The urbanisation chapter in the joint Government of Rwanda-World Bank (2019) report
“Future Drivers of Growth”, examines the extent to which urbanisation is currently driving
growth and examines what more could be done from a policy perspective. The chapter cites
a range of spatial analysis from other sources, including Figure 8 and Figure 9, to make the
point that Kigali and the secondary cities have relatively fragmented development compared
to other cities and should densify. Figure 10 from the report shows the development of the
footprint of the built area of three secondary cities and finds that Musanze has developed
three times faster than Huye.

Flgure 8: Fragmentation of densities beyond the central business district of Kigali
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Source: Henderson, Vernon, and Nigmatulina 2016,*? cited in Future Drivers of Growth report

Figure 9: Location of formal jobs in Kampala, Uganda; Lusaka, Zambia; and Kigali, Rwanda

Sources: Jones, Bird, et al. 2016; Jones, del Frari, et al. 2016; Jones, Murray, and Ferreira 2016, cited in Future Drivers of
Growth report

Two interesting papers by academics at University of Rwanda are of note on urban land use
classification, Mugiraneza et al. (2019)*, published in the journal “Remote Sensing”, used an
innovative approach to analyse a 2016 image of Kigali, classifying land in Kigali into 12

32 Henderson, Vernon, and Dzhamilya Nigmatulina. 2016. “The Fabric of African Cities: How to Think about Density and Land Use.” Draft,
London School of Economics.

3 Mugiraneza, Theodomir, Andrea Nascetti, and Yifang Ban. 2019. "WorldView-2 Data for Hierarchical Object-Based Urban Land Cover
Classification in Kigali: Integrating Rule-Based Approach with Urban Density and Greenness Indices" Remote Sensing 11, no. 18: 2128.
https://doi.org/10.3390/rs11182128
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categories which included three built up area classes, high-density built-up area, low-density
built-up area, and informal settlement, with an overall classification accuracy of 85%. On
solid waste management, Ngwijabagabo et al. (2020) use a spatial multi-criteria evaluation
approach based on seven criteria to find the most suitable sites near Musanze town in which
to establish a modern landfill site.

Figure 10: Development of the building footprint of central areas of three secondary cities in Rwanda,
2001-2015

a. Central Musanze, 1999 and 2015 b. Central Muhanga, 2001 and 2015 c. Central Huye, 2002 and 2015

Total expansion 1999-2015: 120%; Total expansion 2001-15: 81%; Total expansion 2002-16: 34%;
Average yearly expansion: 6% Average yearly expansion: 4.4% Average yearly expansion: 2.2%

Source: World Bank (2017)

Note: the maps show the footprint of buildings for three secondary cities, in red in 1999 for Musanze, 2001 for Muhanga
and 2002 for Huye, and in yellow in 2015 for Musanze and Muhanga and for 2016 in Huye.

IGC has conducted or commissioned a range of spatial analysis in relation to urbanisation
and infrastructure. IGC funded building footprint data (at the individual building level, much
more detailed than that used for Figure 9 above) for Kigali for 2009 and 2015, which is
published in Bachofer et al. (2019), and also purchased building footprint data for 2019 for
Kigali and the secondary cities. These data have enabled three pieces of analysis. First,
Bachofer & Murray (2018) and Bachofer et al. (2019) use the 2009 and 2015 data to
understand the numbers of additional buildings in each cell in the built up area of Kigali,
showing that there has been little additional development in the Central Business District
(CBD) but buildings have developed in a horseshoe around the north, east and south of the
CBD, as shown in Figure 11. They also classify into nine different building types including
basic informal houses, formal bungalows and villas, and commercial buildings of various
types, and show how the percentage of formal buildings increased from a low base between
2009 and 2015.
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Figure 11: Additional new buildings in each cell in the built up area of Kigali between 2009 and 2015
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Source: Bachofer, F, and S. Murray. 2018. “Remote Sensing for Measuring Housing Supply in Kigali.” Final
Report, International Growth Centre, Kigali.

Using the 2015 building footprint data for Kigali, in “Using machine learning and remote
sensing to value property in Rwanda”, Brimble et al. (2020) overlay a range of spatial data on
parcel boundary and sales data from RLMUA to estimate property values in 2015 and the
authors are currently finishing an update to this analysis as of early 2022 using 2019 building
footprint data that covers both Kigali and the secondary cities.

Also using building footprint data as an input, Rajashekar & Bower (2020) estimate the
location of overcrowding hotspots in Kigali and five secondary cities in Rwanda; they define
indoor and outdoor overcrowding and a composite measure of overcrowding containing
both, using WorldPOP and building footprints to generate measures for each square of a
100m x 100m grid. Figure 12 shows the most overcrowded locations according to the
composite measure for four secondary cities; the paper calculates these for Kigali and five
secondary cities (except Musanze due to missing building footprint data). The policy
relevance of this analysis is: i) to show where in Rwanda social distancing may be most
difficult during the COVID-19 pandemic, increasing the risk of contagion; ii) from a housing
policy perspective, to understand the pattern of overcrowding within cities; and iii) to
address the question of whether the densification pillar of Rwanda’s National Urbanisation
Policy should still be pursued (they argue in favour).
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Figure 12: Composite (indoor plus outdoor) measure of top 1% (purple) and 5% (peach/orange)
overcrowding hotspots in 4 secondary cities

Rubavu Huye

Source: Rajashekar & Bower (2020) “Densification without contagion: overcrowding and pandemic risk hotspots in
Rwanda”. Final report. International Growth Centre. p19

On roof materials for buildings in Kigali, Braun et al. (2019) and Matabishi et al. (2022)
published journal articles on methodologies for detecting roof materials of buildings in
Kigali, indicating that analysis of roof materials may be used as an input for planning
decisions and monitoring of urban expansion.

On transport, in “Managing Accessibility for Sustainable Development of Kigali”, Bajpai et al
(2016) do accessibility analysis in Kigali, assessing the impacts of potential policies to
increase accessibility on transit times and on activity location decisions. A simulated change
in access to employment from a 50% drop in bus speed is shown in Figure 13. Below it,
Figure 14 shows a graphic of the distance to paved roads.
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Figure 13: Simulated change in access to employment in Kigali with a 50 percent drop in bus journey
speed
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Source: Quiros, Murray, and Bajpai 2016**

Figure 14: Average distance to paved roads
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Source: unpublished IGC presentation on property valuation

The Rajashekar et al. (2018) study “Economic geography of Rwanda”, contains a rich array of spatial
analysis about economic activity and firms and rewards a close read. To cite just two examples,
Figure 15, which includes secondary and emerging towns but excludes Kigali, shows a strong
relationship between the distance to city or town centre and the number of firms per 1000 people -
not simply the number of firms - showing that proximity to the city or town centre is important both
for productivity and for job seekers. Figure 16 shows that Kigali is at the very centre of Rwanda’s

3 Quiros, T., S. Murray, and J. Bajpai. 2016. Managing Accessibility for Sustainable Development of Kigali. Final report, International Growth
Centre, London.
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internal trade system and that there are few connections linking other parts of the country together
directly.

Figure 15: Firms per 1000 inhabitants per Sector, by distance to city centre (Kigali excluded)
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Source: Rajashekar et al. (2018). Economic geography of Rwanda. Final report, Laterite and International Growth Centre.
Note: Excluded Sectors are those in Kigali and those that are further than 10 km of secondary city centres

Figure 16: District-to-district trade in Rwanda
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Source: Rajashekar et al. (2018). Economic geography of Rwanda. Final report, Laterite and International Growth Centre.
Note: Only links above 5 billion RWF represented — size of line is proportional to trade between two Districts; size of node
proportional to total trade by District

7.3. International research

The field of urban and regional economics - and thus its usefulness for policymakers - has
advanced greatly in recent decades, and has been accelerated by the increased availability
of spatial data over time. Urban economics contains many sub-fields including the nature
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and drivers of agglomeration economies (in which proximity increases productivity), urban
built form, land use, municipal finance, housing, transport and commuting, infrastructure,
waste, crime, health and other fields, many of which have spatial dimensions. Our review
cannot thus be exhaustive; our goal is to stimulate thinking through interesting examples.

Urban form

Professor Solly Angel has made a seminal contribution on how the footprint of cities grows
as population grows, and in “The dynamics of global urban expansion” (with Sheppard &
Civco, 2005)* analyses classifications of land use based on Landsat satellite data to find a
robust pattern that if a city’s population is doubled, the city’s land area increases by more
than double and that densities in cities systematically decline over time. Densities in
developing-country cities were found to be three times higher than densities in cities in high
income countries; moreover, densities in all regions were found to be decreasing over time.
They state that this implies that whilst “it is quite common to hear of urban planners and
decision makers speaking of their cities as exceptions to the rule, asserting that other cities
will grow and expand and their city will not, simply because it is already bursting at the
seams”, urban expansion is inevitable, and that policymakers in developing country cities
should usually place more focus on what should be done to accommodate city growth rather
than resist it. This logic certainly applies to Kigali, which is set to expand to 3.8 million people
(Kigali Master Plan, 2020) or 4 million people (Bower & Murray, 2019), yet policymakers in
Rwanda focus on preventing sprawl, upgrading existing unplanned settlements and
expanding the secondary cities rather than accommodating the inevitable growth of the
capital city through grids.

Harari (2020) uses historical maps and satellite-derived dataset of nighttime lights to derive
the shape of cities in India over time. She then finds that cities with more compact shapes -
that is to say, rounder shapes in which each location is as close to each other location as
geometrically possible - are characterised by larger population, lower wages, and higher
housing rents, consistent with compact shape being a consumption amenity. She estimates
that the welfare cost of deteriorating city shape is sizable. She finds that unfavourable
topography that makes cities less compact, is exacerbated by restrictive housing policy, but
that the costs of these factors are mitigated by good road infrastructure.*

To assess the impact of urban renewals and demolitions at a more local level, Getcher and
Tsivanidis (2018) applied a machine learning technique called “deep convolutional neural
network” to measure changing slum cover from daytime satellite imagery. They found that
redevelopment of the 15% of central city land in Mumbai occupied by the city’s defunct
textile mills into high-rises during the 2000s had strong spatial spillovers on surrounding
locations in terms of gentrification in the form of higher formal sector house prices and
lower slum cover.

% Angel, S, Sheppard, S. C., Civco, D. L., Buckley, R., Chabaeva, A., Gitlin, L., Kraley, A., Parent, J., Perlin, M. (2005). The dynamics of global
urban expansion (p. 205). Washington, DC: World Bank, Transport and Urban Development Department.
3 Harari, M. (2020). Cities in bad shape: Urban geometry in India. American Economic Review, 110(8), 2377-2421.
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Housing

Hsieh and Moretti (2019) find that housing restrictions in high-productivity US cities lead to
misallocation of labour, by artificially restricting the growth (and thus labour demand) of
these cities. They use a spatial equilibrium model and data from 220 metropolitan areas to
find that these constraints lowered aggregate US growth by 36 percent from 1964 to 2009.

Marx, Stoker, and Suri (2019) used the luminosity reflected by metal roofs in high-resolution
daytime satellite pictures to investigate slum structures in Nairobi, Kenya. Their idea is based
on the fact that 96 percent of slum residents have corrugated iron roofs and that metal roofs
are shiny when new or recently renovated. Using the classification of slums, they provide
evidence of ethnic patronage in the determination of rental prices and investments.

Chyn (2018) found that urban housing demolitions in Chicago — which forced low-income
households to relocate to less disadvantaged neighbourhoods using housing vouchers — led
to more violent crime arrests and earlier employment among displaced children. They rely
on detailed data on building height to define demolition status of buildings.

Firms and economic activity

Dong, Ratti, and Zheng (2019) show that an easily accessible and fairly regularly updated
neighbourhood attribute, the restaurant, when combined with machine-learning models,
can be used to effectively predict a range of socioeconomic attributes, which has not been
well-documented for many developing cities and countries. They merge restaurant data
from an online platform with 3 micro-datasets for 9 Chinese cities. Using features extracted
from restaurants, they train machine-learning models to estimate daytime and nighttime
population, number of firms, and consumption level at various spatial resolutions.

Transport

Many studies have studied the welfare impact of both inter-city transportation infrastructure
such as highways and railways, and intra-city transportation infrastructures such as Bus
Rapid Transit (BRT) systems.

On inter-city transportation, Baum-Snow et al. (2017) found that in China each radial
highway displaces 4% of central city population to surrounding regions, and ring roads
displace about an additional 20%. They also provide evidence that radial highways
decentralised service sector activity, radial railroads decentralised industrial activity, and ring
roads decentralised both.

Baum-Snow et al. (2020) investigated how the construction of China's national highway
system affects local economic outcomes. The results indicate that highways also affect
patterns of specialisation. With better regional highways, regional primate cities specialise
more in manufacturing and services, while peripheral areas lose manufacturing but gain in
agriculture.

Asher and Novosad (2020) found that India's national rural road construction program
facilitates the movement of workers out of agriculture in the rural areas, but the impacts on
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people's income and firms' size are modest, indicating that remote areas may still lack
economic opportunities even with better market connection.

On Bus Rapid Transit, Balboni, Bryan, and Morten (2020) explored the distributional effects
of urban infrastructure improvement by studying the BRT system in Dar es Salaam, Tanzania.
They used original panel data tracked on two dimensions (following households if they move
and surveying all new residents of buildings) and found that the BRT was a pro-poor
investment.

Tsivanidis (2021) estimated the effects of improving transit infrastructure on city structure
and welfare by studying the construction of the world’s largest BRT system — TransMilenio —
in Bogota, Colombia. His most conservative estimates found that the BRT system increased
aggregate welfare in the city by 1.5% and output by 1%. He estimated a “commuter market
access” (CMA) index that summarises the impact of the entire transit network on
equilibrium outcomes in any location. The CMA for residents represents access to jobs and
the CMA for workers represents access to workers. Figure 17 shows how the CMA is affected
for residents and for firms; warmer colours (red) represent an increase in the CMA. The
policy implications of this research included the following: i) there are high returns to cheap,
complementary bus services or last-mile connections; ii) “lines that connect poor
neighbourhoods with jobs in low-skill intensive industries benefit unskilled workers the
most”; and iii) there is a need for integrated transit and housing policy in which housing
policy does not restrict housing supply from responding to the new presence of a BRT line.*’



https://blogs.worldbank.org/impactevaluations/ticket-ride-building-efficient-and-equitable-cities-bus-rapid-transit-guest-post-nick-tsivanidis
https://blogs.worldbank.org/impactevaluations/ticket-ride-building-efficient-and-equitable-cities-bus-rapid-transit-guest-post-nick-tsivanidis

Figure 17: Change in Commuter Market Access from TransMilenio
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Note: Figures show deciles of change in CMA, with warmer colors representing larger increases

Source: Tsivanidis, Nick (2019). “The aggregate and distributional effects of urban transit infrastructure: Evidence from
Bogota's TransMilenio,” Technical Report, University of Chicago Booth School of Business 2019.

Gaduh, GraCner, and Rothenberg (2021) studied the effects of cheaper BRT systems with
lower-quality implementation on city congestion and people’s welfare by looking at
Translakarta, a large BRT system. Their model and counterfactual find that increasing the
quality of expansion corridors would significantly improve welfare with only modest costs.

Urban land use

In the study of economic geography, it is important to understand why cities exist, how they
are shaped, and spatial distributions of economic activities within them. The availability of
satellite imagery and machine-learning techniques for image classification have led to rapid
advances in detecting land use in the remote sensing literature. Several studies managed to
construct urban layers for the world as a whole based on different data sources, Pesaresi et
al. (2015) use Landsat imagery to detect urban land for grid cells at a 38m resolution,
Channan et al. (2014) use MODIS imagery to detect multiple types of land use for grid cells
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at a 500m resolution, and Zhou et al. (2014, 2015) use night light intensity to detect urban
land at a 1 km resolution.

Remote sensing data could delineate urban areas but not restricted to administrative
boundaries. For example, Burchfield et al. (2006) use contiguous pixels to measure sprawl
in the U.S. based on Landsat satellite imagery from 1976-1992. Harari (2020) uses nightlights
to track urban sprawl in large Indian metropolitan areas. Dingel et al. (2021) utilises clusters
of pixels above nightlight thresholds to construct metro areas in Brazil, China, and India.
Recent work by Duranton (2015) proposes an alternative algorithm to construct markets
based on commuting patterns for Colombia. De Bellefon et al. (2019) develop a statistical
approach to detect urban areas using precise locational data covering 34 million buildings in
France. Baragwanath et al. (2021) proposed a new approach to define urban markets based
on built-up land-cover classified from daytime satellite imagery in India. They find that,
compared to nighttime light intensity, daytime imageries can identify more markets, capture
more of India’s urban population, are more realistic in shape, and reveal more variation in
the spatial distribution of economic activity.

7.4. |deas for further research

Create a housing suitability index and other urban applications using the Suitability tool,
to inform urban planning and the placement of social housing

Rwanda’s city master plans contain zoning for residential housing, and Rwanda Housing
Authority selects sites on which to build social housing. Spatial analysis could be used to
inform the suitability of zoning and sites selected for social housing. A housing suitability
index could be developed based on data layers for environmental suitability, jobs, transport
facilities and a range of urban amenities including schools, public spaces, hospitals. Such an
index was developed by the World Bank-funded initiative City Planning Labs* using the tool
“Suitability”, which is described as “an urban planning tool that identifies optimal location
for a specific activity within a city”.** The tool can be used to support national urban
planning agencies and city governments to perform land suitability assessment to plan for
infrastructure deficits at the city and local levels, enabling inter-departmental coordination
and a strategic planning approach.”

Track urban spatial growth, compactness and relative growth of formal housing

The building footprint data purchased for the 2022 Census could be combined with building
footprint data from 2015 and 2009 to show by how much, and in which locations, the spatial
footprint of Kigali has grown. Analysis could also be conducted to understand whether
housing develops contiguously or if there is scope for infill development. Research could also
investigate housing density trends, or to understand whether - subject to topography
constraints - Rwanda’s cities are as compact as they could be. Moreover, a similar algorithm
to that used in Bachofer & Murray (2019), could be used to detect building types including
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basic informal housing, bungalows, villas and various types of commercial buildings, to show
whether new formal housing is keeping pace with, lagging behind, or overtaking informal
housing, and in which locations.

Conduct a nationwide property valuation

As noted above, Brimble et al. (2020) conducted a property valuation exercise for Kigali
using building footprints from 2015, and recently completed an unpublished model update
using building footprints from 2019, funded by GIZ and IGC. The building footprint data
purchased by the Government of Rwanda for use in the 2022 Census could be readily paired
with other data sources on roads, vegetation, parcel data from the Rwanda Land
Management and Use Authority, and other layers, to conduct a property valuation exercise
for the entire country. Such an exercise would provide an excellent foundation for the
development of a country-wide property price index.

This would be useful for property tax implementation enforcement as the building footprints
would enable RRA to identify which property owners who own buildings have not declared
them, and how much property tax is thus foregone nationally by failure to declare buildings.
The national property valuation exercise would also enable an evaluation of the fairness and
consistency of the land tax rates set in the Ministerial order in relation to land values as well
as whether some districts result in being ‘overtaxed’ and others ‘undertaxed’ as an
accidental side-effect of the current rates. The (unpublished) national land valuation exercise
conducted by Sebarenzi et al. in 2021 for the Ministry of Environment for the purpose of
compensation in cases of expropriation, could also be used for this purpose.

Assess the impact of roads on economic activity and assets

It is possible to track the construction of roads/highways through satellite images, and see
how the improvement of infrastructures affects local economic and environmental
outcomes (Hsiao, 2021). All of these could provide insights for urban development master
plans in Rwanda. Bernard et al. (2016) conduct a computable general equilibrium model to
estimate the impact of Kampala’s new ring road*’; as Kigali is planning both a BRT and a ring
road in the coming decade, spatial analysis could be conducted to estimate its impact. The
World Bank also conducted research on the impact of agricultural feeder roads in Rwanda;
this research could be extended over more districts as more feeder roads are built. Ministry
of Infrastructure plans to invest in roads in secondary cities, in partnership with a range of
development partners including the World Bank, European Union, Enabel and others*; an
evaluation of the impact of those roads on house-building and economic activity could be
conducted if there is a way to randomise their construction ex-ante, or a way to identify an
exogenous source of randomness.

“0Bernard, L., Bird, J., & Venables, A.J. (2016). Transport in a congested city: A computable equilibrium model applied to Kampala City. First
draft, available at

4! Learned by Jonathan Bower, Country Economist, IGC when attending Urbanization, Human Settlements and Housing Sector Working
Group meetings hosted by Ministry of Infrastructure
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Conduct transport analysis and updated accessibility analysis for Rwanda’s cities

Mobile phone data is hard to access in Rwanda but if made available, could be used to
understand traffic and commuting patterns. This can inform the design and upgrading of
transportation infrastructures and the allocation of resources to these upgrades. The African
Urban Mobility Observatory aims to “promote inclusive, low-carbon mobility in African LIC
cities, by piloting Big Data applications to generate data, benchmark performance”, and
intends to use a mix of “a mix of User Movement Analytics integrated mobile apps,
USSD/WhatsApp/Web based surveys, and limited field surveys”.*” Rwanda is one of their
target countries, but any analysis they do may just be the starting point and open the way to
further analysis.

Use restaurants, roofs or other unconventional data sources to estimate economic activity
or assets in Rwanda’s cities at detailed spatial scale

Finely granular and regularly updated urban socioeconomic data are not available in Rwanda
as in most countries. However the restaurant industry puts data online to attract customers,
and is also correlated with socioeconomic indicators. An attempt might be made to follow
Dong et al. (2019) who train an algorithm to predict a range of socioeconomic attributes
using restaurant attributes including the location, average price of a meal, cuisine category,
and number of reviews in combination with datasets on population, firms and consumption.
Other unconventional data sources could also be tested as predictors of socioeconomic
attributes or assets - whilst Marx, Stoker, and Suri (2019) used the luminosity reflected by
metal roofs to investigate investment in assets (a shinier roof is newer) in Kibera slum,
Nairobi, a similarly innovative proxy for assets that is visible in satellite imagery, might be
found for Rwanda.

Conclusion

In Vision 2050, Rwanda aspires to be a knowledge-intensive economy that is data-driven and
fosters excellence in research & development. Spatial data analysis can play an important
role in this picture and can take advantage of the increasing range of spatial data available to
yield new insights for the Government and the private sector. The Government has signalled
its seriousness about its aspirations to use spatial data, with the formation of the geoportal
and National Spatial Data Infrastructure at Rwanda Land Management and Use Authority,
Smart City Master Plan and with the creation of the Rwanda Space Agency. Researchers at
the Centre for GIS at University of Rwanda, as well as a few international researchers, have
made a promising start. However, spatial analysis is a nascent and under-utilised lens and
there is a need for creative thinking about how to deploy it, as well as a need to open up
valuable existing data sources to researchers. This paper represents our attempt to think
about how the promising potential of spatial economic analysis can be met for six policy
areas, and it is our hope that the ideas in it will inspire further research.
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