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Abstract 

This paper presents a framework for the analysis of air traffic flows at varying spatial and temporal 

scales and demonstrates the utility of the framework for comparative analysis of major global region 

air transport patterns in the last 10 years. The framework sets out spatial, temporal and industry 

structures for assessing air traffic flows. The extent of seasonality in air traffic is shown to depend on 

the size of community and the type of air carrier providing service. European air transport is shown to 

have particular strong seasonal variability in contrast to other regions. The spatial distribution of air 

traffic across the system of airports in each major global region has gradually become less 

concentrated and this is linked to capacity constraints at large airports and the availability of capacity 

at smaller airports. Despite 30 years of deregulation and liberalisation of air transport, industry 

concentration remains consistently very high in all global regions.  

 

Introduction 

This year marks the 30th anniversary of the passage of the Air Cargo Deregulation Act in the United 

States and it was followed a year later by the Airline Deregulation Act which removed restrictive 

economic regulations from the domestic interstate air transport industry. The processes of 

deregulation of domestic markets and liberalisation in the international setting have continued at pace 

all over the world and facilitated rapid and consistent growth of air transport in all major global 

regions. The International Civil Aviation Organisation (ICAO) indicated that 3.7 billion passengers were 

carried in 2016, with 35 million departures globally, and this represented a 53% and 33% increase 

respectively since 2007 (ICAO (2016 &2007)). At the time of deregulation, US air traffic accounted for 

over 50% of global air traffic irrespective of how it was measured. Since then, the continental shares 

of global air traffic have changed significantly with Asia now accounting for the largest share. There is 

a vast academic literature examining various aspects of air transportation in different regional 

settings, but mostly focusing on the US experience1. Detailed data on traffic, financial performance, 

prices and capacity are publicly available for the US and this facility has enabled many aspects of the 

industry to be evaluated and tested empirically, thereby supporting or debunking theoretical models 

that try to explain and predict carrier behaviour and industry impacts and consequences. Comparative 

analysis of the experiences of different global regions has been difficult to undertake because of data 

 
1 Scopus lists 126 transportation journals, several of which are air transport speciality journals such as the 
Journal of Air Transport Management.  
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limitations. The Official Airline Guide daily schedules of all civil airlines worldwide allows for such a 

comparative analysis and will be used in this paper. 

This paper presents a framework for the analysis of air traffic flows at varying spatial, industry and 

temporal scales and demonstrates the utility of the framework for comparative analysis of major 

global region air transport patterns in the last 10 years. The spatial dimension describes the 

distribution of air traffic across a system of airports or air traffic communities at national or continental 

scales. The temporal dimension examines variations in air traffic over a 12-month period and can 

capture the extent of seasonality in air traffic flows when viewed at monthly scale, or connectivity 

when viewed at daily scale. The industry dimension captures the industry market structure and can 

be used to assess the performance of the industry at aggregate level, or the extent of competition at 

individual carrier level. Bringing these aspects together allows for analysis of carrier network dynamics 

and community air service variability and vulnerability.  

 

Framework for analysis of air traffic flows 

Gini analysis has been applied in a wide variety of contexts in economics (for example income 

distribution and inequality, employment, health, financial markets) and in other disciplines where 

cumulative distribution functions are employed (for example study of ecological and biological 

phenomena such as river flow changes (for example Masaki et al (2014)), kinase inhibitors 

characteristics (Graczyk, 2007) or telescopic imagery analysis (Florian et al (2016)). 

Reynolds-Feighan (2007) presented a framework for analysing spatial and industry dimensions of air 

transport activity and utilising Gini decomposition approaches to track between micro-level and 

macro-level changes in air transport activity. This framework is further extended now to include a 

temporal dimension and allow air transport flows to be analysed at monthly. The Gini decomposition 

schemes may be applied to analysis of the three dimensions in order to compare and characterise key 

aspects of the industry in different continental regions as well as different countries or subnational 

regions.  

Extending Reynolds-Feighan’s (2007) two-dimensional Gini Index to three dimensions for a variate x, 

where each 𝑥𝑖,𝑗
𝑡  represents the level of x in category i for subgroup j at time t. The Gini Index then 

involves a pairwise comparison of each cell in an MxNxK array, where M is the number of subgroups 

for i, N the number of subgroups for j and K is the number of time periods t; Fijt is the cumulative 

distribution of x over i, j and t entities. 
ijt

xr  is the ranking of x over i, j and t entities. The distribution 

of r is derived by adding the column rank, row rank and height rank and this is equivalent to taking the 

cumulative distribution of x summed over rows, columns and heights. The three-dimensional Gini 

index is given by


 


 

 = === ==






































++

=



















++

=
N

i

j t

t

i

ij

ijt

xij
t

K

t

M

j

N

i

j t

t

i

ij

tij
ij

t
K

t

M

j

D

MNK

xxx

rx

xxx

Fx
G

1 ___111 ___11

3 ),cov(
2

),cov(
2

 (1) 

If 𝑥𝑖,𝑗
𝑡   measures the number of aircraft departures from airport I operated by carrier in month t, then 

we can decompose this three-dimensional Gini into subcomponents to get the following relationship: 
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where the six components measure (i) spatial concentration due to variations within airports, (ii) 

concentration due to variations between airports, (iii) industry concentration due to within airline 

concentration (iv) industry concentration due to between airline concentration (v) temporal 

concentration or seasonality due to variations across months and (vi) temporal concentration due to 

between months concentration. This multivariate Gini index turns out to be equivalent to the ‘distance 

Gini’ formulation presented in Kosevoy and Mosler (1997).    

Each of the three dimensions may be examined separately or expanded to allow for deeper analysis: 

in the spatial dimension for example, route level analysis may be undertaken by breaking traffic at 

airports out by destination; in the temporal dimension, daily schedules may be examined in order to 

analyse connectivity potential among inward and outward flows. The decompositions of traffic will 

vary depending on the dimension examined: the number of airports in a continental system remains 

reasonably constant over time, but some airports will not receive traffic every month or every year. 

Concentration of traffic over space then can vary depending on the number of airports served (shift 

factors), as well as how the traffic is distributed across the airports. The adjustment suggested in 

Reynolds-Feighan (2007) is therefore applied to measure the shift factor for year on year comparisons. 

This adjustment relates the raw Gini Index computed for a variate x over i entities, )( *

ixG , to an 

adjusted Gini Index )( ixG taking account of the full set of entities (N) and those performing or actually 

receiving traffic ( in ) as 
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Figure 1 illustrates the air traffic accounting framework and relates the Gini scheme set out above for 

air traffic in a one-year period. The derivation of the continental summary Gini index scores for each 

dimension are shown in the figure and a description of the computed values are set out for each 

dimension in the next section. 

 

  

Figure 1: Illustration of air traffic accounting framework and generation of summary Gini index scores 

across spatial, industry and temporal dimensions 
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Application to global region air traffic 

Using the methodology and framework outlined, air traffic patterns across seven major global regions 

will be examined over the period 2006-2016 using the OAG ex-post daily schedules. These data 

represent 97% of all commercial air transport activity worldwide and are issued annually by the OAG 

publisher on a subscription basis. The air traffic data relate to the seats offered for sale by carriers on 

departures performed each day during a calendar year and can be viewed as a supply side measure of 

air transport activity. The specific type of aircraft utilised is recorded as well as departure & arrival 

times, intermediate stops, code-sharing agreements & flight numbers, cargo space available, seats 

available (broken down by broad seat class – first class, business, economy), departure & arrival 

airport, city and country. The data were aggregated for this study into monthly traffic flows by origin 

and destination airports and by carrier for each calendar year. Figure 2 shows the traffic shares for 

each of the seven global regions over the period 1996-2016. The global regions are the ICAO and IATA 

regional nomenclatures and reflect contiguous geographic areas rather than reflecting economic or 

functional classifications. The most striking aspect of Figure 2 is the gradual decline in the North 

American (NA) share of global airline movements over the entire period and the equally dramatic rise 

in the Asian (AS) share from 2000 onwards. The European (EU) and Latin American (LA) shares remain 

relatively constant as do the other regions. Boeing and Airbus produce long term industry forecasts 

and suggest that strong Asian growth will continue to drive global traffic growth over the next 20 years 

(Boeing (2016); Airbus (2016)). 

Spatial, temporal and industry Gini coefficients were computed for the period 1996-2016 and 

decomposed by airport, country and carrier. The spatial Gini Index scores are illustrated for each major 

global region in Figures 3 and 4.  Figure 3 shows the ‘raw’ Gini index score for the 1996-2016 period, 

while Figure 4 shows the adjusted Gini index which removes the effect of changes in the number of 

airports being served from year to year. Both figures show a decline in the extent of regional spatial 

concentration although this is more pronounced when the adjusted spatial Gini index is used. The 

figures also show a convergence across the regions, particularly in the last decade. These trends reflect 

significant changes in the operation of the air transport industry in the decade following the great 

recession: air traffic has generally become more dispersed across the system of airports. This reflects 

a number of factors including the greater utilisation of larger aircraft and the more efficient use of 

aircraft capacity by the airlines. The growth rate in aircraft departures is slower than the growth rate 

in seats, reflecting the deployment of larger jet aircraft worldwide. Figure 5 shows the average number 

of seats per movement for each global region from 1996-2016, while Figure 6 shows the ICAO 

estimates of global load factors for international and domestic air traffic over the 1998-2016 period2. 

North American load factors were highest in 2016 at 83%, followed by Europe (82%) with Asia and 

Latin America both at 80%. The gradual increase in load factors particularly in the last decade has 

contributed to an improvement in industry finances and profitability. In the North American market, 

the deployment of regional jets and significant increase in frequency of service gave rise to a 

substantial increase in the number of aircraft movements between 1996 and 2006. However this trend 

is reversed somewhat in the 2006-2016 period when average aircraft size increases, particularly after 

2013. Thus while air traffic movements actually declined by 11% in the 2006-2016 period in North 

America, the number of available seats slightly increased in this period. 

 
2 Load factors for 1996 and 1997 are not available. 
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Figure 3: Raw spatial Gini Index scores for each global region, 1996-2016 

 

Figure 4: Adjusted spatial Gini Index by continental region for 1996-2016 
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Figure 5: Average seats per movement for each region, 1996-2016 

 

Figure 6: ICAO Estimated Passenger load factors for global air traffic, 1998-2016 

Airports have a limit to their capacity, in terms of the maximum number of aircraft departures and 

landings possible per runway in a one hour period. Planning procedures for expansion of capacity at 

existing large metropolitan airports are slow and increasingly influenced by noise, air and emissions 

considerations, so that capacity increments can take 5-10 years to come on-stream.  

Outside of Asia and the Middle East, there have been very few new airports brought online in the most 

recent decade so as airports reach maximum capacity, secondary airports and secondary cities are 

increasingly being utilised to deal with the growth in movements and seats. London for example is 

now served by six airports, Paris by 5 airports, with Milan, Stockholm and New York each being served 

by 4 airports. These factors contribute to the spreading of traffic to medium and smaller airports 

where there is typically spare capacity.  
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Temporal Gini Index Analysis: The analysis of seasonality in continental air traffic flows has not been 

undertaken to date in the literature. The monthly traffic flows for each continental region were 

computed for selected years and summary temporal Gini Index scores were calculated. The temporal 

Gini scores for each region in 1996, 2006 and 2016 are illustrated in Figure 7, along with traffic growth 

rates for the 1996-2006 and 2006-2016 periods. The temporal Gini scores range from between 0.015 

and 0.09 over the period and the regions indicating relatively small variability in monthly traffic 

movements generally. An alternate measure of seasonality utilised is the ratio of the lowest traffic 

month movements to the highest traffic month’s movements in a particular calendar year (referred 

to in the figure as the ‘Low: High Ratio’). Across all regions, February is the lowest traffic month, while 

the highest traffic month is either July or August in the Northern Hemisphere and December in the 

Southern hemisphere. The degree of seasonality has been increasing over time in all regions and is 

particularly high in Europe in the last three years at 0.85 in 2016 compared with the lowest African 

region Gini index score of 0.035. Figure 8 shows the distribution of temporal Gini index scores for all 

European, Asian and North American airports in 2016, plotted against the Low: high traffic ratio 

percentage. The Gini Index score increases as the differential between the lowest and highest 

trafficked months increases, but there is an increasing degree of variability in the Gini index scores 

across the airports as the ratio increases. This reflects the fact that the Gini Index gives an average of 

the traffic differences for every pair of months in a given year. 

 

Figure 7: Temporal Gini Index scores for air traffic in major global regions in 1996, 2006 and 2016, and 

traffic growth rates for 1996-2006 and 2006-2016 

It can be observed from Figure 7 that the vast majority of North American and Asian airports have 

temporal Gini index scores of less than 0.3, while many European airports have scores in excess of 0.3.  
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Figure 8: Gini Index scores and Low:High Ratio percentage for Europe, Asian and North American 

region airports in 2016. 

Many of the European airports receive some jet air services in the summer months only, and have 

relatively low levels of annual traffic. There is a strong North-south orientation to European air traffic 

flows during the summer period, giving rise to a high degree of seasonality in the Mediterranean 

holiday resort airport traffic patterns. The large northern European airports have a more sustainable 

traffic mix of business/leisure/VFR traffic that generates year-round demand for air travel and a lower 

degree of seasonal variability. European air traffic growth was consistently strong over the 20 years 

since 1996 despite the negative impact of the great recession in the 2008-2012 period. However the 

increase in seasonality in the post-recession period may reflect adverse regional economic effects in 

tourist-dependent regions.  

In order to examine this further, airport communities were classified in each region based on the share 

of annual air traffic movements. The classification system utilised is a version of the US Federal 

Aviation Administration’s (FAA) ‘hub classification system’ which measures the percentage of traffic 

handled by air transport communities in a one year period (see Reynolds-Feighan (2017) for a detailed 

description)3.  Table 1 sets out the classification used for the continental regions in 2016.  

 

 

 
3 FAA Hub classification system 

1% or More Large 

At least 0.25%, but less than 1% Medium 

At least 0.05%, but less than 0.25% Small 

More than 10,000, but less than 0.05% Non-Hub Primary 

At least 2,500 and no more than than 10,000 Non-Hub Non-Primary 

Primary Airports are Commercial Service Airports that have more than 10,000 passenger boardings each year. Hub 

categories for Primary Airports are defined as a percentage of total passenger boardings within the United States in the most 

current calendar year ending before the start of the current fiscal year. 

Nonprimary Commercial Service Airports are Commercial Service Airports that have at least 2,500 and no more than 10,000 

passenger boardings each year. 
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Table 1 Hub Classification Scheme used to categorise air transport communities 

Traffic criterion Hub Type 

1% or more of annual departure movements Large 
At least 0.25%, but less than 1% of annual departure movements Medium 
At least 0.05%, but less than 0.25% of annual departure movements Small 
More than 500 but less than 0.05% of annual departure movements Non-Hub  - Type A 
Between 10 and 499 annual departure movements Non-Hub  - Type B 
Less than 10 annual departure movements Non-Hub  - Type C 

Source: Reynolds-Feighan (2017) 

 

Using the hub classification system, temporal Gini Index scores were computed for each air transport 

community in each region in 2016. Those communities receiving year-round service were identified 

separately from those communities receiving service for a sub-set of months each year. The average 

Gini Index score by hub type for each region for the communities receiving year-round service are 

illustrated in Figure 9. The pattern observed in Figure 8 for Europe is repeated for each hub class, with 

seasonality becoming gradually greater the smaller the air transport community.  

 

Figure 9: Temporal Gini index scores by hub class for each region in 2016 

Temporal Gini index scores were computed for individual air transport communities in 2016 and can 

be linked to the region overall Gini score via the following Gini decomposition scheme: 
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where G is the region’s temporal Gini index score,  iR  is the rank correlation ratio between airport I 

and overall traffic for each month, iG  is the relative Gini of airport i, and iS  is air transport community 

i’s share of total regional traffic (Lerman and Yitzhaki, 1984). This decomposition requires that each 

subgroup has a distribution over the same range as x, (in this case months per year). The air transport 

community or city-specific temporal Gini index scores for the top 10 hubs in each global region are 

illustrated in Figure 10 and demonstrate the variability in seasonality of traffic flows even among the 
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large hubs. North America, Asia and the Southwest largest air transport communities show greater 

consistency, while there is greater variability in the European, Latin American and African regions. For 

many of the large European and Latin American hubs, the communities are served by multiple airports 

and there can be significant differences among the airports. For example, for the London airports, the 

temporal Gini index scores for Heathrow (LHR) is 0.43 while the score for Gatwick is 0.11, 0.66 for 

Stansted and 0.11 for Luton. Gatwick and Luton have significant low cost carrier traffic with Gatwick 

being the main base for the European low cost carrier easyjet. The seasonality among different types 

of carriers will be investigated further as a decomposition of the third major dimension, the industry.  

 

Figure 10: Temporal Gini index scores for the top 10 air transport communities in each global region 

in 2016 

The traffic distribution across the carriers operating in each region was examined to determine the 

extent of industry concentration. Figure 11 shows the total number of carriers operating in each region 

over the period 1996 to 2016, while Figure 12 shows the regional industry Gini Index score for 2016.  

 

Figure 11: Number of carriers serving each region, 2001-2016 

The number of carriers serving the Middle East, Asia and Africa has been increasing over the period 

from 2001 to 2016, while numbers have declined in Europe and North America since 2008, although 



11 
 

in both regions there was a small increasing the 2015-2016 period. The European market had 

particularly large number of carriers in the early 2000s and the drop in numbers has occurred because 

of consolidation, financial failures and withdrawal of international carriers from serving European 

markets. Industry concentration has remained high in all regions over the 2001-2016 period, with 

Industry Gini Index scores of 0.76 in Africa to 0.96 in North America. The North American market has 

a significantly higher degree of industry concentration and this has increases steadily since 2008 with 

completion of the Delta -Northwest Airlines merger in 2009, the United-Continental Airlines merger 

in 2010, the Southwest-AirTran Airways merger in 2011 and the USAir-American Airlines merger of 

2013. 

 

Figure 12: Raw industry Gini concentration scores for each region across all serving carriers 

Reynolds-Feighan (2017) presents an evaluation of the competitiveness of the airline industry in the 

major regions by examining the extent to which routes are served by just one or two carriers and 

concludes that while the majority of air routes are either served by one or two carriers, the share of 

routes with 3 or more carriers has increased in all regions in the last decade. The small and medium-

sized communities are more likely to have single carrier routes. 

Analysis of the comparative temporal distribution of air traffic within carrier networks for major 

regions has not been presented in academic outlets to date. Using the decomposition scheme 

presented in (4), carrier Gini Index scores were computed for monthly traffic distributions for the 

regions in 2016 in order to identify differences among the airlines given the aggregated trends 

observed early in relation to seasonality. In particular, the European traffic was scrutinised as the 

extent of seasonality was particularly high compared to other regions. The North American market 

showed the lowest seasonality as measured by the temporal Gini. Figures 13 and 14 present Gini index 

scores for selected carriers in the European (Figure 13) and North American  (Figure 14) markets, with 

low cost carriers being identify with shaded bars and full service carriers with solid bars. The large 

European former flag carriers, BA (code BA, UK), Lufthansa (code LH, Germany), Air France-KLM (codes 

AF & KL respectively, from France & the Netherlands), Iberia (code IB, Spain), SAS (code SK, 

Scandinavia), Turkish Airlines (code TK, Turkey) and Aeroflot Russian Airlines (code SU, Russian 

Federation) all have relatively low temporal Gini scores of less than 0.6. By contrast the low cost 

carriers Ryanair (code FR, Ireland), easyjet (code U2, UK) and Air Berlin (code AB, Germany) and 

Vueling (code VU, Spain) have significantly higher temporal Gini scores. These carriers have rapidly 

expanded their market shares in Europe and driven growth of air traffic within the continent. A 
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detailed analysis of the airport and carrier temporal Gini scores via the decomposition scheme 

presented in equations (2) and (4) could provide valuable insights into the nature and impact of low 

cost carrier services at European airports and is left for further research. 

 

  

Figure 13: Selected European carrier seasonality in the 2016 traffic distribution (low cost carriers are 

shaded) 

 

Figure 14: Selected North American carrier seasonality in the 2016 traffic distribution (low cost carriers 

are shaded) 

The North American carrier temporal Gini scores show very low levels of seasonality in the traffic flow 

by contrast, although several of the smaller low cost carriers (Spirit (NK), AirTran (F9) and Allegiant 

(G4) do have scores in excess of 0.06. The evolution of these scores through merger events and across 

different categories of hub community could be analysed via the Gini decomposition scheme 

proposed in equation (2). Comparative analysis of low costs carriers in other continental regions would 

provide valuable insights into the development of air transport in the fastest growing new markets 

worldwide. 
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Conclusions and recommendations 

This paper has presented a framework for the analysis of air traffic flows across spatial, time and 

industry dimensions. An analysis of macro-level air transport departure movements was presented to 

illustrate the utility of such a framework, by examining Gini index scores for seven major global regions 

using spatial, temporal and industry breakdowns. The analysis highlighted some key differences 

between the regions and how the air transport market is evolving. Air traffic is generally becoming 

less concentrated in space, but with a greater degree of seasonal variation. The concentrated nature 

of carrier market share distributions in every region result in very high industry Gini index scores and 

these have shown very little change in the last two decades despite ongoing deregulation and 

liberalisation of air transport markets. While many more communities are receiving air services in 

2016, the small- and medium-sized communities have greater seasonal variability in service and are 

more likely to have limited or no competition among the carriers serving them. A detailed comparative 

analysis of the rapidly growing continental markets on one hand and mature continental markets on 

the other along spatial, temporal and industry dimensions would provide a useful context for the 

substantial volume of research output on this rapidly growing transport sector. 
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