LONG-RANGE GROWTH: ECONOMIC DEVELOPMENT IN
THE GLOBAL NETWORK OF AIR LINKS*
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We study the impact of international long-distance flights on the global spatial
allocation of economic activity. To identify causal effects, we exploit variation due
to regulatory and technological constraints, which gives rise to a discontinuity in
connectedness between cities at a distance of 6,000 miles. We show that improv-
ing an airport’s position in the network of air links has a positive effect on local
economic activity, as captured by satellite-measured night lights. We find that air
links increase business links, showing that the movement of people fosters the
movement of capital. In particular, this is driven mostly by capital flowing from
high-income to middle-income (but not low-income) countries. Taken together, the
results suggest that increasing interconnectedness induces links between busi-
nesses and generates economic activity at the local level but also gives rise to
increased spatial inequality locally, and potentially globally. JEL Codes: F15, F21,
F23, F63, 011, 018, 019, 047, R11, R12, R40.

I. INTRODUCTION

Our age of globalization is unique in that it is now far cheaper
and faster than ever to transport people, which has made it pos-
sible to travel back and forth between distant places as never be-
fore. This is the direct consequence of the explosion in air travel.
Of course, it was possible to travel long distances before air travel,
but the cost was so high that few actually did, and those who did,
for the most part, would not travel frequently. Now, for the first
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time in human history, the whole world is effectively connected in
a global network that enables a constant flow of people between
countries and continents far apart.

This article studies the impact of direct long-distance air
links, to present the first evidence of causal effects of that trans-
formation on economic development at the local level. A long in-
tellectual tradition has posited that proximity—in particular its
most fundamental aspect, face-to-face contact—is a key driver of
the transmission of knowledge and information (Storper and Ven-
ables 2004; Glaeser 2011), which in turn underpins the increases
in productivity without which sustained economic growth is im-
possible. People have been able to move between Shanghai and
London or New York for a long time, and goods have been moving
for just as long, and now people can go back and forth between
these places. This opens up new possibilities of exchange and in-
teraction, with potentially transformative effects for development.

How important might these possibilities be? Consider Shang-
hai and Jakarta, cities that as of the early 1990s would seem
at a similar level of economic development. In the two decades
between 1990 and 2010, Jakarta added 13 new direct (at least
weekly) long-distance flight connections, and Shanghai added 34.
Over that period, Jakarta grew substantially, and Shanghai grew
substantially more.

Of course this does not tell us whether or how much of Shang-
hai’s extra growth was caused by those additional connections.
There are myriad differences between those two cities and what
happened to them over this period, which might entail differences
in economic performance. It could just as well be performance
driving connections: lots of people want to go to and interact with
prosperous and/or fast-growing places. Perhaps “investment goes
to cities that are attractive in their own right, rather than because
they are easy to get to” (The Economist 2015).

We tackle this empirical challenge by establishing and ex-
ploiting a key feature of the network of air links: cities that are
just under 6,000 miles apart are distinctly more likely to have
direct air links, compared with cities slightly above that thresh-
old. This is the result of an interaction between flight regulations
and the evolution of airplane technology. Regulatory requirements
on things like maximum flight time and crew accommodations
increased costs substantially for flights of more than 12 hours,
which corresponds to a distance of 6,000 miles—a little over what
separates Milan from Shanghai, or Istanbul from Jakarta.
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Although the regulations have been in place for decades, the intro-
duction of landmark long-range airplane models (Boeing’s 747-400
and 777, in 1989 and 1995, respectively, and Airbus’s A330 and
A340, in 1993-1994) made that discontinuity increasingly mean-
ingful.

This discontinuity grants us a strategy to identify the causal
effect of air links, using a sample of 819 cities with major airports.
First, we compare pairs of cities that are just below 6,000 miles
apart (such as Shanghai and Milan, 5,650 miles) to pairs that are
just above (Shanghai and Madrid, 6,350), under the assumption
that those pairs across the 6,000-mile threshold are not system-
atically different, using a standard regression discontinuity (RD)
design.

Because we are also interested in outcomes at the local level,
as opposed to the city-pair level, we show that the discontinu-
ity translates into plausibly exogenous variation across different
airports. Specifically, we can compare places near airports that
happen to have a large share of potential destinations just below
the threshold, such as Shanghai, to those near airports with rel-
atively many just above it, such as Jakarta.! We show that this
variation is not correlated with outcomes as of about 1989, when
the discontinuity was weaker, underscoring that developments
since then are what the empirical strategy is designed to capture.

We first show a set of basic, “first-stage” results: pairs of places
like Shanghai and Milan (connected by a nonstop flight since 2003)
are indeed more likely to be connected than pairs like Shanghai
and Madrid (no nonstop flights before 2016).2 Similarly, having
a greater share of potential links just below the threshold—and
particularly taking into account the quality of those links—indeed
predicts a larger number and improved quality of connections. We
show that this is because connections induce further connections:

1. Specifically, over three out of four major international airports in our sample
which are between 5,500 and 6,500 miles from Shanghai happen to be below 6,000
miles. This places Shanghai in the top decile of the distribution. In contrast, for the
same range relative to Jakarta, about two in three are above 6,000 miles, placing
it in the bottom decile. Note that this controls for the total number of destinations
around the threshold, which captures broader patterns of geographical location
and isolation. We also incorporate information on the quality of each of those
potential links, which slightly improves Jakarta’s position but still keeps it in the
bottom sixth of the distribution.

2. As we will discuss, there is reason to believe that the 6,000-mile discon-
tinuity is in the process of disappearing, after regulatory changes implemented
starting in 2014.
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there is a spillover from the initial shock to shorter distances, as
additional long-haul links increase a city’s desirability for other
connections, as well as an increase in the total flow of passengers.

We show that these connections matter for economic devel-
opment. First, using granular data at the level of grid cells, we
find that places close to airports with a larger share of potential
quality-weighted connections just below the 6,000-mile threshold
grew faster, as captured by satellite-measured night lights, be-
tween 1992 (when the data first become available) and 2010. This
holds with different definitions of closeness, as well as excluding
the specific location of the airports, and is not driven by specific
countries. The effect is also economically significant: improving an
airport’s position in the network by one standard deviation, which
would take the median airport in the sample about 300 spots up in
the network centrality rankings, is associated with a one standard
deviation increase in the growth in night lights over the period.
Using Henderson, Storeygard, and Weil’s (2012) estimate for the
elasticity of GDP growth with respect to night lights growth, this
boils down to about 0.8% in annual GDP growth.

We exploit the spatial richness of the data to show that the
effect cannot be fully explained by spatial reallocation of economic
activity from the hinterland to the airport’s vicinity: while the pos-
itive effect dissipates with distance from the airport, as expected,
and we cannot rule out the possibility of a negative net effect at
longer distances, the magnitude of the latter would not be enough
to quantitatively match the increased activity near the airport.
This also means that connections induce spatial inequality, as the
places that get connected grow faster.

We study how long-distance air links shape economic out-
comes and development, focusing on the role of businesses. There
is widespread circumstantial evidence that businesses care about
ease of connection and the availability of flight links.? Yet some
would argue that direct links do not matter so much for busi-
nesses, perhaps because “air travellers do not mind having to

3. For instance, the effort exerted by airports, airlines, and countries in getting
direct flights, often justified as a way of attracting business investment; the fact
that nonstop flights command higher prices, indicating that business passengers,
the least price-conscious kind of traveler, do value them; the fact that businesses
tend to locate disproportionately near airports (Bel and Fageda 2008; Kasarda
and Lindsay 2011, Stilwell and Hansman 2013). Last but not least, there is grow-
ing empirical evidence of the business value of direct flight links (Giroud 2013;
Bernstein, Giroud, and Townsend 2016).
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connect flights in a foreign hub as much as they did in the past,
because it is now easier to work on the go” (The Economist 2015).

To answer this question, we turn to data on business links.
We start with firm-level information on foreign direct invest-
ment (FDI)—more specifically, on majority ownership of compa-
nies across different countries, where one would expect the pos-
sibility of face-to-face contact to be particularly important. Using
the Orbis database, we geolocate over half a million foreign-owned
companies all over the world, as well as their ultimate owners. For
instance, the data allow us to find more than three times as many
ownership links between Shanghai and Milan as between Shang-
hai and Madrid.

We show that this illustrates a general pattern, indicative
of a causal impact of the availability of direct flights in facilitat-
ing the emergence of connections between firms in different loca-
tions. First, we again find a discontinuity right at the 6,000-mile
threshold—pairs of cities just below 6,000 miles apart have sub-
stantially more business ownership links. From this we estimate
that a given increase in connections generates about a similar
proportional increase in ownership links. We find that this cannot
be explained solely by the relocation of businesses from the areas
surrounding competing major airports.

In addition, the evidence suggests that most of this increase
constitutes capital flowing from relatively richer to relatively
poorer countries: two thirds of the increase in business connec-
tions could be attributed to companies in high-income countries
owning companies in middle-income ones, and one third in the
opposite direction. This suggests that a lack of connections can
be part of the explanation for the Lucas (1990) paradox of why
capital does not flow from rich to poor countries.

In sum, the evidence shows that improving an airport’s posi-
tion in the global network of air links has a significant impact on
economic activity at the local level. This seems to come along with
an intensification of business links, consistent with the idea that
the ability to interact in person is crucial for the establishment
of those links. In other words, the movement of people fosters the
movement of capital, even though there is no technological reason
capital would need airplanes to move around.

This suggests that policy interventions that increase the num-
ber of connections could spur development at the local level. That
said, our empirical strategy is not suited for an aggregate as-
sessment, and we show that there are important caveats as to
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whether such interventions would be desirable from that aggre-
gate perspective: any policy maker whose concerns extend beyond
the immediate vicinity of the airport would have to take into ac-
count that spatial inequality increases, and that we cannot rule
out meaningful negative spillover effects at the local level and
across major airports.

The results also highlight the potential for affecting inequal-
ity on a global scale. The first-stage relationship linking potential
long-haul connections just below 6,000 miles and additional ac-
tual connections turns out not to hold for places too poor to begin
with: Vientiane (Laos) gets a good draw in terms of potential, but
this does not translate into actual connections when a place is
too poor to be worth connecting to. As a result, low-income coun-
tries, unlike middle-income ones, get shut out of the increase in
business links and capital flows. In sum, globalization, in its long-
range air dimension, has seemingly helped the Shanghais of the
world achieve convergence and increased the distance between
them and the Vientianes. Whether the overall effect increases or
decreases inequality depends on which of these two forces is seen
as more important from that perspective.

This article relates to the broad empirical literature on the
effects of globalization on economic outcomes (e.g., Frankel and
Romer 1999; Dollar and Kraay 2004; Dreher 2006; Bacchetta and
Jansen 2011; Hummels 2007; Ortega and Peri 2014). In particu-
lar, some of the work in that vein has looked at the effect of trans-
portation technologies, such as steamships (Pascali 2017), rail-
roads (Donaldson and Hornbeck 2016; Donaldson forthcoming),
and airplanes (Feyrer 2009). This literature has focused largely
on the effects of trade and openness, and as such it is mostly at the
cross-country level or within one country. In contrast, we focus on
a different aspect of globalization, namely, the movement of peo-
ple through the network of air links, which also allows us to look
at economic outcomes at a global yet granular level.* By doing so,
we shed light on the substantial debate on globalization and in-
equality (e.g., Dollar 2005; Bourguignon 2015), which has focused
on the contrast between inequality decreasing between countries

4. It is possible that increased connections have an impact on trade—both
directly, as a substantial part of merchandise trade is transported by air, and
indirectly, as the business links we detect could easily induce more trade as well.
the data do not allow us to separately identify the impact of this trade channel, as
we do not have city or city-pair information on trade.
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while increasing within. We show that air links can contribute to
that pattern while also helping explain why some places end up
left behind (Collier 2007).

The idea that air links may have an impact on local devel-
opment is quite natural, and it is unsurprising that a body of
literature has looked into the connection (e.g., Brueckner 2003;
Green 2007; Mukkala and Tervo 2013). However, the attempts to
identify a causal impact have been limited, given the empirical
challenges involved. An exception is Redding, Sturm, and Wolf
(2011), who look at the impact of hub airports on the location of
industries, using the natural experiment from the postwar divi-
sion of Germany. Relatedly, others have looked at the impact of
air travel and proximity on collaboration and productivity in var-
ious domains, such as business (Giroud 2013; Bernstein, Giroud,
and Townsend 2016) or science (Catalini, Fons-Rosen, and Gaule
2016), using the introduction of air links in the United States as
a source of variation, and also on trade (Cristea 2011; Poole 2013;
Yilmazkuday and Yilmazkuday 2014). We differ in that this ap-
proach allows for causal identification at a global level, and for
studying the impact on economic activity and the potential chan-
nels via business links.

The article is organized as follows. Section II provides back-
ground on the recent evolution of long-haul air travel to lay out
the foundations of our identification strategy. Section III describes
the data and develops a model showing how the regulatory and
technological characteristics described in Section II translate into
the specifications that implement that strategy. Section IV em-
pirically establishes the presence and effect of our discontinuity
on air links. Section V contains the results establishing the key
effects on economic activity. Section VI focuses on the impact on
business links. Section VII concludes.

II. BACKGROUND ON LONG-HAUL AIR TRAVEL

Ever since the advent of the so-called Jet Age, turbine-
powered aircraft have made air travel increasingly common and
far reaching (Proctor, Machat, and Kodera 2010). The technolog-
ical evolution of commercial airplanes (Anderson 2002, chap.7)
enabled greater and greater distances to be covered: from the
Boeing 707, which started flying transatlantic routes in 1958, to
the Boeing 747 (a.k.a. “Jumbo Jet”), which enabled, for instance,
the route between San Francisco and Sydney which, at just
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under 7,500 miles, in 1976 became the longest regularly sched-
uled nonstop flight in the world.

The introduction of the Boeing 747 in 1970 brought about
the era of ultra long-haul (ULH) commercial aviation. There is no
single definition of what constitutes ULH, but a common practical
one singles out flights that take longer than 12 hours (McKenney
et al. 2000). Given customary speeds, a 12-hour flight translates
into about 6,000 miles, corresponding to the distance between
London or Paris and Tokyo.? The distinction is apparent in the
range of modern commercial aircraft by Airbus and Boeing: there
is a set of aircraft models designed to fly up to 4,000 nautical
miles (about 4,600 miles), and another designed to fly at least
6,000 miles.

The crucial import of the ULH distinction is not in the tech-
nical feasibility of flights by different kinds of aircraft—in fact,
the shorter-haul planes cannot fly the 9-12-hour range anyway.b
Instead, the 12-hour threshold is meaningful because of its impact
on the cost of a given flight, as very long flights impose require-
ments on the availability of pilots and crew. For instance, the U.S.
Federal Aviation Authority (FAA) had required since the 1950s
that a two-pilot crew could fly at most 12 hours within a 24-hour
period: flights above that limit require at least three pilots and
an additional flight crew member (double augmentation), as well
as “adequate sleeping quarters” on the plane (Code of Federal

5. Specifically, the air distance between Heathrow and Narita airports is 5,966
miles (as per www.airmilescalculator.com), and nonstop flight hours are estimated
at 11:40 (as per a simple Google flight search). By contrast, from Chicago O’Hare
to Narita takes 6,267 miles, and an estimated 13:15. More generally, although
we do not have information on flight duration in the data, we can plot distance
versus duration for the set of longest flights for each airline (as of 2016). As can be
seen in the Online Appendix (Figure Al), the relationship is very tight, and there
are essentially no flights above 6,000 miles under 12 hours. Note also that this
benchmark can be applied into the past, as there has been very little evolution
in speed over time—the 747-100B, from 1970, reached Mach 0.84 (644 mph) cruise
speed, compared to the Mach 0.85 (652 mph) of the modern Boeing 787 from 2011.

6. More broadly, the range of a given plane is not exactly a clear-cut number:
there is a trade-off between so-called payload (the sum of passenger and cargo
weight) and fuel, and an airplane typically becomes uneconomical to fly way before
it is technically infeasible to do so. The range numbers we use correspond to so-
called MTOW (maximum takeoff weight) range at maximum payload (i.e., with the
plane carrying as much passengers and cargo as possible). Planes can fly longer
than that if they are willing to reduce payload to have more fuel. (For a discussion
on this, see Clark 2002, chap.5).
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Regulations, Section 121.485).7 Similarly, European regulators
adopted in 1991 a daily maximum of 13 hours for a flight crew
member’s flight duty period working in a basic (unaugmented)
crew. Since the regulator also imposed that pre- and postflight
duties included in that period could not be less than one hour,
there would necessarily be additional crew in any flight of more
than 12 hours (EU-OPS Subpart @, Council Regulation (EEC) no.
3922/91).8

This type of regulation entails that ULH flights are discontin-
uously costly, and significantly so given that personnel constitutes
a substantial share of the costs of a flight. In fact, the cost pat-
terns documented by the U.S. FAA (FAA 2016, Table A-6) show
that, for long-haul planes (wide-body, 300-plus seats) in passenger
air carriers, crew corresponds to about 36% of nonfuel costs (11%
of total costs). On top of that, additional crew and sleeping quar-
ters imply less space and weight available for carrying payload,
thus reducing revenue potential.

How important is this discontinuity in practice? Using the
sample of cities with major international airports from the In-
ternational Civil Aviation Organization, shown in the map in

7. Other restrictions apply once additional crew members (augmented crew)
are required. For instance, pilots receive two local nights off on a layover after an
augmented sector, and augmented pairings require an extra day off at home after
the pairing (McKenney et al. 2000). Note also that in practice there are limitations
even if flight time requires an augmented crew in only one direction of a pairing,
as this is often required by the pilot’s working agreement (contract) (McKenney
et al. 2000, 54), although this contract varies by airline.

8. See https://www.law.cornell.edu/cfr/text/14/121.485 and http:/www.
veockpit.de/fileadmin/dokumente/presse/2003/ECAFTLpositionFeb2002.pdf. The
pattern holds beyond these examples. For one thing, U.S. regulations also have
an impact elsewhere. For instance, in 1992 the Indian regulator introduced its
own rules (AIC 28) essentially adopting U.S. standards, and Chinese regulations
closely mimic these as well (CCAR Section 121.483). Other countries have very
similar limits: daily flight duty time is capped at 14 hours in Canada, Australia
limits two-pilot crews to 11 hours extendable to 12, and so on. (For a comparative
account, see the Report of the Zaidi Committee, written for the Indian Ministry of
Civil Aviation, available at http:/dgca.nic.in/reports/Report_FDTL.pdf) Similarly,
Singapore Airlines, which along with United Airlines were the top two airlines in
terms of weekly flights above 12 hours, required double-augmented crews above
12.5 to 14 hours of flight duty time (depending on departure time) (McKenney
et al. 2000, 48). Finally, other costs would also respond discontinuously for ULH
flights: for instance, the United Kingdom’s “air passenger duty,” an excise duty
levied on a per passenger basis, would become about 13% higher at the 6,000-mile
threshold.
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Figure I, we can calculate the distance between all city pairs and
the number of nonstop flights between cities. (We describe the
data in detail in Section III.)

The discontinuity manifests itself clearly in Figure II, Panel
A, which depicts the number of city pairs connected to one another,
defined as having at least weekly service between the cities, as of
2014. Each dot corresponds to the number of pairs within a 200-
mile bin in terms of distance. We can see that although the number
of flights unsurprisingly declines with distance, there is a sharp
drop right at 6,000 miles: there are substantially more connected
city pairs in which the two cities sit at a distance between 5,800
and 6,000 miles, say, than is the case for pairs situated between
6,000 and 6,200 miles apart. Interestingly, if we break down the
connections by the type of aircraft, it is clear that the same models
are flying below and above the threshold—consistent with the
change in incentives introduced by the ULH range.’

This discontinuity, however, has not always been quite this
pronounced. In fact, Figure II, Panel B displays the same infor-
mation as in Panel A, except that it superimposes the data for
1989, and Panel C shows the change in connections from 1989 to
2014. It is apparent that the decline in the number of connected
city pairs with respect to distance was a lot smoother back in
1989. From a purely descriptive perspective, this is due to the fact
that, while the number of connections goes up between the two
dates at just about any distance, the magnitude of the increase
is noticeably larger between 4,600 and 6,000 miles. Panel D fur-
ther clarifies that the discontinuity is not an artifact of potential
connections due to geography: there is no sharp drop in total city
pairs (using all possible permutations in our sample) around the
same distance.

What explains this pattern? The late 1980s and 1990s wit-
nessed important shifts in the long-haul civil aviation landscape,
both in terms of technology and market structure, with the intro-
duction of three very successful families of aircraft. The Boeing
747-400 started commercial operations in 1989; by 1990 there had
already been over 100 units delivered, and the 747-400 went on to
become the best selling subset in the 747 family, with more than
1,400 units delivered. A few years later, in 1993-1994, Airbus

9. For instance, as of 2014, in the range between 5,500 and 6,000 miles (resp.
6,000 to 6,500): 84 A330 (resp. 18), 89 A340 (24), 14 A380 (3), 91 Boeing 747 (19),
48 Boeing 767 (3), 127 Boeing 777 (76), and 27 Boeing 787 (16).
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A connected city pair (airport pair) is defined as having at least weekly nonstop
flights between the two cities. The data consists of the 819 cities in our baseline
sample. Panel A displays the total number of connected city pairs in 2014 by
distance. Panel B adds connected pairs in 1989. Panel C shows the change in
connected pairs from 1989 to 2014. Panel D shows the total city pairs by distance,
across all possible permutations of city pairs. The x-axis bin size is 200 miles.
In each bin, the dot represents the number of city pairs in the preceding 200
miles. Together, the graphs show there is a clear discontinuity in connections
around 6,000 miles in 2014, that this relationship is primarily driven by changes
in connections after 1989, and that there is no sharp discontinuity for potential
connections around 6,000 miles.

introduced its A330 and A340 models, which made the company
into a serious competitor for Boeing; the A330/A340 have com-
bined to sell more than 1,800 units. Finally, in 1995, the Boeing
777 family went into operation, eventually delivering nearly 1,500
planes.®

These plane models made ULH flights substantially cheaper,
because they combined long ranges with much improved fuel

10. Full lists of plane deliveries by family of aircraft are available at
https://www.planespotters.net/production-list/index. The numbers are as of the
end of 2016.
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efficiency. Kharina and Rutherford (2015, 14) show that the 747-
400 family was about 20% more fuel-efficient than the preceding
best-selling family of twin-aisle planes, from the early 1970s, and
the 777 pushed that gain further to a total of about 30%.

This helped make long-haul flights commercially more viable.
The rise of long-haul flights in turn made the discontinuity around
the ULH threshold more meaningful over time, leading to the pat-
tern that is apparent as of 2014. We will see in the next section, in
the context of a simple conceptual framework, how the combina-
tion of a stable discontinuity in fixed costs and declining marginal
costs of distance can generate exactly this kind of pattern over
time.

This evolution took place very rapidly, as can be seen when
we break down the number of routes by year and aircraft manu-
facturer, as we show in Online Appendix Figure A2. The number
of long-haul flights (above 4,500 miles) goes up sharply right after
1989, and this is largely pushed by the range below 6,000 miles.
This is in turn driven by Boeing aircraft, matching the introduc-
tion of the 747-400. Airbus then enters the long-haul market in
1993, exactly as the A330 and A340 come into the picture, and
the increase in its presence is overwhelmingly in the below-6,000
mile range as well.!!

As it happens, the period over which this discontinuity has
existed provides us with a unique window to identify the causal
impact of long-haul connections.'? To the extent that cities that,
as of the late 1980s, happened to have many airports lying just be-
low 6,000 miles of distance do not differ systematically from cities
that happened to have many airports just above that threshold,
this distinction constitutes a source of exogenous variation in the
number of places to which a city gets connected over the subse-
quent period.

11. The speed with which the increase takes place is not surprising: the 747-
400 had been planned since 1984, and many orders were in place by 1985, leaving
plenty of time for immediate adoption right on availability.

12. There is reason to believe that this discontinuity may be in the process of
disappearing. Both U.S. and European regulators have adopted major revisions to
flight time limit regulations in 2014 (known respectively as FAR 117 and new EU
FTL), which in the European case required compliance by early 2016 at the latest.
These impose stricter limits: FAR 117 in essence implies that two-pilot crews
cannot fly for more than 9 hours, roughly speaking, whereas flight duty period
in the new EU FTL is generally capped between 11 and 12 hours (depending on
start times). See https:/www.law.cornell.edu/cfr/text/14/part-117 and https://www.
eurocockpit.be/sites/default/files/ftl_commission_regulation_83_2014.pdf.
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III. EmMPIRICAL FRAMEWORK

We now describe how we implement this idea in practice. We
begin with our key data sources and then motivate and discuss
the empirical specifications we use.

IIT1.A. Data

1. Air Links. Our key source of data comes from the Inter-
national Civil Aviation Organization (ICAO). Specifically, we use
the “Traffic by Flight Stage” (TFS) data set, which gives, for the
period between 1989 and 2014, annual traffic on-board aircraft on
individual flight stages of international scheduled services, and
includes information on aircraft type used, number of flights op-
erated, and traffic (passengers, freight, and mail) carried. This
data set contains information on city and country names, which
we use to merge it with information on the coordinates of major
international airports, from the “Airport Traffic” data set.!3

We are left with 819 cities with major international airports,
from 200 different countries, which are shown in the map in
Figure I. (Descriptive statistics can be found in Online Appendix
Table Al.) We can see that the cities in our sample are spread
all over the world, with some concentration in Europe due to a
combination of its level of development and small country size.
We use the definition of a “major” airport as given by the ICAO
data, because we do not want to include small airports that would
distort the picture we are trying to build: for instance, the key
reference for a business located in Orange County, CA, is most
likely the Los Angeles (LAX) airport, even though the local John
Wayne Airport has a handful of international flights. Note that
selection into the major airport category being correlated with the
source of variation does not appear to be an issue: if that were
the case and airports had been picked based on the number of
potential connections around the 6,000-mile threshold, we would
expect there to be a sharp discontinuity in the number of airport
pairs at that point, which Figure II, Panel D shows not to be the
case.

For each city pair in our sample, we can flag whether the
pair are connected in any given year. The baseline analysis

13. For cities with more than one airport, we use the average coordinates of all
airports in question. While keeping that in mind, for simplicity we use “airports”
and “cities” interchangeably.
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defines two cities as being connected if they have at least weekly
flights between them.'* We can either consider the snapshot of
whether there is a connection in a specific year or aggregate the
information over a multiyear period, which we do by adding the
number of years within that period in which the two cities were
connected to create a measure of connection-years. We study both
measures, depending on whether the outcome of interest refers
to a specific point in time, or to changes over a longer period. We
also compute the shortest distance between the cities using their
coordinates.!®

We aggregate the information to the level of cities. For each of
the cities in the sample, we calculate the number of other cities to
which it is connected in a given year and the aggregate number of
connection-years over a longer period. Similarly, we compute the
total number of flights to and from the city, as well as the seats
and passengers in them, and the number of countries to which the
city is connected. We focus on flights of more than 2,000 miles to
concentrate on the range over which airplanes are essentially the
only relevant means of transporting people.'6

We can summarize the quality of those links with a measure
of network centrality. We focus on eigenvector centrality (Bonacich
1972), which relies on the idea that the prestige of a node in a net-
work is related to the prestige of the nodes to which it is directly
linked (Bloch, Jackson, and Tebaldi 2017). This seems important
in this context, because it seems natural that a direct link to
a well-connected airport is more economically meaningful than a
link to a poorly connected one. To implement this idea, we describe
the structure of the network of air links, across all distances, with
the “adjacency matrix” A, in which each entry a;; takes a value

14. We define a weekly connection as having at least 52 flights back and forth
in a year. We show that the results are essentially identical, qualitatively speaking,
using alternative definitions, such as twice-weekly connections (104 flights) and
daily (365). There is clear bunching in the data around these values, making them
natural definitions.

15. Specifically, using the geodist command in Stata, we compute the geodesic
distance: the length of the shortest curve between two points along the surface of
(a mathematical model of) the Earth. (This can be thought of as the “great-circle”
distance, except that the latter term refers to a perfect sphere, which the Earth is
not.) This is not the actual flight distance, in practice, but the latter is obviously
endogenous to economic and geopolitical factors, so we choose to use the exogenous
(and easily calculated) proxy.

16. Results are very similar if we use 3,000 miles as the threshold instead.
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of 1 if cities i and j are connected, and 0 otherwise. If one as-
sumes that the centrality of node i is proportional to the sum of
centrality of node i’s neighbors, then it follows that the nth compo-
nent of the eigenvector associated with the greatest eigenvalue of
A gives the measure of centrality of airport n, with the proportion-
ality weight being the corresponding eigenvalue. Intuitively, this
procedure thus assigns relative scores to all cities in the network
while ensuring that connections to high-scoring cities contribute
more to the score of a given city than equal connections to low-
scoring cities.!”

2. Economic Activity. To capture economic activity at the lo-
cal level, on a global scale, we use the now standard information
on light density measured by satellites at night, available from
the National Centers for Environmental Information at the Na-
tional Oceanic and Atmospheric Administration (NCEI-NOOA).
This has become a widely used proxy for economic activity at
the local level, as exemplified by a number of recent publica-
tions (Bleakley and Lin 2012; Henderson, Storeygard, and Weil
2012; Michalopoulos and Papaioannou 2013). We follow the data-
cleaning procedure suggested by Lowe (2014), then aggregate the
data into grid cells of size 0.25 x 0.25 degrees. We focus on growth
over the two decades following the introduction of the Boeing 747-
400 (and the start of the sample of air links), so we compute
average nights lights in the cell for 1992 (first year available) and
2010.18

3. Business Links. To shed light on potential mechanisms be-
hind the effect of air links on economic activity, we look at their
impact on business links over long distances. For that, we make
use of two data sets with spatial information and global coverage.

i. Firm ownership. We use the Orbis online data from Bureau
van Dijk (BvD). Orbis is a database of firms that contains detailed
financial, ownership, employment, location, and industry data on

17. As noted by Bloch, Jackson, and Tebaldi (2017, 6), this measure “is closely
related to ways in which scientific journals are ranked based on citations, and
also relates to influence in social learning.” This underscores its appropriateness
in our context, as we think of air links as facilitating face-to-face contact and the
transmission of knowledge.

18. In the Online Appendix (Figures A3 and A4) we map the distribution of
night lights for those years, around the world and in Asia (as an example for
greater detail). One can clearly see substantial growth as well as changes in the
geographical distribution of economic activity over the intervening period.
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over 195 million firms in 229 countries. The sample consists of
all of the one- and two-way business ownership links between
cities located in different countries that are available in the online
database.

To construct the network of foreign ownership links at the city
pair level, we first consider the universe of firms that are owned
by a foreign global ultimate owner (GUO). We define the GUO of
a given firm as any company that owns a stake of 50% or more in
the firm in question and is located in a country other than the one
in which the firm is registered under by Orbis. The GUO is also
an ultimate owner, which implies that it is not in turn owned by
another company.!”

We identify approximately 1.1 million firms that have a for-
eign GUO. For each firm we collect the following variables: name,
BvD identification number, and spatial information (country, city)
and the same information for the owner. Out of the initial set, we
were able to obtain coordinates for 523,702 companies, in a total
of 55,135 company cities in 181 countries, and 29,648 GUO cities
in 183 countries.?’

Since the Orbis online database is continuously updated, the
data captures a cross-section of ownership as of the most recent
update. The data was downloaded from April-June of 2016, and
hence reflects a snapshot of ownership patterns as of that point
in time.?!

19. We also have information on whether the firm is owned by a foreign
immediate shareholder (ISH). The ISH of a given firm is defined identically except
that it may be owned by a GUO. For example a company in Sri Lanka may have
an ISH in India, whose GUO is a holding company in the Netherlands. The Dutch
company is therefore the GUO of both the Sri Lankan and the Indian companies.
In 52% of the cases, the GUO and ISH are identical, and results are very similar
using the ISH definition of ownership instead.

20. Specifically, we georeferenced the list of firms to provide latitude and
longitude points, using an algorithm that searches inputted strings on Here Maps
(https://maps.here.com/). By default, the search string describes a city, and the
search yields the center point of the city in question. If information about the firm
location beyond city was provided, the coordinates will identify specific districts,
neighborhoods, or addresses within a city. In cases where an administrative unit
larger than a city was provided in the data, the center point of the appropriate
subnational unit is used.

21. Figures A5-A7 in the Online Appendix map the distribution of owner-
ship links in space, with the caveat that Orbis coverage varies considerably from
country to country. The first panel in each figure captures the total number of
foreign-owned companies located in a given grid cell; the second panel, in con-
trast, displays the total number of companies located abroad that are owned by
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ii. Major business events. We use the GDELT data set, which
automatically codes online information on the occurrence and lo-
cation of events mentioned in broadcast, print, and web news re-
ports worldwide, in any of more than 100 languages. (For a more
detailed description, see Leetaru and Schrodt 2013; Manacorda
and Tesei 2016.) We use the “Historical Backfile” collection within
GDELT, which consolidates information on events from January
1, 1979, through March 31, 2013. For each event the data re-
port the exact day of occurrence and precise location (latitude and
longitude of the centroid) at the level of city or landmark. We dis-
card all events that cannot be located at that level of precision.
Each event record codes two actors involved in the event, with
latitude and longitude coordinates for each of them. We restrict
attention to events where each actor is located in different places,
using observations located within 100 miles of an airport in the
ICAO data set. To capture our focus on business links, we look at
observations coded as involving at least one “business” or “multi-
national corporation” actor, and as having to do with “material
cooperation.”??

We end up with a total of around 31,000 fully geocoded ob-
servations of major business events for the entire world. We
aggregate the data into pre-1990 (1979-1989) and post-1990
(1990-2013) subperiods, and match the data to all the city pairs
in the air links dataset. A graphical representation of the post-
1990 events across the globe is provided in the Online Appendix
(Figure A8), and from this it is apparent that these cooperation
events are more evenly distributed than the ownership links. This

individuals or firms located in that grid cell. (We show pictures for the full set of
foreign-owned firms, as well as for the subset of firms located at least 3,000 miles
away from their owners, and again in the case of Asia for greater detail.) It is
apparent, from the comparison between the two panels, that the latter is more ge-
ographically concentrated, indicating that owners are more unevenly distributed
over space than the owned. This is in itself unsurprising, but the extent seems
striking nonetheless.

22. Specifically, we rely on the Conflict and Mediation Event Observations
(CAMEO) taxonomy used by GDELT. According to this taxonomy, the first step in
coding each actor is to classify them as either “international” or “domestic.” Out of
the former, we look at events where at least one of the actors is described as “multi-
national corporations” (MNC); out of the latter, we consider those where at least
one of the actors is classified as “business” (BUS), encompassing “businessmen,
companies, and enterprises, not including MNCs.” CAMEO also classifies events
into 20 primary categories, and we restrict attention to those coded as “Engage in
material cooperation.”
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is consistent with the fact that they represent weaker links be-
tween two businesses, and thus capture a different dimension of
business interaction across distances.

4. Additional Variables. We use a number of variables as con-
trols and/or for robustness checks. At the level of airports, we use
the aforementioned ICAO sources to obtain airport characteris-
tics as of 1989: numbers of daily, twice-weekly, and weekly flights;
number of connected cities; number of connected countries (twice-
weekly); total number of seats; total number of passengers; and
total number of flights. We use distance to the equator and time
zones, motivated by the evidence that time zone differences can
affect the emergence of economic links across distances (Stein and
Daude 2007).

At the level of grid cells, we use data on population from the
Gridded Population of the World (GPW) version 4, which we ob-
tain from the PRIO-GRID website, and we use the first available
year (1990). We use geographic characteristics as controls (dis-
tance to equator, time zone, precipitation, temperature). Finally,
we use real GDP per capita at the country level from the Penn
World Tables 8.0, as well as World Bank country classifications
into regions and income groups.

II1.B. Identification Strategy and Specifications

To identify a causal effect of air links, we rely on the dis-
continuity in the likelihood of links as a function of the distance
between two cities, at 6,000 miles. The article now discusses how
we use it to implement the empirical strategy. For that, it is useful
to lay out a simple conceptual framework describing how a discon-
tinuity in costs in line with what was discussed in Section II can
lead to a discontinuous drop in the likelihood that two airports are
connected. We use this framework to motivate the specifications
for two distinct levels of analysis, depending on the nature of the
outcomes of interest: city pairs and grid cells.

1. A Simple Model of Connections. Consider the decision of
whether to establish a direct connection between two cities, i and
J, located at a distance d;; from one another. We model the profit
coming from this connection as:

(1) mij =mij — [ —djj xc.
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The revenue generated by the connection depends on the “eco-
nomic potential” involved in linking the cities, denoted m;;. This
term could depend on, say, the product of (a function of) the GDPs
of the two cities, or the countries they are in—as in the gravity
equation describing trade between countries—as well as myriad
other factors, running from market power to cultural proximity.
Let G(m; d) denote the distribution of m;;, conditional on d;;, for
all the pairs of airports in our sample.

The cost component in equation (1), in turn, has two parts.
First are costs—most importantly, fuel—that vary continuously
with the distance between the two cities. For simplicity, we as-
sume that they increase linearly, d;; * c. Second are “fixed” costs
that do not vary smoothly with distance: for instance, one cannot
adjust the size of the flight crew or operational costs at the airport
continuously with the flight distance. These are denoted by f.

In the context of this framework, we can model the two key
takeaways from the discussion in Section II as follows. First, the
regulations requiring additional crew for ULH flights entail that
fis a discontinuous function of distance:

v | frign, ifd; > 6,000
@ Fj) = { ﬁi ifdij‘ < 6,000,

with frien > fiow. Second, we can capture the technological trans-
formation making long-distance flights cheaper, with the intro-
duction of the Boeing 747-400, and later the Airbus A330/A340
and Boeing 777, as reducing the marginal cost of distance, c. In
other words, the initial technological environment has ¢, and
the introduction of the new aircraft changes the parameter to ¢y,
with cpigh > Clow-

A connection between i and j will be established whenever 7;;
> 0. As aresult, we can write the probability of such a connection,

Pi:
pij = Pr(mj > 0) = Pr (m;; > f(d;) +d; *c)
(3) =1 G(f(d;) +djj * c; dy)).

Although extremely simple, this model already conveys the
impact the two key features can have over the pattern of con-
nections. To illustrate that, we run a set of simulations using
figures designed to calibrate actual cost patterns as described in
Section II: a 30% reduction from cygn t0 ciow, and an increase in
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f of 11% at the 6,000-mile discontinuity.?®> The increase in f is
calibrated for a 33% increase in crew costs, given that crew corre-
sponds to about one-third of nonfuel costs (FAA 2016, Table A-6).
However, because fuel corresponds to more than two-thirds of
costs for long-haul planes (wide-body, 300-plus seats) in passen-
ger air carriers, this entails an increase of a mere 3.3% in total
costs for a 6,000-mile flight.

Yet the simulation results, depicted in Online Appendix
Figure A9, show that this modest increase has substantial ef-
fects on the presence of connections around the discontinuity.?*
Not only is there a sizable drop in the number of connections
across the 6,000-mile threshold in the ¢, distribution, but the
discontinuity is much more pronounced in that case than in the
Chigh distribution, even though the regulation over the fixed costs
is the same in the two cases. The intuition for that can be seen
quite clearly from the limit case in which ¢ grows without bound:
G will tend to 1 for any distance—no flight is economically viable,
and hence no discontinuity will emerge regardless of the presence
of regulations over f.

2. City-Pair Analysis. The key identification assumption is
that G(m; d) is continuous in a neighborhood of the d = 6,000
threshold: there is nothing about the economic fundamentals of
city pairs in the sample that changes discontinuously around
6,000 miles of distance. In other words, whether the bilateral dis-
tance between any two cities happens to be just above or just
below 6,000 miles is as good as randomly assigned.

If that is the case, for any outcome of interest defined at the
level of city pairs, Y;;, we can perform a regression discontinuity
(RD) analysis:

4) Y;j = a+ B x Below6K;; + g(d;;) x y + &ij,

where Below6K;; is a dummy equal to 1 if d;; is less than 6,000
miles. It is well known that higher-order polynomials in g() can re-
sult in approximation errors due to overfitting or biases at bound-
ary points, so in the baseline specification we use a parsimonious

23. Details of the calibration can be found in the Online Appendix.

24. The figure assumes that m;; is log-normally distributed, which is a good
approximation for the actual distribution of the product of night lights (as of 1992)
in the sample of airport pairs, as described in the Online Appendix. The results
depict the average outcome of 100 simulation rounds.
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specification allowing for different linear slopes above and below
the 6,000 mile threshold. We provide robustness tests using a
second-order polynomial, as well as estimates using various sam-
ple bandwidths, including the optimal bandwidth that minimizes
the mean squared error of the point estimator, using the algorithm
developed by Calonico, Cattaneo, and Titiunik (2014).25 Follow-
ing Imbens and Lemieux (2008), we adopt robust standard errors
as our baseline specification. However, we also check robustness
by showing standard errors clustered at the country-pair level,
thereby allowing for correlation between city pairs located in the
same country pair.

To test for a first-stage relationship, with respect to p;;, we use
an outcome variable indicating whether the city pair is connected
or the number of connection-years between them, defined by at
least weekly flights. If the 6,000-mile threshold is meaningful, we
expect B to be positive. We estimate reduced form effects on other
city-pair outcomes. Under the exclusion restriction that outcomes
around the threshold are affected only through a change in the
likelihood of getting connected, we present scaled instrumental
variable estimates—the marginal effect of getting connected on
outcomes—using a “fuzzy” RD approach.

3. Grid-Cell Analysis. To test whether connections affect eco-
nomic activity, we must expand the analysis beyond city-pair out-
comes and translate the empirical strategy to use data at the
grid-cell level.

Let § > 0 denote a relatively small number (compared to 6,000
miles); we refer to a “§ neighborhood” of 6,000 miles as the set of
distances between 6,000 — § and 6,000 + § miles. For each city i,
we can define the conditional distribution describing the economic
potential of all the pairs involving i, which with a slight abuse of
notation we call G;(m; d). This distribution contains information
about the broader economic potential of the city: for instance, if
we consider two cities, ¢ and b, such that G, dominates G; in
the first order stochastic sense, we can state that the economic
potential of a is greater than that of b. In consonance with the
basic identification assumption underlying the RD analysis, G;
is assumed to be continuous in a neighborhood of the d = 6,000
threshold.

25. This is implemented in Stata using the rdrobust routine.
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Given this identification assumption, we can write for any
city 7, as shown in the Appendix, the number of connections to
cities within a § neighborhood of 6,000 miles away from i, K;s, as:

(5) Kis = Njs * (1 - Zizigh) + (Zézigh - Zfow) * Nis— + vj,

where N;; denotes the total number of cities within a § neigh-
borhood of 6,000 miles away from i; N;;_ is the number, out
of those cities, that happen to be closer than 6,000 miles; and
v; is an error term. The parameters z are defined as 2, =
G;( fiow + 6,000 % ¢;6,000) and zﬁzigh = Gi( frign + 6,000 x c; 6,000);
because fpigh > fiow, and G; is a probability distribution, it follows
that 0 < 2}, < 2, < 1.

The first key takeaway from equation (5) is that, controlling
for the total number of cities around 6,000 miles away from i, the
number of i’s air links around that range is an increasing function
of the number of cities that happen to be just below that threshold.
This is an intuitive implication of flights below 6,000 miles being
discontinuously cheaper, which makes them discretely more likely
to be profitable.

A second takeaway has to do with when we should expect
there to be a link between actual connections and the number of
potential connections just below the 6,000-mile threshold. First, it
is clear from the definitions that z;,, (and also, necessarily, zpig)
will approach 1 as ¢ grows larger. From equation (5) it follows that,
when the cost of flying long distances is very high, we should ex-
pect the link to disappear. Similarly, for any given cost parameter
values, we should expect the link to be absent in places with suffi-
ciently low economic potential—namely, if G; is such that z;,,, = 1.

When it comes to the potential impact of adding connections,
it is natural to expect that it would depend on whom exactly one is
getting connected to: linking up with London would presumably
matter more than linking up with Stockholm, not least because
from the former it is possible to get to many more places. One
way to capture that in the context of this model is to weight each
destination j by the economic potential available in linking city ¢
to it, m;;. In the Appendix, we show that this weighted measure
of connections, K;s, can be written as:

(6) K‘S = Mj; = (1 - Z;Ligh) + (Z;‘u'gh - Zéow) * Mis— + i,

where M, =) jeqt Mij is the total economic potential associ-
ated with links to all the cities in Q*. This has an analogous
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interpretation to that of equation (5), with each city being
weighted by its associated economic potential.

Equations (5) and (6) lay the groundwork for the empirical
specification, because they flag a source of variation for the num-
ber and quality of connections. The identification assumption is
that there is no reason airports that happen to have relatively
many major airports sitting just under 6,000 miles away should be
systematically different from airports that happen to have many
just above that threshold. This statement is conditional on the
total number of airports around 6,000 miles: N;s or M;; could be
correlated with characteristics of city i that also affect its eco-
nomic fundamentals—after all, they should contain information
on where that city is located in the globe, and hence its degree of
isolation and other geographical features. Our assumption is that
conditional on N;s or M;s, the share of those that happens to fall
below 6,000 miles is as good as randomly assigned.

To implement this logic, we define the unweighted instru-
ment, ShareBelowGKiU, as the number of airports 5,500 to 6,000
miles away from airport i, divided by the number of airports 5,500
to 6,500 miles away.?® To build intuition for how this instrument
is constructed, Figure III provides the graphical example of San
Francisco (SFO).

Our baseline instrument, ShareBelow6K;, is the weighted
version that incorporates the information related to the potential
of each connection, as per equation (6). Specifically, we proxy each
airport’s potential using its (eigenvector) centrality at the begin-
ning of the sample (1989), and sum the centrality measures for all
airports within the 5,500—6,000-mile range from airport i. We di-
vide that sum by the sum over the entire 5,500-6,500-mile range,
to define ShareBelow6K;. (The list of top and bottom 50 cities,
ranked by ShareBelow6KV and ShareBelow6K, can be found in
the Online Appendix, Table A2.) In the spirit of making the best
use of the available information, we focus on ShareBelow6K as
the preferred instrument.

In our specifications, we control for the total number and net-
work centrality (as of 1989) of airports in the range of 5,500 to
6,500 miles. This accounts for factors related to the general iso-
lation or broad location of the airport, so that we only make use

26. We provide robustness tests showing that using alternative windows does
not qualitatively alter the main results.
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of the residual, arguably idiosyncratic variation.?” The graphical
representation in Figure IV displays this residual variation in
ShareBelow6K after controlling for the total network centrality of
airports in the 5,500-6,500-mile range and region fixed effects. We
can see that the places with high and very low draws in the “lot-
tery” of potential connections just below the threshold are spread
all over the world and in a relatively random manner within re-
gions. Also notably, we can see that there are places with very
positive and very negative shocks located close to one another.
This reassures us that the variation is essentially idiosyncratic,
and not driven by specific parts of the world.

We start with the following reduced-form specification:

7 Yic =a" + B« ShareBelow6K;. + X;.y" + €.,
where ¢ denotes a grid cell, i denotes the closest airport (within
the same country) in the sample, Y;. is an outcome of interest
(e.g. night lights in the cell), ShareBelow6K,. is the value of the
instrument at the closest airport, X; is a vector of control variables.
If connections foster economic growth in areas close to the airport,
for instance, we expect 8" to be positive.

All regressions include in the vector X the total number of air-
ports between 5,500 and 6,500 miles away, weighted by network
centrality in the baseline specification, as discussed already, as
well as the log distance in miles from the grid cell ¢ centroid to the
airport i, and region fixed effects to ensure that the results are not
driven by variation across regions. We further control for grid-cell
night lights as of 1992 (earliest data available) and population as
of 1990, to reduce residual variation and increase the precision
of our estimates given persistence in the data over time, and for
robustness purposes.?® In addition, we use various predetermined
covariates to ensure that the results are robust.

27. As an example, Philadelphia and Boston will naturally have a similar
number of airports located between 5,500 and 6,500 miles away (66 and 57, as
it happens), because they are close to each other (about 280 miles). However, the
share of those that happens to fall just below the 6,000-mile threshold is 64%
larger for the former than for the latter, with Boston being in the bottom decile of
that distribution and Philadelphia just below the median.

28. These variables may have been affected by our discontinuity themselves,
given the timing of the regulations and the entry of the Boeing 747-400, as we
have discussed. However, we show that our variation is essentially uncorrelated
with them, consistent with the idea that important effects would have taken some
years to be felt.
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To estimate the magnitude of the effects in ways that are more
easily interpretable, we scale the reduced-form estimates with a
first-stage estimate using two-stage least squares (IV/2SLS). The
endogenous variable may be simply the number of connections,
as in equation (5), or account for their quality, as in equation
(6). In either case, we obtain an estimate that captures the effect
of improving an airport’s position in the network of air links—
induced by long-distance connections—on variables of interest at
the local level. The corresponding first-stage specifications are:

(8) Connections;. = a'® + B/° « Share Below6K;, + Xicyfo 1 /0

w

(9) Centrality,, = o' + B’ x Share Belowb6K. + Xi.y ™t + si’zl,
where Connections;. is the number of cities the airport i is con-
nected to (at least weekly flights), Centrality;. is the network
centrality of airport i and all other variables are defined as in
equation (7).

We can also exploit the granularity of the data to uncover
spatial patterns in our effects. Intuitively, we would expect the
economic activity in cells around the airport to be affected, if at
all, only if they are relatively close by. The estimations of equa-
tion (7) include grid-cells within 100 miles of the airport, as it
seems plausible ex ante that such cells are potentially affected.
(We will show robustness with respect to other thresholds.) How-
ever, because we would expect the effects on economic activity to
depend on how close a cell is to the airport, we can estimate the
reduced-form effects as a function of the spatial distance to the
airport:

Y. = a + B1 * Share Below6K;,
(10) + Bo * Share Below6K;. * Distance;. + X;.y + &ic,

where Distance;. is the log distance in miles from the grid cell ¢
centroid to the airport i.

This specification allows us to test whether any positive ef-
fects dissipate with distance and at what rate. More precisely,
B1 captures the reduced form effect of connections for grid cells
that are located in the immediate vicinity of the airport, since
Distance;. takes values around 0 in those cases. By contrast, 89
captures the marginal effect of distance to the airport on the
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treatment effect. If connections result in positive effects that are
maximized in areas in and around the city, and dissipate with
distance, we expect 81 to be positive and B2 to be negative. The
combination of the two estimates will, in turn, allow us to probe
at which distance the effects are no longer positive. We provide
results using more flexible estimations of these spatial relation-
ships.

In all of the specifications, we cluster the standard errors at
the country level to allow for the possibility of correlated shocks
across cities in the same country. We also show robustness to other
approaches to computing the standard errors—namely, clustering
at the level of airports to deal explicitly with the fact that our key
variation is at that level, and implementing the Conley (1999)
correction for spatial correlation.

IV. ImPACT ON AIR LINKS
IV.A. Establishing the Discontinuity

The first step in the analysis is to show how the variation
translates into more and better air links. While Figure II has
provided graphical evidence for the existence and evolution of the
discontinuity in the likelihood of connection between city pairs at
a distance of 6,000 miles, we now turn to the task of establishing
this more systematically.

The key evidence is in Table I, implementing versions of equa-
tion (4) with both robust and country-pair-clustered standard er-
rors reported. We see a robust pattern where city pairs just over
6,000 miles apart are about 0.3-0.4 percentage point less likely to
be connected by at least weekly flights, as of 2014, as compared
with those separated by slightly less than 6,000 miles. Because
the overall likelihood of a given pair in our sample being connected
is around 1%, this entails a quantitatively substantial difference.

The result holds with a first-order polynomial for ADistance;;)
(columns (1)-(4)), as well as with a second-order polynomial
(columns (5) and (6)). It is not affected by different bandwidth
choices either: we start off with a narrow window of 500 miles
(column (1)), which we expand to 1,000 miles (column (2)), before
presenting the optimal-bandwidth baseline (column (3)). It is also
robust to controlling for time zone differences and for whether
the pair was already connected in 1989, as well as a set of 1989
covariates measuring the extent of connections between the two
countries in the pair (columns (4) and (6)).
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Placebo Estimates
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FIGUrReE V
Placebo RDD Estimates on City Pair Connections, 2014

Histogram (and kernel approximation) for regression discontinuity estimates
computed using each 50-mile point between 4,500 and 5,750 miles, and between
6,250 and 7,500 miles as distance thresholds. Specifications use first-order polyno-
mial and optimal bandwidth. Vertical dashed line depicts the estimate using the
6,000-mile threshold. The plot shows that the estimate at the 6,000-mile threshold
is a clear outlier.

We probe this result by running specifications where we ar-
bitrarily impose “placebo” discontinuity thresholds other than
6,000—specifically, every 50 miles between 4,500 and 7,500, leav-
ing aside the range between 5,750 and 6,250 miles as the match
between the regulations and the specific distance is an approx-
imation.?’ Figure V shows that the estimate at the 6,000-mile
threshold is much larger than the placebo alternatives, falling far
to the right of the distribution computed for the latter. This re-
assures us that the effect we pick up is unlikely to be spurious.
We can also ask how the discontinuity evolved over time. Column
(7) in Table I implements the baseline specification, but with a
dummy for the presence of a connection in 1989 as the depen-
dent variable. The coefficient is relatively small (p-value = .099),
indicating that in the year of the launch of the Boeing 747-400,

29. Notably, the absolute value of the coefficient is maximized precisely at
6,000 (0.0038), with the next-highest value at 0.0023 for the discontinuity set at
6,050. The specification here includes a first-order polynomial in distance, and
optimal bandwidth, as well as standard errors clustered at the level of country
pairs.
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the likelihood of connection just below the threshold was perhaps
higher but not strongly so—consistent with a scenario of relatively
high costs of flying long distances, as laid out in the context of our
model.

The remainder of the table aggregates the information for the
subsequent two decades, using connection-years as the outcome
of interest. We see that the effect is already strongly significant
in the 1990s (column (8)), and gets stronger in the 2000s (column
(9)). All in all, the presence of connections over the entire period
is markedly higher just below the 6,000-mile threshold (column
(10)). In short, the discontinuity seems to have magnified rapidly
upon the technological developments of the late 1980s and 1990s,
becoming further established over time.

Having established the presence of the discontinuity at the
level of city pairs, we turn to how it translates into the level of
airports, which we use for the grid-cell analysis. Put simply, does
the share of potential connections just below the threshold pre-
dict the total number and quality of connections that are actually
available in airport i?

Table IT answers in the affirmative. We start off with the un-
weighted instrument, ShareBelow6KV, and whether it predicts
the total number of (at least) weekly connections, initially with
only the baseline controls for the total number of airports in the
5,500-6,500-mile range and region fixed effects. Column (1) shows
that there was no significant correlation as of 1989, again consis-
tent with the relatively high-cost scenario.?? In contrast, we see
in column (2) that as of 2014 there is a strong correlation.

The magnitude of the effect is largely unaffected, and preci-
sion is improved, when we control for airport characteristics as
of 1989, including initial connections (column (3)). Connections
in 1989 and 2014 are highly correlated, as would have been ex-
pected, and this helps account for the increased precision. The
same is true when we control for distance to the equator and time
zone (Column (4)), or population as of 1990 and night lights as of
1992 (Column (5)), indicating that even within regions the effect
is not driven by location features or initial development.

30. In fact, in the Online Appendix (Table A3) we show that ShareBelow6K
is not significantly correlated with any of the 1989 airport characteristics, with
quantitatively small standardized effects, again indicating that the effect of the
discontinuity was weak at best at the time of the introduction of the Boeing 747-
400.

610z Iidy 61 uo Jesn eesuz Aq 96289/ 7/S6EL/E/EE L AYENSe-ajo1e/Bb/Woo dNo"0lWepEDE//:Sd]Y WOy POPEOjUMOQ


file:qje.oxfordjournals.org

1427

DEVELOPMENT IN THE GLOBAL NETWORK OF AIR LINKS

Downloaded from https://academic.oup.com/qgje/article-abstract/133/3/1395/4768296 by Ensae user on 19 April 2019

T>d, ‘60> d,, ‘TO"> d, ., '[9AS] A1JUNOD 8} J€ PAILISNO ‘sosoyjuared ut

SI0LID pIepUR)s 1SN0y }I0dIre 9y} Jo sorur QT UTY)IM S[[e2 ot} ut uorperndod 0gET oSeIoae pue 13T JYSTU G8ET 95.I9AL JO ISISU0D S[OIIUOD RUOTYIPPE (SINOY UT TNY) 09 3odire o)
WOIJ 9OUSISJJTP SUOZ 9WIT) PUE J0jenbo a1} 09 soue)sIp S0 Jo ISISU0D S[0IU0d oTYdeIS09Y) (£II[RIJUSD FI0MIDN SIYSTP Jo Ioquunu ej03 Jo Sof ‘s1eSusssed Jo Toqumnu 103 Jo So ‘syeas
JO Taquunu 1309 Jo ST {(ATPaM 901M]) SOLIIUNOD PIJIIUUOD JO IUINT (SITYID PIJISUUO0D JO Ioquunu ‘A[oArpdadsar ‘syysSty ATrep pue A[oam-001m) A[09M JO JOqUWNN]) GYET JO SE SoInseawr
09 SI9JAI GRET ‘S[0IJUO0D LIOdITE {STWWND UOLSI JO 198 B I $)09JJ9 PIXY UOLSI :S[OIJU0D DAISSIIINS Y, (T )—(G) SUWN[0D UT PajyStom-AJI[eIIUd PUeR (F)—(T) SUWN]0D UT PaJySTromun
‘Keme so[IW ()(G‘9—00G G SPTIID JO IOQUINU [B)0) B JI0J [0IJUOD SUOISSIIIOI [[Y "686T JO SB AI[LIJUD YIom)ou I19Y) Aq £)10 Yora SIYSToM UOTSIOA POJYSTom-£)I[eIjuad oY) SeaIaym Keme
SOIW 00G°9-00G'G SPIID JO IOqUINU [8304 Y3 Aq PAPIAIP KeME SI[IW 000‘9—00G'G SO JO IoquIny oY} A[dwWIs ST SIIW (0Q‘9 > SOWII Jo dIRYS pajySiamun Y, "ported aury payrads
9} I19A0 UBW A[IBAL 9Y) 0] SI9JAI 1 ((T)—(L) SUWN]0D UI SBOIOYM Tedk USALS ® UI PAINSEBIUW ST SUI0NO Y} (9)—(T) SUWN[0D U "SIIULRISIP [[e 1€ (SIYSTY A[[9oMm Jss] J8 9'T) Sa 03
SUOT}O9UU0D [RUOTBULISIUT U0 PISB] £J1D 8} JO AI[BIJUSD 10309AUSSIS PIZIPIBPULR)S 9} ST YITYM KII[BIJUSD JIOM]ISU 9] ST 9W02IN0 9Y3 (OT)—(G) SUWN[00 UJ KI1D 9Y) WOIJ PUB 09 (3Sed|
7e) s3yS1y A[3[09M 99UR)SIP-SUO[ SB PAUYSP ST UOTIIUUOD B SISYM ‘0 PAIIUUOI SIIYID JO IOQUINU B3 ST (F)—(T) SUWN[0I UT 9W02JN0 Y], K19/).10dITe UR ST UOTJRAIDS]O JO JIUN  ‘S2JONT

200 200 300 200 200 200 76°C €8'C €8°C €8°C 4" ueaw rea ‘do(]
Sox SOK Sox SOK SOK SOK Sox oN ON ON [UN S[0I)U0D [RUOTIIPPY
Sox SOK Sox SOK SOK SOK SR SOK oN oN oN sTo1ju00 oryderdosr)
SoK Sox SoK Sox Sox ON Sox Sox SoK ON ON 6861 ‘S[013u0d rodary
EN SOx. SOK SOx SOx SOx SOK SOx SOK SOx EN $799JJ0 POX1 UOL3Y
so[Iut ())0‘9 punoe
Sox Sox N Sox Sox EN Sox Sox S Sox N SOTIID JO IqUIN N
s[oIju0))
68°0 680 68°0 €60 890 6T°0 €90 290 290 900 ¥0°0 paxenbs-yy
LLL LLL LLL LLL LLL LLL LLL 618 618 618 618 SUoT}BAISSqQ
(60°0) (L0°0) (90°0) 01T°0) (8T°0) PojySrom-£yIeIjus)
i ¥G'0 «:9G°0 «i¥8'0 il €°0 yT°0- ‘SOTIWL 0009 > SPIYID JO dIBYS
(€T°0) (IT°0) (0] (8€'T) €7D (82°3) (9¢'T) pojySromun ‘safrur
G0'0 «xLG'0 wxsV TG +xxG0°G #xx68'F «+88'F 9¥'0— 000°9 > S9N Jo oIBYY
(ID) (oT) (6) (8) (L) (9) (9 ) (€) (@) (T
0T0Z2—066T 0T0Z—066T 0T0Z—066T 0005—066T Y103 6861 Y102 102 7108 Y103 6861
fyeryue) Ayrenyue)  Aerjusd  K[enusd  Kjrerjusd  Kjrersusd ‘seno ‘o110 ‘seT)T0 ‘SeT)IO ‘seT)I0
HI0MION I0MPON SI0MION JIOMION  YIOMION  YIOMIDN  POJOSUUO)) PIOduU0)) PIIuUU0)) PIPIUU0) PIjIauU0)) o[qeLrea juspuadaq

TAAAT LHOJAIY ‘SYNITT ¥TY NO LOHAAG
II HTdV.L



1428 QUARTERLY JOURNAL OF ECONOMICS

We turn to our preferred, weighted instrument, ShareBe-
low6K. Column (6) shows that the instrument is uncorrelated
with the position of the airport in the network as of 1989. Again,
a strong correlation is present in 2014, even including the full set
of controls (column (7)). Columns (8) and (9) then consider the
evolution of that pattern over time. We see that the correlation
was already present when the dependent variable is the average
network centrality over the 1990-2000 period, and if anything be-
came stronger subsequently, as the coefficient increases when we
consider the two-decade average over 1990-2010.3!

It is interesting to note that the unweighted instrument al-
ready predicts the quality of the airport’s position in the network,
and not just the number of connections (column (10)). That said,
when the two instruments are jointly included (column (11)), it is
clear that the predictive power of the weighted instrument is far
greater, unsurprisingly given that it incorporates more informa-
tion.

The estimated magnitudes indicate a substantial effect. (The
measures of centrality are standardized to facilitate the compar-
ison of magnitudes.) A coefficient of 0.26 (column (9)) entails
that going from the 25th percentile to the 75th percentile in
ShareBelow6K (0.471 and 0.707, respectively) would translate
into an improvement of 0.06 standard deviations in the aver-
age quality of the airport’s position in the network. This corre-
sponds to the median airport moving 69 spots up the centrality
rankings.

31. Note that we avoid using country fixed effects primarily because it greatly
reduces the variation in the instrument, leading to substantially larger standard
errors and a statistically insignificant first-stage relationship. This is unsurprising
given that fixed effects effectively drop the variation in the 99 countries that
have only one airport-not to mention the fact that our estimates would then
only use the rather selected subsample of countries with multiple major airports
(which tend to be wealthier). The instrument is also naturally highly correlated
across airports within countries, by construction, since it exploits the location
of airports around 6,000 miles away. This further reduces the variation. It is
worth noting that the point estimates remain similar, as we show in the Online
Appendix (Figure A10 and Table A6), indicating that unobservable country-level
characteristics are indeed unlikely to drive the relationship. Because there is no a
priori reason to think that the variation is correlated with omitted variables that
would distort the results, and since the stability of the coefficient suggests this
does not happen to be the case, we prefer the specification with region fixed effects
to avoid discarding relevant information.

610z Iidy 61 uo Jesn eesuz Aq 96289/ 7/S6EL/E/EE L AYENSe-ajo1e/Bb/Woo dNo"0lWepEDE//:Sd]Y WOy POPEOjUMOQ


file:qje.oxfordjournals.org
file:qje.oxfordjournals.org

DEVELOPMENT IN THE GLOBAL NETWORK OF AIR LINKS 1429

Last, we also check that the results are robust to different
ways of implementing our variation. In particular, we show in the
Online Appendix (Table A5) that they still hold when considering
the number of cities between 5,500 and 6,000 miles, instead of the
share, as well as when we define connections based on the pres-
ence of twice-weekly or daily flights, or when we construct Share-
Below6K over different windows (5,700-6,300, 5,200—6,800).

IV.B. Network Spillovers

The key source of variation affects directly the availability of
air links over a specific range, yet we found effects on the total
number and quality of connections available at a given airport.
We now ask how we can go from that specific shock to these broad
effects.

We start by looking at how a favorable draw in terms of Share-
Below6K affects connections in the range around 6,000 miles. The
result is in column (1) of Table ITI. We see that places with better
potential connections just below the threshold indeed add more
connections over the 5,500-6,500-mile range.

In column (2) we consider the 2SLS estimate of the impact
of an additional connection over that range, and find evidence of
important spillover effects: about five to six total long-haul con-
nections overall. Column (3) shows that the result is unaltered
when we add the full set of control variables from Table II. What'’s
more, the contrast between Columns (4)—(6) and (7)—(9) shows
that the spillovers are essentially coming from the shorter range
between 2,000 and 5,500 miles. All in all, this is eminently con-
sistent with the idea that having more direct flights increases the
value of an airport for others to connect to: connections induce
further connections.

Those better and more plentiful connections also increase the
flow of people. Of course, it would be rather surprising if that
were not the case, and the last three columns in Table III confirm
that intuition. The 2SLS estimate indicates that increasing the
airport’s centrality in the network by one standard deviation—
which, for the sake of comparison, would move the median airport
about 300 positions up the rankings—increases the yearly number
of passengers going through the airport by roughly 1.3 million, or
five-sixths of a standard deviation.

Taken together, these results establish that the impact of a
shock yielding more connections within a relatively narrow range
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Conceptual Framework

The graph illustrates how our instrument may influence connections, directly
and indirectly, thereby increasing the network centrality of a city, which in turn
may affect economic development in and around the city.

of distance is magnified by the ripple effect that this has over
shorter distances, with additional connections inducing yet more
additional connections and an increased flow of people. This in
turn translates into a substantial increase in the flow of people
going through a city. This logic is summarized in Figure VI, Panel
A: when airport A gets a long-haul connection to airport B, this
offers not only the ability to go directly to B, but also the possibility
of reaching other airports from there (B1, B2, B3). As a result,
other airports located in a short- or medium-range distance (A1,
A2, A3) and potentially farther afield (C) will have an incentive
to connect to A. It follows that linking up with a better connected
airport has a stronger impact on A’s position.
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The fundamental causal chain underlying our empirical strat-
egy is thus conveyed in Figure VI, Panel B. Because city pairs that
are just under 6,000 miles apart are indeed more likely to be con-
nected than those just over the threshold, airports with a large
share of better potential connections just below the threshold have
more and better long-haul connections. This in turn makes them
more attractive, yielding more and better connections over other
ranges, in a process that yields a stronger overall position in the
network. Thus, our empirical strategy—which ultimately instru-
ments for network centrality—identifies how a greater position
in the global network of air links affects economic activity in and
around cities.

V. AIR LINKS AND EcoNOMIC DEVELOPMENT
V.A. Baseline Results

We turn to studying the impact of air links on economic activ-
ity. Table IV shows results using grid-cell level night lights within
a 100-mile radius of any of the 777 airports we are able to match to
the night lights data. We start with reduced-form results linking
night lights to the weighted share of potential connections just
below the 6,000-mile threshold, controlling for the total number
and quality within 500 miles of that threshold. Column (1) shows
the correlation with a parsimonious set of controls for night lights
as measured in 1992. We see no significant correlation yet, sug-
gesting that the increase in long-haul connections unleashed by
the introduction of new planes was too recent for there to be a
significant effect on economic activity.

Column (2) shows that by 2010, in contrast, a significant
correlation had emerged: places close to lucky airports display
greater levels of economic activity. Because there is substantial
persistence in levels of local economic development, we look at
the change in measured night lights between 1992 and 2010 (col-
umn (3)), which in essence tests whether the difference between
the coefficients in columns (1) and (2) is statistically significant.
We find that it clearly is, showing that those places saw larger
increases in economic activity over those decades.

Column (4) adds controls for the 1992 level of night lights, pop-
ulation as of 1990, and baseline airport characteristics, in order to
account for possible convergence effects and to increase precision.
Column (5) further shows that the result is essentially unaltered
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if we also include geographical controls and initial GDP at the
country level.3?> Note in particular that the coefficient changes
very little, and if anything increases in magnitude as we add co-
variates.

We then turn to 2SLS specifications, scaling the reduced-form
results so as to interpret their implications in terms of the impact
of network centrality on local economic activity. Column (6) repro-
duces the full set of controls from Column (5), showing a positive
and statistically significant effect of having a better position on
the network, as measured by average network centrality over the
period. Columns (8)—(10) show that the picture that emerges if we
focus on growth rates instead is similar across the board.

To facilitate the interpretation of the quantitative implica-
tions of the estimates, columns 7 and 11 present standardized
results. An increase of one standard deviation in the average net-
work centrality of an airport would correspond to an increase of
roughly 0.8 standard deviations in the change of night lights over
the period, or one standard deviation in the growth rate. (Again,
for the sake of comparison: that increase in centrality would im-
prove the median airport’s position by about 300 spots in the cen-
trality rankings.) For a sense of what this might imply in terms
of GDP growth, consider the elasticity around 0.3 between night
lights and GDP growth, as estimated by Henderson, Storeygard,
and Weil (2012). One standard deviation in the distribution of
night lights growth corresponds to 52% over the entire period, or
about 15.6% in GDP growth using the aforementioned elasticity.
This boils down to about 0.8% in annual GDP growth rates, as
this is the annual rate that compounds to 15.6% over the period.

The 2SLS estimates mask considerable heterogeneity in the
extent to which the link between the quality of potential connec-
tions just below the threshold and the quality of actual connections
materializes for different places. In column (6), the first-stage coef-
ficient implies that the impact of a one standard deviation change
in ShareBelow6K on network centrality is 0.432 (p < .001), for the
overall sample. In contrast, if we focus on the bottom quartile of

32. Table A4 in the Online Appendix examines to what extent ShareBelow6K
is correlated with various potential determinants of economic growth at baseline.
In general the relationships are weak, with relatively small standardized coef-
ficients, and statistically significant only in the case of population. The results
are, again, essentially identical when population is included as a control, which is
unsurprising given the weak relationship with our instrument.
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airports according to how developed they were in 1992 (as mea-
sured by night lights over the 100-mile radius around the airport),
we see a very different picture: the first-stage coefficient for that
subsample is —0.031 (p = .382).33

This is consistent with the conceptual framework described
in Section II1.B, where we noted that a city can be so unattractive
in terms of its economic potential that the link between connec-
tions and our instrument disappears. In other words, a place like
Vientiane gets an excellent draw when it comes to the “lottery”
around the 6,000-mile threshold, but that does not translate into
more connections. Note that these results do not imply that con-
nections do not have an effect in those less developed locations:
the absence of a first-stage link prevents us from reaching any
conclusion in that regard.

In sum, we see increased economic activity over the period of
analysis in places that are closer to airports that get additional
flights induced by the exogenous variation in potential long-haul
connections. This indicates a causal impact of air links on eco-
nomic activity at the local level, but one that is available only to
places that were developed enough, to begin with, that they could
indeed get connected.

We check the robustness of our main findings in a number of
different ways. For brevity, all the results are shown in the Online
Appendix. We first experiment with the different implementation
of the key source of variation: the results remain very similar if
we consider different windows around 6,000 miles, as well as the
unweighted instrument, ShareBelow6K" (Online Appendix Ta-
ble A7). We ask whether our results are reliant on specific places.
We have shown that our variation, controlling for the number of
cities around the threshold, does not seem particularly concen-
trated in a given region, and we control for region fixed effects
throughout. Still, we go one step further and redo the estimation,
dropping each region at a time, in Online Appendix Table A8. The
2SLS results are qualitatively robust, with relatively strong first-
stage relationships in all cases, indicating that the results are not
driven by any specific region, and thus not any specific country.

We further consider different subsamples in Online Appendix
Table A9. We show that the results are unaltered if we leave out,

33. The threshold for the bottom quartile is Abidjan, and the subsample is
disproportionately in Sub-Saharan Africa: the region has about 10% of airports in
the sample, but 34% of those in the bottom quartile.
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for each airport, the cell whose centroid is closest to the airport
coordinates or cells within 10 or 20 miles from the airport. This
indicates that the effect on night lights is not being driven by the
airport itself, as opposed to a broader increase in economic activ-
ity. We experiment with alternative thresholds: the results still
hold when we choose 150 or 200 or 300 miles instead. The point
estimates tend to decrease in magnitude as we expand the area,
which is unsurprising given that we expect any positive effects
to diminish with distance to the airport. We limit the sample to
airports that we verified to have been operational as of 1989, to
allay possible concerns regarding the selection of airports, and the
results remain (Online Appendix Table A10).34

V.B. Spatial Patterns

How far-reaching is the impact of connections on economic
activity? We can study this question by exploiting the spatial rich-
ness and granularity in the available data. Specifically, we do not
have to restrict attention to the immediate vicinity of the airports,
but can examine how the impact of additional connections might
change as we move away from them.

We start by considering a simple linear interaction specifica-
tion for the reduced form, where we regress the change in night
lights on ShareBelow6K and its interaction with grid-cell distance
to the nearest airport in the country. Based on the previous results,
we would expect a positive coefficient for the main effect of Share-
Below6K, indicating the positive effect of potential connections on
economic activity around the airport. The interaction, however,
could well be negative, as the effect gets weaker with distance.

The results are in Table V and align with that intuition. Col-
umn (1) displays the increase in night lights between 1992 and
2010 as the dependent variable, controlling for baseline covari-
ates and the initial levels of night lights and population. It shows
a positive effect around the airport, which declines with distance.
One concern is that the results might be unduly affected by very
remote places, which tend to be located in only a few sparsely pop-
ulated regions of territorially large countries—not many places
will be, say, 1,000 miles from the closest major airport in the
country. Column (2) shows that the result is essentially identical,
and in fact somewhat stronger, when we restrict the analysis to

34. We also show that the first-stage relationship between city pairs, in the
RD design, is robust to dropping these airports (Online Appendix Table A11).
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grid cells at most 500 miles away from the closest airport. Using
the same sample, column (3) adds airport and geographic controls,
confirming the same message.

The point estimates from columns (2) and (3) imply that the
effect turns negative at a distance of around 300 miles, which
would seem to suggest that the potential for additional connec-
tions could hinder the economic prospects of sufficiently remote
places. This simple linear specification, however, obviously im-
poses that this would be the case at some distance. To better assess
the issue of spatial reallocation, we then estimate the effect of dis-
tance on the potential impact in a more flexible, semi-parametric
way. Specifically, we run the baseline regressions, as in Table IV,
repeatedly in a rolling window: first restricting the sample to 0—
100 miles from the closest airport, then 5-105 miles, 10-110 miles
and so forth up to 300—400 miles.

We plot the results in Figure VII. Panel A displays the first-
stage coefficients from regressing the average network centrality
on ShareBelow6K. We see a stable coefficient, but the associated
F-statistic eventually declines with distance, as airports drop from
our sample.?® Panel B shows a positive reduced-form effect that
gets weaker with distance, and becomes a precisely estimated 0
roughly by the 100—200-mile range. Panel C in the figure shows
the 2SLS version of the same exercise, with an unsurprisingly
similar message.

Although we cannot rule out that there are negative spillovers
to more distant cells, and these could be potentially meaningful,
the evidence stands against the hypothesis of pure spatial real-
location: the positive effect near the airport cannot be fully ac-
counted for by relocation from the hinterland. This notwithstand-
ing, it is still true that the effect is to exacerbate inequalities
over space, as connected cities grow faster relative to their hinter-
lands.3¢

35. Recall that a given airport will drop out of the sample if there are no cells
over a given range for which that airport happens to be the closest one in the
country.

36. A full account of the spatial impact would take into account population
movements, as the air links may induce some people to move closer to the city.
When we look at grid-cell level population, we fail to find evidence of population
increases (decreases) closer to (farther away from) the airport. However, we deem
this analysis unreliable due to severe measurement error problems in the popu-
lation data, as discussed in Henderson et al. (2018), precluding us from reaching
firm conclusions on that front. (The results are available on request.)
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FiGure VII
Effects on Night Lights by Distance to Airport

The graphs plot estimates from separate regressions using subsamples of cells
at different distances from the airport. Each subsample consists of a 100-mile
wide donut of cells. The first estimate starts with a lower bound of zero miles to
the airport, that is, 0-100 miles, followed by 5—105 miles, 10-110 miles, 300—400
miles. Panel A shows that the first-stage point estimate is relatively stable, but
with weaker precision for subsamples further away as the F-stat decreases (the
sample size becomes smaller with distance). Panels B and C plot point estimates
and 95% confidence intervals, and show that the effects on night lights are positive
relatively close to the airport, decreasing in distance, and eventually reach 0.
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One potential concern with these spatial patterns is whether
spatial autocorrelation in the data leads to incorrect inference.
To address this issue, we check robustness with respect to differ-
ent ways of computing standard errors. First, the results remain
qualitatively unaltered if we cluster standard errors at the level of
airports. This deals specifically with the fact that the variation we
useis at that level. Second, and more important, we use the Conley
(1999) approach allowing for spatial correlation across different
cells. Because the severity of the spatial correlation is unknown,
we allow for relationships to exist at various distances, within 100
miles up to 1,000 miles. Across the board, all the reduced-form re-
sults are qualitatively similar and the main conclusions remain
(Online Appendix Table A13).37

Last but not least, it is important to note that the comparison
here is done with respect to distance to the closest major airport
in the country. A different but related question pertains to what
happens to other major airports in response to shocks hitting a
given airport. We address this issue in the context of studying the
impact of air links on business links, to which we now turn.

VI. AIr LINKS, BUSINESS LINKS, AND CAPITAL FLOWS

The key differential of air transportation relative to other
alternatives, as we have argued, is its implications for the ease
of transporting people over long distances—much more so than
goods, as trade still flows mostly by sea. It stands to reason that
an important part of the impact of air links would likely come
from fostering connections between people.3®

37. For completeness, in Online Appendix Table A14 we also show that the
first-stage relationship at the airport level is robust to using standard errors ad-
justing for spatial correlation. Overall, results are very similar. The one exception
is that there is some evidence of negative effects on night lights at very long dis-
tances from the airport, more than 300 miles away. However, the effective sample
size in airports is small in this case (182) and the statistical significance fluctuates
depending on the specification. (See Online Appendix Table A13, columns (7) and
(1mn.)

38. It is nevertheless possible that part of the effect could work through a
potential impact on trade—both directly, since merchandise is also transported by
airplane, and indirectly, since establishing connections between people and busi-
nesses could itself impact trade. We do not examine the impact on trade because
to the best of our knowledge, there are no data on trade at the level of cities or city
pairs.
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What are these people bringing—Dbe they locals flying abroad
and returning, or outsiders flying in—that could have the sub-
stantial effect on economic activity that we have found? We have
argued that the ability to interact face-to-face is at the heart of
what flight connections make possible.

It seems plausible that the ability to interact face-to-face
could be particularly important for business relationships.3’
There are many pieces of circumstantial evidence suggesting that
businesses care deeply about access to direct flights. First, there is
the effort exerted by airports and policy makers in obtaining such
connections, often justified as a way of attracting businesses.*’
Then there is simply revealed preference: nonstop flights typically
command a substantial premium over the alternatives. Those
flights save time on average, of course, but they also reduce risk:
no chance of missed connections, one fewer aircraft to have techni-
cal issues, one fewer airport to have logistical issues and so on. In
the same vein, businesses tend to locate disproportionately close
to airports.*! Last but not least, there is also growing empirical
evidence of the business value of direct flight links (Giroud 2013,
Bernstein, Giroud, and Townsend 2016).

As a result, increasing the number and quality of direct air
links to a given city could spur the development of connections

39. Another possibility is that the impact we find is driven by leisure tourism
flows, but this sector seems too small to justify the sizable impact. The World
Travel and Tourism Council, an industry organ, claims that 9.8% of world GDP
corresponds to “tourism and travel,” but it stands to reason that business travel
accounts for a large part of that. It would be interesting to investigate the impact
of leisure tourism, but we do not have extensive data on that at the level of cities
and city pairs.

40. The president of Alitalia captured the sentiment as he announced his air-
line’s new Italy-China ventures: “China represents a fundamental market for our
country, which must aim at growth of Chinese investments and tourism, [and] we
believe that the Milan-Shanghai flight ... will establish a very important bridge.”
(China Daily, May 5, 2015)

41. Stilwell and Hansman (2013, 69) show that in the United States, the
headquarters of over 50% of Fortune 500 companies, and about 37% of corporate
headquarters more broadly, are located within 10 miles of an airport hub—numbers
that go to 84% and 66% if we extend the radius to 20 miles. This compares to about
29% of all business establishments and 26% of population within the 10-mile
range. As noted by The Economist (2005), “with so much emphasis on just-in-
time manufacturing and some professionals needing to jump on planes almost
daily, airports are becoming the centres of cities of their own,” or “aerotropolises”
(Kasarda and Lindsay 2011)—and this in spite of obvious drawbacks (noise, traffic,
height restrictions on buildings). See also Bel and Fageda (2008).
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linking businesses in that city to other businesses elsewhere,
which would in turn foster economic activity at the local level,
via increased productivity or access to capital.

VI.A. Air Links and Business Links

We start off by asking whether connecting two cities has an
impact on the links between businesses located in these cities.
One straightforward kind of business link relates to foreign di-
rect investment (FDI).*? It is natural to expect that proximity
and face-to-face contact would matter most when FDI involves
a majority stake, so we ask whether, given a pair of connected
cities, one would see more companies located in one being owned
by companies or individuals based on the other.

For that we turn to the Orbis data recording companies with
a foreign-based majority owner. We compute, for each company in
the data, the distance between the airport in the sample that is
closest to its location and the one that is closest to the location
of its owners. Figure VIII depicts the total number of firms mea-
sured against distance, in 200-mile bins—Panel A with all firms,
and Panel B considering only those for which both company and
owner are within 100 miles of one of the airports in the sample. We
see a substantial drop in the number of ownership links around
the 6,000-mile threshold: city pairs just below the threshold have,
in total, about twice as many links as those just above it. This nat-
urally suggests the possibility of a causal impact of the availability
of direct air links on business connections between cities.

To assess more systematically whether that is the case, we
match the Orbis data to all possible airport dyads in the data set.
Specifically, focusing again on companies with both parties within
100 miles of one of the airports in the sample, we attribute each
company to the corresponding airport dyad: a firm in Shanghai
with a majority owner in Milan is attributed to the Shanghai-
Milan pair. We add all the companies for each of the nearly 335,000
possible pairs.

42. There is evidence that proximity matters for venture capital investors
(Bernstein, Giroud, and Townsend 2016) and that migration links matter for FDI
across locations in the United States (Burchardi, Chaney, and Hassan 2016). Sim-
ilarly, the trade literature has studied how distance can affect FDI decisions and
offshoring through knowledge flows and direct communication (e.g., Antras, Gar-
icano, and Rossi-Hansberg 2006; Keller and Yeaple 2013), which would be very
affected by the presence of direct flights.
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Ficure VIII
Number of Firms with Cross-Ownership Links, by Distance between Closest
Airports

This graph depicts the total number of firms with cross-ownership links as per
the Orbis data, according to the distance between the airport in our sample that
is closest to the location of the company and the airport in our sample that is
closest to the location of the owner. Panel A includes all firms in the data set of
georeferenced companies and owners. Panel B restricts the attention to companies
that are within 100 miles of one of the 819 airports in the sample. The x-axis bin
size is 200 miles. In each bin, the dot represents the number of city pairs in the
preceding 200 miles. The graphs show there is a clear discontinuity in the number
of cross-ownership links around 6,000 miles.
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This allows us to resort again to RD methods to estimate the
reduced-form impact of distance around the 6,000-mile threshold
on the number of ownership links. The results are in Table VI,
where we first consider a sharp RD design to study the “reduced-
form” relationship between distance and the number of cross-
owned firms in an airport pair. Columns (1)—(6) show a consistent
message: there is a significant drop in the number of ownership
links upon crossing the threshold, regardless of whether we use
different bandwidths, including the optimal bandwidth, include a
second-order polynomial, control for baseline covariates, or cluster
standard errors by country pair. We also run a test with “placebo”
discontinuity thresholds, similar to the one for the discontinuity
in flight connections that we showed in Figure V.%? As can be seen
in the Online Appendix (Figure All), it is once again the case
that the estimate at the 6,000-mile threshold is an outlier in the
distribution computed for the placebo estimates. Quantitatively,
we estimate a drop of around 0.8-0.9 firms comparing the two
sides of the discontinuity, which corresponds to about 65% of the
average, or 0.04-0.05 standard deviations.

What is the magnitude of the impact we find, in terms of
the effects of additional connections? A simple visual comparison
gives us a useful benchmark: Figure II shows a drop in the num-
ber of connected city pairs, around the 6,000-mile threshold, by a
factor of roughly one-third. Figure VIII, in turn, shows a drop in
the number of ownership links by a factor of roughly one-third.
This suggests that a given increase in connections generates about
a similar proportional increase in ownership links.** In absolute
numbers, this translates into roughly 250 companies for an ad-
ditional connected pair. This is around the number of ownership
links between London and Minneapolis in the data, and an in-
crease of that magnitude is comparable to taking this number to
the level of links between London and Malmo (Sweden). This re-
sult is confirmed by columns (7) and (8) in Table VI, which exploit
a fuzzy RD design where the independent variable of interest is a

43. We also show that the results are robust to using the subsample dropping
airports not operational as of 1989, in Online Appendix Table A12.

44. To use more precise numbers: there are 107 connected city pairs between
5,500 and 6,000 miles, and 34 between 6,000 and 6,500 (a factor of 0.32), against
27,964 and 10,229 ownership links (a factor of 0.36). Since % ~ 0.9, this means
that increasing the number of connected pairs by 10% leads to an increase in

ownership links by about 9%.
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dummy that takes a value of 1 if the airport pair happened to be
connected via (at least) weekly flights in 2014.4®

An alternative way to get a handle on the magnitudes in-
volved is to consider how these ownership links relate to pas-
senger flows. The discontinuity gives rise to about a 0.03 stan-
dard deviation increase in passenger flows, which is matched by
roughly a 0.04 standard deviation increase in ownership links (see
Online Appendix Table A17). Scaled in this manner, a 1 standard
deviation increase in passengers between city pairs is associated
with slightly more than a 1 standard deviation increase in cross-
ownership links.

This pattern extends to other kinds of business interactions
beyond ownership, and for that we turn to the GDELT data on
geolocated business collaboration events. This has the advantage
of going back in time, which will let us exploit the timing of the
increased importance of the 6,000-mile discontinuity in air links.
We begin by constructing a plot analogous to Figure VIII: we count
the number of events where each party is located within 100 miles
of airports in our data set and plot the resulting totals against dis-
tance, in 200-mile bins. The results are in Figure IX and show a
pattern that is very much consistent with the ownership data. The
dark dots correspond to the sum of events recorded between 2000
and 2014, and once again they suggest a substantial discontinu-
ity around the 6,000-mile threshold. Interestingly, the white dots
depicting the pre-1990 events are very much in contrast with the
subsequent period, displaying little sign of a discontinuity. Put
simply, we have yet another independent source of data display-
ing a pattern in line with a causal effect of air links on business
connections having evolved since around 1990.

We can then pursue a similar RD-based exercise using the
GDELT data. (Full results are left to Online Appendix Table A15
in the interest of brevity.) Not surprisingly in light of Figure VIII,
the results mirror the findings using the ownership data, indicat-
ing a causal impact of air links. In particular, pairs of cities just
below 6,000 miles apart have more instances of business collabo-
ration after 1990, and witnessed a larger increase relative to the
pre-1990 period, compared to those pairs just above the threshold.

In sum, we find substantial evidence that establishing direct
air links between two cities has a causal impact on the strength

45. Results are essentially identical if we consider weekly connections at some
point between 2005 and 2014.
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Business Networks, GDELT Events
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FIGure IX
Major Business Events (GDELT) Pre- and Post-1990, by Distance between
Closest Airports

This graph depicts the total number of major events in the GDELT data involving
at least one party (source or target) classified as “business” or “multinational
corporation,” according to the distance between the airport in our sample that is
closest to the source and the airport in our sample that is closest to the target of
the event. “Post-1990” refers to events recorded after and including 1990, “Pre-
1990” refers to events recorded before 1990. The x-axis bin size is 200 miles. In
each bin, the dot represents the number of events in the preceding 200 miles.
The graphs show there is a clear discontinuity in the number of events linking
locations around 6,000 miles.

of the connections between businesses located in each of them,
consistent with an enhanced ability to engage in face-to-face in-
teractions fostering those connections.

VI.B. Spillovers across Airports

The evidence above begs the question of to what extent links
arising in one city might be displacing those that had or would
have been formed with other cities. For example, investors may
decide to acquire firms in a certain region or country, but be
relatively indifferent with respect to the specific city. In this case,
connecting Milan and Shanghai leads to more business links be-
tween those two cities, but this might be coming at the expense of
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Madrid or Rome.*8 This certainly matters from a policy perspec-
tive.

To shed light on this issue, we ask what happens to the busi-
ness links around a given airport when the closest major air-
ports receive a shock to their position in the network. Specifi-
cally, we consider whether two key airport-level variables pre-
dict the number of foreign-owned companies located within 100
miles of a given airport. The first is our baseline instrument,
ShareBelow6K, which predicts improvements in the airport’s own
position in the network. To that we add a second instrument,
Share Below6K _Closest10: the average ShareBelow6K for the ten
airports in our sample that are closest to the airport in question,
while at least 300 miles away.*” (The latter constraint ensures
that the instruments contain meaningful variation and are not
too highly correlated with ShareBelow6K by construction, and
that the airports’ regions of influence do not overlap.) This will
capture shocks that improve the position of those nearby competi-
tors.

Table VII displays the results, starting off with the first-stage
regressions. (All variables are standardized for ease of interpre-
tation.) Column (1) confirms that the instrument ShareBelow6K
is predictive of the airport’s network centrality, and Column (2)
shows that this remains true when ShareBelow6K _Closest10 is
included. In contrast, the latter is not predictive of the airport’s
network centrality. The pattern is reversed in Column (3), where
the dependent variable is the centrality of the ten closest airports:
our second instrument does predict that centrality.*®

The remainder of the table then puts the two instruments
to use. Columns (4)—(6) investigate the effects on business links

46. More broadly, one could imagine that the discontinuity effect in Table VI
is driven by investments moving from places just above 6,000 miles away to those
just under 6,000 miles. While Figure VIII does not indicate that there is a partic-
ularly sharp drop just above 6,000 miles, compared to, say, several hundred miles
above that threshold, ultimately one cannot rule out this possibility. We thank an
anonymous referee for pointing this out.

47. Results are similar if we look at different numbers of airports, say twenty
or twenty-five (available upon request).

48. It could well be the case that the centrality of a given airport would be
affected by shocks to nearby competitors, without affecting the validity of the
respective instruments. For instance, if an airport becomes more central in the
network, airports that are connected to it become more central as well; similarly,
in the opposite direction, there could be a business-stealing effect. Our result
suggests that these forces are weak, and/or that they cancel each other out.
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with places located just under 6,000 miles away (5,000—6,000
miles). This is where one would expect negative spillover effects
among marginal investors to be the strongest, given the RD re-
sults showing a sharp increase for pairs just below 6,000 miles
apart. The evidence in columns (4)—(6) show that the airport’s
own network centrality has a positive causal impact on firm own-
ership. In contrast, the impact of shocks to the centrality of other
airports nearby is negative, but smaller in magnitude and statis-
tically insignificant in the 2SLS specification. Note in particular
that ShareBelow6K Closest10 is the average network centrality
of the set of ten nearby airports; this means that the impact of a
one-standard-deviation increase in the network centrality of a sin-
gle competing airport, keeping the other airports’ constant, would
be an order of magnitude smaller than the reported coefficient.
Columns (7)—(9) show a similar pattern when we extend the win-
dow to consider businesses owned by foreigners located between
2,000 and 6,000 miles away. Columns (10)—(12) then establish the
same result when the outcome is economic growth around the
airport, as measured by night lights.

Of course, the estimates are not precise enough that we can
rule out the presence of meaningful negative spillovers across
airports. However, the impact of connections on outcomes at the
local level does seem to go beyond mere relocation from nearby
airports.*?

VI.C. Air Links and Convergence: Where Does Capital Flow To?

We can dig deeper into the nature of the business links we
study by turning back to the Orbis data and considering, within
a given city pair, the direction of each ownership link. In particu-
lar, we are interested in whether the increase in cross-ownership
is driven by a relatively richer party investing in the relatively
poorer one, or vice versa. This seems particularly relevant if we
want to understand whether air links foster convergence or diver-
gence across different places.

To study that question, we classify parties in each pair of
airports as “richer” or “poorer” according to the relative (PPP-
adjusted) income per capita of the country they are in, as of 1990,

49. In the Online Appendix, Table A16, we show that all the first-stage and
reduced-form results are similar when adjusting the standard errors for spatial
correlation. There is again some suggestive evidence of negative spillovers, but
one cannot consistently reject the null hypothesis of no effect.
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measured by the Penn World Tables (version 8.0). Columns
(1)—(4) in Table VIII show that the impact of connections seems to
be larger for the number of companies owned by the richer coun-
try in the poorer country, rather than vice versa. In fact, if we
compare the magnitudes of the two IV estimates, we can conclude
that about % of the effect on total cross-ownership links comes
from capital flowing from rich to poor.

Columns (5) and (6) break it down further by focusing on pairs
such that the countries in which they are located are distinctly in
an asymmetric position, as measured by the World Bank country
classification of income groups (as of 2016): “high income,” “up-
per middle income,” “lower middle income,” “low income.” (This
avoids flagging a German firm opening a subsidiary in Norway
as an example of capital flowing from the poor to the rich.) The
results are very much the same, indicating that the flows are orig-
inating largely in that wealthiest tier, and the picture remains
essentially unaltered, in columns (7) and (8), when we focus on
the smaller subsample in which the richer country is classified as
“high income.” Although these results should be interpreted with
caution—power suffers as we split the sample, and the first stage
becomes relatively weak—this nevertheless suggests that the im-
pact of air links on business connections operates as a force for
convergence.

Things are rather different, however, when we turn to pairs
that include one country classified as “low income”: in this case,
columns (9) and (10) show no first-stage relationship between dis-
tance below 6,000 miles and the existence of a direct connection
between the pair (Panel A). This means that we cannot make
any statement on whether connections would have had an effect
for the poorest countries. Instead, it indicates that receiving a
favorable shock to potential connections does not translate into
actual connections for those countries, presumably because they
are too poor for there to be a demand for connecting in the first
place. Put simply, the capital flows in question are essentially tak-
ing place between “high income” and “middle income” countries,
while countries classified as “low income” are essentially shut out
of this process.

VI.D. In Sum

The evidence shows that air links matter for business links:
when two cities get connected, there is a substantial increase
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in cross-ownership of companies and in the number of business
events involving the two cities, as recorded by news accounts.
Consistent with that, cities that are well-placed in terms of obtain-
ing additional long-range air links end up with a greater number
of business connections with distant places.

This suggests that the movement of people fosters the move-
ment of capital: the ability to establish face-to-face contact be-
tween people is an important factor buttressing the ability to do
business. This is in spite of the fact that there is no special tech-
nological reason why capital flows should rely on airplanes: one
can easily transfer resources and set up businesses at the touch
of a button, yet the ability to actually go somewhere induces the
establishment of business links.

The evidence shows that this matters over long distances,
and that it can translate into a broad economic impulse. This can
work as a force for convergence, as the increase in business links
is mostly driven by capital flowing from relatively rich countries to
middle-income ones. However, this is predicated on the ability to
actually connect: the poorest places are left out. As such, perhaps
a dearth of connections can be a contributing factor magnifying
the relative lack of capital flows from richer to poorer areas (Lucas
1990).

VII. CONCLUDING REMARKS

The world is now connected in a global network of air links,
through which people can travel back and forth, and thus interact,
across long distances as never before. We have found that having
more and better connections within this network has a causal
impact on economic development: it increases economic activity
at the local level, and fosters business links and capital flows.

This naturally leads us to wonder about other possible effects
beyond economic activity and the business environment. For in-
stance, more connections could have a direct impact on cultural
views and attitudes, which could in turn affect other relevant de-
velopment outcomes, as well as the potential indirect impact to
the extent that those views and attitudes might also be affected by
the economic transformations. Would globalization, in this sense,
affect political stability, or the prevalence of conflict, or the spread
of democracy? These are issues left for future research.

Still on the economic side, the evidence provides a potential
rationale for policy interventions designed to increase the number
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of connections available from a given airport or city. It is impor-
tant to keep in mind that while the empirical strategy allows us to
make policy recommendations at the local level, substantial chal-
lenges remain when it comes to considering their broader impact.
We have shown that the local impact cannot be entirely explained
by relocation from the hinterland, but we cannot rule out the pres-
ence of negative effects on the latter, which in any case also gets
left behind in relative terms. We discussed and provided some ev-
idence on spillover effects across major airports, which are also a
crucial consideration for policy making at the national level and
beyond. The empirical setting is not suited for the full-scale ag-
gregate analysis that would be required for that, which is also an
important topic for future research.

Finally, another layer of inequality underlying these results
is at the global level, as not all places get to benefit even if they
get a lucky draw in terms of potential long-range connections. We
have seen that for places that are too poor to begin with, there is
no first-stage relationship between the share of potential quality
connections just below the 6,000-mile threshold and the actual
increase in the quality of connections: it does not matter if a place
got lucky in terms of potential connections, if very few would want
to fly there anyway. This means that poor places also miss out on
the convergence potential induced by increased business links
and the capital flows embedded in them. This suggests that while
long-range connections can foster development, one has to be in a
position to catch that figurative plane. In its aerial dimension, at
least, globalization can help some places take off, but others seem
to get left behind on the runway.

APPENDIX
Details for Grid-Cell Analysis (Section II11.B)

Let § > 0 denote a relatively small number (compared with
6,000 miles). We start by defining the following sets of cities:

Q) = {j16,000 — § < d;; < 6,000},
Q" = {716,000 < d;; < 6,000 + 8},
Q=tuQ-.

In words, Qf’ and Qf* define, respectively, the set of cities that
are just under 6,000 miles away from city i, and the set of cities
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just over 6,000 miles away from city i. Q thus defines the set of
cities in a § neighborhood of 6,000 miles away from city i.

With a slight abuse of notation, let G;(m; d) denote the con-
ditional distribution describing the economic potential of all the
pairs involving i. In consonance with the basic identification as-
sumption underlying the regression discontinuity analysis, this
function is assumed to be continuous in a neighborhood of the
d = 6,000 threshold.

Now let N;;, denote the total number of cities in Qf’, and Kj;,
denote the number of cities in Qf that are actually connected to
city ¢ via a direct air link. Using equations (2) and (3), we can
write:

zé—ZpU— 5 ZG(ﬁ011)+dLJ*C dLJ

je? Jje™
(11) — Z Gi(frigh +dij x c;d;j).
Jje)*

Now define G;(fi,,, + 6,000 x ¢; 6,000) = zfow and G;( frign + 6,000 =

¢;6,000) = zﬁligh. Because fuign > fiow, and G; is a probability

distribution, it follows that 0 <z, <2, <1. If § is small,

and since Gi(m; d) is continuous in a neighborhood of the

d = 6,000 threshold, we can approximate G;(fiow + dij*c; d;;) with

Zlow 1IN Qf‘, and approximate G;(fnign + dijxc; dij) with zpig, in Qf*’.
We can thus approximate equation (11) as:

(12) Kis ~ N5 (1 - Z;Ligh) + (Zéu'gh - Z;'ow) * Nis_,

which yields equation (5).

If we instead focus on the economic potential associated with
connections, we can define a weighted measure of connections as
K = Zjeszf pij *my;. If we define M;;, = Zjle“ m;; to be the total
economic potential associated with links to all the cities in Q¥, it
immediately follows that:

(13) Kis ~ Mis (1= 2}y 1) + @i — Ziow) * Mis—,
which yields equation (6).

JOHNS HoPKINS UNIVERSITY AND NATIONAL BUREAU OF EcoNOMIC
RESEARCH
UNIVERSITY OF ZURICH
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SUPPLEMENTARY MATERIAL

An Online Appendix for this article can be found at
The Quarterly Journal of Economics online. Code used to gen-
erate tables and figures in this article can be found in Cam-
pante and Yanagizawa-Drott, (2017), in the Harvard Dataverse,
doi:10.7910/DVN/OOFPHS.
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