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Abstract
This paper evaluates the economic impact of the $14 billion preparatory investments for the
2010 FIFA World Cup in South Africa. We use satellite data on night light luminosity at
municipality and electoral district level as a proxy for economic development, applying synthetic
control methods for estimation. For the average World Cup municipality, we find significantly
positive, short-run effects before the tournament, corresponding to a reduction of unemployment
by 1.3 percentage points. At the electoral district level, we reveal distinct effect heterogeneity,
where especially investments in transport infrastructure are shown to have long-lasting, positive
effects, particularly in more rural areas.
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1 Introduction

The men’s FIFA World Cup is, next to the Olympic Games, the most popular sporting event

worldwide that attracts several hundreds of thousands of visitors and features the highest TV

audience. Predominantly, the organization of this tournament was reserved for rather wealthy

countries. For example, between 1990 and 2006, it took place in Italy, the U.S., France, South

Korea/Japan, and Germany, respectively. This tradition was interrupted in 2010, when South

Africa became the first country on the African continent to host the Football World Cup.

XXX Subsequently, it was held in Brazil (2014) and will be hold in Russia (2018). XXX

The aim of this paper is to evaluate the World Cup in South Africa in terms of its overall

economic effects with a special emphasis on the impact of the enormous transport and sports

infrastructure investments made in preparation for the tournament. Particularly, we want to

shed light on the heterogeneity of such potential impact not only with respect to the type of

investment, but also its scale and the precise treatment location within the country. These

questions are of special importance from a policy point of view, since the resulting evidence

can be used to derive practical recommendations regarding the organization of future mega

events in developing economies.

South Africa is characterized by low income per capita and high unemployment. Addition-

ally, as a legacy of the apartheid past, its population suffers from extreme levels of poverty

and income inequality.1 In view of such overwhelming problems, large-scale investments made

in the aftermath of FIFA’s official World Cup announcement in 2004 have been expected to

serve as a catalyst for economic growth in South Africa. Total expenditures for World Cup

related projects are estimated to have totaled about $14 billion, what is equivalent to roughly

3.7% of South Africa’s GDP in 2010.2 This included expenditures on transportation of about
1 Over the decade preceding the World Cup, the gap in GDP per capita relative to the 17 leading OECD

countries amounted to more than 75% (OECD, 2012). Moreover, the consumption-based Gini coefficient
features a time-corresponding average of about 62, i.e., South Africa belonged to the most unequal coun-
tries in the world. The underlying data for 2000, 2006, and 2008 have been retrieved from the World Bank
database: http://data.worldbank.org/indicator/SI.POV.GINI/, last accessed on January 19, 2106. Lastly,
the unemployment rate persisted at around 25%, peaking at over 40% in the first three deciles of the income
distribution (Leibbrandt et al., 2010).

2 Throughout the paper, all figures originally given in the national currency ‘Rand’ have been translated into
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$11.4 billion, which have been allocated to the upgrade of airports ($3.8 billion), rail projects

($3.6 billion), and road projects ($2.9 million), whereas the remainder has been invested in

public transport. Another $2.5 billion have been spent on constructing six new football arenas,

upgrading four existing ones, and upgrading training stadiums.

Taking into account the scale of this policy intervention, surprisingly little research has

been conducted to analyze the overall effects on the economy or to explicitly investigate the

effects of infrastructure investments connected to the 2010 World Cup.3 Most of this work

has been done in advance of the tournament or only shortly thereafter, and merely confines

to verbal evaluations and reporting descriptive evidence (Sport and Recreation South Africa,

2013; Human Sciences Research Council, 2011), from which the overall conclusion is that

potential (positive) impacts were only short-lived. This skeptical view on the longer-lasting

effects for economic growth and development is, in general, shared in the literature on mega

events (Baade and Matheson, 2004, 2016; du Plessis and Maennig, 2011; Hagn and Maennig,

2008, 2009; de Nooij et al., 2011). XXX Even though, according to this research, net benefits

of mega (sports) events are typically non-significant or even negative, Rose and Spiegel (2011)

show that the hard international competition for the right to host such an event can be

linked to a permanent increase in trade. Moreover, irrespective of the event context, other

studies have found that investments in transport infrastructure have long-lasting, positive

effects on economic development by creating a market access advantage to those places that,

e.g., are connected to a railroad or were connected earlier (Berger and Enflo, 2016; Cogneau

and Moradi, 2014; Donaldson, 2016; Donaldson and Hornbeck, 2016; Hornung, 2015; Jedwab

et al., 2016). Furthermore, other studies show the importance of public infrastructure for the

decision of firms to locate in a particular country or region (Martin and Rogers, 1995; Holl,

U.S. dollars ($) using the average exchange rate of 2010. Data on expenditure comes from our own research on
World Cup related projects. Detailed information on the sources and costs of particular projects is provided
in Appendix B.2. According to the World Bank, South Africa’s GDP in 2010 was $375.35 billion (http:
//data.worldbank.org/indicator/NY.GDP.MKTP.CD/countries/ZA?display=graph, last accessed on June
16, 2016).

3 In contrast, intangible legacy or specific tangible aspects have been extensively studied in the literature.
Examples are analyses focusing on the environment (Death, 2011), social values (Desai and Vahed, 2010),
tourism (du Plessis and Maennig, 2011; Peeters et al., 2014), small enterprises (Rogerson, 2009), urban devel-
opment (Pillay and Bass, 2008), or stadium utilization (Molloy and Chetty, 2015).
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2004) and for urban growth in (Sub-Saharan) Africa (Storeygard, 2016). Another strand of

literature deals with the impact of place-based policies on regional economic development and

finds positive effects in both the short- and the long-run (Becker et al., 2010, 2012; Kline and

Moretti, 2014a). Carrying over these arguments to the World Cup context, one particularly

can expect transport infrastructure investments made for the tournament to have exerted

significantly positive and long-lasting economic effects.

Given the scarcity of evidence with respect to such important issues, there is a need for

a thorough re-assessment of the 2010 World Cup that is able to provide a more detailed

picture. The present paper fills this gap and makes several contributions to the literature. To

begin with, we are first to present causal evidence on the overall economic influence of the

tournament. Our study also allows to track the effect at different time horizons starting in

2004, when South Africa was announced the host country of the 2010 World Cup.

Second, we resort to night lights intensity (luminosity) data, that have been recently ac-

knowledged in the literature as a suitable proxy for economic development (Henderson et al.,

2012; Michalopoulos and Papaioannou, 2014). Data on night lights are collected by satellites

and are available for the whole globe at a high level of geographical precision.4 Therefore, their

usefulness as an economic proxy is of particular relevance in the case of developing countries,

where administrative data on GDP or other economic indicators are often of bad quality, not

given for a longer time span, and/or not provided at a desired sub-national level. We harness

this advantage of the luminosity data, which enables us to precisely identify the effects in

treated regions of the country, i.e., regions affected by the investments related to the World

Cup, in that we can easily extract information for a chosen, sometimes very small adminis-

trative unit. In particular, we conduct our analysis both by looking across municipalities and

also within municipalities—using information on the next smaller unit, i.e., electoral districts

(so-called wards). Variation in the data on this very dissected administrative level enables us
4 The economic literature using high-precision satellite data, also on other outcomes than night lights, is

growing. For instance, Axbard (2016) exploits satellite data on specific oceanographic conditions to study the
effect of fishermen’s income opportunities on sea piracy. Gröger and Zylberberg (2016) use geophysical satellite
data while analyzing whether internal labor migration facilitates shock coping in rural economies.
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to precisely localize specific interventions and depict potential heterogeneity across treatment

effects.

Third, precise identification of such World Cup effects was only possible due to thorough

research on infrastructure investments conducted in South Africa for the time span 2004–2013

(our treatment period). As a result of this research, we have created a comprehensive list

encompassing 127 investment projects divided into different categories: airports, stadiums,

roads, rail, public transport, etc. To the best of our knowledge, such an attempt to summarize

investment projects in South Africa in a particular time span has never been undertaken before.

The investment list can also act as a stand-alone document and be useful for researchers dealing

with South Africa in other regards. Based on this full list, we have selected as treatments for

our analysis those 72 projects which, according to the information sources, are clearly classified

as World Cup related and could be localized.

Fourth, we evaluate such treatments by applying synthetic control methods (SCM), an ap-

proach introduced by Abadie and Gardeazabal (2003) and Abadie et al. (2010). SCM provides

intuitive identification of causal effects by comparing an appropriate counterfactual to the ac-

tual development of the outcome after the intervention. The counterfactual is constructed

by an algorithm-derived combination of optimally weighted comparison units, which best re-

semble the characteristics of the treated one according to economic predictors pre-treatment.

Hence, one great advantage of SCM is that it is not based on ad hoc choices of control units.

Instead, it lets the data speak regarding the selection and respective weights of control units,

which is particularly helpful in the presence of many potential candidates, like municipalities

or electoral districts. SCM has already proven successful in the quantification of treatment

effects across a wide range of fields.5 However, to the best of our knowledge, this paper is the

first one that employs SCM in the context of mega (sports) events. Moreover, by combining

SCM with night lights intensity data, we offer a framework for evaluation of various policy

programs aimed at stimulating economic growth, especially—but not solely—in developing
5 See, for instance, Cavallo et al. (2013) (natural disasters), Kleven et al. (2013) (taxation of athletes),

Gobillon and Magnac (2016) (enterprise zones), Acemoglu et al. (2015) (political connections), or Pinotti
(2015) (crime).
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countries.

Finally, to facilitate the interpretation of our SCM results, we translate the obtained lu-

minosity effects into values expressed in terms of standard economic outcomes, which policy

makers are usually more interested in. For that purpose, we derive unemployment, GDP, and

income effects by using corresponding conversion factors obtained through OLS regressions.

Importantly, by converting night light impacts into effects in terms of the unemployment rate,

we go beyond the existing literature which so far has only explored the relationship between

night lights and GDP per capita or income per capita (Henderson et al., 2012; Pinkovskiy

and Sala–i–Martin, 2016). The reason for choosing the unemployment rate is that, in South

Africa, it is available at a finer regional level than GDP and thus offers a more precise basis for

deriving a conversion factor. We additionally consider GDP and income as reference economic

measures for the sake of completeness and to compare our conversion factors to those of the

related literature.

The findings of this paper show a considerable difference between short- and longer-run

effects associated with the tournament, and point to the sources of these differences. Based on

the average World Cup venue on municipality level, we find a significant and positive short-run

impact between 2004 and 2009, that is equivalent to a 1.3 percentage points decrease in the

unemployment rate or an increase of around $335 GDP per capita. Taking the costs of the

investments into account, we derive a net benefit of $217 GDP per capita. Starting in 2010,

the average effect becomes insignificant. However, by zooming in on respective municipalities

and using variation on the next finer level (wards), we are able to show that the average

picture obscures heterogeneity related to the sources of economic activity and the locations

within the treated municipalities. More specifically, we demonstrate that around and after

2010, there has been a positive, longer-run economic effect stemming from new and upgraded

transport infrastructure. These positive gains are particularly evident for smaller towns, which

can be explained with a regional catch-up towards bigger cities. For example, in Rustenburg—

one of the smaller World Cup venues—we find a very large effect of the World Cup related
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investment equivalent to an increase in GDP per capita of around $3, 642, what is roughly the

difference between the GDP per capita of the richest province and the average one. Contrarily,

the effect of stadiums is generally less significant and no longer-lasting economic benefits are

attributed to the construction or upgrade of the football arenas. Those are merely evident

throughout the pre-2010 period. Importantly, our results appear not to be simply driven by

the light of airports or stadiums themselves and they are insensitive to a battery of robustness

checks, like altering the set of covariates, differently composed synthetic control groups, or

different definitions of the treatment group. Eventually, our findings underline the importance

of investments in transport infrastructure, particularly in rural areas, for longer-run economic

prosperity and regional catch-up processes.

The remainder of this paper is organized as follows. Section 2 gives details on the 2010

World Cup, describes the night lights data set, and provides first descriptive evidence. In

Section 3, we outline the SCM approach and how we derive conversion factors to translate our

SCM estimates into standard economic measures. Section 4 presents and discusses the findings

of the empirical analysis on different levels of aggregation. Finally, Section 5 concludes.

2 Background of the Analysis and Data

2.1 The 2010 World Cup in South Africa

On May 15, 2004, the FIFA executive committee announced its decision to award the 2010

mens’ football World Cup to South Africa. This 19th FIFA World Cup, taking place between

June 11 and July 11, 2010, was the first such tournament being hosted on the African continent.

The matches were allocated across 10 stadiums located in nine different cities: Bloemfontein

(Mangaung Metropolitan Municipality), Cape Town (City of Cape Town Metropolitan Mu-

nicipality), Durban (eThekwini Metropolitan Municipality), Johannesburg with two stadiums

(City of Johannesburg Metropolitan Municipality), Nelspruit (Mbombela Local Municipality),

Polokwane (Polokwane Local Municipality), Port Elizabeth (Nelson Mandela Bay Metropoli-
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tan Municipality), Pretoria (City of Tshwane Metropolitan Municipality), and Rustenburg

(Rustenburg Local Municipality). The corresponding venues constitute our treated munici-

palities.

These municipalities are scattered across eight (out of all nine) provinces and nine (out

of all 52) districts, which differ with respect to their economic performance and the regional

distribution of sectors. Johannesburg and Pretoria lie in the province Gauteng, whose average

real annual growth rate of 4.6% in the periods 2001–2011 and contribution of about 34% to

the overall South African economic activity are the highest across all nine provinces. Gaut-

eng’s contribution to the South African output in manufacturing, construction, and finance

amounted (in 2011) to 40.5%, 43.3%, and 41.1%, respectively. A counterexample to Gauteng

is the province Limpopo (with Polokwane as one of the World Cup venues), that recorded an

average annual real growth rate of 3.2% in 2001–2011 and 6.5% average contribution to the

country’s GDP. While the contribution of Limpopo to the South African manufacturing sector

amounted to only 1.5%, the province plays (with 23.7%) a very important role in the mining

and quarrying sector. As regards the socio-economic situation of the World Cup municipalities,

some of them are large centers, like the City of Johannesburg Metropolitan Municipality or

the City of Cape Town Metropolitan Municipality, both with around three million inhabitants

and the average household income in 2001 of $12,317. This is in contrast to smaller municipal-

ities among the World Cup venues (population mostly less than 200, 000), e.g., the Polokwane

Local Municipality or the Mbombela Local Municipality, where the average household income

in 2001 amounted to about $5,200.6

It is important to note that we consider the treatment to begin in 2004, when the Inter-

national Football Federation officially selected South Africa over Egypt and Morocco as the

host country. After this date, a battery of preparations, like the construction and upgrade of
6 Socio-economic data for the City of Johannesburg Metropolitan Municipality, Polokwane Local Mu-

nicipality, and Mbombela Local Municipality are taken from the Census 2011 Municipal Reports (down-
load at: http://www.statssa.gov.za/?page_id=3955; last accessed on January 19, 2016). Data on provin-
cial economic activity are retrieved from the document of Statistics South Africa available at: http:
//www.statssa.gov.za/economic_growth/16%20Regional%20estimates.pdf; last accessed on January 19,
2016.
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new and existing stadiums, the renewal and extension of transport infrastructure, the con-

struction of hotels, etc., began.7 Overall, the South African investments totaled about $14

billion, of which $11.4 billion were spent on transport and communication infrastructure. An

example for a major investment in transport infrastructure is the construction of King Shaka

International Airport in Durban that cost around $930 million. The largest investment in

sports infrastructure was the First National Bank Stadium (aka Soccer City) in Johannes-

burg, hosting the opening and final game, that underwent major refurbishments and upgrades

(i.a., extension of capacity to 94, 736 seats) for a total of $451.6 million that were shared by

the central government, the provincial government, and the municipality.8

2.2 Data Set

In the subsequent empirical analysis, we will consider municipalities and wards (electoral dis-

tricts) as observational units. Panel (a) of Figure 1 shows all 234 South African municipalities

including the nine venues of the 2010 World Cup colored in gray. Municipal borders are drawn

according to a shapefile downloaded from the DIVA-GIS website.9 The map also comprises the

country of Lesotho (the large white area in the middle-right of the map), a landlocked country

considerably less developed than South Africa. Panel (b) of Figure 1 depicts all 4, 277 South

African wards and the World Cup municipalities indicated by bold-type, light-blue borders.

The variable of interest in our analysis is economic development as proxied by the night

light intensity (luminosity) of an observational area. We resort to luminosity since, in South

Africa, GDP data are only available for the nine provinces but not for municipalities or

wards. Furthermore, luminosity is widely used as proxy for economic development, especially
7 To the best of our knowledge, there were no significant investments related to the 2010 World Cup

undertaken before 2004, e.g., during the bidding process. We test for this throughout our robustness checks in
Appendix A and find our assumption to be confirmed.

8 Capacity figures are taken from Chapter four of the FIFA World Stadium Index, available here: http:
//www.playthegame.org/fileadmin/documents/world_stadium_index_4_fifa_wc.pdf, last accessed on
February 5, 2016. Information on overall expenditures and costs regarding the two mentioned projects is
provided in Appendix B.2.

9 Downloadable at: http://biogeo.ucdavis.edu/data/diva/adm/ZAF_adm.zip, last accessed on January
19, 2106.
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(a) South African Municipalities and World Cup
Venues

(b) South African Wards and World Cup Venues

Note: Panel (a) shows the municipalities of South Africa and the World Cup venues depicted in gray. Panel (b) shows the South
African wards and the World Cup venues depicted in light-blue.

Figure 1: Municipalities, Wards, and World Cup Venues in South Africa

in countries where GDP data are either not available or of bad quality (Henderson et al., 2012;

Hodler and Raschky, 2014; Lessmann and Seidel, 2015; Michalopoulos and Papaioannou, 2014;

Mveyange, 2015; Elliot et al., 2015; Wahl, 2016). It is found to be highly correlated with GDP

per capita and other measures of prosperity, like electricity provision (Baskaran et al., 2015;

Min et al., 2013), and can therefore be considered as a valid proxy (Chen and Nordhaus,

2011; Henderson et al., 2012).10 In the context of our study, night light luminosity is expected

to correspond to, e.g., buildings of firms that settle next to newly founded infrastructure,

construction activity done at night, private buildings in newly created settlements around

the treatment areas, or the upgrade and refurbishment of existing buildings and industrial

facilities. Such expectations are supported by the literature, according to which night lights

are related with, among others, the expensiveness of roofing material (Jean et al., 2016) or

the number and density of industrial facilities as well as wages in a grid cell (Mellander et al.,

2015).

Night light intensity is measured by an integer ranging from 0 (unlit) to 63. The data are

made available by the National Geophysical Data Center (NGDC) of the National Oceanic and
10 Limitations of luminosity as a proxy for economic development are discussed, among others, in Kulkarni

et al. (2011).
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Atmospheric Administration of the U.S., and originate from images taken by satellites of the

Defense Meteorological Satellite Program (DMSP) of the U.S. Department of Defense. We use

shapefiles containing the average visible, stable nighttime lights and cloud-free coverage, where

ephemeral events (fires, etc.) as well as background noise are removed and only light from sites

with persistent lightning is included.11 Night light intensity data are available on pixel (grid

cell) level, with each pixel corresponding to 30x30 arc seconds, i.e., one value represents the

average night light intensity of an area of 0.86 square kilometer (on the equator). Moreover,

data are available for each of the 22 years between 1992 and 2013, leaving us with a panel

data set of 5, 148 municipality-year pairs and 92, 884 ward-year pairs, respectively.12 Panel (a)

of Figure 2 shows the spatial distribution of pixel level luminosity in South Africa in 2013.

Municipal borders are colored in light-blue and the World Cup venues are depicted in bold-

type red.

For our empirical analysis, luminosity data are aggregated from pixel level to the respective

observational unit by averaging the pixel values in the area of each municipality/ward and

assigning this value to the respective (whole) area.13 Panel (b) of Figure 2 shows the distribu-
11 We use the latest version (4.0) of the data. It can be downloaded at: http://ngdc.noaa.gov/eog/dmsp/

downloadV4composites.html, last accessed on January 19, 2016. A common problem with these data is that
the light of gas flares is included and could be mistaken for lights of settlements. However, in the area studied
in this paper, no gas flares exist.

12 From all 4, 277 wards, we are able to use 4, 222 of them in the empirical analysis as some wards are too
small to calculate exact luminosity or elevation values. When using the luminosity series pooled over time, a
potential issue is that a portion of the temporal variation in the data can be due to the fact that this data is
collected by different satellites, which are not calibrated on a common level. To make luminosity values more
comparable over satellites, the data can be inter-calibrated manually following, e.g., a procedure suggested by
Elvidge et al. (2009). However, Chen and Nordhaus (2011) find that results only marginally change when using
inter-calibrated luminosity. In line with this, after inter-calibrating our data set based on the values given by
Elvidge et al. (2014), we find a correlation with the original data of 0.991. Consequently, for our empirical
analysis, inter-calibration did not affect our results noticeably.

13 Alternatively, we could have drawn on luminosity per capita. However, population figures on municipality
or ward level are only available for a very few years throughout our observation period, which would lead
to distinctly reduced number of observations. The same problem occurs with alternative luminosity data—
the so-called ’radiance calibrated at night data’ (available at: http://ngdc.noaa.gov/eog/dmsp/download_
radcal.html, last accessed on January 19, 2016), that has been used by, e.g., Gonzalez-Navarro and Turner
(2016). This data does not feature the cap at 63, but comprises seven cross sections, out of which only three
correspond to the analyzed post-treatment time span 2004–2013 (2004, 2006, 2011). Furthermore, the literature
sometimes uses the log of luminosity as dependent variable in OLS regressions (Henderson et al., 2012; Hodler
and Raschky, 2014). Usually, this is done because the distribution of night lights is skewed with small values
of luminosity being most frequent. However, for our SCM analysis to be valid, it is not necessary that the
outcome of interest is normally distributed, so we follow Elliot et al. (2015) and Strobl and Valfort (2015)
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(a) Pixel Level Distribution of Luminosity (b) Municipal Average of Luminosity
Note: Panel (a) shows pixel level luminosity with municipality borders (colored in light-blue) and World Cup venues (colored
in bold-type red). Luminosity is depicted by colors ranging from black (unlit) to white (level 63). Panel (b) shows the average
luminosity of a municipality and the World Cup venues depicted by bold-type borders. Average luminosity of a municipality is
depicted by colors ranging from white to dark blue, where darker colors indicate higher luminosity.

Figure 2: Pixel and Average Municipality Level Distribution of Luminosity in 2013

tion of average luminosity across South African municipalities in 2013. The nine municipalities

hosting the 2010 World Cup are indicated by bold-type borders. Luminosity ranges from 0.01

in the Mier Local Municipality (Province North Cape),14 that is almost unsettled, to 57.3

in the Johannesburg Metropolitan Municipality. Luminosity is, in general, larger in coastal

municipalities and in the north, where also the largest agglomerations and the most important

economic centers of South Africa can be found. This supports its validity as an indicator of

economic development.

2.3 Descriptive Evidence

A descriptive look at the temporal development of luminosity between 1992 and 2013 can

provide us with some first suggestive evidence regarding the effect of the FIFA announcement

on economic development across the nine hosting municipalities. If there is a positive effect

of this treatment in 2004, or follow-up treatments thereafter, we should see an increase in

using untransformed levels of luminosity.
14 Especially within the municipalities located in the western South African wastelands, there exist pixels

which are zero throughout the entire sampling period. In one of the robustness checks in Appendix A, we
follow Elliot et al. (2015) and remove such pixels prior to the aggregation on municipal level. Corresponding
estimation results stay almost exactly identical to our baseline ones including the zero pixels.
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Figure 3: Mean Luminosity in the World Cup Venues 1992–2013

luminosity somewhere between 2005 and 2010. Figure 3 depicts luminosity as a time series

for the average over all nine treatment municipalities throughout our observation period. The

treatment cutoff in 2004 is marked by a dashed vertical line. While there is no clear trend

in the development of luminosity prior to this year (level at around 18), after the cutoff,

there emerges a strong increase lasting until 2010 when luminosity stabilizes at a distinctly

higher level (at around 22). This suggests a boost of more than 20% compared with the

last pre-treatment value. Hence, the time series pattern signals a substantial positive effect

of the World Cup announcement—and/or measures thereafter—on economic development in

the average hosting municipality. The temporal evolution of luminosity for each of the nine

hosting municipalities (separately) is depicted in Figure C2.1 in Appendix C.2. While the

overall pattern is similar, the size of the increase and the timing of its start is slightly different

among the different venues.

3 Empirical Approach

For our inferential analysis, the advantage of being able to choose from many potential control

units (e.g., as many as 225 at municipal level) comes at the difficulty of finding a systematic
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way to pick the most appropriate ones—or even the most appropriate combination of controls.

Difference-in-Differences (DiD) approaches, seemingly suitable in a setting as ours, offer too

much leeway in choosing the respective control unit, giving room for manipulation and ques-

tioning the external validity of corresponding results. Moreover, the common trend assumption

needed for identification might be too restrictive in our context. Therefore, we employ an al-

ternative identification strategy which, in contrast to DiD, still delivers reliable results when

the common trend assumption is violated or when unobserved confounders vary with time:

synthetic control methods (SCM). In Section 3.1, we will describe some theory related to the

SCM approach, explaining how treatment effects can be derived in a general setting. Since

policy makers are typically interested in more standard economic variables than luminosity,

we want to make the interpretation of our prospective SCM results more straightforward. In

Section 3.2, we will therefore show how to obtain suitable conversion factors, which can then

serve to translate estimated SCM results of the World Cup expressed in luminosity into effects

in terms of unemployment, GDP, and income.

3.1 Synthetic Control Methods

SCM, an approach introduced in Abadie and Gardeazabal (2003) and Abadie et al. (2010), is

based on the idea that an optimally weighted average of available control units (comprising

the so-called donor pool) is able to reproduce the trajectory of the outcome of interest of the

treated unit in absence of the treatment. The treatment effect can then be calculated by taking

the difference between the actual outcome of the treated unit in the post-intervention period(s)

and the respective outcome of the so-called synthetic unit, i.e., the counterfactual built from

the donor pool. Using an appropriate set of economic predictors and pre-treatment outcomes,

SCM select the synthetic unit as the optimally weighted average of such comparison units that

best resemble the characteristics of the respective treated one prior to the intervention. This

yields unbiased identification of the causal effect of interest, even if treatment assignment is

based on unobservable factors whose effects vary over time.
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More formally, suppose that there exist J + 1 units, indexed by i, and T time periods,

denoted by t. The univariate outcome of interest Yit is observed for all units i ∈ {1, ..., J + 1}

in all time periods t ∈ {1, ..., T}, and the treatment takes place in period T0 such that the

data can be divided into a pre-treatment period with t < T0, and a post-treatment period

with t ≥ T0. For simplicity, assume that only the first unit i = 1 is treated. Following the

potential outcome framework, we are interested in estimating a series of treatment effects on

the treated, given as τ1t = Y1t − Y1t(0) for t ≥ T0, with Y1t being the actual outcome of the

treated unit at time t, and Y1t(0) being the hypothetical outcome for the treated unit at time

t in absence of the treatment. It is now assumed that the potential outcome in absence of the

treatment is given by:

Yit(0) = θtZi + ηit with ηit = δt + λtµi + εit, (1)

where Zi is a (r × 1) vector consisting of r observable characteristics with predictive power

for the outcome of interest. θt illustrates that these outcome-relevant characteristics are not

restricted to being time-constant.15 The error term ηit is decomposed into an unknown period-

specific factor δt common to all units, an (F × 1) vector of unobservable unit-specific factors

µi, whose effect may vary over time, and a unit- and time-specific transitory shock εit with

E(εit) = 0, being independently and identically distributed across units.16 Under standard

assumptions and with a sufficient number of pre-intervention periods (Abadie et al., 2010),

the estimator for the treatment effects is given as:

τ̂ ∗1t = Y1t −
J+1∑
i=2

w∗i Yit for t ≥ T0, (2)

if there exists a weighting vectorW ∗ = (w∗2, ..., w∗J+1)′, with w∗i ≥ 0 and w∗2+...+w∗J+1 = 1, such
15 However, if these characteristics vary over time, the usual proceeding in the literature is to build averages

over time. Contrarily, Klößner and Pfeifer (2015) develop an extended SCM approach allowing to incorporate
whole time series of such characteristics.

16 Note that λtµi can also be interpreted as relaxing the common trend assumption and, moreover, if λt (a
(1× F ) vector of unknown common factors) is constant over time, the model collapses to a DiD approach.
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that the observable and unobservable characteristics of the treated unit can be reconstructed

by a weighted average of the controls. As µi is a vector of unobserved factors, the idea of SCM

is to match on pre-intervention outcomes in addition to the observables Zi.

For the implementation of the SCM estimator, define a (k × 1) column vector X1 =

(Z ′1, Y
L1
1 , ..., Y

LM

1 )′ containing the (average) values of the observable characteristics as well

as M linear combinations of the pre-intervention outcomes for the treated unit. Each of

these M linear combinations corresponds to a ((T0 − 1) × 1) vector L = (l1, l2, ..., lT0−1)′

with Y
L

1 = ∑T0−1
t=1 ltY1t. Analogously, define the (k × J) matrix X0 to be the counter-

part of X1 for the unexposed units. The standard SCM method chooses W to minimize√
(X1 −X0W )′V (X1 −X0W ), with V being a positive semi-definite diagonal (k× k) matrix,

whose elements are the weights reflecting their relative predictive power. The most common

approach to determine V is a data-driven procedure proposed by Abadie and Gardeazabal

(2003) and Abadie et al. (2010): it chooses V among all positive definite and diagonal ma-

trices such that the root mean squared prediction error (RMSPE) of the outcome variable is

minimized over the pre-intervention periods.17

Thus, the main task of SCM is to find non-negative control unit weights W , summing up

to unity, for given predictor weights V such that:

min
W

√
(X1 −X0W )′V (X1 −X0W ), (3)

while we denote the solution to this problem by W ∗(V ).

3.2 Converting Night Lights into Standard Economic Outcomes

When translating our prospective SCM effects expressed in luminosity into those expressed in

terms of standard economic outcomes, we resort to three such variables: the unemployment
17 When analyzing the new cross-validation method proposed by Abadie et al. (2015), which is supposed to

determine predictor weights V , Klößner et al. (2016) show that this method is flawed since it hinges on predictor
weights which are not uniquely defined and, consequently, might lead to ambiguous estimation results. This
is why, in the following, we abstain from using cross-validation techniques and stick to the ‘standard’ SCM
framework.
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rate, GDP per capita, and income per capita.18 For each of these three measures, we obtain a

corresponding conversion factor by estimating an OLS regression using the respective outcome

as the dependent variable and luminosity as the regressor of interest. If applicable, we include

district/municipality and year fixed effects as well as several controls (area, distance to railway,

elevation, soil quality).

First, we estimate the following regression equation for the conversion of night light effects

into unemployment:

Unempk,t = α + βNightlightsk,t + θk + λt + εk,t, (4)

where Unempk,t and Nightlightk,t are the unemployment rate and night light luminosity,

respectively, in municipality k, and year t. θk denotes municipality fixed effects, whereas λt

describes year fixed effects introduced to account for the business cycle, and εk,t is the error

term. The coefficient of the luminosity measure β is the conversion factor.

Second, as GDP per capita is only available on province level, the respective conversion

factor is computed based on the estimation of a modified specification. Here, GDP per capita

and luminosity vary on province level, while the control variables are still given on municipality

level:

GDPi,t = α + βNightlightsi,t + γ′Xik + λt + εik,t, (5)

where GDPi,t and Nightlightsi,t are GDP per capita and luminosity, respectively, in province

i in year t. Xik denotes the controls in province i and municipality k. λt and εik,t are as in

Equation (4).

Finally, income per capita is available on municipality level, but solely for the year 2007.

Consequently, we cannot include year or municipality fixed effects when estimating the con-

version factor from luminosity to income per capita. Formally, we thus estimate the following
18 Sources and exact definitions of all variables are available in Appendix B.1. A descriptive overview of the

data is provided in Table C1.1.
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Table 1: Relationship between Night Lights and Economic Outcomesa)

Characteristics/ Dependent Variable

Regressors Unemployment Rate GDP per capita Income per capita

(1) (2) (3)

Level of Variation Municipality Province Municipality

Years in Sample 1996, 2001, 2007, 2011 1996, 2001, 2007 2007

Luminosity −0.723** 1, 400.699*** 911.555***

(0.282) (38.543) (270.819)

Conversion Factorb) −0.723 191.690 124.749

District Dummies No No Yes

Municipality Dummies Yes No No

Year Dummies Yes Yes No

Controls No Yes Yes

Observations 936 702 234

R2 0.819 0.555 0.509
a) Robust standard errors are reported in parentheses. Coefficient is statistically different
from zero at the ***1%, **5%, and *10% level. Unit of observations in all three columns is
a municipality. However, the dependent variable and luminosity do only vary on provincial
level in Column (2). The set of controls includes a municipality’s area in square kilometers,
its distance to the closest railway, its elevation, and soil quality. Each regression includes a
constant not reported.
b) Conversion factors related to GDP per capita and income per capita are obtained by trans-
lating the corresponding luminosity effects expressed in the national currency ‘Rand’ into U.S.
dollars ($) using the average exchange rate of 2010.

equation:

Incomek,2007 = α + βNightlightsk,2007 + γ′Xk + θj + εk,2007 (6)

where Incomek,2007 is income per capita in municipality k, and the year 2007, Nightlightsk,2007

denotes the corresponding night lights, and θj are district fixed effects. The remainder is

analogous to Equations (4) and (5).

The results of the OLS estimations are summarized in Table 1. Column (1) provides

the estimates of Equation (4): we find a statistically significant conversion factor of −0.723,

implying that a one unit increase in luminosity translates into a reduction in the unemployment

rate of 0.723 percentage points. Column (2), corresponding to Equation (5), yields a conversion

factor of around 1, 401, meaning that a one unit increase in luminosity increases the provincial

GDP per capita by around 1, 401 Rand ($192). As the average provincial GDP per capita is

$3, 680 and its standard deviation is $1, 345, an increase by $192 seems to be a reasonable
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quantity. If we alternatively regress logarithmized GDP per capita on logarithmized luminosity,

we end up with an estimated elasticity of around 0.21, what is broadly in line with—but at

the lower end of—elasticities found by other studies (Henderson et al., 2012; Lessmann and

Seidel, 2015).19 Finally, in Column (3), we estimate Equation (6), resulting in a conversion

factor of 911.555. Hence, a one unit increase in luminosity is equivalent to an increase in per

capita income of around 912 Rand ($125).

4 Estimation Results and Effect Heterogeneity

A major aspect and prerequisite with respect to our study is the identification of municipalities

and wards treated by the measures designated for the World Cup. To do this in a systematic

way, we have first detected all projects potentially relevant for our analysis, i.e., those projects

which were conducted in South Africa during the period from 2004 (our treatment start) until

2013 (when our sample ends). In so doing, we have considered four different project types:

construction and upgrade of (i) railway, metro, and bus stations, (ii) airports, (iii) stadiums

(main World Cup stadiums and training stadiums), and (iv) water infrastructure (e.g., dams

or pipelines). We have collected a list of such projects, including (when available) information

on their location, construction period, and costs. Overall, we have identified 127 different

infrastructure projects. Since, in the subsequent empirical analysis, we will focus on World

Cup related projects only, this leaves us with 72 projects in overall 16 municipalities.20 Out

of those 72 projects, 61 took place in nine World Cup venues and 11 in seven non-World Cup

venues. Throughout our baseline analysis that assumes World Cup venues as the only treated

municipalities, we will therefore consider 61 projects as treatments.21

19 If we follow Pinkovskiy and Sala–i–Martin (2016) and estimate the elasticities of luminosity with respect
to GDP per capita instead, we arrive at an elasticity of around 1 (1.17), which is roughly what they find in
their baseline estimates.

20 A list reporting these 72 projects, information on them, as well as the sources of the information, is avail-
able in Appendix B.2. The full list including 127 projects can be downloaded at: http://www.martynamarczak.
com/research/SA_AllProjects.pdf.

21 Note that in one of the robustness checks in Appendix A, we extend the treated units by the seven non-
World Cup venues affected by World Cup investments, and thus include all 72 projects in the set of treatments.
The remaining 55 projects from the whole set of 127 projects were not World Cup related, or we are not able

18

http://www.martynamarczak.com/research/SA_AllProjects.pdf
http://www.martynamarczak.com/research/SA_AllProjects.pdf


In the first step of this analysis (Section 4.1), we will look at the average luminosity of

World Cup venues at municipality level. To be more specific, we will pool luminosity for all

World Cup municipalities using the arithmetic mean and then conduct a single-case study

applying SCM, which will result in a treatment effect given in the average World Cup venue’s

luminosity.22 Additionally, we have to exclude potential spillovers from treated regions to non-

treated ones as these would invalidate the identifying assumptions of SCM. We do this, as

is standard in the regional policy evaluation literature (Alder et al., 2016; Aragon and Rud,

2015; Becker et al., 2010; Dettmann et al., 2016), by considering spillovers to be a function of

proximity to the treated locations and, hence, exclude regions neighboring World Cup venues

(and Lesotho) from the donor pool. Under the hypothesis of no indirect effects on non-treated

regions, using a donor pool stemming from the same country as the treated unit should be a

first best solution, since this offers better comparability than a donor pool from any another

country.23 However, this also implies that we are not after quantifying or explicitly modeling

spillover effects, which would also require a different identification approach. Contrarily, we are

solely interested in the direct effects of the World Cup and its related infrastructure projects.

In a second step (Section 4.2), we will zoom in on several treated wards within a particular

treated municipality, which, e.g., harbor a stadium or an airport, and for which we expect

heterogeneous effects depending on the type of infrastructure as well as the size and location of

the respective city. Using information on 72 treatments, we are able to localize 102 wards that

are affected by World Cup measures. 85 of these wards are located within a World Cup venue

to gather enough information to be sure that they are directly related to the World Cup, to locate them, or
they were not even partly finished.

22 An alternative approach would be to conduct a respective SCM study for each of the treated units and
subsequently pool over the individual treatment effects as is done in, e.g., Acemoglu et al. (2015) or Dube and
Zipperer (2015). In their pooling procedure, Acemoglu et al. (2015) re-weight the individual treatment effects
based on the goodness of the pre-treatment fit for the corresponding treated unit. Dube and Zipperer (2015)
pool over multiple case studies using the mean percentile rank.

23 However, we also conduct the municipality level SCM analysis using alternative donor pools from two
other countries, respectively: Mozambique, a neighboring country of South Africa, and Morocco, a country in
Northern Africa that also applied for hosting the 2010 World Cup. Detailed information on these countries,
the composition of the corresponding synthetic unit, as well as the obtained results and their discussion
are presented in Appendix A.2. For both alternative donor countries, we find a positive, albeit insignificant
treatment effect, presumably stemming from the fact that the synthetic unit does not sufficiently represent
the case of the average World Cup venue in South Africa.
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and 17 within a non-World cup venue.24 Throughout these SCM analyses, we will consider

treated wards in a given treated municipality separately. This is in contrast to our study at

municipality level, where the subject of the analysis is the average effect over all World Cup

venues. Analogous to the study at municipality level, however, we will exclude neighbors of the

respective treatment ward and all other treatment wards including their neighbors within the

same municipality (to ensure that there are no spillovers).25 Finally, regarding the conversion

of our SCM estimates, we have to note that the three outcomes of interest (as reported in

Table 1) are not available on ward level. This makes a respective conversion in Section 4.2

somewhat less precise since the underlying conversion factor stems from municipality or even

province level data.

4.1 The Average World Cup Venue

As we have 234 municipalities in South Africa, out of which there are nine ‘treated’ ones,

the potential donor pool J consists of 225 non-treated municipalities. However, to avoid the

problem of potential spillovers that could result from the proximity to the treatment, we will

exclude from the donor pool all municipalities directly neighboring a respective treated one

(45) or bordering Lesotho (14). Additionally, we will exclude those seven municipalities with

World Cup related infrastructure projects (airports and training stadiums) that were no World

Cup venues (like Buffalo City Metropolitan Municipality or George Local Municipality) and

their respective neighbors (28).26 This leaves us with a donor pool consisting of 131 control
24 Especially in the Gauteng province, some wards have more than one treatment so that the number of

treatment wards is not identical to the number of treatments identified. The location of the treatments is
assigned according to the coordinates given by wikipedia, http://www.geonames.org, google maps, and the
website http://www.mbendi.com (for railway and metro stations); last accessed on January 19, 2016.

25 Overall, there are 336 such neighboring wards, whose quantity varies across municipalities.
26 This should yield a compromise to the ‘dilemma’ discussed in Gobillon and Magnac (2016): on the one

hand, choosing areas in the neighborhood of treated areas as controls might be problematic due to spillovers
or contamination effects; on the other hand, non-neighbors might be located too far away from the treated
areas to be good matches and therefore good controls. Note, however, that we relax such exclusion rules
throughout our sensitivity checks reported in Appendix A. Also note that there is a significant amount of
overlap between municipalities neighboring a World Cup venue and another municipality with World Cup
measures. In above figures, those are allocated to the neighbors of the World Cup venues. Municipalities
neighboring both Lesotho and one of the municipalities with World Cup related investments (either a World
Cup venue or another affected municipality) are counted as neighboring Lesotho.
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units. Moreover, throughout our analysis, we will use pre-treatment averages of the following

economic predictors: area of municipality in square kilometer, distance to next railway in

kilometer, average elevation of municipality above sea level in meters, 2001 share of people

with indigenous heritage per municipality, 2001 share of people with tertiary education per

municipality, average municipality’s soil quality, and the 2001 percentage of people unemployed

in municipality.27 Those variables are chosen because they were identified as robust predictors

of luminosity and regional development by previous studies (Gennaioli et al., 2013, 2014;

Henderson et al., 2016) and because they reflect the particular determinants of agglomeration

and development in South Africa.28

Synthetic Unit

Our municipality level SCM analysis finds a combination of non-treated units that sufficiently

replicates the luminosity evolution of the average World Cup venue before the official FIFA

announcement in 2004—the corresponding RMSPE is 0.877. To be more specific, the average

World Cup venue is synthesized by the following municipalities: Msunduzi, uMhlathuze, and

Govan Mbeki, which are attributed w-weights of about 3.5%, 80.8%, and 15.7%, respectively.29

Before discussing our SCM results based on the graphical representation depicted in Figure 4,

we have a more detailed look at the three weighted municipalities in order to show that their

combination provides a plausible counterfactual for the average World Cup venue.

The uMhlathuze Local Municipality, that obtains by far the greatest weight in the synthetic
27 A more detailed description of these variables can be found in Appendix B.1 (and Appendix C.1, Ta-

ble C1.1). The predictors are elements of vector Z1, that constitutes one part of vector X1, both introduced in
Section 3.1. Another part of vector X1, the linear combination Y

L

1 , is represented in this paper by one value
only—the last pre-treatment luminosity value. For a discussion on the use of pre-treatment outcomes in the
SCM context, see Kaul et al. (2015), who show that the weights for the (other) observable characteristics will
be zero if all pre-intervention outcome periods are included as separate economic predictors.

28 As a robustness check, we also include a municipality’s population density (of the year 1996) as covariate
(see Appendix A.1.1), as the relationship between luminosity and development could be considered being more
plausible when the effect of population density is controlled for. However, corresponding results do not change.

29 This optimization result is attained by utilizing a valid combination of v-weights, with all predictors re-
ceiving positive values. The pre-treatment predictor balance is provided in Appendix C.1, Table C1.2. Therein,
actual numbers of the treated unit’s pre-treatment characteristics are compared with those of the synthetic
one. As Klößner et al. (2016) show, one should be careful with interpreting such v-weights with respect to
‘importance’ since they are not uniquely defined.
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unit, is the third largest municipality in the province KwaZulu-Natal. Its strategic location

at the harbor and in the proximity of Durban, the largest deep-water port in South Africa as

well as an industrial development zone, make uMhlathuze an important economic center with

the largest city—Richards Bay—being an industrial and tourism hub. The main economic

sectors are: manufacturing (45.9%); mining and quarrying (11.6%); financial, real estate, and

business services (10.7%); community, social, and personal services (10.4%); as well as trans-

port and communication (9.1%).30 With its strong performance in the manufacturing sector,

uMhlathuze resembles the most developed World Cup venues, like Johannesburg, Cape Town,

and Durban. The average household income (2001) was about $8,316, which is comparable

with the eThekwini Metropolitan Municipality and Nelson Mandela Bay Metropolitan Mu-

nicipality with Durban and Port Elizabeth as World Cup venues, respectively.31 For the sake

of completeness, it has to be noted that during the treatment period, the uMhlathuze Local

Municipality experienced an upgrade of the Coal Terminal in the deep-water port in Richards

Bay (see Table B2.1 in Appendix B.2). Even though this investment has been unrelated to

the World Cup, it could still pose a problem since control units should ideally be free of large

influences. To address this potential issue, in Appendix A, we perform a robustness check in

which we eliminate uMhlathuze from the donor pool, showing that our results still hold.

The municipality with the second largest weight—the Govan Mbeki Local Municipality—

lies in the province Mpumalanga. As regards the sectoral composition, the most important

role play agriculture (20.2% contribution to the local output), manufacturing (12.4%), and

mining (9.2%). The main sectors generating jobs are mining and manufacturing.32 Particularly

with respect to mining, Govan Mbeki shows similarities with World Cup venues located in

provinces that are also concentrated on activities in this sector (Polokwane, Rustenburg, and

Nelspruit).
30 See http://www.localgovernment.co.za/locals/view/110/City-of-uMhlathuze-Local-

Municipality#economic-development; last accessed on January 19, 2016.
31 For data on household income, see the Census 2011 Municipal Reports, available at: http://www.

statssa.gov.za/?page_id=3955; last accessed on January 19, 2016.
32 Data is taken from the Water Development Plan 2010–2014 of the Govan Mbeki Local Municipality, down-

loadable at: http://gsibande.com/index.php?option=com_docman&task=doc_download&gid=32&Itemid=
65; last accessed on January 19, 2016.
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The Msunduzi Local Municipality—the third municipality contributing to the synthetic

unit—lies in the district uMgungundlovu of the province KwaZulu-Natal. The largest city of

Msunduzi is Pietermaritzburg, which is the capital of KwaZulu-Natal and the main economic

hub of the district. Msunduzi benefits from good transport infrastructure in an ‘advantageous’

location as it is situated on the N3 highway at the intersection of an industrial corridor from

Durban to Pietermaritzburg, and an agro-industrial corridor from Pietermaritzburg to Est-

court. Its most important economic sectors are community services (29%) and finance (24%).33

From this point of view, Msunduzi is similar to two World Cup municipalities: the City of

Tshwane Metropolitan Municipality (Pretoria) and the Mangaung Metropolitan Municipality

(Bloemfontein).

Taken together, we could see that the three weighted, non-treated units comprise a good

mix of characteristics specific to different World Cup venues, which, as has been emphasized

in Section 2.1, are themselves heterogenous with respect to several aspects of economic per-

formance.

Effects and Significance

Panel (a) of Figure 4 displays the evolution of luminosity of the average South African World

Cup venue and its synthetic counterfactual for the 22 years from 1992 until 2013. The vertical

dashed line corresponds to the last pre-treatment year (2003). The synthetic unit adequately

reproduces actual luminosity during the pre-treatment period and the fit improves towards the

cutoff.34 From the beginning of the treatment on, actual luminosity rises to a level distinctly

above its synthetic equivalent. The overall pattern of both paths is very similar, so that it

appears as if the treated timeline is shifted upwards relatively to the untreated one. However,

after 2009, this gap closes and, from there on, both series move closely together until the

end of our observation period. During the six years for which we observe a big difference in
33 See http://www.localgovernment.co.za/locals/view/88/Msunduzi-Local-Municipality; last ac-

cessed on January 19, 2016.
34 The pre-treatment fit could be improved even more by using additional pre-treatment values of the

dependent variable as economic predictors. Again, for reasons explained in Kaul et al. (2015), we restrain from
such practices.

23

http://www.localgovernment.co.za/locals/view/88/Msunduzi-Local-Municipality


luminosity, this gap ranges between 1.3 and 2.2 with an average of 1.75. This implies that the

average gap relative to the last actual pre-treatment luminosity level is about 9%. The gap of

1.75 is also equivalent to a decrease in the unemployment rate by 1.3 percentage points, an

increase in GDP per capita by around $335, and an increase in income per capita by around

$218. While these effects are sizable, we should also consider the large costs associated with

the treatment to derive the net benefits of the World Cup. To do so, we follow Becker et al.

(2010) and conduct a back-of-the-envelope style cost-benefit analysis: for the average World

Cup venue, we find the net effect to be around $391.41 million additional GDP per year (or

$217 GDP per capita); if we do the same calculation for the total net effect for the nine World

Cup venues (or by simply multiplying the average effect by nine), we arrive at an additionally

generated GDP of $3.5 billion per year.35 Hence, even when taking into account the enormous

costs of the treatment, we still find economically substantial, positive net effects for the World

Cup venues.

Those numbers appear to be impressive, but nevertheless we want to test the significance

of our estimates. For that purpose, we conduct a so-called placebo study, which is standard

in the SCM context: for each of the comparison units from the donor pool, we compute the

respective placebo treatment effect, i.e., the difference (gap) between the corresponding actual

and synthetic outcome. This yields J estimated placebo treatment effects, which are then

compared with the gap between the actual and synthetic path for the treated unit.36 Panel (b)

of Figure 4 shows the result of this placebo exercise, where the estimates corresponding to

the donor units are represented by black solid lines and the estimate corresponding to the
35 The average net effect per year is calculated as follows: the SCM estimate of $335 is multiplied by the

number of inhabitants of the average World Cup venue in 2007 (1.8 million) what is then multiplied by six (the
number of years with a significant treatment effect; for the significance analysis, see the following paragraph).
From this figure, the average World Cup venue’s expenditures are subtracted (around $1.27 billion) and the
resulting number is eventually divided by six to yield the net effect per year. We also conduct analogous
calculations for the case where we consider all ‘treated’ municipalities and not only those which are directly
related to World Cup investments: here we find a total net effect of $4.7 billion of additional GDP per year.
Corresponding SCM findings are discussed throughout the robustness checks in Appendix A.

36 This placebo exercise is also called ‘placebos-in-space’. Alternatively, one can conduct ‘placebos-in-time’,
where the unit of interest remains the treated one, but the cutoff is artificially assigned to periods where
no treatment took place, i.e., to several pre-treatment years. We will discuss such exercises when testing for
robustness in Appendix A.
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(b) Luminosity Gaps: World Cup Venue vs. Placebos
Note: The vertical dashed line indicates the end of the pre-treatment period (2003). Panel (a) displays the average World Cup
venue and its synthetic counterpart. Panel (b) plots luminosity gaps (treatment minus synthetic) for the average World Cup venue
and placebo units: the black solid lines and the red dashed line represent the placebos and the treated unit, respectively.

Figure 4: Estimation Results for the Average World Cup Venue: Benchmark Case

treated unit is given by the red dashed line.37 The World Cup venues’ pre-treatment error is

completely covered by a band consisting of 131 placebo municipalities’ pre-treatment gaps.

After the cutoff, though, the treatment’s impact on luminosity clearly stands out of the bulk

of control units, featuring an evidently significant treatment effect. This effect is remarkable

not only because it simply stands out of the mass of placebo outcomes but, above all, how

it is shaped. There is a steep rise in luminosity, which then flattens for a while before it

even increases a little further. This movement—at least until the years 2009/2010—is notably

different from some slowly increasing or decreasing trends within the control pool. In fact, most

of the control units just move slightly below the zero-line. Hence, our confidence that the World

Cup venues’ sizable synthetic control estimate actually reflects the effect of the World Cup

preparatory measures is strengthened. No similar or larger estimates arose for around six years

after the cutoff when the treatment was artificially re-assigned to units not directly exposed

to the intervention. More specifically, under the null hypothesis of no differences in luminosity,
37 Note that, throughout the paper, we exclude placebo units due to inadequately large pre-treatment errors

of more than three times the error of the unit of interest (altering this RMSPE-threshold does not affect our
findings). This is important because placebo studies of this type do not consider that the units in the donor
pool may not have an adequate synthetic control group. A large placebo treatment effect is meaningless if the
fit in the pre-intervention period between the respective unit and its synthetic control is insufficient.
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we can expect (such) an effect to appear in only 1/131 of all cases, featuring an extremely

small pseudo p-value. Overall, the results imply a pronounced but short-lived, positive effect

of the World Cup on economic development in the hosting municipalities, that begins to be

visible from the official allocation of the tournament to South Africa in 2004 until the actual

event took place in 2010.

Discussion

Despite the useful insights from the estimation based on the average World Cup venue, this ag-

gregate perspective could mask differences across (World Cup related) investments conducted

in different World Cup locations with respect to several dimensions. By looking at individual

projects, it immediately becomes clear that the respective interventions differ with regard to

their monetary costs and the resulting qualitative improvements (e.g., sometimes a stadium

or airport was constructed completely from scratch, while sometimes there were only minor

upgrades of existing ones), what might lead to different impacts. Interventions also differ with

respect to the kind of infrastructure they are aiming at. The construction and upgrade of

sports arenas, for instance, might have short-run, positive effects on local economic develop-

ment as the construction activities lower unemployment. However, whether the construction

of a respective football stadium—which is often not re-used regularly after the event—has

a longer-lasting effect at all is not a priori clear. Yet, for projects targeting transportation

infrastructure, this can be expected to be quite different.

Moreover, heterogenous effects obscured in the average result may also stem from the fact

that World Cup venues themselves differ from each other. For instance, the Johannesburg

Metropolitan Municipality, that hosted the opening and the final game, is the largest ag-

glomeration in southern Africa and the most vibrant economic center of the whole continent.

Nelspruit, a city that hosted four group stage games, contrarily, only has around 60, 000 in-

habitants and its economy is mainly characterized by agricultural production and tourism (as

it is close to the famous Kruger National Park). For such small and relatively remote munici-
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palities, the effect of infrastructure investments could be much larger than for Johannesburg,

Pretoria, or Cape Town. These latter (large) cities are the political and economic centers of

South Africa and, hence, should already comprise a comparatively good infrastructure. Thus,

the 2010 World Cup can be expected to have fostered regional catch-up by allowing peripheral

regions to gain upon the core regions.

Consequently, to draw a more precise picture of the potentially heterogeneous treatments

connected to the World Cup and their corresponding effects, we zoom in on respective venues

and consider different wards within the municipalities as observational units. The focus on

a more disaggregated observational level allows for pinpointing the exact location of differ-

ent treatments within a particular municipality and, thus, for separate identification of their

effects. Moreover, exploiting the within-treatment-municipality variation can also reduce un-

observed heterogeneity that could arise from—among other things—unobserved shocks that

hit treatment and control municipalities differently. Finally, displacement effects (see, e.g.,

(Kline and Moretti, 2014b)) are expected to be much smaller on ward level as, for example

workers can commute to the construction areas within a certain municipality and do not have

to relocate in order to gain from the investments.

4.2 Zooming in on World Cup Venues

In this section, we focus on the effect of infrastructure improvements on the development of

a treated ward within a respective World Cup municipality. We run separate SCM analyses

for each of such treatments in a given World Cup venue. In so doing, we use the same set of

economic predictors as outlined above, except for the share of people with indigenous heritage,

the share of people with tertiary education, and the percentage of people unemployed, since

these variables are not available on ward level. In all cases, we employ the treatment cutoff in

2004, which is the same as at municipality level. This is done for the sake of consistency and

comparability, and because for some treatments we were not able to pin down the exact period

of occurrence. In what follows, we will present and discuss several of these cases, representing
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Note: The figure shows the borders of the eThekwini Metropolitan Municipality, its wards, as well as the location of the King
Shaka International Airport. The 2013 average luminosity of a ward is indicated by colors ranging from white to dark blue, where
darker colors indicate higher luminosity.

Figure 5: King Shaka International Airport within the eThekwini Metropolitan Municipality

different kinds of investments, scales, and locations.38

Durban

The first case is the construction of the King Shaka International Airport in Durban, that took

place between August 2007 and May 2010 and cost $930.6 million. It was built 35km away

from Durban City in the suburb La Mercy, one of the wards in the eThekwini Metropolitan

Municipality, where luminosity more than doubled throughout the construction period (from

3.755 in 2007 to 7.93 in 2010).39 The borders of eThekwini, its wards, the location of the

airport, and the luminosity level of each ward in 2013 are shown in Figure 5.40

SCM results in Panel (a) of Figure 6 illustrate that the pre-treatment fit is extremely

precise. It is also evident that luminosity substantially rises from 2007 onwards, developing
38 A descriptive overview of the respective ward level data for each of the discussed municipalities is provided

in Tables C1.3-C1.5 in Appendix C.1. Information on the individual projects can be found in Table B2.1.
39 The eThekwini Metropolitan Municipality is divided into 103 wards. Among them are 14 with treatments

and 43 wards surrounding them. Therefore, the donor pool for the SCM analysis consists of 46 wards.
40 A comparison between the luminosity pixel level distribution within eThekwini in the last pre-treatment

year, 2003, and the last post-treatment year, 2013, is provided in Appendix C.2, Figure C2.2. The treatment
effect becomes clearly visible as luminosity increased substantially in the treatment ward, also when contrasted
against non-treated wards.
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to a far higher level than its synthetic equivalent. At its peak in 2013, luminosity was around

20 units higher in the airport ward as compared with a scenario without the treatment,

corresponding to 14.46 percentage points lower unemployment or $2, 495 more income per

capita. Panel (b) shows the difference between the treated ward and its synthetic counterpart

as well as respective placebo results, implying that the effect becomes and remains strongly

significant throughout the three years after the tournament. This suggests a longer-lasting,

positive impact of the airport investment on economic development in La Mercy—up to a

factor of two.

The case of King Shaka International Airport exemplifies the argument that transport

infrastructure can have such desired effects when conducted in a previously remote and pe-

ripheral area rather than in (or close to) an already developed and prosperous region. This ar-

gument can be supported by a counterexample—the Cape Town International Airport, South

Africa’s second largest airport, which is located within the urban area of Cape Town and

was upgraded with investments worth around $273.7 million. SCM analyses for the respective

ward suggest no positive effect of this investment, but rather that luminosity was higher in

the airport ward compared with its synthetic control already very long before the year 2004,

namely since about 1995.41 More precisely, we do not detect a declining or increasing gap

between actual and counterfactual luminosity, not even when looking at the period between

2007 and 2010, where actual luminosity increased after a decline in the years before—probably

due to the refurbishments done on the airport in preparation for the World Cup. Eventually,

further examples show that the magnitude of the effect seems to depend not only on the re-

spective location (rural vs. urban), but also on the extent of the infrastructure improvements

since we did not find as strong effects as in Durban for smaller airport upgrades, like that in

Bloemfontein.42

Finally, it could be argued that airports produce a lot of luminosity by themselves, e.g.,

through illuminated runways. Hence, we want to make sure that our results are not simply
41 SCM results for the Cape Town airport are reported in Appendix C.2, Figure C2.3.
42 Results for the Bloemfontein airport are available upon request.
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(b) Luminosity Gaps: Airport Ward vs. Placebos
Note: The vertical dashed line indicates the end of the pre-treatment period (2003). Panel (a) displays the airport ward and its
synthetic counterpart. Panel (b) plots luminosity gaps (treatment minus synthetic) for the airport ward and placebo units: the
black solid lines and the red dashed line represent the placebos and the treated unit, respectively.

Figure 6: Estimation Results: King Shaka International Airport Durban

driven by the treatment project itself. To do so, we exclude the luminosity pixels in the

area of the airport from our data set and re-run SCM. The results are shown in Figure A.5

of Appendix A.1.2: they remain virtually unchanged. Therefore, our findings are not solely

driven by the airport itself, but (also) strongly by an increase in economic activity around it,

e.g., by firms and people that settle nearby the airport due to its amenities.

Polokwane

The next case is the Polokwane Local Muncipality with both the Peter Mokaba Stadium

and the Polokwane International Airport.43 The stadium was one of the few arenas that were

newly constructed for the World Cup, its construction costs amounted to $169.7 million. The

South African government estimated its economic impact to be around $11 million, what is

the largest among stadiums lying outside the metropolitan municipalities.44 Polokwane with

166, 000 inhabitants was one of the smaller World Cup venues, but probably the one with the
43 The Polokwane Local Municipality consists of 38 wards. Among them are five with treatments and 16

wards neighboring them. Thus, we are left with a donor pool of 17 wards.
44 Figures regarding the economic impact are taken from the FIFA World Cup Country Report of the

South African Department of Sport and Recreation (available at: http://www.srsa.gov.za/MediaLib/Home/
DocumentLibrary/SRSACountryReport2013-withcover.pdf, last accessed on February 11, 2016.)
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highest per capita investments in infrastructure of all the World Cup venues. This is because,

next to the construction of a new stadium, the municipality experienced an update of the

Polokwane International Airport for $10.4 million.45 Figure 7 shows the Polokwane Local

Municipality, the 2013 ward level luminosity, as well as the location of the stadium and the

airport.46

SCM results for the Peter Mokaba Stadium are depicted in Figure 8, Panels (a) and (b), and

those for the airport are reported in Figure 9, Panels (a) and (b). The luminosity trends for the

stadium ward and its synthetic control ward indicate a widening, positive gap right with the

beginning of the construction work in 2007. This difference rises to a maximum of five units in

2011, or, equivalently, a 83% gap relatively to the last actual pre-treatment luminosity value.

This also corresponds to 3.6 percentage points lower unemployment, $624 higher income per

capita, and around $958 higher GDP per capita. The placebo study summarized in Panel (b)

suggests that the estimated treatment effect of the stadium ward becomes significant in 2008.

For the airport, we also see an increasing gap between luminosity of the treated ward

and its synthetic counterpart beginning in 2007, which reaches its maximum in 2012. Here,

actual luminosity is around eight units higher compared with the counterfactual (correspond-

ing to, e.g., 5.78 percentage points lower unemployment). The placebo study for the airport

reveals a significantly positive impact from 2008 until 2013, what is in line with the fact that

construction work on the airport started in 2008.

Using this knowledge, we challenge our default treatment cutoff, which refers to the year

2004, to check how results might change if we use more precise information on the timing of the

airport upgrade. We re-run our SCM analysis for Polokwane International Airport, employing

the year 2008 as the beginning of the treatment period. Corresponding results are shown

in Figure 10, emphasizing that the generally defined treatment period from our initial SCM

analysis has not led to misguided conclusions. Using the new, more precise cutoff, the airport
45 Population figures are taken from http://econ.ufs.ac.za/dl/Userfiles/Documents/00001/588_eng.

pdf, last accessed on February 11, 2016.
46 A comparison between the luminosity pixel level distribution within Polokwane in 2003 and 2013 is

provided in Appendix C.2, Figure C2.4, featuring a clearly evident treatment effect.
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Note: The figure shows the borders of the Polokwane Local Municipality, its wards, as well as the location of the Peter Mokaba
Stadium and Polokwane International Airport, respectively. The 2013 average luminosity of a ward is indicated by colors from
white to dark blue, where darker colors indicate higher luminosity.

Figure 7: Peter Mokaba Stadium and Polokwane International Airport within the Polokwane Local Munici-
pality
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(b) Luminosity Gaps: Stadium Ward vs. Placebos
Note: The vertical dashed line indicates the end of the pre-treatment period (2003). Panel (a) displays the stadium ward and its
synthetic counterpart. Panel (b) plots luminosity gaps (treatment minus synthetic) for the stadium ward and placebo units: the
black solid lines and the red dashed line represent the placebos and the treated unit, respectively.

Figure 8: Estimation Results: Peter Mokaba Stadium in Polokwane

32



15
20

25
30

35
Lu

m
in

os
ity

1990 1995 2000 2005 2010 2015
Year

Treated Synthetic

(a) Trends in Luminosity: Treated vs. Synthetic

-1
0

-5
0

5
10

Lu
m

in
os

ity
 D

iff
er

en
ce

: T
re

at
m

en
t -

 S
yn

th
et

ic

1990 1995 2000 2005 2010 2015
Year

(b) Luminosity Gaps: Airport Ward vs. Placebos
Note: The vertical dashed line indicates the end of the pre-treatment period (2003). Panel (a) displays the airport ward and its
synthetic counterpart. Panel (b) plots luminosity gaps (treatment minus synthetic) for the airport ward and placebo units: the
black solid lines and the red dashed line represent the placebos and the treated unit, respectively.

Figure 9: Estimation Results: Polokwane International Airport

effect is at least as pronounced as before.47 At its maximum, the luminosity gap relatively to

the actual pre-treatment luminosity level amounts to 50%, notably stronger and more stable

than for the case of the Peter Mokaba Stadium.

To verify once more (as in the case of King Shaka International Airport in Durban) that

the lights of the airport itself are not the main factor driving the positive effect, we reconsider

the case of Polokwane where we exclude the luminosity pixels in the area of the airport. Again,

we find that results remain almost identical (see Figure A.6 of Appendix A.1.2).
47 Figure A.4 in Appendix A provides more evidence on the stability of our cutoff rule. In a nutshell, moving

the cutoff further towards the actual intervention rather increases corresponding effects, so that our baseline
results are always conservative, lower bounds.
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(b) Luminosity Gaps: Airport Ward vs. Placebos
Note: The vertical dashed line indicates the end of the pre-treatment period (2007). Panel (a) displays the airport ward and its
synthetic counterpart. Panel (b) plots luminosity gaps (treatment minus synthetic) for the airport ward and placebo units: the
black solid lines and the red dashed line represent the placebos and the treated unit, respectively.

Figure 10: Estimation Results: Polokwane International Airport—Treatment Beginning in 2008

Rustenburg

The last case is the Rustenburg railway station, which was upgraded and re-opened before

the World Cup. Similarly to Polokwane, Rustenburg, with 104, 000 inhabitants, belongs to the

smallest hosting cities.48 Figure 11 depicts the Rustenburg Local Municipality, the 2013 ward

level luminosity, and the location of the railway station.49 Figure 12 shows the corresponding

SCM findings. As in the case of Polokwane, Panel (a) documents a widening, positive gap

between the luminosity trend of the actual ward and its synthetic counterpart beginning in

2007, that—according to the placebo test in Panel (b)—is significant from 2009 until around

2011. The maximum luminosity gap amounts to 19 units (or 50% relatively to the last actual

pre-treatment luminosity value), and corresponds to a 13.74 percentage points lower unem-

ployment, $3, 642 higher GDP per capita, and $2, 370 more income per capita. After 2011,

the gap declines but increases again in the last year of our observation frame. Hence, whether
48 Population figures stem from the 2011 Census and are taken from the website: http://census2011.

adrianfrith.com/place/662049, last accessed on February 11, 2016. In the Rustenburg Local Municipality,
there are 38 wards and three treatment wards surrounded by 14 neighbor wards. Hence, 17 wards are excluded
leaving us with a donor pool of 21 wards.

49 A comparison between the luminosity pixel level distribution within Rustenburg in 2003 and 2013 is
provided in Figure C2.5 in Appendix C.2, again revealing a clear treatment effect, especially when contrasting
the treated ward against several non-treated ones.
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Note: The figure shows the borders of the Rustenburg Local Municipality, its wards, as well as the location of the Rustenburg
railway station. The 2013 average luminosity of a ward is indicated by colors from white to dark blue, where darker colors indicate
higher luminosity.

Figure 11: Rustenburg Railway Station within Rustenburg Local Municipality

there is an actual longer-run effect is not quite clear from our evidence based on the sample

that ends in 2013.

Discussion

The results of these ward level SCM analyses suggest that, indeed, the investments in prepa-

ration of the World Cup had positive effects—supporting our municipality level evidence.

More precisely, however, the effects are significant most often in rather small World Cup

cities or when the project was quite large (both, qualitatively and quantitatively). Such re-

sults therefore confirm the claim that a major effect of the World Cup was to foster regional

catch-up processes and to close the development gap between the periphery and the core.

They also show that, while on the aggregate, the effect of the World Cup might have been

short-lived, particularly the effect of transportation infrastructure seems to last longer. In this

regard, our findings indicate that such a positive, long-lasting impact as in the case of trans-

port investments cannot be revealed for the other type of infrastructure treatments—sports

arenas—confirming our ex-ante expectations. We do not find a significantly positive effect of
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(b) Luminosity Gaps: Railway Station Ward vs. Place-
bos

Note: The vertical dashed line indicates the end of the pre-treatment period (2003). Panel (a) displays the railway station ward
and its synthetic counterpart. Panel (b) plots luminosity gaps (treatment minus synthetic) for the station ward and placebo units:
the black solid lines and the red dashed line represent the placebos and the treated unit, respectively.

Figure 12: Estimation Results: Rustenburg Railway Station

stadium constructions in any of the World Cup municipalities apart from Polokwane. Even

though such a positive effect could be identified in that city, it was of rather short-run na-

ture as it occurred around the event period after which it quickly diminished. This is in line

with the fact that stadiums are not re-used frequently after the tournament. In some cases,

we cannot be sure whether corresponding effects might still have taken place, which we are

unable to identify due to the 63 luminosity cutoff.50 However, if we consider the Soccer City

Stadium in Johannesburg—where this cutoff poses no restriction—we find an at best small

and never significantly positive impact. This suggests that it is not the luminosity cap that

prevents us from finding an effect, but rather the fact that construction of stadiums might

not always induce an even short-run influence in larger cities. SCM results for the Soccer City

Stadium are reported in Appendix C.2, Figure C2.6.
50 One case in which the luminosity cap restricted our analysis was the Ellis Park Stadium in Johannesburg,

where in all years but 2007 the luminosity of the stadium ward comprised a value of 63. Results of the
corresponding SCM analysis are available upon request.
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5 Conclusion

We have evaluated the economic effects of massive public investments made as preparatory

measures for the 2010 FIFA World Cup in South Africa. Applying synthetic control methods

to night lights intensity data, we reveal that it is non-trivial for governments to decide in

favor of or against mega sports events when caring about longer-lasting economic effects in

developing countries. It seems at least debatable whether the same amount of money invested

in, say, health or education, could not have boosted economic development much further

than the World Cup did. However, it is not feasible to compare the tournament with such

hypothetical, potentially more effective interventions—at least within the same country at

the same time. In any case, the debate on the effectiveness and efficiency of World Cup

investments should not omit a crucial aspect: the symbolic importance of the tournament

for South Africa, given the global appeal of football. The symbolic value as an intangible

asset could indirectly generate benefits that are much higher than alternative treatments, but

certainly also extremely difficult to quantify precisely.

Conditional on the intent of a developing country to host a mega event, our findings can

have important political implications for development policies and future organization of mega

(sports) events. XXX This is important per se but also due to the fact that one can observe

a recent trend of awarding such tournaments to developing nations. For example, the 2014

World Cup and the 2016 Olympic Games were both held in Brazil. The next World Cup

(2018) will be hold in Russia. XXX Russia not really a developing country... XXX

Based on the results for an average World Cup venue on municipality level, we find a

considerably positive, but only short-lived impact, becoming insignificant in the year of the

tournament. However, by looking at the next finer administrative level, we are able to identify

large and positive effects from around 2007 onwards that persisted even until the end of our

post-World Cup observation period and originate from investments in transport infrastructure,

e.g., airports. On the contrary, investments in sports infrastructure primarily feature short-run

effects throughout the construction period, probably due to the creation of temporary jobs. If
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there exist no plausible concepts regarding how stadiums could be regularly re-used after the

actual event, such investments do not seem to pay off. Eventually, from a location point of

view, infrastructure investments in smaller, less populous, and less developed locations feature

the strongest increase in economic activity. They appear to trigger catch-up processes towards

bigger cities in more wealthy regions and thus can help to reduce regional poverty as well

as the urban-rural divide, both typical for developing countries. Hence, our findings suggest

that mega events indeed can notably benefit the affected regions if public investments are

directed on improving the ‘right’ infrastructure in the ‘right’ place. However, to come back to

the initial argument, one can surely debate whether it would make more sense to invest the

money directly in transport infrastructure in rural areas without going through the effort of

building several new sports arenas with limited use, i.e., without organizing the mega event

in the first place.

Future research in this area can gain from both the insights as well as methodological

aspects of the present study. As regards the former, a reliable evaluation should be sufficiently

disaggregated and differentiated in order to take potential multidimensional effect hetero-

geneity into account. As regards the latter, our proposed framework—combining SCM as an

evaluation method and luminosity data as a measure of economic activity—offers a suitable

tool for economic evaluation of mega events in developing countries. Certainly, it can also be

applied in the context of other policy interventions that aim at stimulating economic growth.
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Appendix

A Robustness

A.1 Donor Country: South Africa

A.1.1 Analysis on the Municipality Level

We examine the robustness of our results by conducting several sensitivity checks. First, the
average municipality result from Section 4.1 does not change if we compute our unit of inter-
est as being the World Cup venue average of six municipalities instead of nine. The excluded
municipalities are those with the highest luminosity level: Johannesburg Metropolitan Mu-
nicipality, eThekwini Metropolitan Municipality, and Cape Town Metropolitan Municipality.
Figure A.1 provides corresponding results, assuring that our findings are not driven by only
a few locations which feature a high level of luminosity anyway.

Second, we try the opposite, namely including more ‘treated’ municipalities in addition to
the nine in which the football stadiums were located at. These additional seven municipalities
affected by World Cup measures are listed in Appendix B.2 along with their corresponding
treatments. We adjust our donor pool by excluding the additional neighboring municipalities
according to the same rules as in the main analysis in Section 4. Figure A.2 provides corre-
sponding SCM results, showing that our findings stay robust and are in fact even stronger.
Alternatively, we also find our results to be confirmed if we additionally include the border
regions of Lesotho into the original donor pool an re-run the baseline SCM analysis.

Third, we conduct a version of so-called ‘leave-one-out’ checks (Abadie et al., 2015), where
a control unit that received positive weight during the original SCM optimization procedure is
excluded from the donor pool. In our case, we pick the uMhlathuze Local Municipality which
received a weight of over 80% when synthesizing the average World Cup municipality. In uMh-
lathuze, Africa’s largest coal export facility (Richards Bay Coal Terminal) was constructed
parallel and independent of the World Cup, a fact that could disqualify this region as a valid
control unit. When removing this municipality from the donor pool, SCM still delivers ex-
tremely robust results, which becomes evident when looking at Figure A.3. Now, the synthetic
average World Cup venue is comprised of Msunduzi and Govan Mbeki, with corresponding
w-weights of 84.5% and 15.5%, respectively.

Fourth, we try altering the predictor set. Particularly, we restrict the predictors to the same
set as we had to work with on ward level, i.e., without the share of people with indigenous
heritage, the share of people with tertiary education, and the percentage of people unemployed.
We find our results to be confirmed. Adding more predictors, e.g., the respective distance to
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coast, does not affect our findings either. The same holds true if we additionally add population
density in 1996 to the set of predictors. Results turn out to be almost identical. Hence, the
estimated effects do not simply reflect the correlation between luminosity and agglomeration
but can really be interpreted as being due to differences in wealth.

Fifth, we follow Elliot et al. (2015) and remove all pixels from the data set that were
unlit (0) over the entire sampling period, as one could assume that in the corresponding
areas there was no economic activity at all. The fact that most of these pixels are located in
sparsely populated municipalities in the western South African wastelands could lead to an
underestimation of averaged night lights in the actually settled areas. However, when we re-
run our SCM framework using the alternative luminosity measure where all such pixels were
removed before the aggregation on municipality level, our results remain virtually identical.

Taken together, all of the above-mentioned sensitivity checks strongly support the credi-
bility of our findings in Section 4.1, revealing positive, short-run effects for the average World
Cup municipality.
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(b) Luminosity Gaps: Cup Venue vs. Placebos
Note: The vertical dashed line indicates the end of the pre-treatment period (2003). Panel (a) displays the average World Cup
venue and its synthetic counterpart. Panel (b) plots luminosity gaps (treatment minus synthetic) for the average World Cup
venue and placebo units: the black solid lines and the red dashed line represent the placebos and the treated unit, respectively.

Figure A.1: Estimation Results: The Average World Cup Venue w/o Johannesburg, Durban, and Cape Town
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(b) Luminosity Gaps: Cup Venue vs. Placebos
Note: The vertical dashed line indicates the end of the pre-treatment period (2003). Panel (a) displays the average World Cup
venue and its synthetic counterpart. Panel (b) plots luminosity gaps (treatment minus synthetic) for the average World Cup
venue and placebo units: the black solid lines and the red dashed line represent the placebos and the treated unit, respectively.

Figure A.2: Estimation Results: The Average World Cup Venue including more Treated Municipalities
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(b) Luminosity Gaps: Cup Venue vs. Placebos
Note: The vertical dashed line indicates the end of the pre-treatment period (2003). Panel (a) displays the average World Cup
venue and its synthetic counterpart. Panel (b) plots luminosity gaps (treatment minus synthetic) for the average World Cup
venue and placebo units: the black solid lines and the red dashed line represent the placebos and the treated unit, respectively.

Figure A.3: Estimation Results: The Average World Cup Venue without Control Unit ‘uMhlathuze Local
Municipality’

A.1.2 Analysis on the Ward Level

In the following, we check the robustness of the results from Section 4.2, that are based on
ward level. In particular, analogous to the case of Polokwane International Airport, we shift
the treatment cutoff towards the actual beginning of a respective infrastructure project. This
is exemplified in Figure A.4, Panels (a) and (b), showing the case of the Durban King Shaka
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International Airport. From this evidence, it can be inferred that the results look virtually
identical to the baseline case, which assumes the treatment to start in 2004. However, the
figure also suggests that using 2007 as treatment year enables us to identify the actual onset
of the increasing luminosity gap between the actual and synthetic airport ward much more
precisely than before. For all examples shown in Section 4.2, moving the cutoff towards later
periods rather increases corresponding effects, and never undermines our previous findings.
Thus, the results reported throughout the main analysis are always conservative, lower bounds.
Contrarily, moving the (placebo) cutoff to an early pre-treatment period, e.g., 1997, delivers
zero-results as expected.

Moreover, recall that we discussed the potential argument that our results might simply
be driven by a treatment project itself. To check this, we excluded the luminosity pixels in the
area of, e.g, an airport treatment from our data set and re-run SCM. Results for Durban and
Polokwane airport are shown in Figures A.5 and A.6, respectively. One can easily see that
they remain virtually unchanged compared with the initial results of Section 4.2.
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(b) Luminosity Gaps: Airport Ward vs. Placebos
Note: The vertical dashed line indicates the end of the pre-treatment period (2006). Panel (a) displays the airport ward and its
synthetic counterpart. Panel (b) plots luminosity gaps (treatment minus synthetic) for the airport ward and placebo units: the
black solid lines and the red dashed line represent the placebos and the treated unit, respectively.

Figure A.4: Estimation Results: King Shaka International Airport Durban—Treatment Beginning in 2007
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(b) Luminosity Gaps: Stadium Ward vs. Placebos
Note: The vertical dashed line indicates the end of the pre-treatment period (2003). Panel (a) displays the airport ward and its
synthetic counterpart. Panel (b) plots luminosity gaps (treatment minus synthetic) for the airport ward and placebo units: the
black solid lines and the red dashed line represent the placebos and the treated unit, respectively.

Figure A.5: Estimation Results for King Shaka International Airport Durban Without Airport Lights
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(b) Luminosity Gaps: Stadium Ward vs. Placebos
Note: The vertical dashed line indicates the end of the pre-treatment period (2003). Panel (a) displays the airport ward and its
synthetic counterpart. Panel (b) plots luminosity gaps (treatment minus synthetic) for the airport ward and placebo units: the
black solid lines and the red dashed line represent the placebos and the treated unit, respectively.

Figure A.6: Estimation Results for Polokwane International Airport Without Airport Lights

A.2 Other Donor Countries

As has been emphasized in Section 4, to reduce the possibility of spillovers of World Cup re-
lated measures to non-World Cup venues, we exclude those municipalities from the donor pool
that are bordering World Cup municipalities (and Lesotho). In this appendix, we additionally
address the issue of potential spillovers in another way—instead of the donor pool based on
South African municipalities we construct alternative donor pools from regions of two different
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African countries, respectively. These countries have been carefully selected using two alterna-
tive, mutually exclusive criteria. According to the first one—geographical proximity—we have
chosen Mozambique as it is a direct neighbor of South Africa, which makes it more comparable
with South Africa than other, more distant, countries. Similarly to South Africa, Mozambique
has also a long coast with several important sea ports, such as Beira, Inhambane, Maputo,
Nacala, Pemba, and Quelimane.1 The alternative approach we follow in this robustness check
is to draw on another country bidding, along with South Africa, to host the 2010 World Cup.
We have decided to consider Morocco—a runner-up candidate in this competition. In the
following, we will give more information on the two selected donor countries and discuss in
detail the analysis for both cases.

A.2.1 Mozambique

Mozambique still belongs to the poorest countries in the world. Over the examined period
1992–2013, its average GDP per capita amounted to about $333 (compared with the average
GDP per capita of $4,758 in South Africa over the same period). However, Mozambique
experienced a large transformation after the end of the civil war in 1992, that is marked with
impressive growth rates peaking at 26.8% in 1996 and stabilizing around 7% from 2007 on.
Much of the development has been fueled with reconstruction and extensive foreign investment.
Projects involving foreign investment have been carried out in agriculture as well as in the
industry sector, that grew from 16% in 1996 to 27% in 2004 (the year of the considered
treatment effect). The most prominent example of the industrial mega-projects in the early
phase of the economic transition is the Mozal aluminum smelter in Maputo province, thanks to
which Mozambique has become one of the world’s leading exporters of aluminum. Other mega-
projects that followed are, e.g., the Moma titanium minerals mine (Nampula province) and the
Moatize coal mine (Tete province). As regards transport infrastructure, the strategic position
of Mozambique along the coastline gave rise to the development of three main corridors. Two
of them connect Malawi and Zimbabwe with the ports of Nacala and Beira, respectively, and
the other one links South Africa and Swaziland to the Maputo port.2

1 Other countries bordering South Africa that could be potential candidates to provide a donor pool
are: Namibia, Botswana and Zimbabwe (note that Lesotho and Swaziland are too small in terms of area
and population size). However, Namibia and Botswana have a population density of 2.54/km2 and 3/km2,
respectively, which is around 14 times lower than population density in South Africa; see Census 2011 for
Namibia and Census for Botswana. Zimbabwe is, with a population density of 26/km2 (Census 2012), similar
to Mozambique (28.7/km2; Census 2007), but we have decided against considering it as a donor country
merely because the Zimbabwean economy experienced dramatic losses in the period 2000–2008 (most of our
examination period), which is reflected by negative growth rates dropping to −17% in 2003 and 2008 as well
as extraordinary high consumer price inflation rates culminating at 24,400% in 2007 (database http://http:
//data.worldbank.org; last accessed on September 10, 2016).

2Information on Mozambique has been taken from 1) the database http://http://data.worldbank.org;
2) Masha and Ross(2014) “Mozambique’s Growth Experience, Macroeconomic Policy Mix, and Institutions” In
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Synthetic Unit

Based on the average population size, we focus on districts in Mozambique (128 districts
with average population size of 167,164) as administrative units comparable to South African
municipalities (234 municipalities with average population size of 221,242).3 The synthetic
unit based on Mozambique consists of four districts: Gondola (41.3%), Maputo City (28.4%),
Mandimba (29%), and Angónia (1.3%). None of these districts shares its borderline with South
Africa, which additionally reduces the probability of spatial spillovers to the Mozambican
synthetic unit. The largest contributor (total weight of ca. 72%) of the control group are three
districts dominated by agriculture and, in particular, subsistence farming: Gondola (province
Manica), Mandimba (province Niassa), and Angónia (province Tete). Gondola’s population
size is 310,429 inhabitants (2012), the corresponding figure for Mandimba is 164,826 (2012).
Infrastructure is in a disastrous state in these provinces: for example, in Niassa, only 14%
of all roads are paved. The remaining component of the control group—Maputo City—is the
capital and at the same time the biggest city of Mozambique (as well as an autonomous
administrative unit), that lies at the harbor in the southern part of the country. It is the
most densely populated region in the country (5, 1 inhabitants per km2; Census 2007) and
a dynamically developing city whose economy is concentrated around the port. Maputo City
has the highest GDP per capita ranging from $894 in 2000 to $1,531 in 2010—in comparison,
the average GDP per capita over all provinces increased in the same period from $240 to $426.
The contribution of the capital to total GDP amounted to about 19% in the years 2007–2008,
which underlines its role as the main economic hub of Mozambique. The most important
sectors are: transport and communications, property and related services, commerce, financial
services, and manufacturing.4

Ross, D. C., editor, ”Mozambique’s Rising: Building a New Tomorrow”, Chapter 1, Pages 7–25. International
Monetary Fund, Washington D.C. 3) AfDB/OECD (2006) “African Economic Outlook 2005–2006”, download-
able at: http://www.oecd-ilibrary.org/development/african-economic-outlook-2006_aeo-2006-en.
The URLs have been last accessed on September 10, 2016.

3 Data on population size is taken from the 2007 Census for Mozambique and from the 2011 Census for
South Africa, respectively.

4 Sources of the information are 1) the document by Instituto Nacional de Estat́ıstica
(2012) “Estat́ısticas do Distrito Gondola”, downloadable at: http://www.ine.gov.mz/estatisticas/
estatisticas-territorias-distritais/manica/marco-de-2012/distrito-de-gondola.pdf; 2) the doc-
ument by Instituto Nacional de Estat́ıstica (2012) “Estat́ısticas do Distrito Mandimba”, down-
loadable at: http://www.ine.gov.mz/estatisticas/estatisticas-territorias-distritais/niassa/
et-niassa.2012/marco/distrito-de-mandimba.pdf; 3) Silici, Bias and Cavane (2015) “Sustainable agri-
culture for small-scale farmers in Mozambique: A scoping report” IIED Country Report. IIED, Lon-
don (downloadable at: http://www.rainwatertechcentres.net/images/PDF/Silci_et_al_Moza.pdf); 4)
http://www.jica.go.jp/english/news/press/2013/131206_04.html; 5) Conselho Municipal de Maputo
(2010); 6) the document by Instituto Nacional de Estat́ıstica (2012) “O Perfil de Desenvolvimento Humano
am Moçambique, 1997–2011”, downloadable at: http://www.ine.gov.mz/estatisticas/publicacoes/o-
perfil-de-desenvolvimento-humano-em-mocambique-1997-2013-2011.pdf. All URLs have been last ac-
cessed on September 10, 2016.
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Effects

The evolution of luminosity for the average World Cup venue and the synthetic unit built
based on districts from Mozambique are depicted in Figure A.7. It can be observed that in the
first three years after the treatment cutoff both luminosity trends are nearly coincident. Only
in 2008, the gap between treated and synthetic trend opens and becomes wider in the following
years, also after 2010. However, Panel (b) of the figure indicates that the treatment gap is
not significant, which prevents us from drawing conclusions based on the result in Panel (a).
Moreover, both panels reveal that the pre-treatment fit is hardly satisfactory, definitely being
worse compared with the case of the South African donor pool. This may already suggest that
the Mozambican synthetic unit is less suitable to represent the average World Cup venue than
the South African synthetic unit before 2004. This argument becomes even more perspicuous
considering the above description of such Mozambican districts that form the control group:
two underdeveloped and poor districts specialized in agriculture play the predominant role
in the synthetic unit, which makes it hardly representative for the treated unit that, for the
most part, consists of prosperous South African metropolises with their economic activity
concentrated on financial services and manufacturing.
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(b) Luminosity Gaps: World Cup Venue vs. Placebos
Note: The vertical dashed line indicates the end of the pre-treatment period (2003). Panel (a) displays the average World Cup
venue and its synthetic counterpart. Panel (b) plots luminosity gaps (treatment minus synthetic) for the average World Cup venue
and placebo units: the black solid lines and the red dashed line represent the placebos and the treated unit, respectively.

Figure A.7: Estimation Results for the Average World Cup Venue: Donor Pool Based on Mozambique

A.2.2 Morocco

Morocco is a constitutional monarchy situated in Northern Africa with 33.8 million inhabitants
and a population density of 76 inhabitants per km2 in 2014 (29.8 million inhabitants and 67.4
inhabitants per km2 in 2004). Morocco’s economy is dominated by the service sector (around

51



58% of total GDP in 2014), followed by industry (29%) in which mining plays a key role. For
example, in 2013, Morocco was the world’s leader in phosphate exports and the world’s third
largest producer in phosphate rock. Agriculture still remains an important economic sector
(13% of total GDP in 2014). Until the early 1990s, the economy featured a large state-owned
sector; at the beginning of 1990s, the government started with the process of privatization.
After King Mohammed VI took over in 1999, Morocco has adopted a development model
aimed at economic liberalization and increasing openness. Several structural reforms have
been implemented, among others “Plan Emergence” in 2005, which stimulated growth and
led to the reduction in unemployment. Morocco has recorded steady growth since the end
of 1990s—the annual GDP growth rate ranged from about 2% to 7.8% between 2000 and
2015. Average GDP per capita amounted to $1,970 over the examined period 2004–2013.
The unemployment rate fell from its peak at 16.6% in 1998 to ca. 9% in 2009–2013. Despite
this positive development, the country is struggling with high inequality and high youth
unemployment. In 2011, the political situation in Morocco became unstable due to protests
across the whole country that were driven by demonstration in other North African countries
(the so-called Arab spring) and were rooted in dissatisfaction of people with political issues,
like lack of civil rights, and economical ones. As a result of the protests, the constitution has
been adjusted so as to grant more power to the prime minister and parliament.5

Synthetic Unit

In our analysis, we consider municipalities as reference administrative units in Morocco (third
level of administrative division). Note that Morocco underwent several changes in the admin-
istrative division in the last two decades, the last one in 2015. The considered division reflects
the situation in 2009 (in the examined time span 2004–2013). The synthetic unit assembled by
SCM from all Moroccan municipalities consists of: Tahla (46.3%), Hamriya (33.5%), Figuig
(13.9%), Bouarfa (4%), Maknassat Azzaytoun (2%), Jrada (0.1%), and Khourigba (0.1%).
Three of them (Tahla, Hamriya, and Figuig) attain the highest weights and their total con-

5Information on Morocco has been taken from 1) the database http://http://data.worldbank.org;
2) Censuses 1994, 2004 and 2014 (see http://www.hcp.ma); 3) the document by AfDB/OECD (2007)
“African Economic Outlook”, downloadable at: https://www.oecd.org/countries/morocco/38562905.pdf;
4) the document by AfDB/OECD/UNDP/UNECA (2012) “African Economic Outlook:”, download-
able at: www.africaneconomicoutlook.org/sites/default/files/content-pdf/AEO2012_EN.pdf; 5)
Semmar (2012) “Corporate governance of stateowned enterprises in Morocco: evolution and perspec-
tives”, in OECD, Towards New Arrangements for State Ownership in the Middle East and North
Africa, OECD Publishing (downloadable at: http://www.oecd-ilibrary.org/governance/towards-
new-arrangements-for-state-ownership-in-the-middle-east-and-north-africa/corporate-
governance-of-state-owned-enterprises-in-morocco_9789264169111-8-en); 6) the document by
U.S. Geological Survey (2015) “Minerals Yearbook 2013: Morocco and West Sahara”, downloadable at:
http://minerals.usgs.gov/minerals/pubs/country/2013/myb3-2013-mo-wi.pdf. All URLs have been
last accessed on September 10, 2016.
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tribution to the synthetic unit amounts to about 94%. These three municipalities are located
in three different regions (first level of administrative division) that are direct neighbors to
each other. Even though the regions lie in the northern part of the country, which, in general,
has higher GDP per capita than the southern part, they are poorer compared with other re-
gions in northern Morocco. This holds especially for the region Taza–Al Hocëıma–Taounate,
which encompasses the main component of the synthetic unit—the urban municipality Tahla.
The region is the poorest one in Morocco (about 3.6 times poorer than the wealthiest region
Grand Casablanca); its average contribution to total GDP in the period 2001–2007 is 2.7%,
which is in contrast to the major contributors of the country—Grand Casablanca (18.8%),
Souss–Massa–Daraâ (12.2%), and Rabat–Salé–Zemmour–Zaer (9.8%). The region is especially
underdeveloped with respect to industry—its contribution to the secondary sector amounts
to 1.1% vis-à-vis 35.7% of region Grand Casablanca. Tahla itself, with its population size of
27,729 in 2014 (25,655 in 2004), is a small municipality compared with such South African
World Cup venues as Johannesburg, Pretoria or Cape Town. Another major component of
the synthetic unit—Figuig—is even smaller in terms of population and shows a downward
tendency (population size of 14,245 in 1994; 12,577 in 2004; 10,872 in 2014). The superordi-
nate region Oriental has a relatively strong developed agricultural sector, at least compared
with the national average. The primary sector makes up about 33% of the economy in region
Oriental and contributes with ca. 14% to the country’s agricultural output. The last major
municipality in the synthetic unit—Hamriya—is situated in region Fès–Boulemane for which,
in contrast to region Oriental, agricultural production plays a minor role only (5% of the re-
gion’s output). Instead, the service sector is over-represented in this region, given the national
average. In terms of GNP per capita, the region is one of the poorest in the whole country
(after Taza–Al Hocëıma–Taounate and Meknès–Tafilalet).6

Effects

The estimation results are depicted in Figure A.8. As is evident from Panel (a), the pre-
treatment fit is worse than in the case of the South African donor pool. Moreover, the treatment
effect seems to start taking place in 2009 and to increase towards the end of the examined
time span in 2013. Panel (b) makes clear that, similarly as for the Mozambican donor pool,
this effect is not significant and inconclusive, which may be motivated by similar arguments
as in the case of Mozambique. The Moroccan municipalities building up the synthetic unit

6 Source of the data on regional statistics for Morocco in the time span 2001–2007 is the document
of the Ministry of Economy and Finance of Morocco, Department of Studies and Financial Forecasts
(2010) “Regions in Morocco: Sector-based Contribution to National Wealth Creation”, downloadable at:
https://www.finances.gov.ma/Docs/2011/depf/6470_regionsinmoroccoenglishversion2.pdf (last ac-
cessed on September 10, 2016)
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appear not to be appropriate enough to reconstruct the average World Cup venue. First,
as has been already discussed above, two of the major contributing municipalities are very
small and underdeveloped, whereas the third one lies in a province specialized in agriculture.
Second, Morocco is a country which strongly differs from South Africa in various respects,
for example, location in Africa, geography of the country, climate, culture, and its political
system.

The contrasting properties of the control groups from both Mozambique and Morocco and
the South African World Cup cities lead to the conclusion that the results presented in this
appendix are not reliable. Moreover, this illustrates that our choice for South Africa as the
preferred donor pool for our SCM analyses can be justified. In fact, as has been explained in
detail in Section 4.1, the South African control group provides a satisfactory mix of properties
common to different World Cup venues, and is in this regard a reliable reference unit for
establishing the World Cup effect.
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(b) Luminosity Gaps: World Cup Venue vs. Placebos
Note: The vertical dashed line indicates the end of the pre-treatment period (2003). Panel (a) displays the average World Cup
venue and its synthetic counterpart. Panel (b) plots luminosity gaps (treatment minus synthetic) for the average World Cup venue
and placebo units: the black solid lines and the red dashed line represent the placebos and the treated unit, respectively.

Figure A.8: Estimation Results for the Average World Cup Venue: Donor Pool Based on Morocco
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B Data and Setting Details

B.1 Description of Variables

Area. Area of a municipality in square kilometers. Calculated with ArcGIS Pro “Calculate
Geometry” tool according to the shapefile of municipality territories from the DIVA-GIS
database. It can be downloaded at: http://biogeo.ucdavis.edu/data/diva/adm/ZAF_adm.
zip (last accessed on January 19, 2106).

Distance to Railway. Geodesic distance from the centroid (mid-point) of each municipality
to the next railway in kilometers. The course of the railways in South Africa is taken from
a shapefile provided by the DIVA-GIS database of UC Davies. It can be downloaded at:
http://biogeo.ucdavis.edu/data/diva/rrd/ZAF_rrd.zip (last accessed on January 22,
2016). The centroids are calculated using the ArcGIS Pro “Calculate Centroids” tool.

Elevation. Elevation data are taken from the NASA SRTM (Shuttle Radar Topographic
Mission) data set (Version 4.0). The spatial resolution of the data is 3 arc seconds (ap-
prox. 90m on the equator). The data is provided by the Consortium for Spatial Informa-
tion (CGIAR-CSI). A detailed description can be found at: http://srtm.csi.cgiar.org/
and here http://www.cgiar-csi.org/data/srtm-90m-digital-elevation-database-v4-
1#introduction. It can be downloaded from this webpage: http://srtm.csi.cgiar.org/
SELECTION/inputCoord.asp (last accessed on January 21, 2016).

Share Indigenous People. Share of a municipality’s population with indigenous background.
Data come from the project “Spatial Aspects of Unemployment in South Africa 1991–2011”,
conducted by the Human Sciences Research Council (HSRC). The data set covers the years
1991, 1996, 2001, and 2011. It merges information from the official South African Censuses
in 1991, 1996, 2001, and 2011 and the Community Survey in 2007. The geographic units are
defined according to the 2005 municipal boundaries. It can be downloaded (after free reg-
istration) at: http://curation.hsrc.ac.za/Dataset-342-datafiles.phtml (last accessed
on January 22, 2016).

GDP per capita. GDP per capita (in Rand) on provincial level is calculated based on
the official regional GDP estimates provided by Statistics South Africa (e.g., here http:
//www.statssa.gov.za/publications/P0441/P04413rdQuarter2009.pdf, last accessed on
January 8, 2016). We take GDP estimates in current Rand and deflate them in prices of
2005 using annual inflation rates from the website: http://www.inflation.eu/inflation-
rates/south-africa/historic-inflation/cpi-inflation-south-africa.aspx (last ac-
cessed on January 7, 2016). Finally, to obtain provincial GDP per capita, the deflated
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GDP is divided by provincial population. Provincial population figures come from the
South African Census in 2011 (http://www.statssa.gov.za/census/census_2011/census_
products/Provinces%20at%20a%20glance%2016%20Nov%202012%20corrected.pdf, last ac-
cessed on January 7, 2016).

Income per capita. Income per capita for the year 2007 originates from the HSRC data set
“Spatial Aspects of Unemployment in South Africa 1991–2011” (see GDP per capita).

Share Tertiary Education. Share of a municipality’s population with a degree from a university
or another educational institution in the tertiary sector. Data originate from the HSRC data
set “Spatial Aspects of Unemployment in South Africa 1991–2011” (see GDP per capita).

Soil Quality. Data on soil quality are taken from the Zabel et al. (2014) data set. The data set is
described further at: http://geoportal-glues.ufz.de/stories/globalsuitability.html
(last accessed on January 22, 2016). The measure used in the paper is the average agricultural
suitability over the period 1961–1990. To measure suitability, Zabel et al. (2014) consider
climate (temperature, precipitation, solar radiation), soil (pH, texture, salinity, organic car-
bon content, etc.), and topography (elevation and slope) of an area. They consider rain-fed
conditions and irrigation. To construct the suitability measure, they contrast these factors
with growing requirements of 16 plants (Barley, Cassava, Groundnut, Maize, Millet, Oilpalm,
Potato, Rapeseed, Rice, Rye, Sorghum, Soy, Sugarcane, Sunflower, Summer wheat, Winter
wheat).

Unemployment Rate. Share of a municipality’s work force that is unemployed. Data originate
from the HSRC data set “Spatial Aspects of Unemployment in South Africa 1991–2011” (see
GDP per capita).

The variables of the ward level data set used in Section 4.2 originate from the same sources
and are defined analogously to those of the municipality level data set.

B.2 List of Considered Treatments

Table B2.1 reports 72 treatments considered in this paper, i.e., projects that—according to our
information—have been directly related to the 2010 World Cup and that we are able to locate
using coordinates given by wikipedia, google maps, and the websites http://www.geonames.
org and http://www.mbendi.com.7 In the baseline analysis of the paper, the definition of
treated regions is restricted to nine municipalities comprising a World Cup venue and we thus

7 We only consider information on newly built or refurbished roads if the subject of the project was a
national (N) or regional (R) route. All URLs referred to in this Appendix have been last accessed on February
12, 2016.
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consider as treatments those 61 projects out of 72 which have been conducted in World Cup
venues. In one robustness check in Appendix A, we expand the definition of treated regions
to all 16 municipalities that have experienced a World Cup investment, and in this case we
use all 72 treatments. Using the listed treatments, we can identify treated wards within the
treated municipalities.8 Apart from 72 treatments, Table B2.1 also provides information on
the Richards Bay Coal Terminal project, a large investment project unrelated to the World
Cup, that is taken into account in another robustness check in Appendix A.
The following list of 73 projects is a part of the large list of 127 projects we identified for
South Africa for the time span 2004 – 2013 (in which our luminosity data are available).
The large list is a result of our own extensive research and can be downloaded at: http:
//www.martynamarczak.com/research/SA_AllProjects.pdf. Next to the 72 projects from
Table B2.1, that are explicitly related to the 2010 World Cup, the large list also contains 55
other investments that

• have been made after the World Cup or

• have been made before/during the World Cup but no direct link with the event is
mentioned in the information source, or

• were originally earmarked as World Cup projects but we exclude them from our analysis.

Infrastructure projects related to the 2010 World Cup but excluded in our study are:

• N4 Northern Bypass in Nelspruit, also called Nelspruit Ring Road (Municipality:
Mbombela Local, Province: Mpumalanga): this project could not be localized.

• The Khulani Corridor and the Bus Rapid Transit (BRT) System in Port Elizabeth (Mu-
nicipality: Nelson Mandela Bay Metropolitan, Province: Eastern Cape)
This project has been identified as one of the legacy projects of the World Cup.9 The
Khulani Corridor should provide a link between Motherwell in the northern part of Port
Elizabeth with the Central Business District (CBD) via an efficient public transport sys-
tem, the so–called Bus Rapid Transit (BRT) System, and thus enhance integration of

8 Note that the listed treatments are those for which explicit information could be obtained. We also assume
in our study some additional treatments. In particular, we assume that railway stations within each of the
World Cup municipalities were upgraded even if no specific information about upgrades can be found, e.g., in
the case of the Nelspruit railway station. We also consider the upgrade of the Nelson Mandela Metropolitan
University Stadium as a treatment. This stadium was utilized as a training stadium during the World Cup,
but, in contrast to the training stadiums included in Table B2.1, we do not dispose of explicit information
about such an upgrade.

9 http://www.gcis.gov.za/sites/www.gcis.gov.za/files/docs/resourcecentre/multimedia/
sa2010_govprep.pdf
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better developed with less developed areas of the city.10 However, by 2010, only one part
of the BRT system could be finalized—a route operated by a shuttle service and running
between the CBD and the Nelson Mandela Bay Stadium (also in the city centre).11 In
the years after the tournament, the implementation of the BRT system has been delayed
by different factors, e.g., conflicts with the taxi industry, flawed construction of the fast
bus lanes (as a consequence, newly built lanes have been demolished since busses bought
in 2009 could not fit into the lanes), frequently changing city and municipality admin-
istration, as well as engineering firms contracted for the BRT project. Only in January
2013, a pilot project of the Integrated Public Transport System (IPTS), originally called
the BRT system, was launched.12 The bus stops of the pilot project were provisional
and new bus stations were at the design stage at that time.13 After the one-year pilot
project, many issues have still not been resolved, like the agreement with the taxi in-
dustry14 or flaws in the construction and design.15 Moreover, despite the grant support
by the National Treasury, the municipality has not managed to finance the next project
phases.16 All these developments show that the IPTS in Port Elizabeth was not fully
functioning by the end of 2013 (the end of our data sample), so that we decided not to
take into account this project in our study.

Total expenditures of all listed World Cup related projects amount to $14 billion and are
disaggregated as follows:

1. $2.5 billion: Stadiums (World Cup stadiums and training stadiums)

2. $11.4 billion: Transport infrastructure

• $3.8 billion: Airports

• $3.6 billion: Rail

• $2.9 billion: Roads

• $1.1 billion: Public transport

3. $88.3 million: Water projects
10http://www.nelsonmandelabay.gov.za/datarepository/documents/QDL3C_IDP%20-%20Chapter%

203.pdf
11http://www.2010worldcupimpact.info/2010/06/24/fast-bus-lanes-for-port-elizabeth/
12http://legacy.nelsonmandelabay.gov.za/Content.aspx?objID=547
13http://www.nelsonmandelabay.gov.za/NewsView.aspx?ID=1684
14Laphum’ilanga (2014, June 2) “Newsflash”, No. 1. Available at: http://laphumilanga.co.za/docs/

Laphumilanga%20newsletter1-2June2014.pdf
15http://ewn.co.za/2016/02/03/Multi-million-rand-buses-too-big-for-PE-roads
16http://www.heraldlive.co.za/bus-plan-bleeding-money/

58

http://www.nelsonmandelabay.gov.za/datarepository/documents/QDL3C_IDP%20-%20Chapter%203.pdf
http://www.nelsonmandelabay.gov.za/datarepository/documents/QDL3C_IDP%20-%20Chapter%203.pdf
http://www.2010worldcupimpact.info/2010/06/24/fast-bus-lanes-for-port-elizabeth/
http://legacy.nelsonmandelabay.gov.za/Content.aspx?objID=547
http://www.nelsonmandelabay.gov.za/NewsView.aspx?ID=1684
http://laphumilanga.co.za/docs/Laphumilanga%20newsletter1-2June2014.pdf
http://laphumilanga.co.za/docs/Laphumilanga%20newsletter1-2June2014.pdf
http://ewn.co.za/2016/02/03/Multi-million-rand-buses-too-big-for-PE-roads
http://www.heraldlive.co.za/bus-plan-bleeding-money/


This figure substantially exceeds the official figure that has been published by Grant Thornton,
an independent accounting and consulting firm, whose findings are referred to in reports of the
South African government; see, for example, the report by Sport and Recreation South Africa
(2013). According to Grant Thornton, total expenditures on stadiums and infrastructure di-
rectly related to the World Cup were $5.5 billion, with $4.1 spent by the government and $1.4
billion spent by cities and provinces.17 A potential explanation for the difference between the
figures provided by Grant Thornton and that corresponding to the treatments in Table B2.1
could be the fact that Grant Thornton might have followed a narrow definition of projects
directly related to the 2010 World Cup in their calculations. In our study, on the contrary,
each project for which we found a link to the World Cup (in any potential information source)
counts as World Cup related.

17 See http://mg.co.za/article/2015-06-11-was-world-cup-2010-worth-it.

59

http://mg.co.za/article/2015-06-11-was-world-cup-2010-worth-it


Table B2.1: Infrastructure and Other Projects in Treated Municipalities

Treated Municipality a) World Cup
Venue/Seat Projects Duration Costs in U.S. $ b) Source c)

With a 2010 World Cup venue

City of Johannesburg
Metropolitan
(Gauteng)

Johannesburg

Soccer City Stadium 2007 – 2009 451.6 million See note d)
Ellis Park Stadium 2007 – 2009 75,269

Training Stadiums

Orlando Stadium

2007 – 2010 86.6 million

• http://www.joburg-archive.co.za/2007/pdfs/idp_
2007/inview/2010.pdf

• http://www.joburg-archive.co.za/2007/pdfs/idp_
2007/inview/2010.pdf

Dobsonville Stadium

Cecil Payne Stadium

Rabie Ridge Stadium

Rand Stadium

Ruimsig Stadium

Rea Vaya (Bus Rapid Transit
System)

2007 – 2009
(Phase 1A)

410.6 million (206 million:
Phase 1A)

http://mirror.unhabitat.org/downloads/docs/7997_
81569_Rea_Vaya.pdf

Gauteng Freeway
Improvement Project (GFIP)g)

2007 –
2010/2011

2.7 billion (total for the
province)

National Treasury: Republic of South Africa (2012)
“Budget Review”. Available at: http://www.treasury.
gov.za/documents/national%20budget/2012/review/

Gautrain g) 2006 –
2011/2012

3.4 billion (total for the
province)

http://www.engineeringnews.co.za/article/
countdown-begins-as-gautrain-steams-towards-june-
deadline-2011-05-27

Urban Railway Stations

Langlaagte

– 2010 45.7 million See note f)

New Canada

Nasrec

Orlando

Ellis Park

Doornfontein

Rhodesfield
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Treated Municipality a) World Cup
Venue/Seat Project Duration Costs in U.S. $ b) Source c)

Rehabilitation of
Kliprivier/Klipspruit 2008 – 2012 82.1 million

• http://www.unep.org/PDF/PressReleases/FIFA_
2010_LR.pdf

• http://www.jhbcityparks.com/pdfs/greening_
soweto12.pdf

City of Tshwane
Metropolitan
(Gauteng)

Pretoria

Loftus Versfeld Stadium 2007 – 2009 12.3 million
See note d); http://www.southafrica.net/za/de/
articles/entry/article-southafrica.net-loftus-
versfeld-stadium-pretoria

Training Stadiums

Lucas Moripe Stadium
2007 – 2009 48.3 million

• http://www.iol.co.za/news/south-africa/tshwane-
to-get-major-upgrades-for-2010-444853

• Council City of Tshwane (2008) “Item 25: Cognisance
of the City’s Preparations for the 2010 FIFA World
Cup’s Overall Business Plan (Part 2)”. Report May
29, 2008. Available at: http://www.tshwane.gov.za/
sites/Council/Council%20Resolutions

HM Pitje Stadium

Giant Stadium

Wonderboom Airport – 2009 60.2 million www.southafrica.info/business/economy/
infrastructure/wonderboom-021109.htm

Urban Railway Stations

Loftus – 2010 2.7 million See note f)
Belle Ombre

City of Cape Town
Metropolitan (Western
Cape)

Cape Town

Cape Town Stadium (new
construction) 2007 – 2009 602.2 million See note d)

Cape Town International
Airport – 2010 273.7 million www.southafrica.info/business/economy/

infrastructure/airports-061109.htm

Urban Railway Stations

Cape Town Century Station
(new construction) – 2010 7.9 million See note f)

Cape Town Station – 2010

65.4 million

See note f)

Athlone
– 2010 http://www.metrorail.co.za/pdf/MEDIA-RELEASE-

PRASAready220roll-MosesMabhidaStationLaunch.pdfHeideveld

Langa
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Treated Municipality a) World Cup
Venue/Seat Project Duration Costs in U.S. $ b) Source c)

MyCiTi (Bus Rapid Transit
System)

2008 – 2013
(Phase 1A)

629.5 million (estimated costs
2010)

• http://myciti.org.za/docs/1029/Highlights_2010_
MyCiTi_Business_Plan.pdf

• http://myciti.org.za/docs/885/MyCiTi%
20Stakeholder%20Guide%20-%20January%202013.pdf

eThekwini
Metropolitan
(KwaZulu–Natal)

Durban

Durban Stadium (new
construction) 2008 – 2009 465.3 million See note d)

Training Stadiums

King Zwelithini Stadium
2007 – 2010 34.2 million http://www.engineeringnews.co.za/print-version/

stadiums-2009-10-02Princess Magogo Stadium

Sugar Ray Xulu Stadium

King Shaka International
Airport 2007 – 2010 930.6 million

See note e); http://www.engineeringnews.co.za/
article/construction-takes-off-at-new-durban-
airport-despite-legal-challenge-2007-09-14

Urban Railway Stations

Durban Moses Mabhida
Station (new construction) – 2010 20.5 million See note f)

Durban Kwa-Mnyandu
– 2010 7.7 million See note f)Durban KwaMashu

Reunion

N2 Dube Trade Port
Interchange 2008 – 2010 41.6 million

• SANRAL (2011) “Annual Report”. Available at:
http://www.nra.co.za/content/SANRAL_Annual_
Report2011.pdf

• http://www.wbho.co.za/n2-interchange/

• “King Shaka International Airport N2 Interchange”
(2011, December). Civil Engineering. Available at:
http://www.civildesigner.com/Publications/
kingshakan2.pdf
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Treated Municipality a) World Cup
Venue/Seat Project Duration Costs in U.S. $ b) Source c)

Nelson Mandela Bay
Metropolitan (Eastern
Cape)

Port
Elizabeth

Nelson Mandela Bay Stadium
(new construction) 2007 – 2009 280.5 million See note d)

Gelvendale Stadium (training
stadium) 2007 – 2010 11.2 million http://www.sbtbuilding.co.za/#/!projects

Port Elizabeth Airport – 2008 9.4 million
ACSA (2009) “Annual Report Part III”. Available at:
http://www.airports.co.za/Pages/
FinancialInformation.aspx

North End Railway Station – 2010 2.2 million See note f)

Mangaung
Metropolitan (Free
State)

Bloemfontein

Free State Stadium 2007 – 2009 48 million See note d);
https://pmg.org.za/committee-meeting/11852/

Seisa Ramabodu Stadium
(training stadium) — 1.4 million http://www.iol.co.za/sport/free-state-stadium-to-

open-on-april-4-600126

Bloemfontein Airport 2007 – 2009 23.3 million
See note e);
http://www.engineeringnews.co.za/article/airport-
upgrades-on-track-ahead-of-2010-2007-12-14

N8: Bloemfontein Airport
Interchange (and access roads) 2009 – 2010 17.4 million

• SANRAL (2009) “Annual Report”. Available at:
http://www.nra.co.za/content/Sanral_AR_09.pdf

• http://www.engineeringnews.co.za/print-
version/consultants-to-complete-freeway-
improvement-ahead-of-schedule-2010-10-08

Mangaung Intermodal
Transport Centre 2009 – 2010 54.7 million

• http://www.smec.com/Default.aspx?aProjId=915

• http://truspace.wix.com/home#!project-
mitf/gfwb5

Mbombela Local
(Mpumalanga) Nelspruit

Mbombela Stadium (new
construction) 2007 – 2009 143.7 million See note d)

Mataffin Water Reservoir 2008 – 2010 6.2 million

National Treasury: Republic of South Africa (2011)
“Estimates of National Expenditure: Water Affairs”.
Available at: http://www.treasury.gov.za/documents/
national%20budget/2011/enebooklets/

Polokwane Local
(Limpopo) Polokwane

Peter Mokaba Stadium (new
construction) 2007 – 2009 169.7 million See note d)

Polokwane Airport 2008
10.4 million (joint with cost
for Giyani and Thohoyandou
Airports)

http://www.gcis.gov.za/sites/default/files/docs/
resourcecentre/yearbook/2008/chapter1.pdf
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Treated Municipality a) World Cup
Venue/Seat Project Duration Costs in U.S. $ b) Source c)

Polokwane Eastern Ring Road 2009 – 2011 118.4 million

• http://kbkengineers.co.za/project-
portfolio/transportation/

• http://www.nra.co.za/live/content.php?Session_
ID=a111723f233d67e2b636a05efc5bc988&Category_
ID=159

• SANRAL (2010) “Annual Report”. Available at: http:
//www.nra.co.za/content/Sanral_ARep_10_Web.pdf

Rustenburg Local
(North West) Rustenburg

Royal Bakofeng Stadium 2007 – 2009 49.3 million
See note d); http://www.southafrica.net/za/de/
articles/entry/article-southafrica.net-royal-
bafokeng-stadium-rustenburg

Olympia Park Stadium
(training stadium) — —

HSRC (2011) “FIFA 2010 World Cup Legacy Audit”.
Available at: http://www.hsrc.ac.za/en/research-
outputs/view/5636

Rustenburg Railway Station – 2010 —
HSRC (2011) “FIFA 2010 World Cup Legacy Audit”.
Available at: http://www.hsrc.ac.za/en/research-
outputs/view/5636

Other municipalities

Ekurhuleni
Metropolitan
(Gauteng)

Germiston O.R. Tambo International
Airport – 2009 2.4 billion (total estimated

costs)
http://www.airportsinternational.com/2010/05/
world-cup-airports/5538

Buffalo City
Metropolitan (Eastern
Cape)

East
London

Training Stadiums

Buffalo City Stadium 2008 – 2010 3.7 million
HSRC (2011) “FIFA 2010 World Cup Legacy Au-
dit”. Available at: http://www.hsrc.ac.za/en/research-
outputs/view/5636Bhisho Stadium

East London Airport – 2010 13.7 million www.southafrica.info/news/business/492724.htm

Bhisho Airport 2007 – 2008 10.7 million

• http://www.southafrica.info/business/investing/
opportunities/ecairport-020807.htm

• http://www.engineeringnews.co.za/print-
version/eastern-cape-to-complete-mthatha-
airport-upgrade-before-world-cup-2009-12-04
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Treated Municipality a) World Cup
Venue/Seat Project Duration Costs in U.S. $ b) Source c)

King Sabata
Dalindyebo (Eastern
Cape)

Mthatha Mthatha Airport 2009 – 2015
(with delays) 95.8 million

• http://www.engineeringnews.co.za/print-version/
mthatha-airport-upgrade-south-africa-2010-03-05

• http://www.gov.za/mthatha-airport-upgrade-back-
track

• http://www.ksd.gov.za/component/k2/itemlist/
tag/MthathaAirport

Mthatha Stadium (training
stadium; new construction) 2008 – 2010 30 million

HSRC (2011) “FIFA 2010 World Cup Legacy Audit”.
Available at: http://www.hsrc.ac.za/en/research-
outputs/view/5636

George Local (Western
Cape) George George Airport 2004 – 2007 5.9 million http://www.engineeringnews.co.za/article/george-

airport-receives-r43million-upgrade-2007-12-14

Sol Plaatje Local
(Northern Cape) Kimberley Kimberley Airport – 2010 2.3 million

• ACSA (2010) “Annual Report 2010 Part III”.
Available at: http://www.airports.co.za/
FinancialResults/AnnualReportpartIII2010.pdf

• See note e)

//Khara Hais Local
(Northern Cape) Upington Upington Airport – 2010 4.2 million

• ACSA (2010) “Annual Report 2010 Part III”.
Available at: http://www.airports.co.za/
FinancialResults/AnnualReportpartIII2010.pdf

• See note e)

Ngwathe Local (Free
State) Parys Fezile Dabi Stadium (training

stadium) 2008 – 2012 7.9 million

National Treasury South Africa (2011). “Provincial
Budget Free State: Vote 12 (Sports, Arts, Culture and
Recreation)”. Available at:
http://www.treasury.gov.za/documents/provincial%
20budget/2011/Budget%20Statements/FS/

Other municipalities: projects unrelated to the 2010 World Cup

uMhlathuze Local
(KwaZulu–Natal) Richards Bay Richards Bay Coal Terminal

(Phase 5) 2006 – 2010 164.2 million

• http://www.rbct.co.za/about-rbct-4/our-history/

• http://www.engineeringnews.co.za/article/
richards-bay-coal-terminal-expansion-and-coal-
line-south-africa-2009-02-06

a) The corresponding province is given in brackets.
b) All figures originally given in the national currency ‘Rand’ have been translated into U.S. dollars ($) using the average exchange rate of 2010.
c) The URLs have been last accessed on February 12, 2016.
d) http://www.mediaclubsouthafrica.com/component/content/article?id=93:world
e) http://www.airport-business.com/2010/03/acsas-airport-developments-nearing-conclusion-as-world-cup-approaches/
f) http://www.metrorail.co.za/pdf/OrlandoStationLaunch.pdf
g) This project also applies to the City of Tshwane Metropolitan Municipality.
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C Additional Tables and Figures

C.1 Tables

Table C1.1: Descriptive Overview of the Muncipality Level Data Set

Variable Obs. Mean Std. Dev. Min. Max.

Luminosity 5,192 3.117 6.432 0 58.107
Area 5,192 5,203.189 5,395.449 251.434 36,127.950
Distance to Railway 5,192 2.045 6.854 0 44.842
Elevation 5,192 986.556 477.231 53.303 1,922.893
GDP per capita 702 26,896.73 9,828.787 12,986.54 56,768.83
Income per capita 237 15,781.66 11,986.76 1,113.61 82,477.9
Share Indigenous People 472 0.008 0.024 0 0.206
Share Tertiary Education 708 0.02 0.019 0 0.125
Soil Quality 5,192 36.214 13.419 0.023 64.255
Unemployment Rate 944 33.714 16.356 6.100 84.07

Table C1.2: Average World Cup Venue: Means of Economic Predictors (Pre-Treatment)

Predictor Actual Synthetic

Luminosity 18.8757 18.74631
Area 3722.812 1111.97
Distance to Railway 0 0
Elevation 907.6775 332.8766
Share Indigenous People 0.033037 0.0330786
Share Tertiary Education 0.0660153 0.057515
Soil Quality 39.97758 49.94023
Unemployment Rate 37.65556 40.74773

Note: Means for all economics predictors over the pre-treatment
period (1992-2003). Predictors are explained in Section 2 and Ap-
pendix B.
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Table C1.3: Descriptive Overview of Ward Level Data Set for eThekwini

Variable Obs. Mean Std. Dev. Min. Max.

Luminosity 2,266 47.251 17.103 2.332 63
Area 2,266 22.152 30.801 0.905 168.133
Distance to Railway 2,266 1.654 2.108 0 8.062
Elevation 2,266 185.676 157.428 9.296 676.806
Soil Quality 2,266 39.667 9.005 25 66

Table C1.4: Descriptive Overview of Ward Level Data Set for Polokwane

Variable Obs. Mean Std. Dev. Min. Max.

Luminosity 836 20.593 19.271 0.03 63
Area 836 99.105 213.076 2.59 1326.646
Distance to Railway 836 8.374 7.278 0 22.404
Elevation 836 1288.364 59.155 1181.695 1441.94
Soil Quality 836 54.817 5.921 33.261 61.892

Table C1.5: Descriptive Overview of Ward Level Data Set for Rustenburg

Variable Obs. Mean Std. Dev. Min. Max.

Luminosity 836 31.397 19.675 0.799 63
Area 836 90.086 183.592 0.872 1077.936
Distance to Railway 836 1.848 2.710 0 12.178
Elevation 836 1158.558 89.271 1034.207 1480.51
Soil Quality 836 53.665 3.965 40.033 59
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C.2 Figures
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Note: The figure shows the temporal evolution of luminosity between 1992 and 2013 for each of the World Cup venues. Luminosity
values are indexed with each municipality’s value in 2004 being equal to 100.

Figure C2.1: Mean Luminosity per World Cup Venue, 1992–2013

(a) Distribution of Luminosity in 2003 (b) Distribution of Luminosity in 2013
Note: Panel (a) displays pixel level luminosity within the eThekwini Metropolitan Municipality in the last pre-treatment year
(2003). Panel (b) displays pixel level luminosity within the eThekwini Metropolitan Municipality in the last post-treatment year
(2013). In both panels, the borders of the eThekwini Metropolitan Municipality are depicted in bold-type red, the wards within
the municipality are colored in light-blue, and the treated wards are shown in bold-type light-green.

Figure C2.2: Pre- and Post-Treatment Pixel Level Distribution of Luminosity in eThekwini
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Note: The graphic displays the average World Cup venue and its synthetic counterpart.

Figure C2.3: Estimation Results for Cape Town Airport: Trends in Luminosity—Treated vs. Synthetic

(a) Distribution of Luminosity in 2003 (b) Distribution of Luminosity in 2013
Note: Panel (a) displays pixel level luminosity within the Polokwane Local Municipality in the last pre-treatment year (2003).
Panel (b) displays pixel level luminosity within the Polokwane Local Municipality in the last post-treatment year (2013). In both
panels, the borders of the Polokwane Local Municipality are depicted in bold-type red, the wards within the municipality are
colored in light-blue, and the treated wards are shown in bold-type light-green.

Figure C2.4: Pre- and Post-Treatment Pixel Level Distribution of Luminosity in Polokwane
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(a) Distribution of Luminosity in 2003 (b) Distribution of Luminosity in 2013
Note: Panel (a) displays pixel level luminosity within the Rustenburg Local Municipality in the last pre-treatment year (2003).
Panel (b) displays pixel level luminosity within the Rustenburg Metropolitan Municipality in the last post-treatment year (2013).
In both panels, the borders of the Rustenburg Metropolitan Municipality are depicted in bold-type red, the wards within the
municipality are colored in light-blue, and the treated wards are shown in bold-type light-green.

Figure C2.5: Pre- and Post-Treatment Pixel Level Distribution of Luminosity in Rustenburg
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(a) Trends in Luminosity: Treated vs. Synthetic
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(b) Luminosity Gaps: Stadium Ward vs. Placebos
Note: The vertical dashed line indicates the end of the pre-treatment period (2003). Panel (a) displays the stadium ward and its
synthetic counterpart. Panel (b) plots luminosity gaps (treatment minus synthetic) for the stadium ward and placebo units: the
black solid lines and the red dashed line represent the placebos and the treated unit, respectively.

Figure C2.6: Estimation Results: Soccer City Stadium Johannesburg
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