Big Data (e.g., user movements) with other data reflecting the physical 

environment, transport services, and socioeconomic factors.  
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1. Introduction 

1.1 Report objectives 

This report presents the results of the evaluation of the Big Data technologies and data collection approaches 
that had been utilised in the pilot cities (Blantyre, Gaborone, Kinshasa, Kigali, Lagos, Maseru) of the High 
Volume Transport (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 portal 
(https://mobility.observatory.go-africa.org/#/start).  

The report falls under Activity Stream 3 ς Indicators and Technology Evaluation of the HVT AUMO project. 
This Activity stream features the following main activities: 

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

¶ Drafting of a set of mobility indicators; 
o Based on the results of the review of the landscape of mobility indicators currently being used 

elsewhere; 
o These were then used as the basis for the initial set of indicators that had been included in 

the AUMO web portal; 
o Finally, consultations with beneficiary cities and technical experts to assess the Big Data 

technologies, and indicators in the AUMO web portal. 

1.2 Report structure 

This report is primarily segmented into four main sections:  

¶ Section 1 provides the background of the AUMO project and how this report fits into the overall 
research design; 

¶ Section 2 provides insights towards understanding the mobility, and the relevant data gaps and 
challenges in the AUMO countries and cities, as well as in the African region, in general; 

¶ Section 3 presents the results of the evaluation of the Big Data technologies and initial set of 
indicators that had been included in the AUMO web portal. It presents the results from the literature 
review, the consultations with the experts and local stakeholders, as well as the insights from the on-
the-ground application of the technologies; 

¶ Finally, Section 4 presents visualisations of the data that had been collected in the AUMO cities.  

1.3 Research background and objectives 

¢ƘŜ !¦ah ǊŜǎŜŀǊŎƘ ǇǊƻƧŜŎǘ ƛǎ ŀ ŎƻƳǇƻƴŜƴǘ ƻŦ ǘƘŜ ǎŜŎƻƴŘ ǇƘŀǎŜ ƻŦ ǘƘŜ ¦ƴƛǘŜŘ YƛƴƎŘƻƳΩǎ CƻǊŜƛƎƴΣ 
Commonwealth and Development Office (FCDO) HVT Applied 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 risks of Big Data 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 clean, affordable, and efficient solution 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 (see Figure 1). Activity Streams 1, 2 and 3 are led by 
GoMetro, UN-Habitat and Wuppertal/Urban Electric Mobility Initiative (UEMI), respectively. Activity Stream 4 
is led collaboratively. These Activity Streams run in parallel, and the outputs generated under one Activity 
Stream are used as inputs to the others. 

https://mobility.observatory.go-africa.org/#/start
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Figure 1: Research activity flow 

 

This report, Deliverable 7, falls under Activity Stream 3. A total of 10 deliverables are associated with the four 
Activity Streams (see Table 1). 

Table 1: Project deliverables per activity stream 

Deliverable Description Activity Stream Submission Date 

Deliverable 0 Inception Report (submitted) 0 31 August 2020 

Deliverable 1 Brief Scoping Report (submitted) 1 30 October 2020 

Deliverable 2 Launch of Big Data Application (submitted) 1 18 December 2020 

Deliverable 3 Web Data Platform (submitted) 4 26 February 2021 

Deliverable 4 Role of Informal Paratransit ς Report (submitted) 2 30 September 2021 

Deliverable 5 Policy and Planning Insights ς Report (submitted) 2 28 January 2022 

Deliverable 6a Workshop and Webinars (Introductory) (submitted) 4 29 October 2021 

Deliverable 6b Workshop and Webinars (Post Data Collection) 4 29 April 2022 

Deliverable 7 Big Data Technology and Indicators Report (this report) 3 31 August 2022 

Deliverable 8 Action Plans 4 31 October 2022 

Deliverable 9 Peer Reviewed Journal Article 4 25 November 2022 
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2. Understanding the Challenge 

Over the last decades, planning and provision of urban transportation has become one of the most striking 
challenges in African cities. This issue is exacerbated by the lack of comprehensive and updated transport data 
that decision-makers need to design adequate evidence-based policy answers. This chapter describes the 
main mobility drivers and trends, transport data gaps and responses in Sub-Sahara African and AUMO 
countries to better understand the challenge. It paves the way for the subsequent analysis of the potential of 
Big Data. This section further presents the state of digitalisation, gaps, and policy answers in these countries. 
This section further presents the state of digitalisation, gaps, and policy answers in these countries, which are 
also useful in subsequent analysis of the potential of Big Data in the region. Sub-Saharan countries are 
understood following the definition of the UN Statistics Division codes for statistical use (1). 

2.1 Cities and mobility trends in Sub-Saharan Africa 

Main characteristics 

Cities in Africa are rapidly growing. In 2020, Sub-Saharan 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 1.8% (2). In fact, the urban population in SSA cities grows at 
twice the pace of the global average and at this rate, urban population is forecasted to reach 1.33 billion in 
2050, compared with the current 470 million (3). This urban growth is even more challenging, as it is often 
decoupled from economic growth. In addition, much of the growth is happening in capital cities and major 
urban agglomerations, aggravating not only transport challenges but also demanding financial resources and 
efforts, leaving little for secondary cities (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 of rapid urbanisation, population growth, and spatial expansion of cities will continue to 
contribute to the soaring increase of mobility needs. Figure 2 and Figure 3 show the demand increase for 
urban transport by 2050, continuously increasing in Sub-Saharan Africa for urban passenger transport, to a 
much lesser extent for urban freight. Sub-Saharan Africa is expected to grow the fastest in terms of urban 
passenger transport activity (5.7% per annum, as compared to the global average of 3.2%), as well as in terms 
of urban freight (4.3% per annum, compared to the global average of 2.2%). 

Figure 2: Urban Passenger Transport Demand, Billion PKM (6) 
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Figure 3: Urban Freight Transport Demand, Billion TKM (6) 

 

Despite these increasing mobility needs, governments have mostly been unable to keep pace with the 
investments in transport services and infrastructure needed to address this demand. The lack of financial 
resources translates into a lack of financial support for collective transport services, poor road conditions, and 
a lack of infrastructure. The issues are further aggravated by planning and policy deficiencies due to 
fragmented governance, multiplicity of institutions, lack of coordination among actors, lack of modal 
integration, and the absence of holistic and continuously updated planning in the entire mobility system (4,7). 

A substantial portion of demand is catered for by paratransit services that operate without public financial 
support and are subject to limited regulation. In ǘƘƛǎ ǊŜǇƻǊǘΣ ǿŜ ǳǎŜ ǘƘŜ ƴƻǘƛƻƴ ƻŦ άǇŀǊŀǘǊŀƴǎƛǘέ (8) or 
ŎƻƭƭŜŎǘƛǾŜ ǘǊŀƴǎǇƻǊǘ ǊŀǘƘŜǊ ǘƘŀƴ άƛƴŦƻǊƳŀƭ ǘǊŀƴǎǇƻǊǘέ (9), since services are not systematically operated 
outside of a formalised or regulated environment.  

Several bodies of research have documented the challenges faced by formal transport companies in the 
second half of the 20th century, resulting in the emergence of paratransit services. In the 1990s, the 
convergence of scarce financial resources due to the absence of public subsidies, low fares and low farebox 
revenue,  mismanagement, and structural adjustment policies that prevented significant public support from 
national governments, led formal transport operators to bankruptcy in many SSA countries (8,10). Following 
this collapse, a first wave of privately-operated collective transport (e.g., mini- and microbuses) emerged to 
fill the mobility gap. Smaller vehicles such as sedans in South Africa or moto-taxis started being used in several 
SSA countries in the context of new globalised vehicle supply chains and facilitating tax regimes (10,11). A 
high diversity of vehicles is found across African cities, including two-, three- and four-wheeled vehicles of 
different sizes and capacities (12). 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 often constitutes more than 80% of collective transport services provided in 
cities. This share significantly varies among SSA countries, from a minimum of 36% in Addis Ababa or 38% in 
Casablanca, to a high number of cities seeing a range of 81 to 91% (Windhoek, Niamey, Algiers, Accra, 
Ouagadougou, Nairobi, Lagos, Bamako), reaching up 93% to 100% in other cities (Conakry, Douala, Dakar, Dar 
es Salaam, Kigali and Kampala) (8). These figures must however be used with caution since mostly based on 
data collected in the 1990s and 2000s (ibid). Paratransit modes play a crucial role in meeting mobility 
demand, which would stay unmet in their absence. In addition, these modes display a series of positive 
features, including their extensive coverage, flexibility, demand-responsiveness, limited vehicle costs and 
fares, which facilitates a minimum level of accessibility. Similar to formal transport services, they also provide 
revenues to drivers, owners, as well as workers involved in maintenance, repairs, or 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 between paratransit providers, 
fragmentation of the offer, and lack of coordination between actors are caused or worsened by the lack of 
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public regulation to cap transport supply. This has detrimental impacts on users for whom providers compete, 
causing speeding, overtaking, or long waiting times to get vehicles filled. On a socio-economic 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 high target systems. Combined with frequent bribes to the police 
(13), these result in meagre driver revenues. On an environmental level, vehicles used in Sub-Saharan cities 
are often bought as used or second-hand (14), often stretching beyond their lifespan planned by the 
manufacturer and are often not well maintained, which contributes to a high number of road crashes (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 safety record.  

While paratransit is a major mode of transport, walking still remains the dominant mobility option in most 
SSA cities (7,17,18). Walking is a primary choice since many urban dwellers cannot afford a personal transport 
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 Kinshasa (17,19,20). Alongside walking, cycling is present in many African countries but, overall, 
not dominant in capital cities (17). Cycling suffers from a range of barriers, including the lack of financial 
resources to buy a bicycle, poor safety of cyclists in traffic, inadequate infrastructure, and challenges of 
covering long travel distances. 

Walking and cycling have traditionally been given low recognition and priority in policy, legislation, budget, 
resources, and space allocation, although this is changing (18). There is a negative perception of non-
motorised transport (NMT) in SSA countries, as passenger cars are associated with high status, wealth, 
prosperity, and education. At the same time, cycling and walking are considered unsafe, outdated, 
inconvenient, unattractive, and a mode of transport for the poor, which tend to be abandoned as incomes 
grow.  

The lack of attention toward NMT infrastructure translates into a poor road safety record in the African 
region, with the continent having the highest road traffic fatality rate worldwide (4). About 40% road fatalities 
are pedestrians, followed by 9% motorised two- and three-wheeler users, and 4% cyclists (21). In the absence 
of safe and dedicated NMT infrastructure, a high proportion of crashes involve pedestrians who have to cross 
arterial roads and streets. This situation is worsened by the absence of street lighting, lack of pedestrian 
crossing facilities, and 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 make long detours. 

In recent years, there has been increasing investments in public transport infrastructure projects, such as Bus 
Rapid Transit (BRT) or Light Rail Transit (LRT) in a few cities, carried by multilateral or bilateral donors. The 
implementation of these projects is impeded by institutional fragmentation (7), Moreover, these projects are 
not without contestation having been criticised on the ground of felt limited impact, perceived lack of 
integration of existing mobility services and workforce (7,17) or the destruction of jobs (13).  

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 population (22,23). An illustration of this 
persisting trend is the recently built elevated expressway in Nairobi, which is available only to the population 
who can afford the toll fee. Although SSA countries have lower rates of car ownership, cars retain their 
desirable status symbol and attraction amongst high-income groups, and ownership is expected to rise as 
incomes do (17,24,25). In addition to private usage, passenger cars are increasingly used for ride-hailing 
services provided by digital platforms. This growth of private motorisation contributes to congestion and the 
deterioration of air quality, the latter being a particularly striking challenge in in Africa, as the region receiving 
the highest number of used light duty vehicles (26). This also raises issues for the end-of-life management of 
these vehicles 

Table 2 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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Table 2: Challenges and related indicators 

Category Challenges AUMO indicators 

Economic 

¶ Macro: traffic congestion impeding economic 
development, city competitiveness and 
attractiveness; 

¶ Macro: inefficient allocation or consumption of 
public financial resources; 

¶ Micro: high share of household income spent on 
travel expenses; 

¶ Micro: opportunities limited by insufficient 
accessibility. 

¶ Affordability; 

¶ Mode share; 

¶ Travel time; 

¶ Congestion; 

¶ Vehicle occupancy; 

¶ Distance travelled. 

Environmental 

¶ 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 & urban sprawl. 

¶ Transport-related emissions; 

¶ Mode share; 

¶ Vehicle occupancy. 

Social 

¶ General lack of accessibility; 

¶ Lack of inclusion for persons with disabilities or 
elderly persons; 

¶ Poor road safety; 
¶ Lack of personal security; 

¶ Situations of sexual harassment, especially faced 
by women; 

¶ Poor quality of life; 

¶ Congestion. 

¶ Accessibility; 

¶ Public transit reliability; 

¶ Public transport comfort; 

¶ Transfers; 

¶ Traffic Fatalities; 

¶ Perception of Driver Behaviour; 

¶ Perceived Condition of 
Public/Paratransit Vehicles; 

¶ Perception of crime on public transport; 

¶ Sexual Harassment. 

In addition to these economic, environmental, and social challenges, issues related to poor governance 
renders more complexities into the mobility landscape. Governance challenges include the dearth of financial 
resources, institutional fragmentation, and inadequate capacities relating to sustainable urban mobility. 
These trends result in misalignment of policies, a lack of regulation of transport supply, combined with 
insufficient policies, or insufficient implementation of existing policies. Lastly, all challenges are likely to 
worsen as the underlying factors are entrenched, e.g., urban sprawl pushed by investments in car-centric road 
infrastructure, congestion linked to the increase of low-occupancy passenger cars, environmental and health 
impacts owing to the increase of motorised second-hand vehicles, or disruptions linked to climate change 
ŜŦŦŜŎǘǎ ǎǳŎƘ ŀǎ ŦƭƻƻŘƛƴƎǎΣ ŀ ǎƛǘǳŀǘƛƻƴ ǉǳŀƭƛŦƛŜŘ ŀǎ άƛƴŎǊŜŀǎƛƴƎƭȅ ŘȅǎŦǳƴŎǘƛƻƴŀƭέ (4).  

Critical action is needed to move towards sustainable urban mobility in SSA cities. The Sustainable Mobility for 
All (Sum4all) 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 4 of Group D, namely the group of countries performing the lowest, worldwide (see Figure 4 
below). Furthermore, the picture is worse when looking at sub-indicators for accessibility and efficiency. Most 
of the SSA countries are found in Group D for the universal access sub-indicator (parameters: rural access, 
urban access, gender). For the efficiency sub-indicator, a large share of them belongs to Group D.  
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Figure 4: SUM4All Sustainable Mobility Index (27)  

 

Table 3 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 Republic of the Congo (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 category D, i.e., the lowest category when it comes to urban access. 
All countries are in group C or D for the sub-indicators of efficiency and safety. Noteworthy, all countries score 
more poorly in terms of air quality than greenhouse gas (GHG) emissions, owing to the still high shares of 
walking and cycling. This denotes an immense potential of SSA cities to shift priorities towards NMT and 
accelerate the decarbonising efforts in transport.  

Table 3: Scores of AUMO countries in the SUM4All Sustainable Mobility Index 

 Malawi Botswana Rwanda DR Congo Nigeria Lesotho 

Income Group Low income Upper 
middle 
income 

Low income Low income Lower 
middle 
income 

Lower 
middle 
income 

Sustainable Mobility 
Index Score 

36.0 41.1 39.5 25.8 33.1 32.8 

Mobility Rank 137/183 109/183 116/183 175/183 150/183 151/183 

Universal Access 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 
pollution, A 
GHG 
emissions 

Group B air 
pollution, B 
GHG 
emissions 

Group C air 
pollution, A 
GHG 
emissions 

Group C air 
pollution, A 
GHG 
emissions 

Group D air 
pollution, A 
GHG 
emissions 

Group B air 
pollution, A 
GHG 
emissions 

Most of the mobility challenges described are found in SSA cities, wide disparities exist within the vast 
geographical scope of Sub-Saharan Africa depending on economic growth and income levels (e.g., strong 
contrasts between South Africa or Nigeria on the one hand and Burundi or South Sudan on the other hand) 
and urbanisation rates (e.g., higher rates in West African countries compared to East African countries) (4). 
The vehicle types operated, 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 data gap(s) 

Researchers consistently identify a daunting problem posed by the lack of data on SSA cities (28). Similarly, 
researchers and practitioners consistently identify a dearth of transport-related data for African cities 
(7,11,14,20,29ς33). 

This scarcity of data covers a myriad of transport-related factors, such as trip characteristics including origin 
and destination, modal shares, and service characteristics including travel times, alongside socio-demographic 
characteristics of users and trip purpose (11,14). Critical data on accessibility in African cities is lacking (7,33). 
Gender-inclusive 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 data is collected 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 evidence-based policies. Table 4 dives deeper into 
the factors explaining the lack of transport data, to refine the understanding of the nature and extent of data 
gaps. 

Table 4: Factors underlying the mobility data gaps 

Factor Explanation 

Cost intensity of 
traditional urban 
mobility data 
collection techniques 

Conventional data collection techniques take the form of travel surveys (onboard, at stops, or 
at the household level) and are conducted manually or via phone interviews require staff, time 
and a large amount of data (14). Most SSA cities do not conduct large-scale, regular surveys 
such as traffic counting, household travel surveys (18,34), or user satisfaction surveys (14). 

Some data are particularly costly to collect via conventional methods. Air quality data 
traditionally use reference stations, which are expensive and require calibration and 
maintenance (35). Innovative low-cost 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 reliability 
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 JICA collected the data in the 
context of the Project on Integrated Urban Development Master Plan (36). 

Imprecise information 
 

When data exist, there may be quality issues regarding indicators. For instance, details on 
the time where indicators were measured may be lacking, or a sufficient level of details on 
these indicators to enable meaningful comparisons (issue found in (8)). In one example, in 
Nairobi in 2013, motorcycle-taxis, whose growth has been significant over the last few years, 
were scrutinised within the aggregated category of two-wheelers, 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 non-formalised, a number of such services 
do not have licenses or tax registrations. This may particularly be the case for for-hire modes, 
such as motorcycle-taxis. For instance, neither decision makers nor transport representation 
associations know the exact number of motorcycle taxi operators in cities such as Nairobi, Dar 
es Salaam, or Kampala, as some operators provide services without a public transport license, 
driving license, or use a motorcycle registered as a vehicle for private use only (37ς40). The 
lack of transport representative associations, or the competition between several existing 
associations, may also hinder getting an overall picture. Cash payment practices do not enable 
data collection via digital payment means. 
In addition, the heterogeneity of services complicates the way in which these modes are 
understood. Jia et al. (14) highlight that the behaviour of paratransit providers differs from 
the scheduled public transport 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 most of the current policies lack quantification or 
measurable goals. In a survey published in 2016 by UN Environment, 46% of officials in 
African countries surveyed responded that they do not report NMT successes or challenges, 
contributing to a deficit in NMT data (41). In addition, when reported, reporting was done 
through media releases or internal reports or reviews, but not via publicly available annual 
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Factor Explanation 

reports. In addition, reporting on NMT was often by means of media releases or internal 
reports or reviews, but not via publicly available annual reports. 

Existing data but not 
communicated to 
public authorities 
 

Stakeholders other than public institutions have data on mobility patterns but may not 
provide them to the government in the absence of data-sharing requirements, or the 
government may not be aware of the existence of this data. Such stakeholders are, for 
instance, digital ride-hail platforms ς scarcely sharing data (42)-, asset financing companies 
providing access to vehicles and monitoring them, insurance companies, or electric mobility 
companies collecting data on patterns of fossil-fuel vehicles before starting pilots with 
electric vehicles, yet not sharing for reasons of privacy or business protection (43). The exact 
issue may differ from country to country, depending on the regulatory framework. To 
address this issue, the importance of data-sharing in African countries, for instance by digital 
minibus operators to the government, has been stressed (44). 

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 with all the AUMO cities took place on the 16th of November 2021, gathering 
24 participants collectively discussing existing challenges in their cities and missing data, which are 
summarised in Table 5. Among challenges, a strong focus on accessibility, conditions of collective transport 
όǇǳōƭƛŎ ǘǊŀƴǎǇƻǊǘ ǾŜƘƛŎƭŜ ŎƻƴŘƛǘƛƻƴǎΣ ŘǊƛǾŜǊǎΩ ōŜƘŀǾƛƻǳǊΣ ǇƻƻǊ ŜȄǇŜǊƛŜƴŎŜǎ ƛƴŎƭǳŘƛƴƎ ǎŜȄǳŀƭ ƘŀǊŀǎǎƳŜƴǘύΣ 
frequency, congestion, environmental challenges, lack of consideration of sustainable modes such as walking 
and cycling in decision-making, with lastly governance challenges, was identified. 

A further assessment of the specific data gaps in the six countries was conducted 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 the 14th and 15th of December 2021.   
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Table 5: Identification of mobility challenges and data gaps 

Current situation, challenges, and data gaps 

Today 
²ƘŜǊŜ ŀǊŜ ȅƻǳ ǘƻŘŀȅΚ ²Ƙŀǘ ŎƘŀǊŀŎǘŜǊƛǎŜǎ ȅƻǳǊ ŎƛǘȅΩǎ Ƴƻōƛƭƛǘȅ ŎƛǊŎǳƳǎǘŀƴŎŜǎΚ 

- Air pollution 
- Long travel times 
- Bad driver behaviour 
- Irregular and unpredictable public transport 
- Congestion 
- Public transport vehicle condition 
- Weak institutional structure 

Challenges 
What challenges do your city need to overcome? 

- Reduction of ICE PT vehicles 
- Duplication of institutional 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 users given in relation to overall decision making in urban mobility 
- Personal security in public transport for all users with specific attention to women and children; common situations 

of sexual harassment, not sufficiently addressed   

Data Gaps 
What data do you need for your desired mobility future? 
What transport data is missing? 
All Cities 
Participatory workshop 16.11.21 

- Need for data on modal split to inform decision-making and investments 
- Air quality data: access to affordable air quality monitors 
- Data on public transport vehicle reliability 
- Data collection on experiences of sexual harassment 

Blantyre 
Participatory workshop 15.12.21, literature review 

- Constraints to conducting large-scale surveys and data analysis at both national and local levels 
- Only summarised data provided by external organisations or consultants 
- Underreporting of road crashes in the National Road Safety Council database, e.g., fatalities en-route or at arrival at 

hospitals, or in the absence of involvement of the police. In general, challenge to find reliable information on road 
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, with 

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 of reliability of the data, limited disaggregated data, scattered data, absence of historical data 

- Unclear use: challenges of using the data for planning purposes 

- Reluctance of app developers to share data 

- On the positive side, opportunities for innovative data collection via cashless payment in buses 

Following the assessment of transportation trends, characteristics, and data gaps, understanding the 
potential for Big Data in Sub-Saharan African cities requires analysing the regionΩs state of digitalisation. 
5ƛƎƛǘŀƭƛǎŀǘƛƻƴ ƛǎ ƘŜǊŜ ǳƴŘŜǊǎǘƻƻŘ ŀǎ άǘƘŜ ǎǇǊŜŀŘ ŀƴŘ ǳǎŜ ƻŦ ŘƛƎƛǘŀƭ ǘŜŎƘƴƻƭƻƎƛŜǎ ς the internet, mobile phones 
and other tools and processes- ǘƻ ŎƻƭƭŜŎǘΣ ǎǘƻǊŜΣ ŀƴŀƭȅǎŜ ŀƴŘ ŜȄŎƘŀƴƎŜ ƛƴŦƻǊƳŀǘƛƻƴ ŘƛƎƛǘŀƭƭȅέ (45). 



 
 

11 
 

AFRICA URBAN MOBILITY OBSERVATORY ς BIG DATA TECHNOLOGIES AND INDICATORS REPORT 

2.3 The digitalisation challenge 

Digitalisation has been progressing rapidly in Sub-Saharan Africa over the last decade: significant 
improvements have been achieved in terms of infrastructure coverage, quality of networks, internet usage 
and knowledge (see Figure 5). 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 coverage ς the population living within reach of a mobile 
cellular signal ς is reaching 88.4% (47). In some areas, the Sub-Saharan African region is a digital frontrunner 
driven by the penetration of mobile phones, the use of mobile rather than fixed broadband 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 shown by Figure 6. 

Figure 5: Sub-Saharan Africa: Enhanced Digital Access 
IndexτEvolution of Sub-Indices (45) 

 

Figure 6: Number of mobile money services per country, 
2020 (48) 

 

However, the digital divide remains very large. Compared with the global average, digital readiness in the Sub-
Saharan African region is relatively lagging, as illustrated in Figure 7 which compiles a critical number of 
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% worldwide (46). The divide is less for mobile-
cellular subscriptions ς 83 subscriptions per 100 inhabitants in SSA versus 106 worldwide ς but is 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 15.89%  (46,49). Reasons for this digital divide include a lack of 
affordability, quality (low speeds) and digital skills (45). 

Figure 7: Digital Connectivity: country groupings under K=3 clusters  

 

Note: AǳǘƘƻǊǎΩ ŎŀƭŎǳƭŀǘƛƻƴǎ based on various references (42, 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 attention (50). In one example, Figure 8 

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 significant gap. Figure 9 refines the analysis, 

adding the evolutions in the six (6) AUMO countries (Malawi, Lesotho, Rwanda, Botswana, DRC, Nigeria). One 

country, Botswana, is above the world average. Lesotho and Nigeria are above the SSA average, while Rwanda 

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.  

Figure 8: Individuals using the internet in the World and 
in SSA (% of population, (46)) 

 

Figure 9: Individuals using the internet in Malawi, 
Lesotho, Rwanda, Botswana, Congo, Dem. Rep., Nigeria 
(% of population, (46)) 

 
  

To understand the challenge, it is crucial to assess the situation in each of the six countries under study. 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 digitalisation is closely linked to the level of 

economic development (45).  

Table 6: Key ICT indicators in the world, SSA and the AUMO countries 

 Global SSA DRC Malawi Rwanda Lesotho Nigeria Botswana 
Income levels         

GNI per capita, current USD, 
2020 

11077 1507 550 580 780 1100 2000 6640 

Network coverage         
Population covered by a 
mobile-cellular network (%), 
2020  

 
88.4 

(2019) 
70.00 86.00 99.94 98.00 90.80 98.00 

Population covered by at 
least a 3G mobile network 
(%), 2020  

 
77% 

(2019) 
54.00 86.00 98.07 98.00 74.49 97.00 

Population covered by at 
least a 4G mobile network 
(%), 2020  

 
 40.00 64.57 98.07 67.00 40.53 77.00 

Mobile phone access         
Mobile-cellular subscriptions 
per 100 inhabitants, 2020  

106.00 83.00 45.55 52.30 81.95 72.94 99.07 162.84 

Mobile broadband basket as 
a % of GNI p.c., 2020  

  32.31 20.02 6.88 6.29 1.71 1.05 

30.0

59.9

0

10

20

30

40

50

60

70

1990 1995 2000 2005 2010 2015 2020

Sub-Saharan Africa (excluding high income) World

64.0

13.6

43.0 

9.9

35.5

26.5

0

10

20

30

40

50

60

70

1990 1995 2000 2005 2010 2015 2020

Botswana Congo, Dem. Rep.

Lesotho Malawi

Nigeria Rwanda



 
 

13 
 

AFRICA URBAN MOBILITY OBSERVATORY ς BIG DATA TECHNOLOGIES AND INDICATORS REPORT 

 Global SSA DRC Malawi Rwanda Lesotho Nigeria Botswana 
Mobile cellular basket as a % 
of GNI p.c., 2020  

  17.19 22.11 4.30 6.74 2.40 1.05 

Mobile data and voice basket 
(high consumption) as a % of 
GNI p.c., 2020  

  69.46 64.58 17.71 14.89 3.53 3.17 

Mobile data and voice basket 
(low consumption) as a % of 
GNI p.c., 2020  

  33.35 30.99 8.85 10.58 3.42 1.86 

Internet use         
Active mobile broadband 
subscriptions per 100 
inhabitants, 2020  

  23.31 35.66 42.84 64.67 41.69 95.26 

Individuals using the 
Internet, total (100%), 2020  

59.94 30.04 13.60 null 26.50 43.00 35.50 64.00 

Mobile social media 
penetration, 2019 

  3.52 2.67  19.58 13.34 41.97 

International bandwidth per 
Internet user (kbit/s), 2020  

  9509 null 15501 9356 8648 47553 

ICT access at home         

Fixed broadband 
subscriptions per 100 
inhabitants, 2020  

15.89 0.60 0.03 0.06 0.14 0.24 0.03 11.04 

Fixed broadband 
subscriptions: >10 Mbit/s 

  null 436 12575 null 11141 2168 

Fixed broadband 
subscriptions: 2 to 10 Mbit/s, 
2020  

  null 7420 3337 null 9034 5409 

Fixed broadband 
subscriptions: 256kbit/s - 
<2Mbit/s, 2020  

  null 4399 1773 null 45138 14132 

Fixed broadband basket as % 
GNI, 2020  

  null 108.10 125.06 6.20 22.10 4.40 

Fixed-telephone 
subscriptions per 100 
inhabitants, 2020 

12.00 1.00 0.00 0.07 0.09 0.54 0.05 5.95 

Households with a computer 
at home (%), 2019 

  null null null 5.12 null 27.80 

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

The following are findings from this comparative analysis: 

¶ Connectivity levels significantly vary across these six countries. The variation is particularly strong for 

the number of mobile-cellular 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 for the use of 

internet, with active mobile broadband subscriptions reaching circa 95% of inhabitants in Botswana, 

65% in Lesotho, 42-43% in Rwanda and Nigeria, versus 36% in Malawi and 23% in DRC. This is further 

reflected in the number of individuals using the internet, wildly varying between 94% in Botswana, 

43% in Lesotho, 35% in Nigeria, 26% in Rwanda and 14% in DRC; 

¶ Countries with a higher GNI per capita tend to have better connectivity, with higher scores found for 

Lesotho, Nigeria and Botswana and lower scores for the DRC or 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 mobile-cellular network and the population covered by at least 

a 4G mobile network (highest coverage), or a higher number of mobile-cellular 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 inhabitants and internet use; 
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¶ As is also generally found in SSA, mobile broadband is more widespread than fixed broadband in the 

six countries under study. The number of fixed broadband subscriptions per 100 inhabitants is 

particularly low; even the highest figure for Botswana (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 pre-existing telecommunication infrastructure; 

¶ Affordability remains a key challenge. In DRC and Malawi, all broadband baskets (mobile broadband, 

mobile cellular, mobile data, and voice) reach prohibitive levels compared to the GNI per capita, 

reaching even 65-59% in the case of high consumption of mobile data and voice basket. In Rwanda 

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 GNI per capita, all costs remain below a 3% threshold. 

As indicated by the ITU (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; 

¶ Two major data gaps are: rural versus urban connectivity and gender-focused data. Data is available 

at the country level but 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 gap, particularly strong 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 indicators 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, particularly Big Data, in Sub-Saharan African countries, may vary from 

country to country, and there is high heterogeneity in mobile penetration and internet use. Impacts on data 

collection and appropriate answers will be explored in Chapter 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 policy trends 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 challenge: 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 paratransit, lack 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 
ŀƴŘ ƭŀŎƪ ƻŦ ƛƴǎǘƛǘǳǘƛƻƴŀƭ ŎƻƻǊŘƛƴŀǘƛƻƴΦ ¢ƘŜ άwƻƭŜ ƻŦ LƴŦƻǊƳŀƭ tŀǊŀǘǊŀƴǎƛǘ wŜǇƻǊǘέ ŀƴŘ ǘƘŜ άtƻƭƛŎȅ ŀƴŘ tƭŀƴƴƛƴƎ 
LƴǎƛƎƘǘǎ wŜǇƻǊǘΣέ ŘŜǾŜƭƻǇŜŘ ŀǎ ǇŀǊǘ ƻŦ ǘƘŜ !¦ah ǇǊƻƧŜŎǘ ό5ŜƭƛǾŜǊŀōƭŜǎ п ŀƴŘ рύΣ ŘŜǘŀƛƭ ǘƘŜǎŜ ŎƘŀƭƭŜƴƎŜǎΣ ŀǎ 
well as the policy answers and remaining gaps. 

Lƴ ǇŀǊǘƛŎǳƭŀǊΣ ǘƘŜ άtƻƭƛŎȅ ŀƴŘ tƭŀƴƴƛƴƎ LƴǎƛƎƘǘǎ wŜǇƻǊǘέ (20) shows that most of these six countries have 
recognised the challenges and developed national or local policies supporting sustainable mobility. These 
responses translate into short and medium-term measures addressing climate change mitigation and 
adaptation, road safety, air quality, urban development, and transport planning. However, the report also 
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indicates that implementation is lagging and identifies further needs to improve urban mobility (please refer 
to 0). 

2.4.2 Governmental responses to the digitalisation and data gap challenge 

Section 0 has shown that connectivity issues persist, especially in countries with lower GNI per capita and that 
affordable access remains a problem. However, steps have already been taken in African countries to bridge 
the digital divide. The six countries scrutinised here have established measures towards improved 
digitalisation in general and in particular access to transport data (20).  

As a first step, governments across the AUMO countries are developing and implementing nationwide visions 
ŀƴŘ ǇƭŀƴǎΦ ¢ƘŜǎŜ ǊŀƴƎŜ ŦǊƻƳ .ƻǘǎǿŀƴŀΩǎ ±ƛǎƛƻƴ нлосΣ ǿƘƛŎƘ ŀƛƳǎ ǘƻ ƛƳǇǊƻǾŜ ŘƛƎƛǘŀƭ ŀŎŎŜǎǎ ŀƴŘ ŘŜǾŜƭƻǇ ŀ 
corresponding legal framework, to NigeriaΩs Agenda 2050, which focuses on digital connectivity (20). Other 
initiatives include the digitisation of government agencies, as Malawi is aiming for under its Digital 
Government Strategy 2019, or the e-Government infrastructure project in Lesotho (55,56). Rwanda, which is 
part of the SMART Africa initiative, targets the digitalisation of the transport sector in its 2050 Transport 
Master Plan for Kigali and developed 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 inclusive data-driven 
management and planning, efficient community-based infrastructure and services together with localised and 
collaborative innovation (57). In addition, countries under study have set ambitious accessibility targets and 
adopted universal access and service delivery strategies (47). These visions and plans also include investment 
in ICT infrastructure. Rwanda is leading in terms of connectivity, having 99% of the population being covered 
by mobile networks and 98% having at least a 3G or 4G mobile network (see Table 6).  

Measures from an institutional perspective include the expansion of transport institutions for data collection 
or the introduction of digital administrative services. MalawiΩs National Transport Master Plan suggests that 
the Ministry of Transport should play a greater role in collecting, storing, and analysing transport data for 
monitoring and research and is recommended to lead the development of a strategic framework and 
repository for transport-related 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 project. The project focused at technical and skills capacity development, 
as well as methods and means to facilitate data collection, digitisation, and dissemination (58).  

In Rwanda, the introduction of digital administrative services, such as an integrated e-services portal by the 
Rwanda National Police (Department of Transport and Road Safety), are under development. This portal 
makes it possible to complete services such as applying and registering for a provisional driverΩs license test or 
paying fines online. A similar example from SSA, is the Transport Integrated Management System (TIMS) 
established by the National Transport and Safety Authority in Nairobi in 2016. TIMS is a digital online platform 
that stores motor vehicle registration and transfers, licensing, and inspection data, which is linked with other 
governmental institutions and brings together all transport sector stakeholders. Including, for instance, 
financial institutions, vehicle dealers and transport service operators (59). 

In addition, policy implementation and regulatory frameworks have been advancing in all AUMO cities. For 
example, Malawi has enacted the Electronic Transactions and Cyber Security Act to create a responsive legal 
framework for information and communications to enable competition, ICT development and MalawiΩs 
participation in the information age and economy (60). Another example include the Regulation on Governing 
Licensing in Electronic Communication issued by the Rwanda Utilities Regulatory Authority (RURA), which 
creates a legal framework to increase efficiency of licensing, processes and procedures in the ICT sector (61). 

To protect telecommunications users, Botswana, Rwanda, the Democratic Republic of Congo, Nigeria, and 
Lesotho have enacted legislation or regulations (47). The data dissemination policy issued by Statistics 
Botswana provides a 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 and publication (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, 2021 (63). It describes what constitutes 
personal data and sets out the rights and obligations of all parties involved in the processing of personal data, 
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i.e., data processors, data controllers and data subjects (64). On November 25, 2020, a law on technology and 
telecommunications was enacted in the DRC. As the legal toolkit lacked provisions that could ensure the 
protection of individualsΩ privacy and personal data, various measures were taken, including the 
establishment of mechanisms to protect personal data (65).  

In Nigeria, data protection is firstly anchored in the Constitution of the Federal Republic of Nigeria of 1999 
and secondly, the Nigerian Data Protection Regulation (NDPR) of 2019. Furthermore, Nigeria has enacted a 
Data Protection Bill and published an implementing framework for the NDPR in 2020 (66ς68). These aim to 
provide a legal framework for the protection of 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 Nigeria. The Data Protection Bill specifically applies to the collection, 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 processor (69). In 
addition, in 2022 the Republic of Nigeria 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 Nigeria (68).  In Lesotho the 
Data Protection Act sets out the principles for regulating the processing of personal data to protect and 
reconcile the fundamental and competing values of personal data protection. It applies to a data controller 
who resides in Lesotho, uses automated or non-automated means in Lesotho, or where automated or non-
automated means are used only for the onward transmission of personal data. The Data Protection Act does 
not apply to personal data collected during a purely personal or domestic activity, anonymised data, data 
collected by or on behalf of the state and relating to national security and defence or public safety, or data 
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 expression (70). In the area of data protection, 
Rwanda has a law 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-
automated means and to the data controller, data processor or third parties handling the data (71). RURA 
requires that any licensed company wishing to outsource its systems, operations, or services to a third party 
must obtain prior approval from RURA (72). Moreover, there is a law that allows the public to access 
information from public and private organisations. This law contains the modalities to promote the 
publication and dissemination of information (73). In the case of Malawi, a study found that the 
understanding of data protection concept is limited in the country, as translation into local languages often 
does not fully reflect the meaning (74).  Data protection is currently addressed under the Malawi Constitution 
and the Electronic Transactions and Cybersecurity Act of 2016. To date, 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 parliament in 2022 or early 2023 (68). 

The Transport and Policy Planning Insights Report (Deliverable 5 (20)) presents a series of recommendations 

to foster digitalisation and improve the access to transport data. These include the creation of a multi-agency 

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 different ministries and 

organisations with cross-sectoral relevance in Rwanda, or the establishment of an observatory for the 

collection and analysis of urban mobility data in Lesotho. The purpose of the preceding sub-section was to 

provide a general overview of the 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 projects have been initiated across Africa to address mobility data gaps 
and their potential for cost-effective and convenient data collection is now widely recognised (4). 

Geospatial data such as roads or points of interest are one of the fundamental elements when it comes to 
transport data. In this respect, the Open Street Map community is significantly contributing to the 
improvement of data availability. Initiatives like the Humanitarian Open Street Map Team map roads, bus 
stops, or transport infrastructure with the help of local and remote volunteers. To validate these web-based 
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maps derived from satellite imagery, local members help to concretise and evaluate the accuracy of these 
maps (75). 

According to the World Resources Institute (WRI), at least 105 million people in African cities do not have 
reliable information about their transportation systems (76). 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 organisations involved 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 public transit and minibus taxi 
systems (76). Paratransit data collection includes four key dimensions: Network, infrastructure, vehicle fleet 
and passenger experience (14). Jia et al. describe various methods of data collection using mobile app-based 
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 fleets, as well as the conduct passenger experience surveys using a customised mobile application 
(77). 

In addition, cashless fare collection systems, Global Positioning System (GPS) tracking devices in vehicles and 
onboard cameras can enhance data availability in public transport systems (14). Many initiatives in this field 
aim to develop and openly share General Transit Feed Specification (GTFS) feeds. GTFS data is a standardised 
data specification for public transit data. The data consists of a timetable layer and a real-time layer. The 
schedule layer contains timetable, fare, and geographic traffic information, while the real-time layer contains 
arrival forecasts, vehicle locations and operational information. The format is used internationally by several 
transit agencies and can be processed by various software applications (78) DT4A currently provides GTFS 
datasets for several African cities (79). 

Complementing traditional household mobility surveys, mobile phone logs, or Unstructured Supplementary 
Service Data (USSD) surveys offer an additional way to collect data on travel demand. While initiatives that 
leverage Big Data are still rare, 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 provide real-time information about traffic accidents in 
Nairobi, Kenya (80).  

Table 7 below shows a collection of use cases drawn from academic articles and websites of organisations 
involved in digital and open data projects. 

Table 7: Transport-related initiatives to fill the digital divide in Africa 

City, Country Description Result/ Potential impact 

GPS tracking devices 

Sub-Sahara Africa  Across sub-Saharan Africa, several companies 
started to deploy GPS tracking devices in 
paratransit vehicle fleets. Examples include 
Netstar, CarTrack and MixTelematic (14). 

¶ Real-time GPS tracking and monitoring. 

Mobile applications & mobile phone signalling 

!ōƛŘƧŀƴΣ /ƾǘŜ ŘΩLǾƻƛǊŜ eWarren is an application designed to 
capture informal traffic in parts of Abidjan. 
DT4A will support the company in this project 
until 2023 (76). 

¶ Generation and publication of the 
informal transport network (in GTFS); 

¶ Offers passengers the possibility to get 
an overview of the available informal 
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 the 
network, infrastructure, operations, vehicle 
fleet and rider experience of paratransit 
services. Data collection methods consist of 
Network Discovery surveys, Road & Facility 
Surveys, Onboard & Rank Count surveys, 

¶ Enables analysis of status quo and gaps 
in the system; 

¶ Provides insight into opportunities for 
the different public transit system 
elements. 
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City, Country Description Result/ Potential impact 

Vehicle Age & Operational cost surveys and 
Rider Experience surveys (14). 

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

¶ Estimation of passenger demand; 

¶ Enables public transport operators to 
analyse their public transport offerings; 
¶ Aids the efficient planning of new 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 Shot, 
and the Massachusetts Institute of 
Technology. Financial support from the 
Kenyan government. Operational support 
mainly from the Kenya Institute for Public 
Policy Research and the Kenya Open Data 
Initiative (82).   

¶ Mapping of paratransit; 

¶ Creation of a public transport map; 

¶ GTFS 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 Open-Source Multi-Modal 
Journey Planner for Semi-Formal Public 
Transport by the Trufi Association. 

¶ Collection and digitisation of public 
transport routes and timetables; 

¶ Creation of standard GTFS; 

¶ Provision of server for door-to-door 
route planning; 

¶ Development 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 used 
by about 670,000 users per day. The data 
collected has not been published and there 
are no known plans to do so (83). 

¶ Validation of payments; 

¶ Vehicle location, speed monitoring; 

¶ Fraud control; 

¶ optimising operations. 

South Africa Passengers scan their closed-loop or FairPay 
card when boarding taxis (14). 

¶ No cash needed; 

¶ Integration of the population into the 
banking system; 

¶ Generation of data. 

Onboard cameras & video feeds 

South Africa iSaha in South Africa collects camera data and 
interviews passengers while they are 
traveling (14).  

¶ Passenger counts and GPS locations; 

¶ Helps to determine the business value 
of the taxi operations through financial 
modelling. 

Kampala, Uganda MapUganda and Transport for Cairo jointly 
conducted a mapping exercise to map the 
paratransit system and explore street usage 
in Kampala. The project was conducted from 
2019 to 2020 (84). Next to a mobile 
ŀǇǇƭƛŎŀǘƛƻƴ ŎŀƭƭŜŘ άwƻǳǘŜ hōǎŜǊǾŜǊΣέ ǘƘŜ 
project used video feeds for traffic counts 
and classified vehicles with the help of 
Machine Learning techniques (85).  

¶ Creation of a map (mapping of the 
paratransit network); 

¶ Creating a GTFS with estimated travel 
times; 

¶ Modernisation of the minibus industry; 

¶ Integration of commercial and transport 
activities in the public space (86). 

Digital data platforms 

Bamako, Mali Data Transport is an Non-government 
organisation (NGO) operating in Western 
Africa. The initiative develops data collection 
approaches suitable for the African context 

¶ Provides collections of transit data in 
GTFS format & maps; 

¶ Development of an open-source editor 
for GTFS feeds; 

¶ Web application to visualise data. 

https://git.digitaltransport4africa.org/data/africa/kampala/-/blob/master/Map/11052020_kampala_transitmap_intercity.pdf
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City, Country Description Result/ Potential impact 

and provides transit data on their open data 
platform (87). 

Social media mining 

Nairobi, Kenya Research funded by the UK Foreign, 
Commonwealth & Development Office and 
ǘƘŜ ²ƻǊƭŘ .ŀƴƪΩǎ YƴƻǿƭŜŘƎŜ ŦƻǊ /ƘŀƴƎŜ 
Program. Social media data between 2012 
and 2020 was scraped from the premium 
Search Tweets Full Archive API. Combination 
of different datasets and machine learning 
techniques (80). 

¶ The goal is to increase road safety; 

¶ Combination of social media data, 
landmarks, and roads to determine 
approximate crash location; 

¶ Development of a real-time road traffic 
crash map for Nairobi to support urban 
planning. 

2.5 Summary 

The trends presented in this section highlight 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 challenge 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, environmental, social) 
can be seen as commonly present across the region, albeit at different states. Existing indexes (e.g., the 
SUM4all index) have scored the AUMO countries into the lowest categories in terms of sustainable mobility, 
for example.  

The gaps in mobility-relevant 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, lack of attention provided to specific elements of the 
transport systems (e.g., non-motorised modes), governance-related issues, among others.  

The investigation of the potential for the utilisation 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 digital divide 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 gaps relating to gender-focused data. 

The state of responses towards addressing mobility issues, as well as those directed at addressing 
digitalisation and data gaps shows that a lot of movements are happening in the region, but there are 
significant opportunities for accelerating such. These insights are taken towards investigating the potential, as 
well as the associated challenges and risks for the utilisation of Big Data in aiding the pursuit of sustainability 
in urban mobility in the region as discussed in Section 3. 
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3. Evaluation of Big Data technologies and indicators used in the AUMO project 

3.1 Introduction  

This section provides the results of the evaluation of the Big Data technologies and data collection approaches 
used in the AUMO project, as well as the initial set of indicators included in the AUMO portal. This section has 
four main parts, Section 3.3 discusses the findings from the literature review and is sub-divided to reflect the 
insights relating to a) Big Data; and b) sustainable mobility indicators. Section 3.4 presents the results of the 
interactions with experts and local stakeholders to gather additional insights relating to Big Data technologies, 
and sustainable mobility indicator prioritisation. Section 3.5 presents the findings from the on-the-ground 
implementation of the Big Data technologies and data collection approaches. Finally, Section 3.6 summarises 
the main recommendations based on the overall findings.  

3.2 Methodology 

The study team conducted the following activities in relation to the evaluation of the sustainable mobility 
indicators and the Big Data technologies (and its applicability and potential in the AUMO cities).  

Review of literature 

The team reviewed the state of practice relating to sustainable mobility indicators (Section 3.3.2), and Big 
Data and urban mobility (Section 3.3.1).   

Drafting of an initial set of mobility indicators 

The results of the literature review produced an initial set of indicators to reflect the sustainable mobility 
indicators and the review of the challenges and priorities in the region. The indicators were used as a basis for 
initialising the content of the AUMO portal and were used as a guide in defining the approaches related to the 
data collection (e.g., survey forms; linking specific approaches to input data for specific indicators) conducted 
in the AUMO cities. Section 3.3.2.1 presents the selected indicators based on the literature review.  

Validation of the indicators with beneficiary cities and technical experts 

The validation exercises are composed of the activities described below which are further discussed in Section 
3.4: 

Expert Survey  

An online survey that aimed at gathering insights from experts ς as well as other stakeholders who work in 
the field of sustainable mobility - was conducted between March 18 and April 10, 2022. The study team 
disseminated the form through a combination of a) direct emails to a list of individuals and partner 
institutions whom the study partners had direct contacts with, and who were identified to have been working 
on the topic of Big Data and sustainable mobility (including those that had been identified who had worked on 
such topics in the African Region); b) a wider dissemination of the form through relevant communication 
channels such as LinkedIn and twitter. This survey focussed on Big Data in general, user movement analytics 
(or UMA, which was tested in the pilots), and sustainable urban mobility indicators. The respondents were 
asked questions based on their level of familiarity with these topics (i.e., those who answered that they are 
ŜƛǘƘŜǊ άŜȄǘǊŜƳŜƭȅ ŦŀƳƛƭƛŀǊΣέ άǾŜǊȅ ŦŀƳƛƭƛŀǊΣέ ŀƴŘ άǎƻƳŜǿƘŀǘ ŦŀƳƛƭƛŀǊέ ǿƛǘƘ ǘƘŜ ǎǇŜŎƛŦƛŎ ǘƻǇƛŎǎ were shown 
questions relevant to the topics). A total of 27 sets of valid responses were filled out. The survey form is 
available under Appendix E:  

Expert Interviews  

In addition to the online survey, the team conducted interviews with experts who either work in the field of 
sustainable urban mobility in Africa, Big Data in the context of developing cities/countries, or both. These 
interviews were semi-structured and were based on the main themes of the online survey, particularly on the 
topic of Big Data in developing cities (whenever possible, the discussions focussed on insights relating 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. In ŀŘŘƛǘƛƻƴΣ ŀ ŎƻǳǇƭŜ ƻŦ ƻǘƘŜǊ ŜȄǇŜǊǘǎ ƻǳǘǎƛŘŜ ǘƘŜ ǊŜǎǇƻƴŘŜƴǘǎΩ ƭƛǎǘ ǿŜǊŜ ƛƴǘŜǊǾƛŜǿŜŘ 
as they had directly been working on the topic of mobility and digitalisation in the African region. The team 
interviewed twelve experts. Refer to Annex F. 

City Workshops 

The city workshops held in Blantyre (August 3-4, 2022) and Kigali (August 17-18, 2022) were also used to 
gather insights relating to the indicators and the application of Big Data methods 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 that are 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 

The lessons and insights from the actual 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. The 
details of the data collection conducted as part of the pilots are presented in Section 3.5. The resulting data 
from the pilot implementation are presented in Section 4. 

3.3 Insights from the literature review 

3.3.1 Big Data and Big Data technologies 

3.3.1.1 Concept of Big Data 

Big Data is often cited as a tool to transform and revolutionise a wide range of sectors and an area of research 
that can accelerate progress across a broad spectrum of priorities (88). An 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 frequently mentions the rapid increase in available data that is, on the 

ƻƴŜ ƘŀƴŘΣ ŎƻƳǇƭŜȄ ŀƴŘ ƘŜǘŜǊƻƎŜƴŜƻǳǎ ŀƴŘΣ ƻƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΣ Ŏƻƴǘƛƴǳƻǳǎƭȅ ƎŜƴŜǊŀǘŜŘ ŀƴŘ ǎǘƻǊŜŘ άŦǊƻƳ 

any-where, any-time and any-ŘŜǾƛŎŜέ (89). A standard definition used in literature characterises Big Data by 

using the 3 V's: ά±ƻƭǳƳŜΣέ ά±ŜƭƻŎƛǘȅΣέ ŀƴŘ ά±ŀǊƛŜǘȅέ (90ς92). Chen et al. take these further by adding the term 

ά±ŀƭǳŜέ ǘƻ ǘƘŜ ŎƻƳƳƻƴƭȅ ǳǎŜŘ о ±ϥǎΣ ǿƘƛŎƘ ƛƴǘŜƴŘǎ ǘƻ ǊŜŦƭŜŎǘ ǘƘŜ ǇƻǘŜƴǘƛŀƭ ƻŦ .ƛƎ 5ŀǘŀ ǘƻ ŜȄǇƭƻǊŜ ǘƘŜ ƛƳƳŜƴǎŜ 

hidden value of these complex and heterogeneous data sets (93). Wamba et al. ŘŜŦƛƴŜ .ƛƎ 5ŀǘŀ ŀǎ άŀ ƘƻƭƛǎǘƛŎ 

approach to manage, process and analyse 5, as opposed to the previous 3, ±Ωǎ όi.e., volume, variety, velocity, 

veracity and value) in order to create actionable insights for sustained value delivery, measuring performance 

ŀƴŘ ŜǎǘŀōƭƛǎƘƛƴƎ ŎƻƳǇŜǘƛǘƛǾŜ ŀŘǾŀƴǘŀƎŜǎέ (94). A comprehensive description presented by Boyd and 

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

ŀōƻǳǘ άмύ ƳŀȄƛƳƛsing computation power and algorithmic accuracy to gather, analyse, link and compare large 

data sets, 2) drawing 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 previously impossible, with the aura of truth, objectivity and 

accuracy (95)Φέ 

Given the characteristics of Big Data, the phenomenon both holds tremendous potential for all walks of life 

and industries, and it brings several challenges, ranging from data privacy to the need for technological 

advancement. Due to the vast and complex amounts of data from various sources, it is necessary to provide 

appropriate technologies and methods which are sufficient for storing, managing, analysing and visualising Big 

Data (96).  
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3.3.1.2 Big 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 already feasible and in use today and others that reflect trends in the 

advancement of Big Data in urban transportation. 

When examining two decades of literature on using Big Data applications for sustainable urban management, 
researchers identified smart mobility and smart traffic as two of the key dimensions for sustainable urban 
ŘŜǾŜƭƻǇƳŜƴǘΦ ¢Ƙƛǎ ǎȅǎǘŜƳŀǘƛŎ ƭƛǘŜǊŀǘǳǊŜ ǊŜǾƛŜǿ ǎƘƻǿǎ ǘƘŀǘ ǘƘŜ ǘŜǊƳǎ ϦǘǊŀŦŦƛŎ ƳŀƴŀƎŜƳŜƴǘΣέ ϦǳǊōŀƴ 
transport," and "transportation planning" are among the most frequently used phrases in the peer-reviewed 
literature on data-driven and sustainable urban management (97).  

To further explore the scientific landscape of Big Data in urban transport and mobility, we conducted a 
bibliometric analysis, including 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 the "Bibliometrix" software package in R (99). With 
a defined search strategy, the number of articles analysed on Big Data and urban mobility amounts 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 an all-time high with 454 publications per year in 2021 Figure 10: 
Scientific production on Big Data in urban mobility Figure 10, left). The most prolific countries are China, with 
around 38% of total publications since 2011, followed by the United States of America (US) with 12% of total 
publications (Figure 10, 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 China. In comparison, 147 publications are multi-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. 

Figure 10: Scientific production on Big Data in urban mobility 

 

The analysis of the most frequent keywords and keyword combinations (based on keywords defined by 
authors) shows that Smart Cities, the Internet of Things, Deep Learning, Cloud Computing, and Big Data 
Analytics are among the key topics in the research field. Keywords such as άhuman mobilityΣέ άsocial mediaΣέ 
and άmobile phone dataέ are among the emerging topics. Figure 11 provides an overview of some of the most 
used keywords visualised in a network based on the frequency of co-occurrence. The illustration shows that 
while Big Data is used frequently in 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, demand, behaviour, or patterns. 
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Figure 11: Keyword co-occurrences for Big Data in urban mobility 

 

The following section takes a closer look at the transport dimension by providing an overview of Big Data 
applications for urban transport.  

(Big) Data sources for urban transport 

While Big Data is an emerging topic in urban transport, data-based modelling and analysis have supported 
passenger and freight transportation planning for decades. One example is the four-step model, which 
provides a framework to model transport based on individual decisions and travel behaviour divided into trip 
generation, trip distribution, mode choice and trip assignment. Since data collection is often time-consuming 
and costly, Big Data can add immense value for modelling, simulation and predicting transport. Literature 
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, censuses, on-board surveys, and travel 
diaries are still relevant, combining them with social media data or real-time sensor data is a game-changer. 
This combination with social media data or automatically collected sensor data such as fare collection, 
passenger counts, or vehicle locations offers the opportunity to gain deeper insights and can be used as 
historical data sources and as real-time information for traffic management and planning (100). Research has 
shown that combining Big Data sources with traditional data is common in most use cases as the two types 
complement each other (101). 

Public sources, individual sources, and sensor devices are identified as the three primary data sources for Big 
Data in urban areas (97). Table 8 below adapts this categorisation with a particular focus on transportation-
related data sources. 

Table 8: Big Data Sources for urban transport adapted from Wu et al. 2022 
Category Transport related examples Requirements Sources 

Public 
sources 

- Geo-referenced urban structure data, e.g., 
Land-use and zones 

- Census, Household Travel surveys, 
employment, economic activity 

- City Statistics and forecasts, e.g., 
environmental  

- GIS data and maps, e.g., road networks  
- Information on points of interest and traffic 

generating poles  
- Traffic surveys, historical traffic data  
- Transit system details, e.g., GTFS data 
- Web data, e.g., ticketing websites 

- Open data portals 
- Governmental statistics 
- Data provision of transport 

operators 
- Surveillance systems 
- Web data mining skills to access 

public administration repositories 
or other websites (e.g., cultural 
calendars) 

 

(101ς106) 
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Selected Big Data applications for urban transport across the globe 

Advanced data-driven applications in urban transport serve various purposes, ranging from initiating short-
term actions by providing real-time information about traffic irregularities or spontaneous gatherings via 
social media data to mid-term and long-term strategic use cases (116). In the mid-term, Big Data applications 
can support optimised frequency planning in public transport, timetable development, or provide input for 
vehicle and staff capacity planning. In the long term, Big Data can inform urban transport planning for 
developing demand-responsive 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, coordination, or monitoring. 

This subsection provides an overview of Big Data applications in urban transport from different regions 
worldwide. Building upon the results from the bibliometric analysis, it 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 

Category Transport related examples Requirements Sources 

- Information on large-scale events, e.g., 
public/calendric events, road traffic 
intersections, current/planned 
infrastructure developments, emergencies 

Individual 
sources 

- Geocoded social media data 
- Digital footprints of mobile phone users 
- Collaborative applications & Crowdsourcing 

(e.g., Waze) 
- Payment tracking data 

- 3G, 4G, 5G infrastructure 
- Data mining skills and 

infrastructure 
- Provision of data by private actors 

such as banks or mobile phone 
companies 

(92,101,1
03,106ς
108) 

Sensor 
devices 

Road traffic system:  
- Navigation system data 
- Traffic signal control 
- GPS data, Vehicle sensing data, Automated 

Vehicle locations (AVL) and trajectories  
- Self-driving data 
- Advanced driver-assistance data 
- Connected cars data 
- Transport logistics data 
- Parking data  
- Traffic counts and intensity 
- Accidents 
- Travel time consumption data 
- Video/ Image data 
- Weights sensors 
- Pedestrian traffic  
- Trip data and other details from private 

transport operators, e.g., bike-sharing 
systems, scooter traffic data 

 
Public transport system: 

- Integrated automatic fare collection (AFC) 
- Automated passenger counts (APC) 
- Individual trip record data from using smart 

cards in vehicles or stations  
- Tracking of departure times/trip length by 

using WIFI log-in information  
 

Further sources: 
- Meteorological data  
- Carbon Emission data 

- Smart cards 
- Radio frequency identification 

(RFID)  
- Electronic Registration 

Identification (ERI) 
- Closed-circuit television (CCTV) 

cameras, e.g., on major roads 
- Platform infrastructure  
- Analysis and storage tools 
- Sensors on roadways 
-  Wi-Fi 
- Bluetooth trackers 
- Mobile and stationary GPS tracking 

devices 
- Collaboration with private 

operators/ full disclosure of trip 
records  

- Inductive loop detectors at major 
road junctions 

 

(92,100ς
103,106,10
7,109ς
115) 
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from Australia and Europe. Collectively, these examples from cities around the world provide an overview of 
Big Data applications currently deployed or planned across urban transportation systems. Please refer to 0 

Case 1 ς Lisbon, Portugal 

The combination of various multimodal transport and context-specific datasets 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 fare-collection system of Lisbon, which includes bus, tram, metro, rail, and inland 
waterway, allows for cross-modal 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 public transport vehicles. Furthermore, it involves information on the city's bike-share 
system and alternative new modes of transport, such as scooters, provided by private operators. In addition, 
the City of Lisbon's open access data platform allows for collecting various contextual data sources that 
provide additional insights into the dynamics of urban transport. When available, the temporal and spatial 
dimensions and the user and operator dimensions are relevant for further analysis.  

Combining the above-mentioned data, the project conducted several multimodal traffic and spatiotemporal 
data analyses. These include the dynamic inference of origin-destination traffic flows, identifying bottlenecks 
in the overall transportation network, or providing descriptive statistics on commuter demand, walking 
distances and trip durations. Identifying mobility bottlenecks can, amongst others, offer insights to tactical 
and strategic mobility planning. Further applications include identifying bus stops in case of missing and 
existing multimodal views and extracting mobility patterns. In addition, an online visualisation tool provides 
an analytical instrument that can support urban mobility planning in prioritising public transport and 
integrating active modes in a multimodal system. 

 

Case 2 ς Melbourne, Australia  

Case 2 analyses pedestrian travel behaviour in the City of Melbourne (CoM) (102). For the study, the 
researchers use sensor data collected per minute in the central business district and published by the CoM. 
Both historical and real-time generated data from the pedestrian counting system and information about the 
location of pedestrian sensors were used in the analysis. The pedestrian sensors in the city count the number 
of pedestrians passing by scanning the areas below them and transmitting the collected data to a central 
server every 10 to 15 minutes. These data sets comprise more than 50,000 million observations, of which the 
researchers analysed 5 million using Excel and Power BI. 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 offer insights into daily patterns of pedestrian traffic, the correlation of traffic with population 
growth and the identification of pedestrian hotspots (points with high pedestrian concentrations) historically 
and in real-time. Combined with other datasets from public transport or 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 planning. In addition, the analysis 
provides incentives for CoM to advance the digitisation of the city further. 

While the analysis performed in the CoM only considers a fraction of the available data, the study shows the 
potential of more advanced Big Data analysis of 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. 

Case 3 ς 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 mobility (see Figure 10). This output includes a wide range of thematic 
focus areas and methodologies. Examples include the development of a low-emission intelligent 
transportation system comprising a vehicle emission model, a traffic flow prediction method, a low-emission 
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navigation algorithm based on Big Data, and machine learning techniques (104). The use of Big Data to 
improve traffic flow prediction and identify critical road segments by implementing prediction algorithms 
using real-time and historical data (104). The analysis of private vehicle movements provides insights into 
Ƴƻōƛƭƛǘȅ ǇŀǘǘŜǊƴǎ ǳǎƛƴƎ ά9ƭŜŎǘǊƻƴƛŎ wŜƎƛǎǘǊŀǘƛƻƴ LŘŜƴǘƛŦƛŎŀǘƛƻƴέ ǘŜŎƘƴƻƭƻƎȅΣ ǿƘƛŎƘ ǇǊƻvides data collection for 
all vehicles active in an urban transportation system. Results include trajectories segmented into trips or 
identifying attractive areas with high travel demand and traffic volumes (109).  

Such findings can be used to support the optimal design of urban transportation planning to address the 
challenges of traffic congestion and promote the development of sustainable cities (117). Geospatial 
Information Systems (GIS) analysis, complex network analysis, or structural equation modelling can be used 
for modelling spatial interactions. Possible applications include analysing public transport passenger flows 
between cities to examine cross-city interactions and strengthen functional linkages or analysing the 
interaction between land use and urban transport, e.g., to explore the impact of land use on mode choice 
(118ς120).  

An example of modelling spatial interactions can be seen in the study by Zhao et al. (119), 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 bike-sharing provider in Shenzhen. Specifically, this includes land use data such as land use types, land 
use mix, and land use connections (such as bicycle lanes or road intersections), along with bicycle use data 
such as trip duration and distance. The trip data includes more than 7.8 million observations over 191 days. 
Amongst others, findings include that land use, particularly the amount of green space, significantly impacts 
the frequency of bicycle use in Shenzhen. Factors such as intersection density contributed to longer trip 
duration, and the number of stations was positively related to trip frequency and distance. 

Case 4 ς 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 such as using GPS data from 460 cabs to guide decision-making 
on the deployment of electric cabs in the city of San Francisco (121), to assessing how walking behaviour is 
influenced by walkability factors, using computer vision to quantify street-level factors from street imagery in 
Atlanta (122). The study focuses, among others, on the extent to which the inclusion of street-level factors 
improves the ability to explain pedestrian mode choice. Street-level urban design factors consist of 
information about the structure of the streetscape, such as the ratio of buildings to streets, greenness, or 
sidewalk-to-street ratio. To determine the walkability of an area, typically, neighbourhood-level urban form 
factors, such as population density, land use diversity, and street connectivity, are used. While these factors 
are well suited for assessing accessibility, they do not adequately address the assessment of walking needs 
such as safety or comfort. For this reason, neighbourhood- and street-level factors obtained through semantic 
segmentation of Google Street View imagery are combined to improve the prediction of overall walkability 
and resulting walking behaviour. 

3.3.1.3 Big Data in the African Region 

As this report aims to investigate the use of Big Data in urban mobility to create a more inclusive and 
sustainable urban transport in the selected African cities, a cornerstone is the exploration of Big Data 
applications in Africa to date.  

As described above, for Big Data in urban mobility, a bibliometric analysis was conducted using a structured 
search strategy on the WoS platform, as contained in Appendix A: . However, when narrowing down the 
research field to Big Data in urban mobility in Africa, only nine articles were found to meet the defined search 
criteria. Given this small number of results, the focus of the bibliometric analysis centred on Big Data in Africa 
in general to provide an overview of the relevance and development of the topic. The following subsection 
provides an overview of the development of Big Data research in Africa.  

Research on Big Data in Africa commenced 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 an all-time high of 64 articles by 2020 (Figure 12). The main 
research areas covered by the scientific literature include environmental science and ecology, technology, 
enterprise, and economics, followed 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, the US, and the United Kingdom (UK) are leading in this area (Figure 12).  

Figure 12: Scientific production (research on Big Data in Africa) 

 

Figure 13 provides an overview of the ŎƻǳƴǘǊƛŜǎΩ cooperation in the field of research (Top 30 countries). It can 
be seen from the figure that in addition to South Africa, among others, authors from Cameroon, Ethiopia, 
Kenya, Tanzania, Morocco, and Nigeria are active in this field. The figure illustrates that there are currently 
two groups of countries; the colours indicate which countries belong to a group and consequently work more 
closely together. 

Figure 13: Country collaboration (research on Big Data in Africa) 

 

As shown in Figure 14, seven universities in South Africa are among the top 10 publishing institutions 
(affiliation of lead author). The University of Cape Town and the University of Johannesburg are leading the 
way, with 41 and 36 publications, respectively. 
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Figure 14: Leading research institutions (research on Big Data in Africa) 

 

The most frequently used keywords in the research area are divided into four groups (indicated by the 
different colours in Figure 15. The most used keywords range from general topics related to Big Data such as 
"analyticsΣέ άƳƻŘŜƭǎΣέ ƻǊ άǘŜŎƘƴƻƭƻƎƛŜǎΣέ ǘƻ ǘƘŜƳŜǎ ǎǳŎƘ ŀǎ άǇǊŜǎŜǊǾŀǘƛƻƴέΣ άǇŀǘǘŜǊƴǎέΣ ŀƴŘ άƘŜŀƭǘƘέΣ ǘƻ ǘƻǇƛŎǎ 
ǎǳŎƘ ŀǎ ά.ƛƎ 5ŀǘŀ ŀƴŀƭȅǘƛŎǎέ ŀƴŘ άōǳǎƛƴŜǎǎ ǇŜǊŦƻǊƳŀƴŎŜέΣ ǘƻ ƴŀƳŜ ŀ few. Analysis revealed that the terms 
άǘǊŀƴǎǇƻǊǘŀǘƛƻƴΣέ άǘǊŀǾŜƭΣέ ŀƴŘ άƳƻōƛƭƛǘȅέ ǿŜǊŜ ƘŀǊŘƭȅ ǳǎŜŘΣ ƛƴŘƛŎŀǘƛƴƎ ǘƘŀǘ .ƛƎ 5ŀǘŀ ǊŜǎŜŀǊŎƘ ƛƴ ǘƘŜ 
ǘǊŀƴǎǇƻǊǘŀǘƛƻƴ ŘƻƳŀƛƴ ƛǎ ǎǘƛƭƭ ǳƴŘŜǊǊŜǇǊŜǎŜƴǘŜŘΦ hǾŜǊŀƭƭΣ ǘƘŜ ǘŜǊƳǎ άǘǊŀƴǎǇƻǊǘŀǘƛƻƴΣέ άǘǊŀǾŜƭΣέ ƻǊ άƳƻōƛƭƛǘȅέ 
appear only ten times among author-based keywords and four times among WoS keywords. 

Figure 15: Keyword co-occurrences (research on Big Data in Africa) 

 

Aria et al. describe the four quadrants ς niche, engine, emerging or declining, and basic themes ς as 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 domain (123). On the 
other hand, peripheral themes, i.e., emerging, or declining themes, are not fully developed or are only 
moderately relevant to the domain; and fundamental themes are significant to the domain and crosscut the 
different domains. The underlying methodology involves a word network 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 
άhealth,έ άrisk,έ and άartificial intelligenceέ are right on the border between emerging and foundational 
topics. Figure 16 illustrates the thematic landscape created using the άBibliometrixέ package in R (99).  
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Figure 16: Thematic Map (research on Big Data in Africa) 

 

 

3.3.1.4 Big Data challenges 

The study team identified several Big Data related challenges through the literature review. The identified 
challenges supported structuring the surveys and interviews conducted with subject matter experts.  

Taking off from the insights in Section 3.3.1.1, specific challenges relating to the Big Data concept itself has 
been documented in various papers. Cosgrove et al. point to a broad definition of Big Data as data sets that 
are significantly large and cannot be stored nor analysed through traditional processing and storage methods 
(124). Manyika et al. define the Big Data concept as pools of unstructured and structured data that can be 
analysed, aggregated and communicated (125). Structure and unstructured data can be computer- or 
machine-generated or human-generated and can encompass data from sensors, weblogs, human-inputted 
data, satellite images, photographs and video data, radar or sonar data, social media data, and mobile data, 
among others. Structured data sets are referred to those data sets that had been produced with the relation 
between the data and the population these refer to had been specified, while unstructured data sets do not 
necessarily follow an obvious sampling framework or experimental design (126).  

De Mauro et al. gave a framework as to how different Big Data definitions and descriptions can be grouped by 
their characteristics (e.g., ōŀǎŜŘ ƻƴ ǘƘŜ ά±ΩǎέύΤ ōȅ ǘƘŜ ǘŜŎƘƴƻƭƻƎƛŎŀƭ ŀƴŘ ǇǊƻŎŜǎǎƛƴƎ ǊŜǉǳƛǊŜƳŜƴǘǎ όe.g., 
ŎƻƴŎŜǇǘǎ ǎǳŎƘ ŀǎ άǎŎŀƭŀōƭŜ ŀǊŎƘƛǘŜŎǘǳǊŜέΤ άǎŜǊƛƻǳǎ ŎƻƳǇǳǘƛƴƎ ǇƻǿŜǊέύΤ ŀƴŘ ōŀǎŜŘ ƻƴ ǘƘŜ ƛƳǇŀŎǘǎ ƻŦ ǘƘŜ Řŀǘŀ 
on societal advancements (127). Mayer-Schonberger and Cukier, for example, focus on how Big Data can shift 
the ways we analyse information and transform how we understand and organise society (128). Based on 
these classifications, De Mauro et al. proposed that Big Dŀǘŀ ǊŜǇǊŜǎŜƴǘǎ άƛƴŦƻǊƳŀǘƛƻƴ ŀǎǎŜǘǎ ŎƘŀǊŀŎǘŜǊƛǎŜŘ ōȅ 
such high volume, velocity and variety to require specific technology and analytical methods for its 
ǘǊŀƴǎŦƻǊƳŀǘƛƻƴ ƛƴǘƻ ǾŀƭǳŜέ(127). Sivarajah et al. emphasise that the main challenges relate to analysing Big 
Data in a way that brings ά.ƛƎ ±ŀƭǳŜέ (129).  

Sivarajah et al. refer to process challenges as those encountered while processing and analysing the data, 
which emanate from the usually unstructured (129). Carbone et al. discuss the following requirements that 
are related to the needs of Big Data pilots that are happening in the European region(130): 

Iliashenko et al. further propose two classes of Big Data that is relevant to the transportation field based on 
the form of data collection: static and dynamic (131). They refer to static Big Data as data that is recorded, 
processed, and transmitted for further processing and ultimately for interpretation through static/immovable 
sensors (e.g., cameras), which capture data that falls into their specific directional focus. In essence, the data 
is highly local. Dynamic Big Data refers to data obtained from various sensors and devices that are not tied to 
specific locations and are constantly in motion (e.g., mobile phone sensors used in the UMA). This offers 
advantages in terms of the self-sufficiency of the data ς as one stream of information can provide more 
information about the object under study - and offers more extensive possibilities.  
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Escudero et al. emphasise that volume is not the only defining feature of Big Data, but the spontaneity of the 
data generation enabled by interconnected devices (126). The evidence of the multiple definitions of what Big 
Data is, combined with the layers of complexities that arise when such a concept is applied in specific 
thematic areas or sectors (e.g., urban mobility), poses a significant hindrance in terms of initiating activities in 
relation to Big Data. Hadi et al. discuss semantic-related challenges related to extracting meaningful 
information from large volumes of data (132). 

Management-related 

As one of the key features of Big 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 consider proper resources (e.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 data generation, storage, handling, and analysis must be considered. The multi-layered nature of 
Big Data essentially entails that data sets can grow exponentially and brings up the necessity for Big Data 
storage management (133).  

From the perspective of the application of Big Data technologies for improving urban 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 of applying Big Data technologies to aid policies and decision making, operating in bureaucratic 
environments, and considering hierarchies can pose significant challenges as well (126). Effective interaction 
between decision-makers and technical stakeholders needs to be established. Governance approaches and 
structures that take into consideration both the public and private realms are required to drive the adoption 
of such Big Data technologies and applications.  

Challenges towards ensuring that the appropriate skills and capacities necessary for governing Big Data are 
also critical to be addressed. Accompanying the Big Data revolution is its algorithmic counterpart consisting of 
machine learning and artificial intelligence, which are essential for utilising Big Data. Such techniques are 
quite valuable in terms of conducting predictive analytics toward discovering patterns and making predictions 
(126).  

Skills relating to Big Data and analytics are at the top of the list of critical skill shortages. For example, in the 
European Union, over 496 thousand job vacancies were unfilled in 2017 (134). There are also data literacy 
gaps (e.g., in the relevant workforces), as well as participation gaps that might exist across the population. 
This is particularly important to consider within the contexts of developing regions, including Africa. Analysing 
the volume of data made possible through Big Data technologies requires processing methods beyond 
traditional statistical analysis techniques (127)Φ /ŀǊōƻƴŜ Ŝǘ ŀƭΦ ŎƻǊǊƻōƻǊŀǘŜ ǘƘƛǎΣ ŀǎ ǘƘŜȅ ƛŘŜƴǘƛŦȅ άǘƘŜ ƭŀŎƪ ƻŦ 
Big Dataέ ǎƪƛƭƭǎ ŀǎ ƻƴŜ ƻŦ ǘhe key challenges towards adopting Big Data technologies(130). Chourabi et al. also 
identify the lack of relevant (information technology-related) skills as a key challenge (135).  

Aside from the challenges related to personnel capacities and skills, there are also challenges that relate to 
institutional roles and set-up. The emergence of such technologies and embedding them into policymaking 
processes raises additional challenges related to salient aspects such as data ownership, control and 
management of the processes (136). Höchtl et al. posits that to the positive effects of Big Data, organisational 
set-ups need to be prepared for considering the volume and velocity of Big Data ς which is generally an issue 
for public authorities (137). Therefore, exploring partnerships that involve other parties is crucial in 
transitioning to an evidence-based, data-driven decision-making process.  

Chourabi et al. identified management and organisational challenges relating to άsmart city initiativesέ which 
might be significantly relevant when to the application of Big Data technologies  - due to the emphasis of 
instrumentation and interconnectedness in smart city concepts - within the context of aiding urban mobility 
planning and decision making such as turfing and conflicts, resistance to change, competing, or the lack of 
alignment of goals, lack of cross-sectoral cooperation, lack of inter-departmental cooperation (135). 
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Infrastructure-related 

The utilisation of Big Data for purposive applications towards addressing specific issues relies on technological 
and infrastructure-related issues. The distributed nature requires specific technical requirements for 
transmitting big quantities of data (138).This includes aspects related to the technology stacks such as 
software and hardware for storage, as well as servers with adequate computing and network capacities (130). 
Established data storage and processing technologies, such as databases and data warehouses, are becoming 
inadequate in handling the amount of data that is being generated (129).  

For example, Hadi et al. stress the importance of open application programming interfaces (APIs) at the core 
of Big Data architecture, as well as the availability of integration services (132). They also stress the 
importance of redundant physical infrastructure to support unanticipated volumes of data. The physical 
infrastructure differs as it can be based 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 existing data-related 
regulations. 

The importance of such infrastructure is increasingly becoming prominent globally. The European Commission 
estimates that 80% of the processing and analysis of data is now taking place in data centres and centralised 
computing facilities (134). It also deems that a new paradigm that brings data closer to the users (e.g., 
through Internet-of-things) will also bring a new set of challenges, such as those related to cybersecurity. 
Carbone et al. propose supporting the adoption of free and open-source software to avoid licensing costs and 
to recognise the need (and anticipate the costs associated with) software maintenance (130).  

Policy-related 

The discussions by Chourabi et al. regarding the policy-related challenges that confront smart city initiatives 
are also valuable for investigating the challenges related to Big Data in aiding urban decision-making (135). 
They refer to political components and external pressures (e.g., policy agendas) that may affect the outcome 
of information-technology-related initiatives. The removal of legal and regulatory barriers toward the smooth 
implementation of such initiatives and maximising the utility of the outputs are much needed. 

Höchtl et al. discuss how applying Big Data within existing regulatory landscapes can be challenging, as the 
balance between the societal benefits of using Big Data and the potential harm to privacy (and other values) is 
difficult to achieve (137).  

Carbone et al. identify that there is a necessity for common data formats and the creation of shared 
repositories to be able to fully understand the real value of Big Data (130). They also discuss the necessity to 
enable a functional environment for securely accessing and storing sensitive and confidential data at the raw 
level to unlock the analytics that can be done on fine-grained data. At the regional level, they propose a 
normalisation of the legislation on the use of data of public authorities. 

People and Communities-related 

Challenges related to people, being either the sources of the data, or the beneficiaries of the outputs that 
emanate from the use of Big Data have also been included in the literature. In this case, concerns regarding 
data privacy protection are a critical challenge identified by various researchers (95, 96, 98, 105, 106). Sensor-
based data, which can potentially be significantly relevant to the mobility sector, essentially can contain 
microscopic data which can be useful in analysing and implementing targeted schemes and interventions, but 
the presence of such can also raise concerns about data privacy which then relate to the risks of misusing the 
data (126). 

Chourabi et al. (2012) emphasise that addressing the topic of people and communities in such technology 
applications is critical and traditionally has been neglected. They argue that it is crucial to ensure that 
άƳŜƳōŜǊǎέ ƻŦ ǘƘŜ Ŏƛǘȅ ǎƘƻǳƭŘ ōŜ ǊŜŦŜǊǊŜŘ ǘƻ ƴƻǘ ƻƴƭȅ ŀǎ ƛƴŘƛǾƛŘǳŀƭǎ ōǳǘ ŀƭǎo as communities, so that the 
communal aspirations and needs are appropriately recognised and relevant challenges such as the digital 
divide, information and community gatekeeping and participation and partnerships, are addressed.  
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3.3.2 Sustainable mobility indicators 

As part of the literature review exercise towards the identification of the initial set of indicators for the AUMO 
portal, relevant global and regional development-related processes, as well as other initiatives that focus on 
measuring urban mobility indicators (e.g., including those that aim at benchmarking) were initially scoped 
(see Annex D The initial set was also intended to guide the development of the data collection instruments 
(e.g., survey forms used in the AUMO cities).  

The study team collated a list of more than 650 indicators from different sources, as contained in Annex D. To 
produce a shorter list, a screening process was carried out to identify potential links between the indicators 
and the primary data collection methods used in the AUMO project (UMA, USSD/SMS survey, light field 
studies). Essentially, relevant indicators primarily based on existing datasets (e.g., through desk research) 
were eliminated from this exercise. A summary of the selection process is depicted in Figure 17 below. 

Figure 17: Sub-steps in the Selection of the Initial Indicators for the AUMO Web Portal 

 

The screening process resulted in a shorter list of 150 indicators. Duplicates were grouped, and further 
screening was done based on the possibility of calculating the indicators using other methods and datasets 
outside the project's scope. The most relevant and related indicators (to the data collection methods of the 
project) were then selected as the main recommendations to be included in the demo phase of the project. 
Other potentially important and/or highly feasible indicators have been noted for further assessment and 
included in the disseminated expert survey.  

It is interesting to note that the different initiatives tend to group the indicators into different categories. 
These include indicators grouped according to the following criteria: 1) relevant impacts and/or externalities 
(e.g., environment, energy, road safety, health, climate change, etc.), 2) transport system characteristics and 
service levels (e.g., availability, convenience, efficiency, comfort, and safety), 3) status of measures 
implemented (e.g., clean fuels and technologies, standards, mixed development, etc.; avoid, shift, improve). 
For the AUMO project, it was decided by the team that a simplified approach for categorising the indicators 
be used in the initial phase to minimise complexity and confusion, as discussed in Section 3.3.2.1. 

3.3.2.1 Selected indicators  

The following list of final indicators are derived from the exercise that was described in the previous section. 
These were used in developing the data collection instruments that were ultimately used in the tests in the 
AUMO cities. Section 3.5.3.1 summarises how the questions adopted in the conventional survey, for example, 
relate to relevant indicators. Figure 18 shows the initial set of indicators included in the AUMO portal. The 
definitions and other details pertaining to these indicators are found in Annex E. 

Figure 18. AUMO Initial Set of Indicators 
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3.3.3 Summary of the key findings 

The literature review has investigated various aspects relating to Big Data, its applications in the field of urban 
mobility, and how relevant research has been evolving, particularly in the African region. Big Data combines 
collecting, processing, and visualising large amounts of data. The availability of data can fuel new trends in 
understanding and providing solutions that match the needs of the end-users (140).  

Big Data in urban mobility 

¶ Evidence is present in the literature about the multitude of beneficial use cases for applying Big Data 
in urban mobility. It also reflects the diversity and complexity of the different types of requirements 
that are needed to operationalise the use of Big Data in the field; 

¶ While a rich set of research papers focusing on Big Data in urban mobility has been found at the 
global level, only a handful of such papers focusing on Africa were found. However, the general trends 
in the research work on Big Data (in general) in Africa point toward a rising interest in the subject; 

¶ The literature on Big Data reflects diversity as to how the concept is being characterised. Some 
definitions focus on capturing the essence of the data generated itself, while some go beyond the 
data characteristics and encapsulate related processes, the value addition created by the data, and 
the requirements that are needed to generate and utilise such data; 

¶ The variations in the descriptions can also prove to be problematic in communicating what Big Data is. 
The other types of challenges in the literature can broadly be categorised into the following: 
management, infrastructure, policy, people, and communities. 

Sustainable mobility indicators 

¶ The review of relevant global and regional processes related to sustainable mobility indicators shows 
a wide range of indicators and indicator categories. These insights, coupled with insights emanating 
from a mapping exercise of how the different data collection methods used in AUMO would feed into 
such indicators (Annex D, and the guidance set by the identified priority mobility issues as discussed in 
Section 2, were used as a basis for selecting a preliminary set of indicators; 

¶ From a mobility context, identifying the right indicators can support decision makers to complement 
traditional data collection techniques with Big Data techniques. Using Big Data techniques, the 
possibility to generate granular data (e.g., UMA) can feed into such indicators and open up significant 
opportunities to support decision makers to develop plans, policies and projects that support the 
pursuit of sustainable mobility more efficiently and effectively.  
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3.4 Insights from the expert surveys and interviews, and consultations with local stakeholders 

This section provides a summary of the salient points that were gathered from the interactions with the 
subject matter experts (based on the survey and interviews), as well as the insights from the local 
stakeholders, primarily collected through the city workshops held in Blantyre and Kigali (see Appendix C: ). 

3.4.1 Big Data and Big Data technologies 

The expert survey and interviews, as well as the local consultations, were also used to gather deeper insights, 
context-specific views about Big Data, and relevant aspects that relate to Big Data use cases in the urban 
mobility realm, the associated challenges, risks, and benefits.  

3.4.1.1 Concept of Big Data 

The following summarises the key insights from the subject matter experts related to the concept of Big Data: 

¶ ¢ƘŜ ŜȄǇŜǊǘǎΩ ƛƴǎƛƎƘǘǎ ǊŜŦƭŜŎǘŜŘ ǘƘŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ ƘŀǾƛƴƎ ŀ ŎƻƳƳƻƴ ŘŜŦƛƴƛǘƛƻƴ ŦƻǊ .ƛƎ 5ŀǘŀ. One insight 
was provided about the misconception about Big Data being referred to as any data set that cannot 
be opened through traditional spreadsheet programs and that the importance of recognising the 
nature of the data (i.e., volume, heterogeneity) and the need for advanced storage, evaluation, and 
analysis techniques, should instead be stressed; 

¶ Big Data requires it to have significant volume (which can be relative), its nature of continuously being 
generated and its reliance on constant feeds and updates (e.g., through sensors, radar, satellites, and 
apps), and thus continuous maintenance is critical; 

¶ Due to the unstructured, dynamic, unfiltered nature of Big Data, the derivation of value from it 
requires specialised skills, technologies, and infrastructure; 

¶ The prioritisation exercise for pursuing Big Data initiatives for deriving useful information for 
responsive decision-making needs to consider the local context. For example, public transport stop 
data in developing cities may only contain a few static data points, but the same may not be the case 
in a Metropolitan area in a highly developed city.  

¶ The concept of Open Data needs to be adopted to capitalise on the potential benefits of Big Data 
fully. The usability of the data for doing analysis is more important than the quantity. Accessibility and 
affordability should be aspects that need to be attached to Big Data and should be opened with 
appropriate limits that protect privacy. Open data standards and networks enable the broader 
utilisation of data sets, including Big Data, towards aiding sustainable mobility.  

3.4.1.2 Use cases 

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

Urban and transport planning 

¶ Big Data opens the significant potential for improving the overall urban and transport planning. Big 
Data costs can be significantly lower than traditional travel surveys used in planning processes. Big 
Data techniques in rapidly growing cities can result in the most impactful insights toward 
infrastructure and transport services planning; 

¶ Big Data can also aid the analysis of the interlinkages between urban mobility and different societal, 
infrastructural, and economic factors, which can help shape policies and plan for infrastructure 
towards more sustainable pathways for mobility; 

¶ Big data sets containing origin-destination data can be used to better understand people's movement 
and thus aid the planning of transportation services and infrastructure;  

¶ The availability of mobility data observatories 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 state of urban transport, particularly in developing 
cities.  
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Monitoring and improving mobility services and infrastructure 

¶ In Nairobi, a recent study was carried out using sensors that detected movements using the Wi-Fi 
signals of smartphones in the central business district. Such data enabled the analysis of passenger 
movements on a 24/7 basis, including origin-destination movements, passenger counting at the zonal 
level, time of stay in certain zones, and travel speed variation at the zonal level. Such data can also be 
used in informing the management of public transport services, and planning for public transport 
infrastructure (e.g., stops). One of the experts shared that in Kampala (Uganda), BRT feasibility studies 
used traffic video feeds and machine learning techniques to count vehicles; 

¶ Today, only a few African cities have made their public transport system and minibus networks in a 
standardised and open format like GTFS. Promoting the digital commons approach, and using this, for 
example, in paratransit mapping can be impactful. In such a case, mapping these services can be a 
critical input for analysing accessibility to such services and the overall improvement of mobility 
services. The DT4A initiative, for example, is doing such deep dive mapping exercises and is opening 
their data (e.g., in GitLab) to spur collaboration from interested entities; 

¶ There are current initiatives to explore Mobility as a Service (MaaS) schemes ς which rely on Big Data 
(e.g., in Kigali and Dar es Salaam). Ultimately, these Big Data sets can be used to improve public 
transport performance and integration and build the case for reducing motorised transport demand. 
There is also a significant potential for Big Data to contribute to establishing shared mobility systems; 

¶ Big Data can contribute toward the more efficient provision of informal/shared transport services true 
to the local mobility culture. Data sources, such as the UMA app, GPS and mobile signals can 
potentially be used for such initiatives. In formal bus systems, using smart card data, for example, can 
be impactful as movement data can also be deduced from this source; 

¶ Big data sets can be used for analysing the usage of public transport. Tweet data, for example, can be 
used for real-time or historical analysis. Aside from the real-time data from the vehicles and users, 
behavioural insights can be culled from such data, which can then feed into improving such systems 
and better complement public transport; 

¶ Integrating vehicle movement sensors can help better understand the vehicle performance (e.g., for 
drive cycle analysis) against local conditions. Such data can give information about the supply of 
transport services and the status of the transport network. These can also be used for better 
understanding behaviours (e.g., driving, parking, etc.), which might be helpful for micro-level analysis 
and interventions; 

¶ Aside from feeding into the improvement and creation of mobility services, asset management (e.g., 
public reporting of issues related to road infrastructure) and maintenance of transport infrastructure 
and networks (e.g., predictive maintenance) can benefit from the use of Big Data; 

¶ Big Data-enabled travel planning and service schedule will help formalise the paratransit system 
operation in most developing cities of Africa.  

Development of Relevant Policies and Interventions 

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

¶ The potential for combining Big data sets (e.g., movement data) with other types of data (e.g., 
population, transport networks, employment and residential points, movement data) can also be 
useful for improving the assessment of the progress towards broader goals such as SDG 11.2, which 
focuses on accessibility; 

¶ In the case of road safety, there have been initiatives toward developing tools for generating and 
analysing Big Data to improve the state of data on road safety incidences, particularly in developing 
countries. There is vast potential for using Big Data to complement road safety initiatives in Africa. In 
Botswana, for example, data may be available for road crash incidents, but these may not necessarily 
be readily accessible - as accessing the detailed data needs to be coordinated with the local police 
offices - and have inherent limitations ς i.e., no details that prevent more detailed analyses of the 
state of road safety; 
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¶ The biggest challenges relate to the collection, analysis, and data utilisation for planning and action. In 
the case of Mongolia, for example, a mapping tool called Mapillary (open source) was used to map 
out the roads in Ulaanbaatar, which were then matched with road crash data, including social media 
sources such as Twitter. The matching of these datasets enables the analysis of areas based on their 
road safety features (e.g., the presence of proper 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; 

¶ Big Data about mobility can also be used in other relevant sectors. In the case of Costa Rica, satellite 
and remote sensing data is being used to feed into climate action planning. In the case of transport, 
remote sensing data is used to derive essential transportation metrics such as travel distances, 
origins, and destinations. 

3.4.1.3 Challenges related to the utilisation of Big Data in the realm of urban mobility 

Table 9 presents a summary of the experts' responses in relation to their opinions on the significance of the 
stated challenges in hindering the uptake of Big Data in urban mobility applications. On average, the 
challenges related to policies (6.77 on average) were rated as the most significant ones.  

Table 9: Challenges related to the util isation of Big Data in urban mobility 

 

Note: 0 = insignificant; 10 = highly significant 

The specific insights from the subject matter experts on the challenges are presented below. These are 
categorised based on the main pillars as identified in the literature review.  

Management 

The comments from the experts based on the survey and the interviews point to the following main 
management-related challenges. Primarily highlighting the importance of addressing gaps in skills and 
capacities, gaps in roles and entities, as well as the need to understand the benefits of such Big Data so that 
resources can be allocated. 

¶ The lack of clear entities overseeing the governance of Big Data is a challenge; 

¶ Trained personnel who are knowledgeable in terms of facilitating the generation of the data, being 
involved in the handling, analysis, and interpretation of the data is a key issue in African cities; 

Category Average Challenges Average

Resistance to change 5.05

Competing motivations and turfing 4.10

Lack of cross-sectoral/inter-departmental coordination 7.24

Lack of integration of needed roles to deal with big data into existing organisational 

structures 7.62

Lack of appropriate skills towards governing big data 7.52

Lack of skills for utilizing Big Data 7.52

Lack of financial resources toaccommodate Big Data 7.10

Availability and compatibility of software systems 6.52

Costs associated with necessary software 6.67

Availability of redundant/supportive built infrastructure 5.86

Costs associated with supportive built infrastructure 6.19

Lack of integration of big data in wider vision 7.05

Lack of integration of ICT with political and institutional systems 6.52

Lack of appropriate relevant competition policies 6.43

Lack of appropriate regulations/policies to govern Big Data generation 6.90

Lack of appropriate regulations/policies to govern big data interoperability 7.00

Lack of appropriate regulations/policies on data sharing 7.00

Lack of appropriate regulations/policies towards ensuring data quality 6.86

Lack of appropriate regulations/policies to ensure cyber security and personal data 

protection 6.38

Access to technology 5.81

Perceptions regarding the use of their data 5.10

Perceptions regarding the security of their data 4.90

Lack of cooperation/involvement from other relevant stakeholders 5.90

Data generation/acquisition 6.52

Data mining and cleansing 6.14

Data aggregation and integration 6.86

Analysis and modeling 6.29

Data interpretation 6.29

Translating into actions and policies 7.71

Management 6.59

Infrastructure 6.31

Policy 6.77

People and communities 5.43

Processes 6.63
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¶ In the case of ad hoc studies funded by international organisations, there is a lack of sustainability as 
technical capacities are not necessarily transferred to local entities; 

¶ Funding for such projects and initiatives is an issue since it is not being prioritised due to the lack of 
understanding of Big Data and the potential benefits.  

Infrastructure 

The comments from the experts show a common thread about the need to address infrastructure-related 
challenges.  

¶ Internet connectivity and affordability are also issues mentioned during the interviews. For 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 terms of data sources. Open data repositories, 
which are now common in developed regions such as Europe, and the United States, are still not 
standard in the region; 

¶ Access to available data is also an issue. For example, in Rwanda, the National Institute of Statistics 
Rwanda (NISR) has a data portal, but access is partially restricted and is dependent on owning an 
account with a proprietary GIS software;  

¶ Storage capacity can become an issue (e.g., the perceived need to have Big Data centres). On the other 
hand, cloud-based 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 uptake of Big Data (e.g., sensors; capable 
computers) can be expensive, and resource constraints, coupled with other priorities, may hinder large-
scale deployment; 

¶ Most African cities do not have a budget for such Big Data initiatives and the perceived infrastructure 
requirements, coupled with other priorities that need urgent attention. 

Political 

¶ Decisions regarding Big Data technologies also need to be put in context with the wider state of 
transport data, in many developing African (and 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 into the governance 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; 

¶ Discussions are usually done in silos and can hinder progress in terms of pursuing the application of 
Big Data technologies towards policymaking. There is a lack of coordination between technical and 
political stakeholders; 

¶ The combination of datasets and ensuring quality towards extracting valuable insights for decision-
making is seen as a significant challenge; 

¶ A key issue that the experts also emphasised is the need to prioritise policies towards 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 concern. One 
suggestion was to embed a certain 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 anonymity is kept, but still making the data 
useful; 

¶ 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 specialised Big Data use cases such as Mobility-as-
a-Service, other factors such as the distribution of revenues between the different parties is a 
challenge. 

People and communities 
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¶ Considering societal structure is also important in determining the potential usability of certain Big 
Data sets. 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 to such. Digital 
payments for transport services maybe hard to realise in a society that is dependent on cash-based 
transactions, even if we assume that the technological enablers are in place; 

¶ Potential bias in the data can be due to preferences of people. For example, in the case of a situation 
that Big Data that is dependent on mobile phone data connection, lower income groups can have 
lower representation; 

¶ There is a general lack of awareness regarding Big Data and its benefits, which can lead to resistance.  

¶ Potential exclusion can be a challenge, whether in terms of the data generation processes (e.g., in 
mobile phone-based technologies for collecting data) or in terms of the use of technologies that are 
dependent on Big Data (MaaS apps); 

¶ In the case of technologies that rely on the ownership and usage of connected devices, there can be a 
significant portion of the population that become invisible. This is a significant issue in the African 
region as highlighted in Section 2.3. This issue becomes more significant in the case the data will also 
be used in planning policies and interventions. Such can be mitigated by combining traditional 
methods of data collection (e.g., traditional surveys) are utilized in combination with Big Data 
collection techniques;  

¶ The high degree of informality, fragmentation, and dynamic nature of transport systems poses 
significant challenges in terms of ensuring accuracy. 

Box 1. Opinions regarding 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 suggested as critical 
risks to be accounted for.  

Figure 19. Risks associated with UMA 

 

The results of the local consultations held during the city workshops in Blantyre and Kigali (Table 10) 
essentially reflects the challenges as discussed in the literature as contained in Section 3.3.1.4, and the 
insights from the experts. 
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Table 10: Challenges Related to Big Data initiatives: insights from the city workshops 

 Blantyre Kigali 

Management ¶ Lack of accessibility to external data - there 
are entities that are collecting data, like local 
cell phone network operators, technology 
corporations like Facebook, Huawei, Apple, 
and several entities that have cell phone-
based apps for their businesses, but to access 
this data is difficult unless established 
partnerships/agreements are formed; 

¶ Lack of coordination among road agents that 

may collect transport related data (working 

in silos); 

¶ Lack of research and development sections/ 
department at the city level. 

¶ Lack of data analysis skill; 

¶ Gap in Research & Development; 

¶ Bureaucracy can add burdens in the process; 

¶ There is no centralised agency that is taking 
the lead in Big Data-relevant matters; 

¶ Lack of professional/specialisation in data 
science; 

¶ Lack of collaboration between various 
institutions, Academia, policy makers, 
industries. 

 

Infrastructure ¶ Lack of appropriate infrastructure and 
computer packages to aid data processing; 

¶ Poor cell phone network coverage. 

¶ Technology required still developing/ 
penetrating; 

¶ Advanced technology adaptation (e.g., 
satellite tech); 

¶ Financial capability; 

¶ Capital intensive infrastructure; 

¶ Modern standard requirement; 

¶ Telecommunication coverage is low especially 
in Rural area; 

¶ Limited information on data. 

Political ¶ There is absence of general policies related to 

mobilisation of Big Data. 

¶ Policies supporting the dedication of 
resources is lacking. 

People and 
Communities 

¶ Low penetration of smart phones; 

¶ High cost of internet cell phone data for 
connectivity; 

¶ low literacy levels for an average city citizen; 

¶ technology is not affordable i.e., high cost of 
data. 

¶ Lack of data science education / awareness. 
 

Processes ¶ Low Internet speeds; 

¶ Limited interest in collection and using data. 

¶ Complexity in the process. 

3.4.1.4 Benefits and opportunities 

Big Data is perceived to benefit the planning for policy measures. It is also notable that it is perceived be less 
beneficial for aiding the selection, implementation/monitoring, and evaluation of specific transport projects 
and measures Figure 20.  

Figure 20: Benefits of Big Data in the field of urban mobility 
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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 discussed in Section 3.4.1.2.  

Big Data is seen to be a good complement to traditional data gathering. Data can be cheaper to collect, and 
data can be collected on an ongoing basis. Big Data and social analytical can be key solutions replacing 
traditional methods of data collection for transport which were very expensive and time-consuming. Big Data 
can also be more accurate due to the volume. It can be used for aiding planning, improving targeted 
investments as it provides an opportunity to better understand current mobility states, and the potential 
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 groups, and addressing gender-related mobility issues. 

3.4.1.5 Roles of city authorities 

The survey also asked about the opinions of the experts about what they thought should be the ideal level of 
involvement of city authorities in relation to aspects relating to Big Data. The 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 relation to address the mobility-issues in their cities 
(Figure 21).  

Figure 21: Opinions regarding the involvement of cities in aspects relevant to Big Data 

 

The expert opinions also recommend that cities should act upon the provision of training opportunities for its 
ŜȄƛǎǘƛƴƎ ǎǘŀŦŦΦ ¢ƘŜ ŜȄǇŜǊǘǎΩ ǊŀǘƛƴƎǎ ŀƭǎƻ recommend that cities should play an active role in setting up 
appropriate standards. Bolstering its own capacity by hiring new staff is also an action that was rated highly by 
the experts (Figure 22). It must be noted, though, that such a strategy would be difficult for developing cities, 
considering the resources required.  

Figure 22: Importance of actions by cities 
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3.4.2 Sustainable mobility indicators 

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

3.4.2.1 Initial set of indicators 

The insights and suggestions from the local stakeholders in Blantyre and Kigali are found in . In most cases, 
the comments focus on the need to provide further explanations on what the indicators mean and exploring 
the potential for using other sources of data to derive more powerful information through such combinations. 
There were also no specific objections towards retaining the general set of indicators.  

3.4.2.2 Indicators related to the data generated by the UMA app 

The main comments of the experts on indicators related to the UMA app data are: 

¶ The UMA data can significantly benefit the efforts to better understand important indicators (e.g., 
travel time, mode shares, and number of transfers) which are crucial in transport planning and 
management;  

¶ A similar movements-based approach can be used for goods movement, not just on passenger 
transport; 

¶ The UMA data can 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 operations-relevant 
indicators such as speeds, sudden stops, accelerations, and even perhaps drive cycles); 

¶ 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 combines such data 
with land use, mode availability, mode choice among options, and, if possible, with socio-economic 
data to enable the exploration of potential choice-related factors. That requires combining at least 3 
kinds of data:  land use/infrastructure/transit data (like from open street maps), scheduling data (e.g., 
from google maps), trip O-D/Route data (e.g., from GPS tracking) and information about the traveller 
(e.g., from survey work); 

¶ Combining trip purpose data to match trip data can lead to valuable insights that can feed into service 
and infrastructure planning. It is important to better understand multi-purpose trips; 

¶ The utility of such UMA data can be maximised if these can be analysed against mode-specific 
variables (e.g., travel costs; availability of transport supply; security; comfort, among others) and 
traveller-specific variables (e.g., age, income, trip purpose, gender). 

Travel time 
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Set up direction by integrating how big data can fit into wider
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(0= insignificant; 10 = highly significant) 
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¶ The comments from the experts validate that UMA-based travel time indicators are highly important; 

¶ The UMA data for travel time is useful, particularly if attributable to specific modes, and particular trip 
purposes. 

Mode share 

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

¶ Modal choice is a critical indicator that can benefit from UMA; 

¶ 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; 

¶ Careful consideration of Big Data on mode shares is essential, as these can be fuzzy particularly in the 
case of informal, and non-route-based public transportation services. 

Distance travelled per person 

¶ Trip distances per individual can be quite useful, particularly if these can be disaggregated by income 
groups, age, and gender; 

¶ This is an important indicator as it influences modal choice; 

¶ Disaggregation of the distances travelled by trip segments can be useful; 

¶ Distance travelled can potentially be the easiest indicator to benefit from UMA. 

Period of travel 

¶ Gathering insights regarding the morning peak is the most significant aspect to consider; 

¶ UMA data would be useful for analysing travel periods considering the locations, as well as feed into 
interzonal analysis. 

Number of transfers 

¶ There was a consensus that this indicator is highly important, particularly as it is a factor that 
influences mode choice; 

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

3.4.2.3 Other indicators 

As part of the expert survey that was conducted, the study team gathered insights regarding other potential 
indicators ς which were also based on the analysis of the existing relevant initiatives ς that might be useful to 
integrate in such a data portal later. The respondents were asked to rate the indicators based on their 
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 each of the indicator sub-category provides an indication of the priority that needs 
to be given to related indicators. Data and indicators related to mode shares, and road safety were deemed to 
be highly important. 

Figure 23: Experts opinions on the level of importance of indicator clusters  
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The survey reveals that, additional indicators for accessibility (i.e., % of inhabitants within 500 meters of 
frequently - served by high capacity public transport services with an average of five times an hour; 12-minute 
headway) and mode shares (i.e., shares of modes in relation to vehicle-kilometres travelled) would be useful 
(Table 11). 

Table 11: 9ȄǇŜǊǘǎΩ ƻpinions regarding the importance of other relevant indicators 

 

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

¶ Road condition; 

¶ Space for people with disability; 

¶ Demand / supply (heat map indicating demand and supply of transport services); 

¶ Environmental noise. 

5.7
6.1
6.3
6.3
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6.7
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7.3
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7.8
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Farebox recovery
Quality of public transport

Affordability
Safety and security
Emissions-related

Transfers
Travel time

Accessibility
Accessibility
Road safety
Mode share

(0= insignificant; 10 = highly significant) 

Sub-Group Indicator Average

Accessibility % of inhabitants living within 500 meters of frequent public transport stops 8.50

Mode share Mode share - share of vehicle-kilometers by mode (%) 7.81

Road safety Number of traffic injuries per 1,000 inhabitants 7.74

Safety and security Perception of safety for women 7.67

Affordability % household income spent on transport 7.44

Travel time Average time (minutes) spent on travel /person/day 7.37

Emissions-related Average emission factors by vehicle type 7.26

Accessibility % of jobs near public transport stops 7.11

Accessibility Number of jobs and urban services accessible within 60 minutes by public transport 7.07

Accessibility % of jobs and services people have access to in 60 or 90 minutes 7.00

Accessibility % of low income households near rapid transit 6.93

Travel time Average speed (km/h) of public transport modes 6.81

Transfers Total time spent on transfers/person/trip 6.74

Transfers Average transfer time between public transport modes 6.74

Travel time Average network speed during peak hours 6.56

Quality of public transport Level of crowdedness in public transport modes 6.56

Emissions-related % distribution of vehicle fleet by technology type 6.56

Safety and security Number of reported incidents per thousand passenger journeys 6.30

Emissions-related % distrubution of fleet by fuel type 6.11

Farebox recovery % transit operational costs recovered with fares 6.00

Safety and security Number of crime incidents in public transport per 1,000 users 5.93

Affordability Cost of 10 km bus ride as a percentabe of income 5.81

Emissions-related % distribution of vehicle fleet by age 5.81

Quality of public transport Off-peak frequency of public transport systems 5.67

Affordability % of minimum wage that can cover the average costs of 50 puiblic transport trips 5.63

Farebox recovery % subsidy/ fares collected 5.44

Safety and security Number of crime incidents per thousand passenger journeys 5.41
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3.4.3 Summary of the Key Findings 

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

Big Data in urban mobility 

¶ The reliance of Big Data on continuous feeds and updates, and thus, the associated processes (e.g., 
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 poses significant opportunities arising from the generation of up-to-date, granular 
data, the attention, and resources to be put into Big Data initiatives in urban mobility should also be 
considered in relation to the other gaps in basic mobility data, particularly in the context of 
developing cities. The utility of Big Data can be maximized if combined with other types of data sets; 

¶ Open Data mechanisms are important to establish to maximise the benefits of Big Data initiatives; 

¶ Big Data offers opportunities 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 (e.g., socio-economic factors, availability of infrastructure and services); 

¶ There had been recent initiatives in the African region that showcase the potential for the utilisation 
of Big Data for improving urban mobility services; 

¶ There are various challenges related to the uptake of Big Data in urban mobility which can be related 
to policies, management, infrastructure, and technology, as well as people and communities. The 
experts consulted in this study view policy-related challenges as the most significant ones.  

¶ The experts view that ensuring data privacy is upheld is critical towards the utilisation of UMA for 
aiding urban mobility planning, as such breaches to such can lead to mistrust and low participation 
rates; 

¶ The experts suggests that city authorities which are at the beginning of interacting with Big Data 
initiatives can first focus on utilization of the information and how such can help achieve wider 
processes and goals. 

Sustainable mobility indicators 

¶ The relevance of the initial set of indicators was validated by the local stakeholders, as well as the 

experts that were consulted. There were no specific comments towards dropping any of the 

indicators that were included in the initial list; 

¶ There are some indicators that had originally been included in the list, but have not been populated 

with data (e.g., affordability, traffic fatalities, CO2 emissions) as these require data that would need to 

be collected from secondary sources; 

¶ More detailed definitions/ descriptions of the initial list of indicators included in the AUMO portal had 

been proposed (e.g., condition of public transport vehicles; public transport reliability; sexual 

harassment, congestion, vehicle occupancy); 

¶ In some cases, choosing a different name for the indicators may perhaps be beneficial for the 

intended audience (e.g., period of travel, occupancy); 

¶ There were also suggestions to explore the utilisation 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 using the UMA app can be a 

powerful tool towards understanding choice making if combined with other data reflecting physical 

environments, services availability, and socioeconomic factors; 

¶ As per 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. 



 
 

45 
 

AFRICA URBAN MOBILITY OBSERVATORY ς BIG DATA TECHNOLOGIES AND INDICATORS REPORT 

3.5 Insights from the application of Big Data technology: AUMO case studies 

Data collection through conventional approaches, such as intercept field surveys, is costly, time consuming, 
and complex to manage. The AUMO project aimed to identify opportunities to administer surveys remotely 
using technology, to reduce the cost and complexity associated with mobility data collection. Several novel 
data collection technologies allowing remote administration of surveys were developed during the project, 
and these were deployed in the six research cities (Blantyre, Gaborone, Kinshasa, Kigali, Lagos, and Maseru) 
through several data collection campaigns. These technology-based survey tools leveraged existing 
telecommunications hardware and platforms as far as possible and included USSD (unstructured 
supplementary data services) and WhatsApp surveys (both of which were used to administer multiple-choice 
questionnaires), and UMA ς an in-house smartphone-based survey tool, capable of automating the 
ƎŜƴŜǊŀǘƛƻƴ ƻŦ ǘǊŀǾŜƭ ŘƛŀǊƛŜǎ ƻƴ ǇŀǊǘƛŎƛǇŀƴǘǎΩ ŘŜǾƛŎŜǎΦ To benchmark the novel technology-based survey tools, 
and to ensure that population groups out of reach of these tools, conventional intercept field surveys were 
also conducted by teams of enumerators administering multiple choice questionnaires using a digital survey 
tool. 

In the subsections that follow, first the data collection approach is presented, followed by the sampling 
strategy, and then in-depth 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 goal of reducing the cost of mobility data collection. 

3.5.1 Data collection approach 

The data collection approach used in the AUMO cities is illustrated visually in Figure 24. Typically, survey 
development involves the selection of survey methods, followed by instrument design, which runs in parallel 
with sample design. On the AUMO project, since many of the survey tools required more extensive research 
and development, an additional step was added, namely instrument development. 

The survey instrument was then submitted for ethics clearance to a panel comprising individuals from DLR 
Institute of Transport Research, DTU, and University of Rwanda (see approval letter in Annex G). 

For all chosen survey methods, upon completion of the instrument design phase, test survey campaigns were 
held. The collected test data was then cleaned and analysed and uploaded to the web data platform for 
testing (discussed in more detail in the Web Data Platform Report ς Deliverable 3). Based on the quality of 
data and campaign feedback, survey instruments were refined/developed further. 

Once the survey technologies and systems were fully developed, and the survey instrument designs updated, 
main phase surveys commenced. Since the AUMO project has run over multiple years, multiple main phase 
survey phases took place. 
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Figure 24: Data collection approach 

 

3.5.2 Sampling plan 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 with traffic analysis zones (TAZs) aligned with official 
administrative boundaries in each city. 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, developed specifically for the AUMO 
project: https://mobility.observatory.go-africa.org/#/start. 

Since there is seldom correlation between the number of TAZs in a city and the population size of that city, a 
process of TAZ agglomeration was performed, to form TAZ clusters. The number of TAZs, and TAZ clusters per 
city are summarised in Table 12. 

Table 12: TAZ and TAZ clusters per city 

Country City Number of 
TAZs 

Number of 
TAZ Clusters 

City 
Population 
Size (141)  

90/10 
Samples a 

95/5 
Samples a 

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 cities. Instead, the modified Cochran Formula (Equation 1) at TAZ Cluster level was 
applied, yielding greater consistency in relation to sampling requirements across cities. It is important to note 
that although the modified Cochran Formula is typically associated with probabilistic sampling, the survey 
methodology is non-probabilistic in nature (ǎƛƴŎŜ ƴƻǘ ŜǾŜǊȅ ƳŜƳōŜǊ ƻŦ ŜŀŎƘ ŎƛǘƛŜǎΩ ǇƻǇǳƭŀǘƛƻƴ Ƙŀǎ ŀƴ Ŝǉǳŀƭ 

https://mobility.observatory.go-africa.org/#/start
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chance of being surveyed). However, since there is a large degree of randomness in the recruitment of survey 
respondents, and the survey tools used are able to reach the majority of population groups, probabilistic 
sampling principles can still be applied (142). It is critical to note that when probabilistic sampling principles 
are applied under non-probabilistic conditions, the corresponding confidence interval and margin of error 
should not be interpreted as statistically accurate, but rather, simply an approximation (142). 

Given the highly exploratory nature of this research, especially regarding the untested technology-based 
survey instruments, two sample targets were assigned to each city. The minimum target applied an 
approximate confidence interval of 90% and margin of error of 10%, while the upper target applied an 
approximate confidence interval of 95% and margin of error of 5%. 

Equation 1: Modified Cochran formula(143) 

ὲ

ᾀ ὴρ ὴ
Ὡ

ρ
ὤ ὴρ ὴ

Ὡὔ

 

Where: 
Ὡ Ϸ πȢρ 
Ὡ Ϸ πȢπυ 
ὴ πȢυ 

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 little consistency across 
cities, and where this information was available, it was provided at a country, rather than city level. See Figure 
25 for an illustration of the application of the chosen sampling technique. See Appendix D: for the number of 
respondents to be surveyed per stratum per city. The number of respondents per stratum were distributed in 
ǇǊƻǇƻǊǘƛƻƴ ǘƻ ǘƘŜ ǎƛȊŜ ƻŦ ǘƘŜ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ǎǘǊŀǘǳƳ ƛƴ ŜŀŎƘ ȊƻƴŜ ǿƘŜǊŜ ǇƻǎǎƛōƭŜΦ YƛƎŀƭƛΩǎ ŀƎŜ ŘƛǎǘǊƛōǳǘƛƻƴ ǿŀǎ 
ƻƴƭȅ ŦƻǳƴŘ ǘƻ ōŜ ŀǾŀƛƭŀōƭŜ ŀǘ ŘƛǎǘǊƛŎǘΣ ǊŀǘƘŜǊ ǘƘŀƴ ȊƻƴŜ ƭŜǾŜƭΣ ǿƘƛƭŜ aŀǎŜǊǳΩǎΣ DŀōƻǊƻƴŜΩǎΣ ŀƴŘ YƛƴǎƘŀǎŀΩǎ ŀƎŜ 
distriōǳǘƛƻƴ ǿŀǎ ƻƴƭȅ ŦƻǳƴŘ ǘƻ ōŜ ŀǾŀƛƭŀōƭŜ ŀǘ Ŏƛǘȅ ƭŜǾŜƭΦ Lƴ ŀŘŘƛǘƛƻƴΣ DŀōƻǊƻƴŜΩǎ ƎŜƴŘŜǊ ŘƛǎǘǊƛōǳǘƛƻƴ ǿŀǎ ƻƴƭȅ 
found to be available at city level. 

Figure 25: Sampling technique flow chart 

 

3.5.3 Conventional Surveys 

The focus of the AUMO project was to identify and develop technology-enabled remotely administrable data 
collection methods (presented in Sections 3.5.4 and 3.5.5), as an alternative to conventional intercept field 
surveys. However, to benchmark these technology-enabled methods in terms of unit cost per survey 
response, and to ensure data could be collected for demographic sub-profiles potentially out of reach of 
technology-enabled survey techniques, conventional field intercept surveys were administered. 

Multiple-choice questionnaires were administered by teams of enumerators in 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 questionnaires 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: first a test, followed by a two main 
phases. Note that on the web platform, only the latest survey phase data is displayed.  
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3.5.3.1 Conventional Surveys Development 

With the initial list of indicators (as discussed in more detail in Section 3.3.2), 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 surveys are listed in Table 13. The localised and translated 
intercept survey questionnaires for the test and main phase surveys in all cities are provided in Annex H 

Table 13: Africa Urban Mobility Observatory list of indicators 

Indicator Category Indicator Questionnaire Reference 

Mobility  Mode share Q1.13; Q1.16; 

Public Transport Access 
Affordability Q1.4; Q1.7; Q3.5 

Accessibility Q1.2; Q1.4; 

Efficiency 

Travel time Q1.5; Q1.8; 

Congestion Q1.5; Q1.8; 

Vehicle occupancy Q1.14 

Quality 

Public transit reliability Q2.6 

Public transport comfort Q2.4; Q2.5 

Transfers Q1.15 

Perception of driver behaviour Q2.5 

Perceived condition of public/paratransit vehicles Q2.4 

Perception of crime on public transport Q2.1; Q2.2 

Gender 
Sexual harassment Q2.1; Q2.3 

Distance travelled Q1.1; Q1.3; 

Before each survey phase, the questionnaires were uploaded to a digital survey platform (SurveyCTO), 
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 to synchronise and 
upload survey responses to the server at the 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. 

3.5.3.2 Conventional surveys deployment 

Enumerator recruitment, training, equipment, and consumables 

In March 2021, in all research cities, 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 managing test and main phase survey campaigns. 

The survey teams typically comprised six enumerators and one supervisor, who participated in half-day 
training sessions in which the following topics were covered: 

¶ Distribution of responsibilities; 
o Enumerators; 
o Supervisors; 

¶ Communication requirements; 
o Internal team fieldwork communication protocols; 
o GDPR Compliance (understanding informed consent principal); 
o Reporting of incidents; 

¶ COVID protocols; 
o Wearing of masks; 
o Use of sanitiser; 
o Social distancing; 
o Avoiding of crowded spaces; 

¶ Technical skills; 
o Device configuration; 
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o Survey CTO installation; 
o Survey CTO Training; 

¶ Survey administration; 
o Internal (practice among team members). 

The following equipment and consumables were purchased: 

¶ Power banks (1 per enumerator); 

¶ Backup Android devices (two per city ς enumerators and supervisors were required to bring their own 
Android devices); 

¶ Mobile data vouchers; 

¶ PPE (facemasks and sanitiser). 

Test phase surveys and questionnaire updates 

Test surveys were conducted during the second half of the training day, and on the day which immediately 
followed. Enumerators were assigned a minimum target of 10 surveys for the half-day, and 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 in Table 14. The targets were exceeded in all cities. Note that all test phase data was 
excluded from all analyses. 

Table 14: Test surveys response tracking 

City Target 
Total 

respondents 
Cleaned 
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 of the first main 
phase (primarily to reduce the length of the questionnaire, to allow for greater compatibility with USSD and 
WhatsApp surveys): 

¶ Age question changed from multiple choice to open question (for higher resolution data moving 
forward). 

¶ Gender option άǇǊŜŦŜǊ ƴƻǘ ǘƻ ǎŀȅέ ǿŀǎ ǊŜƳƻǾŜŘ (to increase the number of respondents per gender). 

¶ Questions on walking time to public transport removed (to reduce length of questionnaire). 

¶ Mode of travel question combined into single question, and second most used mode of travel 
question removed (to reduce length of questionnaire). 

¶ Disability status questions combined into single question (to reduce length of questionnaire). 

First main phase surveys and questionnaire updates 

In August 2021, once the survey questionnaire had been revised, the first main phase field surveys took place. 
These surveys were conducted over three days per city, with an assigned target of 20 surveys per day per 
enumerator (equating to 360 completed surveys in total). The actual number of completed surveys per city 
are presented in Table 15. Again, the targets were exceeded substantially. 
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 Table 15: Main phase 1 surveys response tracking 

City Target 
Total 

Respondents 
Cleaned 
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 enumerators during the first main phase surveys across the cities, further 
revisions were made to the questionnaire: 

¶ DŜƴŘŜǊ ǿŀǎ ƴƻǿ ǊŜŘǳŎŜŘ ǘƻ ƻƴƭȅ άaŀƭŜέ ŀƴŘ άCŜƳŀƭŜέ ǊŜǎǇƻƴǎŜ ƻǇǘƛƻƴǎ όlocal support partners 
indicated that some respondents may be reluctant to participate ŘǳŜ ǘƻ ǘƘŜ άnon-Binaryέ ƻǇǘƛƻƴ); 

¶ Rephrasing of questions for clarityΣ ŦƻǊ ŜȄŀƳǇƭŜΥ άWhat is the most common reason for you to travel 
in this city?έ ǿŀǎ ŎƘŀƴƎŜŘ ǘƻ άWhat is the most frequent activity you perform that requires travelling 
in this city?έ. These changes were made in response to issues identified during data cleaning. 

Second main 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 Section 3.5.5), 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 passers-by, and rechargeable Long-Term Evolution (LTE) 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 field survey campaigns 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 surveys to proceed 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 be re-deployed and spend a day assisting participants with installing 
the app. The second main field phase took place in May 2022. Due to challenges with obtaining data 
collection permission in Kigali for technology-based survey tools, and since it was planned that the second 
main phase field campaign would incorporate UMA recruitment, the entire second main phase survey 
campaign was cancelled in Kigali. After extensive engagements with government officials from various 
departments spanning over 12 months, it was concluded that the following steps should have been followed 
in order to obtain the necessary authorisation to proceed: 

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

¶ Step 2) Obtain a non-objection letter from RURA for the data collection campaign; 

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

o Description of survey objectives; 
o Description of sampling frame (target population, geographical coverage); 
o Description of indicators; 
o Survey questionnaire(s) translated into Kinyarwanda; 
o Survey team training plan and team structure; 
o Data analysis plan; 
o Survey campaign schedule; 
o Curriculum vitae of researchers; 

¶ Step 4) Obtain a Data Controller Certificate from the National /ȅōŜǊ {ŜŎǳǊƛǘȅ !ǳǘƘƻǊƛǘȅΩǎ 5ŀǘŀ 
Protection Office, by submitting the following supporting documentation: 
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o Research visa; 
o Non-objection letter from RURA and letter of support from City of Kigali; 
o Service level agreements with sub-contractors and cloud-based technology 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 presented in Table 16. As found during previous campaigns, the targets were exceeded in all cities but 
Gaborone. 

Table 16: Main phase 2 surveys response tracking 

City Target 
Total 

Respondents 
Cleaned 
Surveys 

Blantyre 360 451 442 

Gaborone 360 361 251 

Kinshasa 360 411 406 
Lagos 360 450 434 

Maseru 360 481 468 

3.5.3.3 Survey response rates and cost 

In this sub-section, the effective unit 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 
(see Table 17). This assessment was performed using Main Phase 2 findings. 

Note that unlike with the technology-based survey approaches, there is little opportunity for economy of 
scale (i.e.: each survey campaign incurs roughly the same setup and campaign cycle costs, resulting in a 
relatively consistent effective unit cost per survey response, regardless of frequency or scale of survey 
campaign). See Section 3.5.4.4 for comparison with USSD and WhatsApp survey setup and campaign cycle 
costs, where additional cycles achieve better economies of scale, due to fixed non-repeat setup costs. 

Table 17: Field surveys campaign cost per city (main phase 2) 

City 
Survey Team and 

Consumables (4 days) 
Number of Cleaned 

Surveys 
Effective 
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 GBP 1,868.42 434 GBP 4.31 

Maseru GBP 1,791.31 468 GBP 3.83 

Both the campaign costs, and equivalent unit costs of surveys across the cities was similar, with Gaborone 
survey unit cost being the only outlier (due to fewer cleaned surveys being realised in this city ς the cause of 
which is unclear). 

3.5.4 USSD and WhatsApp surveys 

While levels of smartphone penetration across sub-Saharan African cities is rising steadily, a substantial 
proportion of residents continue to use low-end mobile phones (LEMPs) and feature phones (144). Therefore, 
the project team explored ways to collect mobility data via these less powerful, more affordable devices, 
identifying USSD (Unstructured Supplementary Service Data) and WhatsApp as the most compatible options. 
Since both platforms require the end-user to initiate sessions, SMS (Short Message 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 a Global System for Mobile Communications (GSM) text channel commonly used by African Mobile 
Network Operators (MNOs), and is a session-based, real-time, two-way communication service that enables 
access to services hosted on a server (145). 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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A test USSD survey campaign, supported 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. 

3.5.4.1 USSD surveys development 

The AUMO project started mid-2020, during which time many countries had imposed Covid-19 related travel 
and movement restrictions. Innovative contactless data collection methods were one outcome of these 
restrictions, among which were USSD surveys (146). It was in this context that the project team investigated 
the possibility of conducting mobility surveys via USSD. 

USSD functionality and limitations 

USSD sessions support two-way communication between a USSD server and an end-user device, allowing 
survey questionnaires to be presented to the end-user, and allowing the end-user to then submit a response. 
There are several inherent limitations to USSD technology: 

¶ The maximum duration of a USSD session is typically between 120 to 180 seconds, depending on 
Mobile Network Operator (MNO), therefore the questionnaire 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; 

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

¶ Shared USSD channels are often configured to charge the user per session, rather than the account 
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 choice-style questionnaires, which ensure that 
ǇŀǊǘƛŎƛǇŀƴǘǎΩ ǊŜǎǇƻƴǎŜ ƳŜǎǎŀƎŜǎ ŀǊŜ ōrief (in terms of the number of characters to type, as well as the time it 
takes to respond). 

5ǳŜ ǘƻ ǘƘŜǎŜ ƭƛƳƛǘŀǘƛƻƴǎΣ ǿƘƛƭŜ ǘƘŜ ŎƻƴǾŜƴǘƛƻƴŀƭ ǎǳǊǾŜȅǎΩ ǉǳŜǎǘƛƻƴƴŀƛǊŜǎ ǿŜǊŜ ǇǊŜŘƻƳƛƴŀƴǘƭȅ ƳǳƭǘƛǇƭŜ ŎƘƻƛŎŜΣ 
the time required to answer all 24 questions was too long. For USSD surveys, the questionnaires were 
reduced to 15 questions. Travel experience questions were therefore removed (for more information on 
indicators, see Section 3.3.2.1), while demographic and travel pattern related questions were retained (since 
these were identified as being critical for the co-development of Action Plans, to be presented in forthcoming 
Deliverable 8). Due to the character limit, it was also not possible to list all the zones of the city on a single 
page. Therefore, the zone selection question had to be adapted into a 2-stage sequence, in which the first 
ƭŜǘǘŜǊ ƻŦ ǘƘŜ ǊŜǎǇƻƴŘŜƴǘΩǎ ǎŜƭŜŎǘŜŘ ȊƻƴŜ ǿŀǎ ƛŘŜƴǘƛŦƛŜŘ during the first stage, followed by a second stage in 
which a list of zones beginning with the corresponding first letter was presented to the respondent to select 
from. As a result of this relatively convoluted (and likely confusing) sequence, much time was lost to zone 
selection. As a result, many respondents were unable to complete the USSD surveys before the sessions 
timed out. 

See Annex H for the test and main phase USSD questionnaires. 

Stakeholder engagement and USSD channel and server setup 

USSD channels are usually costly and time-consuming to set up (although this does vary across regions and 
MNOs). So, unless a USSD channel is required for a long-term continuous campaign, it is usually more cost 
ŜŦŦŜŎǘƛǾŜ ǘƻ ŘŜǇƭƻȅ ŀ ŎŀƳǇŀƛƎƴ ƻƴ ŀƴ ŜȄƛǎǘƛƴƎ ǎƘŀǊŜŘ ¦{{5 ŎƘŀƴƴŜƭΣ ǎŜǘ ǳǇ ōȅ ŀ ǘŜƭŜŎƻƳΩǎ ŀƎƎǊŜƎŀǘƻǊ ǎŜǊǾƛŎŜΦ 
See quoted costs obtained for the setting up and maintenance of dedicated USSD channels in each of the six 
AUMO cities in Table 18. 

Table 18: Dedicated USSD channel setup and maintenance costs per city 

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 available budget; therefore, the project team investigated such 
ǎƘŀǊŜŘ ¦{{5 ŎƘŀƴƴŜƭǎΦ !ŦǊƛŎŀΩǎ ¢ŀƭƪƛƴƎΣ ŀ ǘŜƭŜŎƻƳǎ ŀƎƎǊŜƎŀǘƻǊ ǘƘŀǘ ƻǇŜǊŀǘŜǎ ŀŎǊƻǎǎ ƳǳŎƘ ƻŦ ǎǳō-Saharan 
Africa, had shared USSD channels in Blantyre, Kigali, and Lagos, and was contracted to support with the 
provision of USSD 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 E: for 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 discussed in Section 3.5.3, it was 
not possible to proceed with the USSD campaign in this city. 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 are issued by the 
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 
ǊŜǎǇƻƴŘŜƴǘǎΩ ƳƻōƛƭŜ ŘŜǾƛŎŜǎ όǘƻ ŀŘƳƛƴƛǎǘŜǊ ǘƘŜ ǎǳǊǾŜȅΣ ŀƴŘ ǘƻ ǎǘƻǊŜ ǘƘŜ ǊŜǎǇƻƴǎŜ ŘŀǘŀύΦ {ŜŜ Figure 26 for an 
illustration of the data flow between the USSD server, the aggregator server, the MNO USSD channel, and 
end-user devices. 

Figure 26: USSD data flow illustration 

 

Rather than developing an in-house USSD server, SASA Solutions (a South African telecoms technology 
company with an existing USSD server platform) was contracted to support on the project. USSD survey 
ŦǳƴŎǘƛƻƴŀƭƛǘȅ ǿŀǎ ǘŜǎǘŜŘ ǳǎƛƴƎ {!{! {ƻƭǳǘƛƻƴǎΩ ¦{{5 ǿŜō-based simulator (see Figure 27). 

Figure 27: SASA Solutions web-based USSD simulator (Lagos) 
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3.5.4.2 WhatsApp Surveys development 

With the rapid adoption of aŜǘŀΩǎ WhatsApp messenger service across Africa (147), and increasing number of 
feature phones supporting WhatsApp, the project team investigated the possibility of conducting mobility 
surveys via 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. 

WhatsApp functionality and limitations 

WhatsApp, like USSD, supports two-way communication between servers and end-user devices. This allows 
survey questionnaires to be presented to end-users, who can then submit responses. The 4,096-character 
limit of WhatsApp messages far exceeds that of USSD, and there is no session duration limit. As a result, the 
full 24-question survey could be retained, and there was no need for the 2-stage zone selection sequence, as 
was required for the USSD questionnaire. See Annex H for the WhatsApp survey questionnaires. 

WhatsApp server setup 

To support WhatsApp surveys, a Meta Business Suite account is required, as well as a Facebook business 
page. A virtual WhatsApp number must then be assigned, which was contracted to Turn.io (a communications 
integration company). As with USSD, to support an interactive survey, a WhatsApp server linked to the 
WhatsApp account must be set up. This was contracted to SASA Solutions since they were already running the 
USSD server for the project. A web-based WhatsApp Simulator, similar to the simulator set up for USSD (see 
Figure 27), was set up for testing the WhatsApp surveys. 

3.5.4.3 SMS and participation 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 remotely recruit survey respondents, a marketing campaign was therefore required in which the 
corresponding USSD codes and WhatsApp numbers could be shared. To achieve sampling objectives (as 
discussed in Section 3.5.2), 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 as Facebook and SMS campaigns. 

Since MNOs can send 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 concluded that SMS campaigns would likely be most effective at recruiting participants to these remotely 
administered digital survey campaigns (especially as the message would then be received on the device 
through which the survey could be initiated). After lengthy stakeholder engagements with various MNOs in 
the six research cities, it was determined that with the relevant authorisation, it would be 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 marketing message 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 to challenges in obtaining the necessary authorisation to conduct digital surveys in Kigali (as discussed in 
Sections 3.5.3.2 and 3.5.4.1), it was not possible to proceed with the USSD and WhatsApp surveys, nor the 
corresponding SMS survey marketing campaign. 

3.5.4.4 Survey response rates and 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 in Table 19 and Table 20 respectively. 

Table 19: USSD survey response rates 

City 
Number of Marketing SMSs Sent 
(USSD and WhatsApp Combined) 

Initiated USSD 
Survey 

Completed 80% of 
USSD Survey 

Completed 100% of 
USSD Survey 

Blantyre 80,040 1,946 448 367 

Lagos 100,000 909 604 149 

Table 20: WhatsApp survey response rates 

City 
Number of Marketing SMSs Sent 
(USSD and WhatsApp Combined) 

Initiated WhatsApp 
Survey 

Completed 80% of 
WhatsApp Survey 

Completed 100% of 
WhatsApp Survey 

Blantyre 80,040 15 8 3 

Lagos 100,000 52 21 19 

The drop-off rate (difference between the number of participants who initiated the survey, and those who 
completed the survey) associated with USSD is evidently much higher than for that of WhatsApp, mainly due 
to the time limit associated with USSD sessions (which in most instances of drop-off, timed out before 
respondents were able to reach the end of the questionnaire). This indicates that had the questionnaire been 
shorter (or had the time-out duration been longer), it would have been possible to achieve 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 participating via USSD (although, another likely factor was that a 
smartphone or feature phone with WhatsApp installed was required to participate via this channel ς such 
devices are less common than LEMPs, which are able to accommodate only USSD surveys). The drop-off 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 end (indicating that the survey questionnaire was 
simply too long). 

Presented in Table 21 and Table 22 are the total USSD and WhatsApp data collection campaign costs per city, 
respectively. These are broken down into the following: 

¶ Once-off setup costs: these are independent of the number of campaign cycles run or the number of 
surveys completed (i.e.: as more surveys are completed, so these costs can be amortised over more 
survey responses, thereby lowering the effective unit cost per survey); 

¶ Campaign cycle costs: these are costs incurred during each campaign cycle; 

¶ Variable costs: these are costs which increase with the number of survey respondents (i.e.: 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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Table 21: USSD data collection campaign cost per city 

City 
Setup Costs (Once-off) Campaign Cycle Costs 

Variable 
Costs 

Total 

USSD Channel Setup 
and Maintenance 

USSD Server 
Setup Cost 

USSD Monthly 
Campaign Cost 

Targeted 
SMS Cost 

Airtime 
Incentive 

 

Blantyre GBP 860.86 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 

Table 22: WhatsApp data collection campaign cost per city 

City 
Setup Costs (Once-off) Campaign Cycle Costs Total 

WhatsApp Business 
Account Setup 

WhatsApp Server 
Setup Cost 

WhatsApp Campaign 
Monthly Cost 

Targeted SMS 
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 channel. It was discovered during the test ǇƘŀǎŜ ǘƘŀǘ !ŦǊƛŎŀΩǎ ¢ŀƭƪƛƴƎΩǎ ǎƘŀǊŜŘ ¦{{5 ŎƘŀƴƴŜƭ 
only functioned on the Airtel network, while the SMS campaign was only able to run on the Telekom 
Networks Malawi (TNM) network ς therefore, a dedicated USSD channel had to be set up on the TNM 
network. It should also be noted that while the initial quote for setting up a dedicated USSD channel in 
Blantyre was GBP 3,725 (see Table 18), ǘƘǊƻǳƎƘ !ŦǊƛŎŀΩǎ ¢ŀƭƪƛƴƎΣ it was possible to set up the dedicated 
channel for GBP 860.86. This indicates that it may have been possible to set up dedicated USSD channels 
more cost effectively in the cities where USSD surveys had been excluded ς this only became apparent 
towards the end of the project, leaving insufficient time and budget to proceed with additional USSD 
campaigns in more cities. 

The cost of targeted SMSs in Blantyre was substantially less than 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 Table 23 and Table 24, the equivalent unit cost per completed USSD and WhatsApp survey respectively, per 
city, are presented. 

Table 23: USSD campaign cost per city 

City Total USSD Cost 
Number of Completed 

Surveys 
Effective Unit Cost 

Blantyre GBP 1,463.79 367 GBP 3.99 

Lagos GBP 1,298.53 149 GBP 8.71 

Table 24: WhatsApp campaign cost per city 

City Total WhatsApp Cost 
Number of Completed 

Surveys 
Effective Unit Cost 

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 costs, the 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 than the cost per USSD survey (this was also 
seen in Lagos). 

Had the USSD survey been reduced in length further, the drop-off rate 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 lack of penetration of feature 
phones and smartphones in the region. The high drop-off 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, and a lower unit cost. 

3.5.5 UMA surveys 

To take advantage of the rich telemetry data smartphones can collect, a bespoke automated travel diary 
generating smartphone-based technology (UMA) was developed by the team. UMA collects location and 
accelerometer data from 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 with Point of Interest (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 existing user-bases from 
which to recruit participants. Due to limited interest among prospective app partners to integrate UMA, the 
project team developed a standalone smartphone app. After lengthy delays (discussed in more detail in the 
subsections that follow), UMA campaigns were conducted in the research cities during June 2022. 

3.5.5.1 UMA surveys development 

UMA SDK and Standalone App 

To reduce the cost and time associated with recruiting UMA survey participants, the project team chose to 
develop an Android and iOS UMA SDK, thereby allowing integration with existing apps, with existing 
userbases from which to recruit. The risk with this approach is the introduction of survey bias, whereby the 
population of app users are unlikely to be reflective of the whole population. To help overcome this issue, it 
was the intention of the project team to integrate UMA with as many apps as possible. Android is the most 
prevalent smartphone operating system in sub-Saharan Africa (148), therefore, the Android SDK development 
was prioritised. In parallel to development, the project team embarked on a stakeholder engagement 
programme through which prospective app partners were identified and approached. 

Despite initial expressions of interest from several prospective app integration partners, as the Android SDK 
approached production release, hesitance to proceed with integration had grown. The major concerns raised 
by prospective app partners were the unknown impact that integration of a third-party SDK could have on the 
functionality of the host app, and the unknown impact that such an integration could have on user 
perceptions of the host app. 

Once the production Android Package Kit (APK) was released in mid-2021, only one of the prospective app 
partners was willing to proceed, but required payment of GBP20 per survey participant, and only had 
userbase coverage 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 stricter approval criteria for background location tracking, whereby app developers 
now needed to prove that background location tracking is critical to the functioning of the app, and that there 
was tangible benefit to background location tracking for the end-user. Consequently, only partner apps that 
already had background location tracking approved would-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 end-user. 

With limited remaining development hours available, the team stopped the development of the iOS UMA 
SDK, and instead focussed developing a standalone Android UMA app.  

Planning and design of the standalone Android UMA app commenced late-2021, 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 Google. It became available for download on 
the Google Play Store in May 2022. 

UMA functionality and limitations 

UMA is a smartphone-based survey tool that can passively observe mobile phone telemetry data (including 
Dt{ ŀƴŘ ŀŎŎŜƭŜǊƻƳŜǘŜǊύΣ ǘƻ ŀƭƭƻǿ ƛƴǘŜǊǇǊŜǘŀǘƛƻƴ ƻŦ ƛƴŘƛǾƛŘǳŀƭǎΩ ƳƻŘŜǎ ƻŦ travel, origins and destinations, 
travel times, periods of travel, and transfer activity (see Figure 28 for a visualisation of UMA data).  
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Figure 28: UMA Users Static Location Snapshot and Trip Routes 

 

UMA is General Data Protection Regulation (GDPR) compliant, and therefore requires informed consent from 
survey participants before data collection can commence. To obtain this informed consent, 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 shown in Figure 29.  

Figure 29: UMA App Initiation Screens 

 

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, rather than any personally identifiable 
information (Figure 30). 
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Figure 30: UMA app disaggregation survey 

 

Once the disaggregation survey is ŎƻƳǇƭŜǘŜŘΣ ǘǊŀŎƪƛƴƎ ƛǎ ŀōƭŜ ǘƻ ŎƻƳƳŜƴŎŜΦ 9ŀŎƘ ŘŀȅΣ ǘƘŜ ǇǊŜǾƛƻǳǎ ŘŀȅΩǎ ǘǊƛǇǎ 
become visible to the participant, and should be reviewed by the participant to confirm whether the travel 
path detected is accurate, and to also confirm trip primary trip purpose and mode (this is used for app 
calibration purposes).  

Figure 31: UMA app tracking screens 

 

The main limitations associated with UMA are as follows: 

¶ It is a smartphone-based solution only and is therefore 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 completion); 

¶ 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); 

¶ Recruitment of users can be a challenge, especially when it is not possible to partner with existing 
host apps; 

¶ 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 modes is more challenging, unless the travel path is aligned with known transport 
interchanges and stops); 

¶ UMA requires high accuracy location data, and therefore during trips it enters a high-power 
consumption mode, comparable with navigation apps. This results 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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Stakeholder engagement 

Prospective UMA app partners per city are listed in Table 25. Engagements were held with these stakeholders 
over a period of several months, however none culminated in integrations. This was largely due to concerns 
by prospective partners that their userbase would be uncomfortable with the concept of being tracked 
through their app, and that they were unwilling to risk the possibility of functionality issues as a result of 
software conflicts caused by an integration. 

Table 25: UMA Prospective Partner App List 
App Category 
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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    

3.5.5.2 UMA survey deployment 

UMA campaigns were run in all research cities, except Kigali (where the necessary permissions could not be 
obtained in time ς see Section 3.5.3.2 for more details) and were marketed through flyers handed out by field 
teams over a single day (Figure 32), and via a Facebook advertising campaign (Figure 33). Only 43 participants 
completed a full cycle of data collection across all cities. This was likely a result of the marketing campaign 
being insufficient (constrained by a limited budget, and failure to combine the UMA recruitment field 
campaign with the conventional survey campaign as planned ς due to delays in UMA development).  

Figure 32: UMA Campaign Flyer (Lagos) 

 

Figure 33: UMA Facebook Advert (Lagos) 

 

3.5.5.3 Survey Response Rates and Cost 

The total number of people Facebook advert feed appearances, number of Facebook advert clicks (i.e.: 
number of instances of users clicking on the advert), number of UMA app downloads, number of users who 
registered and initiated the app correctly (granted permission for the app to collect data, and completed the 
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disaggregation survey), and finally, the number of participants who completed the UMA survey (i.e.: were 
successfully tracked for seven consecutive days), are summarised in Table 26. 

Table 26: UMA participation rates 

City 
Number of Facebook 

Advert Feed 
Appearances 

Number of 
Facebook 

Advert Clicks 

Number of UMA 
App Downloads 

Number of UMA 
App User 

Registrations 

Number of 
Completed UMA 

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 

Just over half-a-million Facebook advert feed appearances converted into a healthy 7,357 advert clicks, and 
5,318 app downloads from the Google Play Store. The conversion rate from app downloads to completed 
surveys was however less than 1%. This indicates that either prospective respondents were unwilling to 
participate due to reluctance to share location data, or they were unsure how to proceed (with the former 
being the more likely scenario in most cases). 

Despite Malawi having the second lowest smartphone penetration of the five countries in which UMA 
campaigns were administered (144), Blantyre had the highest number of UMA app downloads, user 
registrations, and completed UMA surveys. 

The effective unit cost per completed UMA survey is presented in Table 28. First the total cost per campaign 
per city is calculated (Table 27), and then divided by the number of UMA respondents per city. Note that the 
campaign cost figures have been converted from local currencies into GBP and rounded to the nearest whole 
number. 

Table 27: UMA campaign cost per city 

City 
Campaign Cycle Costs 

Variable 
Costs 

Total 
Flyers 

Facebook 
Adverts 

Survey Team 
(1 day) 

Airtime 
Incentive 

Blantyre GBP 24.00 GBP 115.00 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 115.00 GBP 382.00 GBP 115.00 GBP 645.00 

Lagos GBP 30.00 GBP 115.00 GBP 377.00 GBP 115.00 GBP 637.00 

Maseru GBP 30.00 GBP 115.00 GBP 344.00 GBP 115.00 GBP 604.00 

Table 28: Equivalent UMA unit cost per city 

City 
Campaign 

Cost 

Number of 
Completed 

UMA Surveys 

Effective 
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 the much lower number of completed UMA surveys than targeted (1,000 per city), the unit cost is 
substantially higher than all other AUMO data collection methods. The main challenge associated with the 
UMA campaigns across all cities was evidently succeeding in convincing prospective participants who had 
downloaded the app to continue to agree to have their location tracked for the 7-day period. 

With insufficient budget and time to conduct further UMA campaigns, it is unclear whether a larger Facebook 
advert campaign could have yielded better results, or greater diversity in recruitment methods. Both 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 

3.5.6.1 Socio-demographic profile of respondents per survey technology 

The socio-demographic profile of survey respondents in Blantyre and Lagos, per technology, are presented in  
Figure 34 up to (and including) Figure 38. Only these two cities are included in this comparison, since USSD 
and WhatsApp surveys were not administered in the other AUMO cities. Since there were very few 
participants who responded via WhatsApp, the results may be misleading and therefore are not discussed. 

Figure 34: Ratio of responses per technology per city by gender 

 

 

Evidently, field surveys came close to achieving gender parity in both Lagos and Blantyre. In both cities, there 
were more male USSD respondents than female. 

Figure 35: Ratio of responses per technology per city by age group 

 

In both cities, there were few survey respondents over the age of 55 participating any survey technology. The 
average age of USSD survey participants was lower than that of field surveys (possibly due to a greater degree 
of tech savviness typically expected of younger participants). 

Figure 36: Ratio of responses per technology per city by employment status 
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The vast majority of USSD and field survey respondents in both cities were employed/self-employed, followed 
by students, and some full-time parents.  

Figure 37: Ratio of Responses per Technology per City by Education Level 

 

In both cities, most USSD and field survey respondents had secondary school level education or above (with 
the majority of USSD and field survey respondents in Lagos having some form of tertiary education). 

Figure 38: Ratio of Responses per Technology per City by Income Group 

 

While in Lagos there was relatively even representation of different income groups across both USSD and field 
survey respondents, in Blantyre, most respondents fell into the lower income brackets. Since Malawi is 
classified by World Bank as a low-income country, which aligned with expectations (149). 

3.5.6.2 Comparison of Data Collection Methods 

Since the key objective of identifying and developing technology-based 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 campaign cost per survey type per city is presented in Table 29, while the effective 
unit cost per survey type per city is presented in Table 30. 

Table 29: Survey campaign total costs per type per city 

City 
Conventional 

Surveys 
USSD Surveys 

WhatsApp 
Surveys 

UMA Surveys 
Total Campaign 

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 GBP 4,833.78 

Maseru GBP 1,791.31 - - GBP 604.00 GBP 2,395.31 

Total Campaign Cost 
per Survey Method 

GBP 8,944.30 GBP 2,76.32 GBP 1,629.80 GBP 3,066.00  
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Table 30: Survey campaign unit cost and response quantity per survey type per city 

City 
Conventional Surveys USSD Surveys WhatsApp Surveys UMA Surveys 

Survey 
Qty 

Effective 
Unit Cost 

Survey 
Qty 

Effective 
Unit Cost 

Survey 
Qty 

Effective Unit 
Cost 

Surveys 
Qty 

Effective Unit 
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 least of all survey 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 and recruit 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 cost-effective survey type, just slightly ahead of conventional 
surveys. It must 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 1,946. Had the survey questionnaire been shorter, allowing all participants who 
initiated the survey to reach the end before the session timed out, the effective unit cost per survey would 
have been GBP 0.75 (which would have made the USSD survey campaign 82% 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 survey questionnaire been shorter, allowing all participants who had 
initiated the survey to reach the end, the unit cost per USSD survey in Lagos would have been GBP 1.43 
(which would have made it 33% more cost effective than conventional field surveys in Lagos). 

While WhatsApp surveys were the least cost-effective survey tool in Blantyre, and only slightly more cost 
effective than UMA in Lagos, arguably, these figures belie the true potential of WhatsApp. It is unlikely that 
the poor WhatsApp response rate was due to low levels of WhatsApp penetration, given the increased 
adoption of this service in the region (147). The poor participation rates were likely due to the lack of 
incentives (due to insufficient budget), and the combining of the WhatsApp marketing campaign 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 
disincentivising WhatsApp survey participation). 

In conclusion, USSD can function as a very powerful survey technology, with the potential to be substantially 
more cost-effective than conventional field surveys. Had a longitudinal survey design approach been adopted, 
where the base questionnaires could be split across several phases of data collection (resulting in shorter 
questionnaires per round), the completion rate likely would have been significantly higher, thereby resulting 
in higher quality datasets. WhatsApp surveys could also likely be a cost-effective survey tool, although this 
would need to be proven with further testing of the technology using different marketing techniques, and 
possibly incentives. Similarly, while UMA is an incredibly powerful survey tool in terms of its capability to 
automate the generation of comprehensive trip diary datasets, additional testing is required to evaluate 
different marketing approaches and incentive strategies, to encourage greater participation. 

3.6 Recommendations 

3.6.1 Big Data for 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 recommendations 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 into urban 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, which would then become the 
basis for identifying how Big Data can play a role in contributing to the attainment of the vision. The visioning 
process would entail an 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 external initiatives (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 
depending on 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 targeted sampling 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 leveraging the strategies 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 consider directly 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 resources, capacities, and 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 updating the overall 
vision).   

Adopt appropriate local policies and regulations  

City authorities can explore adopting local policies that would facilitate the utilization of such Big Data 
technologies to feed into planning and policymaking. A careful review of existing regulations and policies 
relevant to Big Data and urban mobility (e.g., data privacy, cybersecurity, data sharing, data ownership), and 
understanding the limits and opportunities for developing and adopting such at the city-level, can be a first 
step. Establishing focal points at the city-level 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 regulations and 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 evolution of internal 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 general) for urban 
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 sharing agreements with the cities. Additionally, city authorities can explore 
fiscal and non-fiscal incentives for supporting Big Data projects and initiatives, and entities working in this 
field (e.g., expedited procedures for permitting, business processing, etc). 

Determine the ŎƛǘȅΩǎ ǊƻƭŜ ŀƴŘ ōǳƛƭŘ ŎŀǇŀŎƛǘƛŜǎ  
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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 properly govern 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 capacities of governments to work with technical consultants, academia, and engage in 
validating assumptions and results, for example, may be beneficial in the short-term. Developing cities in the 
region may perhaps benefit best by focusing on being a consumer of such data and integrating such 
technologies (and external entities) into the wider planning and policy cycle. An iterative approach that 
considers the rapidly evolving environment, resources, and technologies, should be considered, and a 
thorough assessment may 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 gaps. A central institution can either be set 
up, or an existing one be mandated to take charge of matters relating to Big Data. In the short or medium 
term, cities could explore assigning interim entities or perhaps multi-stakeholder bodies to act as focal points. 
A longer-term plan for institutionalising Big Data can then be explored, 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.  

Address infrastructure and technology gaps 

The infrastructure challenges (and the associated 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 ς for example, cloud-based servers. Short-term ǳǇƎǊŀŘŜǎ ƻŦ ǘƘŜ ŎƛǘȅΩǎ ŜǉǳƛǇƳŜƴǘ ŀƴŘ 
technological assets need also consider potential requirements that can enable immediate use of Big Data for 
supporting internal or city-level 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 medium-term. Ultimately, the integration of 
Big Data-relevant infrastructure can be explored in wider city plans (i.e., in connection with the wider issues of 
low levels of connectivity), and possibilities for public-private partnerships can be investigated.  

Establish mechanisms for collaboration 

Developing cities are mostly confronted by significant limitations in terms of capacities, skills, and resources. 
Cities should actively facilitate the cooperation between different entities (e.g., private entities, academia, 
civil society) that are involved in data collection and generation, as 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 requirements. Such pilots can better be facilitated through urban living 
labs which leverage the cooperation between different stakeholders to co-develop, evaluate, and iterate 
locally-adapted solutions ς in this case, solutions that relate to Big Data and urban mobility. Urban mobility 
labs essentially are cooperation platforms with the goal to establish a forum for developing products, 
systems, and processes in the urban context. They are based on a participatory approach throughout the 
entire development, implementation, and evaluation process (150). The idea is that a coordinated mechanism 
is set up wherein potential solutions (e.g., in this case, Big Data-related technologies) are tested in specific 
contexts that try to address a specific issue The process is deemed to ideally 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 the use of the data, while the 
expert institutions handle the technical work, 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 associations) in such 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 portal) so that collaborative data generation, processing, and use (whether Big Data or non-Big 
Data) can be opened to interested parties. 

Support the promotion of Big Data 

The lack of participation from different stakeholders in Big Data can be driven by different 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 Data 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 usage, and 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 internally focused project which makes use of Big 
Data towards improving its own activities ς this could mean, in one example, a small-scale 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 development of user-centric programs focusing on raising the 
awareness regarding Big Data, its risks, and benefits, and 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/outlined Table 31 and Table 32. 

Table 31: Identified key actions by the stakeholders in Blantyre 

 Description of Identified Actions by the Local Stakeholders  

Integrating Big Data 
into Urban Mobility 

Planning 

¶ Elaboration of actions relating data towards achieving a vision towards ά! congestion free city with 

integrated multi-modal, safe, clean, smart, inclusive, efficient, affordable transport system powered by 

renewable energyΦέ 

Adopting appropriate 
local policies and 

regulations 

¶ Development of enabling policy at the local level; 

¶ Increase political will at Blantyre City   Council level to prioritise data by elevating the awareness regarding 

its importance; 

¶ Explore other non-mobility policies which may influence the overall environment such (e.g., education 

policy and by-laws). 

Addressing 
Infrastructure and 
Technology Gaps 

¶ Frequent internal system upgrades; 

¶ Develop easy-to-understand graphic user interfaces; 

¶ Develop a city cell phone-based app for collection of data and dissemination of information; 

¶ Enhance connectivity in areas with low-capacity networks; 

¶ Lobbying city management and city political leadership to prioritise data in budget allocation (as well as the 

necessary equipment). 

5ŜǘŜǊƳƛƴƛƴƎ ǘƘŜ /ƛǘȅΩǎ 
Role and Building its 

Capacities 

¶ Build capacity within city to prioritise data collection and utilisation; 

¶ Create a substantive section/ department on research and development; 

¶ Improve working conditions at the city to attract and retain skilful/competitive workforce; 

¶ Providing digitalisation equipment for collection and analysis of data; 

¶ Strengthen skills/capacities of road agents in collecting data; 

¶ Trainings sensitisation of city professionals on data-oriented planning; 

¶ Find means to fund training. 

Establish mechanisms 
for collaboration 

¶ Clear and simple procedures to access data put forward by government 

¶ Collaboration of data players; 

¶ Deliberate policy for Government/City to have access to all data collected within its jurisdiction. 
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Supporting the 
Promotion of Big Data 

¶ Dissemination of information through civic education and sensitisation campaigns 

¶ Run innovation hubs and competition to improve tech knowhow amongst the city citizens; 

¶ Awareness campaigns to create demand for data; 

¶ Allocate resources to do with awareness campaigns; 

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

Table 32: Identified key actions by the stakeholders in Kigali 

 Description of Identified Actions by the Local Stakeholders  

Integrating Big Data into 
Urban Mobility Planning 

¶ Elaboration of actions focusing on the utilisation of data towards a vision encompassing an 

integrated, safe, inclusive, accessible, affordable, and sustainable urban mobility system; 

¶ Establishing procedures relevant to data collection up to utilisation. 

Adopting appropriate local 
policies and regulations 

¶ Supportive policies for dedicating funds for data collection and management. 

Addressing Infrastructure and 
Technology Gaps 

¶ Improvement of ICT coverage in priority areas; 

¶ Explore the creation of a city-level database. 

5ŜǘŜǊƳƛƴƛƴƎ ǘƘŜ /ƛǘȅΩǎ wƻƭŜ 
and Building its Capacities 

¶ Capacity building programs for data science; 

¶ Centralised agency as a focal point for data; 

¶ Establishing routine trainings for professionals; 

¶ Identify gaps and needs for structural reform / streamlining of processes. 

Establish mechanisms for 
collaboration 

¶ Identifying opportunities for embedding flexibility in processes related to approvals from relevant 

agencies; 

¶ Strengthening the collaboration with international experts. 

Supporting the Promotion of 
Big Data 

¶ Seeking opportunities for international cooperation (e.g., training, research, study tours). 

3.6.2 Sustainable Mobility Indicators 

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

Retain and refine the existing set of indicators 

The relevance of the initial set of indicators was validated by local stakeholders, and the subject matter 

experts. 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 the inclusion of additional indicators 

The validation exercise pointed towards the benefit of having additional indicators in the portal. For one, the 

current indicators are primarily focusing on urban passenger transport. The rapid growth in urban freight in 

the region, coupled with the fact that passenger and freight movements interact in the same system, points 

towards the need to explore priority indicators for urban freight. Perhaps those that would reflect the state of 

activity, structure, and potentially externalities that 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 multi-modality.  

Explore the util isation of the AUMO data with other sources 

Significant information about urban mobility (e.g., in relation to choice-making) can be uncovered when 

effectively combining existing Big Data (e.g., user movements) with other data reflecting the physical 

environment, transport services, and socioeconomic 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 mobility data, these 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 WhatsApp survey 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 the AUMO project, travel distance was defined 
on a centroid to centroid basis between TAZs ς no attempt was made to assign trips to possible travel paths, 
and no attempts were made to achieve more accurate O-D pairs. This could perhaps be achieved through the 
use of 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 integrate the 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 more real-world data in order to 
calibrate the various machine-learning algorithms used to detect mode and identify transfers. It would be 
highly beneficial if a pilot campaign were to be conducted 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 generating accurate data. 

Stakeholder Engagement 

In the absence of literature to inform the process of conducting technology-based surveys, which required the 
support of many different stakeholder groups, a significant amount of energy was devoted to establishing 
who the relevant stakeholders were, and what 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 to the perceived 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 possible. 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 consolidated data generated through the different data collection 
methods applied in the AUMO cities: Maseru, Lesotho; Lagos, Nigeria; Kinshasa, Democratic Republic of 
Congo; Gaborone, Botswana; and Blantyre, Malawi. The visualisations represent data generated through 
USSD, WhatsApp, and the conventional field surveys. The details of the data collection processes are 
explained in Section 3.5. 

Kigali has been excluded from the data and analysis that is presented in this section, as the necessary 
authorisations for data collection were not received from the local authorities in Kigali (further details are 
provided in Section 3.5.3.2). 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 has been 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 project 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 on the responses, to be higher during off-peak hours.  

Paratransit is the dominant mode, comprising commonly of moto-taxis (2-wheeler taxis) and minibus taxis, in 
all the project cities, with most respondents travelling by minibus taxi. Private vehicle use is highest in 
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 mode of travel 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 respondents in 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.  

Figure 39: Mode share of the AUMO cities, excluding Kigali, based on the surveys 
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Figure 40: Mode share of AUMO project cities depending on the travel period 

Figure 41: Mode share of AUMO cities, excluding Kigali, based on trip purpose 

 

Figure 42: Mode share in AUMO cities, excluding Kigali, based on gender 

 

Figure 43: Mode share in AUMO cities, excluding Kigali, based on age 
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Figure 44: Mode share in AUMO cities, excluding Kigali, based on income level 

 

4.2.2 Distance travelled and travel time 

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

In Lagos, Gaborone, and Maseru, men travel farther than women, in Kinshasa women travel farther, and in 
Blantyre the travel distances of men and women are similar but with women travelling slightly further than 
men. 

Figure 45: Average travel distance and travel time in AUMO cities, excluding Kigali 
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Figure 46: Average travel distance according to gender in AUMO cities, excluding Kigali 

 

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 destinations. In all the project cities except 
Lagos (and excluding Kigali), the majority of the respondents did 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 hence a transfer might be 
necessary more than once, especially when the travel distance is long (as they are in Lagos).  

High-income respondents in Lagos do not transfer to reach their destination, which could indicate that they 
live in an area where the transport or paratransit service directly reaches their destination. This could be 
further corroborated with a detailed land-use analysis.  

Similarly, in Blantyre, most of the low-income respondents report that they do not have to transfer, while 
some of the high-income respondents report that they need to transfer twice. 

Figure 47: Frequency of transfers in a trip in AUMO cities, excluding Kigali 

 

Figure 48: Frequency of transfers according to income level in AUMO cities, excluding Kigali 
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4.2.4 Accessibility 

In order to aid the investigation of using openly accessible data to feed into the analysis of the state of cities 
in relation to relevant indicators such as SDG Indicator 11.2.1: Proportion of the population that has 
convenient access to public transport, an exercise using open data sets from Open Street Maps (OSM) (151) 
and WorldPop data (152) was carried out by the study team. Please note that this exercise did not directly 
utilise the data collected from the surveys conducted in the AUMO cities but utilised openly accessible data. 
OSM was primarily used to extract transportation infrastructure data (e.g., road network, public transport 
stations, stops), while the population distribution is extracted from WorldPop. The WorldPop data set was 
chosen for this exercise as it is openly available, and it contains recent (e.g., up to 2020) data at the 100-meter 
resolution.  

A network analysis exercise was conducted using QGIS, an opensource Geographic Information System (GIS) 
software, using the service area (from layer) function (153). The extracted public transport facilities (i.e., 
ǎǘŀǘƛƻƴǎΣ ǎǘƻǇǎύ ǿŜǊŜ ŀǎǎƛƎƴŜŘ ŀǎ ǘƘŜ άƻǊƛƎƛƴǎέ ŀƴŘ ǘƘŜ ǊƻŀŘ ƴŜǘǿƻǊƪ ǿŀǎ ǳǎŜŘ ŀǎ ǘƘŜ άƴŜǘǿƻǊƪΦέ ¢ƘŜ Ǝƻŀƭ ƻŦ 
the exercise is to identify the extent of the buffered area which can be reached within 500 metres of the 
public transport stations.  Buffer zones for (500 metres) areas for each of the stations were created and were 
used to estimate the percentage of the population that reside within these buffer zones (by dividing the 
estimated population within the buffers against the total population estimated for the area set as per the city 
geographical boundary layer).  

The main goal of the exercise was to get insights on what might be the potential for a heuristics approach of 
using openly available data (without much processing and cleaning) together with open-source programs 
(e.g., QGIS) towards understanding the state of cities in relation to the indicator. The results are provided 
below in Table 33 and are compared with the existing estimates of the UN-Habitat  (154).  

Table 33: Estimated % of Population with Convenient Access to Public Transport 

  Kigali 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 of UN-Habitat, while there are stark differences for Kigali, 
Blantyre, and Lagos. These differences can perhaps be attributed to the difference in terms of definitions. For 
example, the service area in UbΩǎ ƳŜǘƘƻŘƻƭƻƎȅ (155) defined ŀǎ ǘƘŜ άŀǊŜŀ ǎŜǊǾŜŘ ōȅ ǇǳōƭƛŎ ǘǊŀƴǎǇƻǊǘ ǿƛǘƘƛƴ 
500 meters walking distance to a low capacity system and/or 1 km to a high-capacity system based on the 
street network.έ The latter portion was not taken into consideration in this exercise due to lack of consistency 
in terms of identifiers in the public transport data across the cities. There is also an inherent limitation in this 
exercise, as only OSM data was used, while the UN exercise used several other data sets that might not be 
available online, as per the methodology provided. Another key limitation in this approach is that the public 
transport stops reflected in open portals such as OSM may be limited to the main stations and may not 
necessarily capture how public transport services in developing (including those in Africa) cities work, 
particularly in capturing how non-scheduled, non-route based public transport services perform towards 
providing accessibility.  

On the other hand, using a heuristics approach provide useful insights that can drive action at the local level. 
The current database of estimates from the UN (154) does not 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 accessibility, but also in 
terms of improving the availability, and access to relevant data such as those relating to population 
distribution and public transport infrastructure and services. As mentioned in the suggestion discussed in 
Section 3.4.2.1, it might be beneficial to conduct similar exercises considering other points of interests 
reflecting basic services (e.g., educational, health, commercial facilities) aside from public transport stops, to 
have a more holistic view of the state of accessibility in the cities. 
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Figure 49: Accessibility to Public Transport: Blantyre 

 

Figure 50: Accessibility to Public Transport: Gaborone 

 

 

 

 

 

 

 

 

Figure 51: Accessibility to Public Transport: Kigali 

 

Figure 52: Accessibility to Public Transport: Kinshasa 

 

Figure 53: Accessibility to Public Transport: Lagos 

 

Figure 54: Accessibility to Public Transport: Lesotho 
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4.3 Public Transport Experience 

4.3.1 Public perception on comfort in public transport 

The respondents were asked to choose from άPoorΣέ άAcceptableΣέ and άExcellentέ to denote their perception 
on the comfort level during their journey on public transport. Over 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 acceptable. Contrary to expectation, across the 
project cities, the perception of comfort levels during peak hours seems to be better than off-peak hours. One 
potential reason for this is that question might not have been fully understood (e.g., the use of the terms peak 
and off peak) by the respondents.  

Across all the project cities males report a high level of discomfort by rating the comfort level as poor, the 
highest being in Blantyre. Respondents from Blantyre and Kinshasa report a high level of discomfort across 
the 5 AUMO cities surveyed. 

Figure 55: Perceived level of comfort in public transport in AUMO cities, excluding Kigali 

 

Figure 56: Perceived comfort level in public transport during travel period in AUMO cities, excluding Kigali 
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Figure 57: Perceived level of comfort depending on trip purpose in AUMO cities, excluding Kigali 

 

Figure 58: Perceived level of comfort according to gender in AUMO cities, excluding Kigali 

 

4.3.2 Public Transit Reliability  

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 respondents report that public transport is delayed. Over 50% of the respondents from 
aŀǎŜǊǳ ŀƴŘ [ŀƎƻǎΣ ŀƴŘ ƻǾŜǊ ул҈ ƻŦ ǊŜǎǇƻƴŘŜƴǘǎ ŦǊƻƳ DŀōƻǊƻƴŜΣ ǊŜǇƻǊǘ ǘƘŀǘ ǘƘŜ ǇǳōƭƛŎ ǘǊŀƴǎǇƻǊǘ ƛǎ άǳǎǳŀƭƭȅ 
on timeέ.  

The majority of the responses indicating that the public transport is unreliable is from respondents whose trip 
purpose is for employment, education, or healthcare. 

Figure 59: Perceived public transport reliability in AUMO cities, excluding Kigali 
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Figure 60: Perceived public transport reliability during travel period 

 

Figure 61: Perceived public transport reliability based on trip purpose 

 
Figure 62: Perceived public transport reliability based on gender 

 

4.3.3 Public perception on breakdowns 

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 share of dissatisfaction due to breakdowns among the respondents 
seem to be higher in Blantyre, Lagos, and Maseru. Previous research in Maseru pointed that the traffic 
congestion in Maseru is a common feature and can be caused by poor roads (77), and/or aged vehicles. A 
further analysis of the fleet characteristics from the various private transport operators would reveal more 
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specific reasons for the breakdown of the vehicles and enable the possibility to explore relationships between 
public perception on breakdowns with the actual situation.  

Figure 63: Public perception on the frequency of public transport breakdown in AUMO cities, excluding Kigali 

 

Figure 64: Public perception on the frequency of public transport breakdown during specific travel periods in AUMO 
cities, excluding Kigali 

 

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 driver behaviour is poor. The responses are comparable form respondents of 
both the genders.  

Figure 65: Perceived driver behaviour in AUMO cities, excluding Kigali 
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Figure 66: Perceived driver behaviour during specific travel periods in AUMO cities, excluding Kigali 

 

Figure 67Υ tŜǊŎŜƛǾŜŘ ŘǊƛǾŜǊ ōŜƘŀǾƛƻǳǊ ōŀǎŜŘ ƻƴ ǊŜǎǇƻƴŘŜƴǘǎΩ ƎŜƴŘŜǊ ƛƴ AUMO cities, excluding Kigali 

 

4.3.5 Sexual Harassment 

As reported by the EMPOWER project (a sister project of AUMO, also part of the HVT programme), accurately 
measuring ǇŜƻǇƭŜΩǎ ŜȄǇŜǊƛŜƴŎŜǎ ƻŦ sexual harassment is often challenging (157). Interpretations of what 
constitutes sexual harassment vary widely, and often even those who have personally experienced or 
witnessed sexual harassment, may not recognise it as such. Given the AUMO project did not follow the 
EMPOWER methodology, which places substantial efforts on ensuring that survey respondents understand 
what constitutes sexual harassment, it is likely that there was underreporting of experienced and witnessed 
sexual harassment by AUMO survey respondents. 

Respondents from Maseru and Blantyre report that they have been subject to harassment more than once on 
public transport. It is important to note that the nature of the harassment is not revealed from the available 
responses, hence it is difficult to deduce what sexual harassment entails. 

Figure 68: Sexual harassment on public transport in AUMO cities, excluding Kigali 
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Figure 69: Sexual harassment on public transport based on respondents' gender in AUMO cities, excluding Kigali 

 

4.3.6 Crime 

More than half of the respondents in all the project cities (excluding Kigali) report 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 than once. A very small share report that they have experienced crime 
often. Among the project cities, respondents from Kinshasa and Maseru experienced more crime on public 
transport in comparison to the other project cities, and the frequency of the crime is high in Kinshasa during 
the non-peak hours. Other researches from Africa show that crime rates seem to increase when there is 
overcrowding and inadequate policing (158,159). 

Figure 70: Perceived crime situation on public transport in AUMO cities, excluding Kigali 

 

Figure 71: Perceived crime situation on public transport during travel periods in AUMO cities, excluding Kigali 
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Figure 72: Perceived crime situation on public transport based on gender in AUMO cities, excluding Kigali 

  

4.4 Vehicle Efficiency 

4.4.1 Vehicle Occupancy 

The public transport occupancy in majority of the reporting cities is reported to be medium. Gaborone and 
Maseru have a low peak public transport occupancy during peak and off-peak hours. The low occupancy may 
denote due to the poor quality, coverage, and lack of priority 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.  

Figure 73: Perception on vehicle occupancy of public transport during travel periods in AUMO cities, excluding Kigali 

 

Figure 74: Perception on vehicle occupancy of public transport based on income level in AUMO cities, excluding Kigali 
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4.5 Summary 

In this section, we 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 example, identifying that 
the trip distances in Lagos are long and the perception of public transport in Lagos. The 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 less time. Such information can 
also allow transport operators to decide if they wish to operate non-stop services from key origins and 
destinations. The data also segregates the public perception on public transport based on gender. In a 
conventional data collection exercise, the 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 data are processed in real time, allowing transport operators to assess their performance instantly. 

In many of the cities, the respondents have reported that public transport vehicles are susceptible to 
breakdowns. The transport operators could explore the causes of breakdowns and increase resources 
allocated to maintenance. For public transport operators, having real time information on the system 
operation allows them to arrange for substitute modes and attend to passenger needs. The real time 
information systems constitute vehicle telematics, such as GPS devices, direct communication with the driver 
and the travel logs. Having vehicle telematics systems will provide information such as the vehicle location, 
trip pattern, routes, fuel consumption and driving behaviour.  

The innovative element that the AUMO project brings is a new method of collecting large swathes of data 
directly from the users. This new method will require certain level of trust, in both technological and legal 
aspects, which can be developed through proper dissemination and involvement of the right entities (both 
governmental and non-governmental). As the technology gradually becomes an integral part of the day-to-
day life of users, having smart devices can also become a key feedback submission portal. Through passive 
data collection techniques, the personal data of the user is anonymised and protected and only the data that 
the user wishes to share is processed. 
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APPENDIX A: SEARCH STRATEGY BILBIOMETRIC ANALYSIS 

DATE SEARCH STRING 
RESULTS 

(+URL) 
ID 

BLOCK 1 (B1) 

12.07.2022 TS="Big Data" OR TS="Mass Data" 49,611  

12.07.2022 TS="Big Data" 48.030  

12.07.2022 

(TS=("big data") OR TS=("mass data")) 

AND (TS=urban OR TS=cit* OR TS=town OR TS=municipality OR TS=midtown OR 
TS=downtown OR TS=megacit* OR TS=megalopolis OR TS=Metropolis)  

5,246 

 

12.07.2022 (TS=("big data") OR TS=("mass data")) AND (TS=urban OR TS=cit*) 5,146  

BLOCK 2 (B2) 

12.07.2022 
(TS=transport* OR TS=Mobility OR TS=transit OR TS=travel OR TS=traffic OR 
TS=commut*) AND (TS=urban OR TS=cit*) 

132,262  

12.07.2022 
(TS=bike* OR TS=metro OR TS=subway OR TS=rail* OR TS=pedestrian* OR 
TS="bus*" OR TS=walk* OR TS=vehicle) AND (TS=urban OR TS=cit*) 

88,007  

12.07.2022 

((TS=transport* OR TS=Mobility OR TS=transit OR TS=travel OR TS=traffic OR 
TS=commut*)   

OR (TS=bike* OR TS=metro OR TS=subway OR TS=rail* OR TS=pedestrian* OR 
TS="bus*" OR TS=walk* OR TS=vehicle))  

AND (TS=urban OR TS=cit*) 

181,086 B2 

COMBINATIONS (C) 

30.06.2022 
TS=("big data") OR TS=("mass data") AND TS=("urban") OR TS=("cit*") AND 
TS=("transport*") OR TS=("mobility") OR TS=("commuting") OR TS=("travel") OR 
TS=("traffic") 

1,554 
 

12.07.2022 

(((TS=transport* OR TS=Mobility OR TS=transit OR TS=travel OR TS=traffic OR 
TS=commut*)  

OR (TS=bike* OR TS=metro OR TS=subway OR TS=rail* OR TS=pedestrian* OR 
TS="bus*" OR TS=walk* OR TS=vehicle))  

AND (TS=urban OR TS=cit*) 

AND (TS="Big Data" OR TS="Mass Data")) 

2,067 

C1  

14.07.2022 

(((TS=transport* OR TS=Mobility OR TS=transit OR TS=travel OR TS=traffic OR 
TS=commut*)  

OR (TS=bike* OR TS=metro OR TS=subway OR TS=rail* OR TS=pedestrian* OR 
TS="bus*" OR TS=walk* OR TS=vehicle))  

AND (TS=urban OR TS=cit*) 

AND (TS="Big Data")) 

2, 057 

C2 

 

FOCUS AREA 1: Applications (FA1) 

12.07.2022 
C1 AND (TS=application* OR TS="use*" OR TS="Operation*" OR TS="Example*" 
OR TS="Solution*") 

1655 
FA1C1 

14.07.2022 
C2 AND (TS=application* OR TS="use*" OR TS="Operation*" OR TS="Example*" 
OR TS="Solution*") 

1648 
FA1C2 

FOCUS AREA 2: Applications in the African Region (FA2) 

https://www.webofscience.com/wos/woscc/summary/933a32bb-56a8-422a-96e5-50fdd45d906c-430ff456/relevance/1
https://www.webofscience.com/wos/woscc/summary/8d1f776d-9921-48f6-9d48-af3fbf4323af-436991b0/date-ascending/1
https://www.webofscience.com/wos/woscc/summary/149eb633-80d0-4268-a2f0-52d31b8c65a0-43100c6d/relevance/1
https://www.webofscience.com/wos/woscc/summary/953f6030-d247-4fff-b85e-c58a8c7d17b8-43100f74/relevance/1
https://www.webofscience.com/wos/woscc/summary/1710b234-15d6-4abc-82c4-13ed0183a897-43102577/relevance/1
https://www.webofscience.com/wos/woscc/summary/213c98cf-0125-45e5-a67f-03729857d9e8-43103699/relevance/1
https://www.webofscience.com/wos/woscc/summary/820c98e3-a3b3-4e11-9f6b-7aa7f05f6812-431040e0/relevance/1
https://www.webofscience.com/wos/woscc/summary/c083d6e1-e0e7-46c2-9eec-c41a3b3d723a-43104fb9/relevance/1
https://www.webofscience.com/wos/woscc/summary/f9c5f4bc-7b99-4201-8d69-8ebae5f6337e-43105b40/relevance/1
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 OR 
TS=Gaborone OR TS=Blantyre OR TS=Nigeria OR TS=Lesotho OR TS= DRC OR 
TS="Democratic Republic of the Congo" OR TS=Rwanda OR TS=Botswana OR 
TS=Malawi) 

 AND (TS=("big data") OR TS=("mass data"))  

364 

FA2 

14.07.2022 

(TS=Africa* OR TS=Lagos OR TS=Maseru OR TS= Kinshasa OR TS=Kigali OR 
TS=Gaborone OR TS=Blantyre OR TS=Nigeria OR TS=Lesotho OR TS= DRC OR 
TS="Democratic Republic of the Congo" OR TS=Rwanda OR TS=Botswana OR 
TS=Malawi) 

 AND TS="big data")  

339 

FA22 

14.07.2022 

((TS=Africa* OR TS=Lagos OR TS=Maseru OR TS= Kinshasa OR TS=Kigali OR 
TS=Gaborone OR TS=Blantyre OR TS=Nigeria OR TS=Lesotho OR TS= DRC OR 
TS="Democratic Republic of the Congo" OR TS=Rwanda OR TS=Botswana OR 
TS=Malawi) 

 AND TS=("big data")) NOT TS="African American*" 

302 

FA23 

 

12.07.2022 

(TS=Africa* OR TS=Lagos OR TS=Maseru OR TS= Kinshasa OR TS=Kigali OR 
TS=Gaborone OR TS=Blantyre OR TS=Nigeria OR TS=Lesotho OR TS= DRC OR 
TS="Democratic Republic of the Congo" OR TS=Rwanda OR TS=Botswana OR 
TS=Malawi) AND B2 

5741 

 

12.07.2022 

(TS=Africa* OR TS=Lagos OR TS=Maseru OR TS= Kinshasa OR TS=Kigali OR 
TS=Gaborone OR TS=Blantyre OR TS=Nigeria OR TS=Lesotho OR TS= DRC OR 
TS="Democratic Republic of the Congo" OR TS=Rwanda OR TS=Botswana OR 
TS=Malawi) AND C1 

10 FA2C1  

12.07.2022 

(TS=Africa* OR TS=Lagos OR TS=Maseru OR TS= Kinshasa OR TS=Kigali OR 
TS=Gaborone OR TS=Blantyre OR TS=Nigeria OR TS=Lesotho OR TS= DRC OR 
TS="Democratic Republic of the Congo" OR TS=Rwanda OR TS=Botswana OR 
TS=Malawi) 

AND FA1C1  

9 

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 B: EXPERTS SURVEY  

 BTC Botswana No response received 
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