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Introduction

Air cargo has grown fast over the recent decades (Kupfer et al,, 2017)and has become important for
various businesses (Leinbach et al., 2004) despite its strong adverse environment impact (Daley, 2010,.
Of course, air cargo still accounts for a marginal share of all the tonnes or ton-km of goods carried all
over the world. However, its share expressed in value is significantly higher. For instance, Budd and Ison
(2017, estimate air cargo accounts for only 51 million tonnes in 2014, but valued at over US$6.8 trillion.

It is thus not surprising air cargo operations have received more and more attention from scholars (see
Feng et al, 2015, for a review), although clearly less than passenger air transport (Kupfer et al,, 2017).
This also includes transport geography research and the statement made by Vowles (2006), according
to which <An emerging area of investigation within the industry is that of air cargo and freight> remains
topical. Air cargo transport geography studies have investigated various topics, including:

[] The network geography of air cargo carriers e.g., Bowen, 2004, Bowen, 2012, Walcott and Fan,
2017, Malighetti et al,, 2019).

[1 The factors of air cargo flows e.g., Hwang and Shiao, 2011, Lakew and Tok, 2015; Kupfer et al,
2017; Gong et al., 2018)and of airport choice e.g., Gardiner and Ison, 2008).

[ The symbiotic relationship between air cargo networks and specific economic sectors eg,
Leinbach et al,, 2004).

[ Competition between main airports e.g.,, Wong et al,, 2016).
[] Case studies focused on a specific cargo hub e.g., Zhang, 2003).
[] The time-geography dimension of cargo hubs e.g., Kim and Park, 2012).

In contrast, the core geographical concept of «distance~ in the air cargo industry has largely been
neglected. As Rodrigue et al. (2013) stated, distance is the most fundamental element of geography in
general and transport geography in particular~ At best, distance appears as a parameter among others
in various research works (Matsumoto, 2004; Hwang and Shiao, 2011; O'Kelly, 2014; Wong et al., 2016;
Gong et al,, 2018). What is more, virtually all authors consider the distance flown as the shortest distance
(named great-circle distance or orthodromic distance by the geographers). As it will be argued in the next
section, distance flown in the real world is always longer than the shortest route. The magnitude of the
detours is of importance, because longer detours usually involve higher operating costs (because of
more fuel and workforce costs), less rotations n a context where fleet ownership accounts for a
significant fixed costyand more emissions of greenhouse gases and of air pollutants due to increase in
fuel burnt.

In this context, the aim of this paper is to assess the magnitude of detours experienced by air cargo
flights. It is a by-product of a more general research that was focused on all commercial flights

(Dobruszkes and Peeters, 2019). Before assessing the magnitude of detours, Section 2 summarises the
factors of detours. Section 3 describes the data and methods used. Then Section 4 introduces the results.
Section 5 discusses the implication of our findings while Section 6 concludes.

The factors of detours

In the real world, virtually all flights experience detours compared to the shortest route. This is because
of various factors that are summarised in Table 1 for a comprehensive review, see Dobruszkes, 2019,
These factors relate to technical, natural, geopolitical and social constraints. In most cases, airlines do
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not have leverage on these factors while in contrast, governments are usually responsible for
geopolitical factors. At best airlines can replace older aircraft with newer models, which usually allow

longer time to alternate airports, and thus straighter routes all other things being equal.

It is also worth noting that if nearly all factors of detours mean more fuel burnt and thus higher costs,
there is one exception, namely the jet stream issue. Jet streams are four main air currents. Their altitude

9-12 km for the polar jets streams and 10-16 km for the subtropical ones), latitude, width chundreds of
kilometres)and intensity are such that they do interfere with flights. Jet streams flow eastbound and their
location changes over time (both on a seasonal basis and in the shorter term). As far as they can, planes
fly eastbound in a jet stream and avoid it if they are westbound. This the only case where a detour helps
to lower the amount of fuel burnt.

Nature Factor Temporality Impact on fuel burnt
Route design Permanent Increase
Technical Traffic density Tgrenrf)no;?g?r Increase
Time to alternate airports Permanent Increase
Relief Permanent Increase
Storms Temporary Increase

Natural factors

Jet streams

Permanent but
changing location

Decrease ailwind) or
increase front wind)

Cyclones Temporary Increase

Volcanism Temporary Increase

First air freedom Permanent Increase

Geopolitical No-fly zones Temporary or Increase
permanent

War, terrorism Temporary Increase

Social Strike Temporary Increase

Table 1. The factors of detours. Source: Dobruszkes (2019

Assessing the magnitude of detours: Data and methods

Before explaining how to assess the magnitude of detours, it is worth noting that on nearly all maps, the
shortest route is not a straight line. This is due to map projection issues. A map projection is a

transformation of the globe (thus approximately a sphere or an ellipsoid) into a flat map, in which the
Earth surface will be unevenly stretched and shrunken. This will alters shapes, distances and directions,
especially when «large~ portions of the earth are mapped (Robinson, 1988). As a result, the shortest route,
which is actually a curve over the globe, has very little chance to become a straight line on a map (Figure
1). Fortunately, the azimuthal equidistant projection has the merit that any great circle the line that
divides the Earth is two equal volumes) passing through its centre will appear as a straight line on the
map, with the correct direction and the right distance. Distances will be correct along the line, and the
whole earth will be visible in contrast with other equidistant projections, such as the gnomonic
projection), although areas are not maintained and shapes are highly distorted at the edges of the map
(Gilmartin, 1991). In all other cases — including the Mercator projection or its Internet variants that are
used by most on-line flight trackers as well as by Google Maps until recently and by Baidu Maps —one
cannot assess with one’'s own eyes the magnitude of detours experienced by commercial flights. As a
result, it is fundamental that any measurement of distance in a geographical information system GIS)
has to take actual cartographic projections into account. In any other case, resulting distances could only
be biased.
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View from the sky (Google Earth) [ ]

[J Mollweide projection

Azimuthal equidistant projection
centred on New York [

] Mercator projection

Figure 1:Mapping the shortest Hanoi-London route with various projections

To assess the magnitude of detours, we followed exactly the same methodology than in a previous
paper in which we had considered a larger sample that included both passenger and cargo flights see

Dobruszkes and Peeters, 2019). One week of historical flight traces were bought from Flightradar.
Flightradar data is based mostly on the so-called Automatic Dependent Surveillance-Broadcast
technology (ADS-B), according to which aircraft locate themselves thanks to on-board GPS and satellites.
Then, aircraft regularly transmit their position through their on-board ADS-B transponder, which is now
set up in most commercial planes. A network of about 17,000 Flightradar ground receivers pick up the
signal and feed both the real-time website and historical data. Because each receiver has a limited range
ranging from 250 to 450 km in all directions), covering the oceans is impossible, except close to land
dncluding islands) equipped with receivers, if any. In certain areas, Flightradar also estimates the position
of planes not equipped with ADS-B, thanks to the Multilateration (MLAT) method, between 3,000 and
10,000 feet. Flightradar is also fed by radar data in North America dncluding the US and Canadian
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airspaces and part of the Pacific and Atlantic oceans), where data are thus also received from aircraft
without ADS-B transponders 2

The time window of our data is from November 3 to 9, 2017, which included about one million flights
made up of about 193 millions points. We had to clean this data. After investigations of the data, various

visualisations and some preliminary computations, we could take various decisions about criteria to
exclude non-relevant flights, namely-

[1 Incomplete flights, which are mostly flights that started before our time frame or that arrived after
our time frame.

[1 Departure airport equalled the arrival airport.

[1 Diverted flight, considering they involve atypical itineraries in the context of unforeseen
circumstances.

[ Equipment and modes of transport other than planes (e.g., helicopters and balloons).

|

Flight without flight code, which are mostly private and technical flights.

[] Flights shorter than 75 km, because take-off and approach procedures then account for a large
share of the distance flown.

[] Aberrant distances.
[] Planes that have never taken off.

This left us with a sample of 393,360 flights, which included both passenger and cargo flights. The next
step was thus to isolate cargo flights. It is worth noting that air freight is carried in full cargo aircraft or on
passenger or combination) flights. Only full cargo flights are the scope of this paper. It is estimated than
in 2014, they accounted for 56 of the total air cargo by tonne-km Budd and Ison, 2017). Unfortunately,
Flightradar data does not inform about the nature (passenger, cargo or mixed) of each flight. Furthermore,
the aircraft code is too much general to detect full cargo aircraft (for instance, the B744 code means
Boeing 747-400, but it could be a passenger, cargo or mixed configuration). Thankfully, the Flightradar
data includes the airline’s code of each flight. This involved that flights operated by full cargo airlines
such as DHL, Fedex, CargoLux and Kalitta Airn could be isolated. Some airlines that operate both
passenger and cargo flights have two specific airline codes e.g., SIA for Singapore Airlines vs. SQC for
Singapore Airlines Cargo). But in other cases (e.g., Emirates Airlines and Ethiopian Airlines), there is no
distinction between passenger and cargo activities. As a result, we could not identify all full cargo flights.
The list nevertheless includes 49 airline codes (see Table 2), and the resulting number of flights is 12,287
out of 393,360)3

Airline Code Flights
FedEx Express FDX 4,232
UPS Airlines UPS 2,995
European Air Transport Leipzig BCS 915
Empire Airlines CFS 328
Ameriflight AMF 319
Cargolux CLX 314
AirBridgeCargo ABW 232
Lufthansa Cargo GEC 210
Loong Air CDC 194
ABX Air ABX 191
Cargojet CJT 188
Kalitta Air CKS 157
Nippon Cargo Airlines NCA 153

2 See httpswww.flightradar24.com/how-it-works for more details. One understands that despite its name,
Flightradar is mostly not based on radars.

3 Note that DHL does not appear high in this ranking because its operations are split among several
subsidiaries, including European Air Transport Leipzig and Aerologic.
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Polar Air Cargo PAC 152

AerolLogic BOX 139
Mountain Air Cargo MTN 124
Air Hong Kong AHK 119
China Cargo Airlines CKK 114
Air China Cargo CAO 110
ASL Airlines Belgium formerly TNT Airways) TAY 108
Singapore Airlines Cargo SQC 106
Avianca Cargo TPA 91
MNG Airlines MNB 83
Blue Dart Aviation BDA 81
DHL Air UK DHK 64
Southern Air SO0 61
DHL International Aviation ME DHX 57
Amerijet International AJT 49
CargoLogicAir CLU 43
Aloha Air Cargo AAH 37
Cargolux Italia ICV 35
ATRAN VAS 33
Bluebird Nordic BBD 33
CAL Cargo Air Lines ICL 32
Martinair MPH 30
Aviastar-TU TUP 29
Air Cargo Carriers SNC 28
Mas Air MAA 22
EgyptAir Cargo MSX 19
Sky Lease Cargo KYE 15
Tasman Cargo Airlines TMN 12
LATAM Cargo Colombia LAE 9
LATAM Cargo Chile LCO 9
Lynden Air Cargo LYC 8
DHL de Guatemala JOS 2
Northern Air Cargo NAC 2
LATAM Cargo Brasil LTG 1
West Atlantic UK NPT 1
Maximus Air Cargo MXM 1
Total 12,287

Table 2. The 49 freight airlines considered
and their number of flights within our dataset after cleaning (November 3 to 9, 2017

The next step was comparing, for each flight, the shortest-route distance to the distance actually flown.
In most cases, the shortest-route distance reference distance) was found in the OAG Schedule
database. For remaining flights, we computed it ourselves based on airport coordinates supplied by
OpenFlights #

As for the actual distance flown, it was then computed on a Postgresql/PostGIS (2.3) system. The

positions were initially joined into 3D line strings, and then their lengths were calculated using the
ST_LengthSpheroido function provided by PostGIS, which in this case computes the length along the

WGS 84 ellipsoid.® Taking the ellipsoid into account is crucial to avoid measuring the distance in a 2D
projection that is, via the inside of the Earth).

It is worth noting that the distance between two subsequent points, and thus the precision of itineraries
flown and related distance computed, is not constant. As Figure 2 shows, flight paths are extrapolated
in case of no coverage, which includes especially the oceans, most of Africa, inner China, Mongolia,
Siberia, Greenland and Arctic Canada. In such cases, related portions of routes flown are long, straight

4 See https./openflights.org/data.html
5 ST_LengthSpheroidgeometry, 'SPHEROID"WGS 84+,6378137,298.2572235631)
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segments, instead of more precise, broken lines. Such long segments are likely shorter than the actual
distance flown. This involves that because of the poorer knowledge of itineraries in several areas means,

our computation of actual distance flown is shorter for part of the sample, and the lengthening of flights
is then underestimated. This means the forthcoming estimation of the magnitude of the detour is a

conservative one.

Figure 2. The uneven coverage of Flightradar through the distance between two subsequent points.
Red lines highlight straight-line extrapolation
dflights departed from London Heathrow, November 3 to 9, 2017).

The magnitude of detours faced by cargo flights

Table 3 gives the magnitude of detours within our sample and splits it by shortest-distance range. On the
average, cargo flights face a 6.3-x detour, and shorter flights are more affected +13%)than medium-haul
and long-haul flights 6% and +5%, respectively). Let recall that for longer flights, the magnitude of the
detours is likely underestimated because of poor coverage over the oceans as well as in various
developing countries and in inner, inhabited areas.

Beyond this reservation, Figure 3 confirms that shorter flights are proportionally more affected than
longer flights

Having said that, given the distance split of cargo flights, medium-and long-haul flights still contribute to
most of the extra distance flown 39« each), in contrast to short-haul flights 229%).

All Short Medium Long

flights haul haul haul

Cumulative shortest distances (108 km) 2570 269 1046 12.55
Cumulative actual distances flown (108 km) 27.31 3.04 11.09 13.19
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Cumulative lengthening (10® km) 161 035 063 063
+6.3% +13.0% +6.0% +5.0%

Contribution to cumulative detours 100% 22y 39y 39

Table 3: The magnitude of detours faced by cargo flights in absolute terms n-12,287, November 3 to
9, 2017). Short haul: up to 1000 km; medium haul: 1001-4000 km; long haul: more than 4000 km (based
on the shortest route).

Figure 3. Detours vs. great-circle distance (one marker per flight, n-12,287, November 3 to 9, 2017)
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Figure 4. The distribution of detours faces by cargo flights (one marker per flight, n=12,287, November
3t09, 2017

If the average detour seems rather low +6.3%, see Table 3), Figure 4 shows actually shows a wide range
of values, from nearly none detour to +330%. The median is +6.5%, which is thus close to the average,
and standard deviation is +11.1%.

Finally, Table 4 shows the same results than Table 3 but for all flights thus also including cargo flights
that are part of Table 3). The comparison suggests cargo flights experience somewhat shorter detours.
This was not expected, notably because cargo flights are partly operated by older planes. Older planes
are usually more affected by the constraint of flying not too far away from diverting airports (based on
the so-called ETOPS certification), because their technology does not allow really long diversion times
like newer planes. This unexpected result may be due to the fact older aircraft do not have on-board
ADS-B facility, so their position cannot be captured by FlightRadar.

All Short Medium Long

flights haul haul haul

Cumulative shortest distances (10° km) 656.95 104.81 336.09 216.05
Cumulative actual distances flown (108 km) 706.82 11979 36067 226.36
Cumulative lengthening (108 km) +49.87 +14.98 +24.58 +10.31
+7 6% +14.3v +7.3% +4 .89,

Contribution to cumulative detours 100% 30% 499, 21%

Table 4: The magnitude of detours faced by all flights in absolute terms n-393,360, November 3 to 9,
2017).

Implications
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The detours highlighted in the previous section have several implications.

On the economic side, detours of course increase fuel burnt except in case of jet stream-related
detours), less rotations and more working hours by crews. Given the significant impact of fuel on
operational costs (Onghena et al., 2014, cargo airlines would definitely try to avoid detours. It could also
that detours mean unfair competition. This occurs when a same route, one airline faces detours while

another airline does not, provided that some airlines are banned over specific countries based on their
registration country. Examples includes Qatar Airways banned from Saudi Arabia; Israeli airlines and

flights from/to Israel banned from most Muslim countries; until recently, Taiwan-based airlines banned
from China; etc.Finally, higher costs due to detours may have an impact on economic sectors that really
count on aviation.

Detours also increase the environmental impacts of aviation, especially climate change and pollution.

The actual contribution of aviation to climate change is not really known because of insufficient
knowledge about the impact of aviation-induced cirrus effects and of high-altitude NOx emissions (Lee et

al, 2009), as well as the magnitude of impacts subject to both altitude and latitude of flights (Dahimann
et al, 2016). As for air pollution, it has long been believed that only landing and take-off cycles (LTOs)
impact ground-level air quality. But has been recently suspected that pollutants emitted en route at higher
altitudes could also affect air quality at ground level, even though this is still debated (Cameron et al,,
2017; Lee et al,, 2013). One may of course conclude from this that public authorities should do their best
to lower detours, and thus improve the environment. However, this may decrease costs thus airfares,
and thus increase traffic and its impacts rebound effect).

Detours also challenge the monitoring of so-called horizontal flight efficiency by both national and
international public bodies (e.g., Eurocontrol, 2014; FAA and Eurocontrol, 2014). Of course, shorter routes
are usually better exceptions are jet streams and also optimal vertical route that may constraint the
horizontal route). But if detours are the consequences of technical limits or of natural factors, airlines and
air traffic controls (ATCs) cannot interfere. And if detours are due to geopolitical constraints, public
authorities may help, but in the meantime, airlines can only face the consequences.

Detours also have impacts for scholars. All kinds to rankings based on great-circle distances (e.g, ranking
airlines by km flown or by tonne-km carried) are simply biased. In the same vein, any estimation of fuel
burnt or of greenhouse gas emissions, interaction models and airlines’ cost structure based on the
shortest route are potentially affected too. Some authors have applied a corrective factor to the shortest-
route distance e.g., O-Kelly, 2014). However, given the spatial heterogeneity of detours (see Dobruszkes
and Peeters, 2019), it is likely not correct to apply the same factor everywhere

Conclusions

While it is largely assumed commercial planes fly the shortest route, this paper demonstrates how much
cargo flights dike passenger flights) face detours, which are imposed by a set of natural, technical,

geopolitical and social factors. To our best knowledge, this is the first global assessment of the

magnitude of detours, even though our estimation is conservative since the straight route was
considered for portions of flights with no data. In addition, not all cargo flights could be captured due to

data restrictions.

Detours affect airline costs and the environment, but it should be recalled that less detours would lower
operating costs and thus make air cargo more attractive, which would increase the demand and
eventually the impact on the environment.

Our research is in line with Ren and Li 2018), Burmester et al. 2018)and Li and Ryerson 2019), who
have all highlighted the potential of recent big data sources for air transport. The interest in these data
is beyond the sole distance issue. They make it possible to track cargo flights, which are excluded of
various other datasets. For instance, OAG Schedules Analyser, which is very comprehensive for
passenger flights, actually only includes a limited share of cargo flights; in particular, integrators (Fedex,
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DHL, etc)are not included in OAG data. Here flight trackers offer a great opportunity to investigate their
network geography.

Finally, we would like to insist on the fact that the investigation of an apparently obvious topic —the
distance flown by cargo flights—reveals how much the concept of distance still deserves attention. This
poses questions for today's air transport geography. Air transport geographers have often engaged in
advanced research and the use of sophisticated techniques. But surprisingly, research on the basics of
aviation - including its very relationship with physical spaces - has remained underexplored. We hope
this paper would encourage scholars to do the groundwork in this direction.
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