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Abstract: This study presents a paradigm shift in the air cargo market based on Korea and Incheon
Airport’s empirical data. The air cargo market has traditionally handled expensive items and has
been a supplier-oriented market. There has been little room for individual customers in this market.
However, “value” gradually replaces “price” in this market. The value depending on consumer
preferences significantly impact air cargo demand. Consequently, items transported by air cargo are
changing, and airlines and other market participants are revising operation policy. Economic growth
may be losing its dominant power as the main growth engine in the air cargo market. This study
identifies the weakened link between air cargo increase and economic growth based on the Granger
causality test. COVID-19 calls for a deeper understanding of the paradigm shift in the market for
sustainable air transport because COVID-19 will further stimulate it. In this regard, the air cargo
business, which maintains a stable trend even during COVID-19, is seen as a new opportunity for the
aviation industry. Since sustainable air transport requires an accurate understanding of the paradigm
shift in the air cargo market, this study enhances our knowledge of the paradigm shift and provides
significant implications for sustainable air transport.
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1. Introduction

There are several fundamental beliefs in the air cargo market. A widely accepted truth is that air
cargo service is expensive. Since air freight is more expensive than other transport fares, transporting
expensive products through air transport has been a natural result. Therefore, the air cargo market
has been led by large suppliers or companies that can afford high transport costs. The price-oriented
paradigm has also affected the decisions of air cargo market participants. The airline’s cargo aircraft
operation policy is usually to operate point-to-point to production bases in different parts of the world
to satisfy demand. It is because it is economically advantageous to load as many expensive products
as possible, given the aircraft’s operating cost.

However, signs of change are being detected in the paradigm of “price”, which seemed stable in
the air cargo market. For example, Korean Air, one of the world’s largest cargo airlines, flies empty
planes to eastern Canada instead of spending time filling the load space. It is to transport live lobsters.
The lobsters’ value decreases sharply according to time delays. The Lululemon t-shirt, famous for its
yoga attire, sells for $19 online, but consumers who want to wear it right now are willing to pay $5 to
$10 for air cargo. These examples show that consumers’ taste for eating live lobsters and consumers’
preferences for Lululemon T-shirts affect demand in the air cargo market.

There was little room for consumer tastes or preferences to be involved in the air cargo market
in which the price-oriented paradigm was dominant. However, the impact of subjective “value” in
the air cargo market, which depends on consumers’ preferences and tastes, is gradually expanding.
The air freight market no longer seems limited to the B2B market. Some consumers are willing to pay
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air cargo fares to meet their needs. The paradigm shift in demand is also causing a paradigm shift in
supply. The air cargo market has been strongly dependent on economic growth and increased trade
volume. In other words, increasing trade volume centered on large companies and suppliers has been
a strong supplier of the air cargo market. However, the growing involvement of consumer preferences
in the air cargo market may also change the relationship between economic growth and increased air
cargo. The recent COVID-19 pandemic is a good example. The global economy is shrinking in the
aftermath of the COVID-19 pandemic, but the air cargo market has maintained a relatively stable trend,
worldwide air passenger traffic dropped 58.5% year-on-year in the first half of 2020, but global air
cargo traffic dropped 12.3% over the same period (ACI, 2020 [1]).

To identify the paradigm shift in the air cargo market, this study raises the following two research
questions: The first question is whether consumers’ preferences and tastes significantly affect the
demand for air cargo. The second question is whether the link between economic growth and the
increase in air cargo remains strong. We apply the case of Incheon International Airport (ICN) and South
Korea for empirical research on the paradigm shifts in demand and supply in the air cargo market.

Understanding a new paradigm of “value” rather than “price” can provide market participants
with significant implications. Retailers and large suppliers can approach fast delivery through
air transport from a product competitiveness perspective instead of a transport choice perspective.
Technologies such as cold chains, block chains, and big data can be leveraged as a channel for consumers
to express their tastes and preferences.

2. Literature Review

This study focuses on the two areas of the literature; transport mode selection and the link between
economic growth and air cargo quantity. The following sections provide a detailed review of these two
strands of literature.

2.1. Transport Mode Selection

This study is interested in mode selection because air transport advantages compared to
other transport modes play a significant role in understanding recent changes in the air cargo
market. Studies of transport mode selection have been conducted largely on choosing between
railways and roads (Jiang et al., 1999 [2]; Brooks and Trifts, 2008 [3]; Shinghal and Fowkes, 2002 [4];
Choi et al., 2008 [5]; Norojono et al., 2003 [6]). Based on discussions on the selection criteria and
transport processes, significant studies have been conducted on decision-making between sea and
air transport. Puckett et al. (2011) [7] demonstrated shippers have a strong willingness to pay for
high-frequencies, offsetting sea transport mode’s disadvantages such as longer traveling time. De Jong
and Ben-Akiva (2007) [8] suggested that unobserved factors, such as reliability of travel time and
flexibility in reacting quickly to unforeseen demands, can significantly affect mode selection decisions
over the explicit logistics costs. These previous studies commonly observe transport mode selection
from the perspectives of commodity characteristics, customer characteristics, and modal characteristics
(Mitra and M.Leon, 2014 [9]). Most of these studies have focused on modal characteristics, suggesting
the main criteria for selecting transport follows cost, time, and reliability. Ultimately, it is of primary
concern to reduce overall costs in transport mode choice, given that time and reliability can also be
translated into costs (Demir et al., 2015 [10]). It is also important to take into account not only explicit
internal transport costs (e.g., fuel economy, driver wages) but also invisible external costs such as
the environmental and resource issues (Greene and Wegener, 1997 [11]), the well-being of society,
congestion, and the reduction of reputation due to delivery errors (Forkenbrock, 1999 [12]; 2001 [13]).

Some studies define cost more in detail related to time, such as distance-based link cost, time-based
link cost, loading and unloading time, access and egress cost, and trans-shipment cost (De Jong
and Ben-Akiva, 2007 [8]). Reliability is an emerging concept in describing transport mode selection.
Reliability is expanding into larger concepts beyond stability for modes such as punctuality and
credibility. For instance, environmental issues, including air pollution, carbon emissions, noise,



Sustainability 2020, 12, 10202 3 of 15

water pollution, and congestion, are emerging in this domain (Blum, 1998 [14]; Levinson et al., 1998 [15];
Santos et al., 2010 [16]). In the past, internal and external standards, such as speed and accuracy,
have served as the main criteria that significantly affect the decision to choose the transport mode.
These criteria have recently diversified and seem to be becoming more value-oriented.

Moreover, as trade patterns and types of demand vary, the choice of transport modes needs to
consider individual circumstances (e.g., distance traveled, the purpose of travel, time and location
constraints, and regional transport infrastructure). As a result, the choice of transport mode had
occupied a lower position in the supplier’s supply chain, but now the scope of importance is expanding
to the competitive point of view of commodity sales (Demir et al., 2015 [10]).

The comparative advantage of air transport as a transport mode can also be discussed at this
point. Air transport fares are generally estimated to be 4 to 5 times more expensive than land transport
and 12 to 16 times more expensive than sea transport (World Bank, 2009 [17]). Air transport sets
much higher fares than other means of transport, but there is room for a significant impact on product
competitiveness. Park et al. (2009) [18] suggest a strong need for speed and reliability in supply
chain management. They estimate that air transport is the fastest-growing sector in the cargo industry
due to its speed and reliability. Zhang (2003) [19] also presents speed as the biggest advantage of air
transport and suggests the need for comprehensive estimation of costs associated with air transport,
such as airport usage fees, terminal and ground operation costs, and logistics facility operating costs.
In particular, market growth through the combination of multi-transport modes, enhanced connectivity,
and the expansion of open skies policy can be an opportunity to overcome the limitations of high air
freight costs and maximize the advantages of air transport. Air transport may be more economical than
other transport modes, considering the overall distribution cost from production base to consumption
channel. The invisible elements of air transport, such as stability, ease of door to door transport, speed,
and punctuality especially enhance service satisfaction and flexible adaptability to changing demand.

In addition, air cargo can respond flexibly to changes in circumstances. For example, airlines can
use cargo planes or belly spaces depending on demand and urgency for cargo loading (Feng et al.,
2015 [20]). Chu (2014) [21] discusses the carrier and route preferences of freight forwarders in Taiwan.
This study suggests that the advantages of selecting air transport include reliability, on-time services,
and the possibility of express shipments. It also minimizes the externality of mode selection by providing
efficient cargo handling and customs clearance services at the destination airport due to the quality of
service and airlines seeking to enhance their reputation. Zhang (2003) [19] distinguishes between local
cargo, gateway cargo, and hub cargo. Based on hub air cargo operations, the transshipment of air-to-air,
air-to-rail, or air-to-sea becomes a lot easier, and shippers have advantages to quickly change decisions
and respond to environmental changes. As competition between airlines and airports intensifies,
air cargo handling experience is accumulated, and cost competitiveness increases, including ground
handling charges (Kupfer et al., 2011 [22]). Most network carriers operate multi-modal networks,
such as road feeder networks, away from their respective hub operations, ensuring safe and prompt
delivery to final destinations (Boonekamp and Burghouwt, 2017 [23]). These studies suggest that,
while the explicit costs for air transport are generally high, other attributes reduce externality and
increase reliability. These strengths of air transport provide significant implications to meet the growing
consumers’ preferences and tastes.

2.2. The Link between Economic Growth and Air Cargo Increase

Many previous studies have presented economic growth as the most important variable in
determining air transport volume and have suggested a positive correlation between economic growth
and air transport volume. Kasarda and Green (2005) [24] revealed that there are strong correlations
between the increase in air cargo and the GDP and per capita GDP. Meersman and Nazemzadeh
(2017) [25] suggested that efficient freight transport activity can become a strong driving force for
economic growth. Dobruszkes et al. (2011) [26] presented GDP as a major variable in determining air
transport volume in the European aviation market, suggesting that GDP is suitable as a proxy variable
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to measure the degree of economic development. Using panel data from China’s aviation market,
Yao and Yang (2012) [27] found that growth in the air transport market is correlated with economic
growth. Due to the close relationship between economic growth and the air transport market, air traffic
volume has also been sensitive to events or risks such as cyclical or seasonal fluctuations and external
economic shocks (Dewulf, 2014 [28]).

However, since a significant correlation does not explain the direction of causality, there have
been additional studies on the causality between the two variables. Fernandes and Pacheco (2010) [29]
identified a causal relationship between the degree of economic development and passenger growth in
the domestic aviation market through a wide range of time-series data analyses from 1966 to 2006.
Chang and Chang (2009) [30] found a bi-directional causal relationship between air cargo expansion
and economic growth in Taiwan’s case, based on the Granger causality approach. Maparu and
Mazumder (2017) [31] showed the existence of long-run causality from economic development to
transport infrastructure expansion. Bofinger (2009) [32] revealed Granger causality from GDP to RPK
(route passenger-kilometers as a proxy for demand), based on Brazil domestic market data.

However, some studies have recently questioned the solid link between aviation demand,
including air cargo, and economic growth. Zhu et al. (2020) [33] analyzed decoupling between freight
transport and economic growth in China, revealing that between 1997 and 2017, there were 14 weak
decouplings and two strong decouplings. Hu et al. (2015) [34] stated that causality did not exist for
GDP to air traffic in the short-run, while there exists a long-run bi-directional causality between real
GDP and air traffic. This implies that GDP might not be a good predictor to forecast air traffic, at least
in the short term. The current situation in South Korea supports this approach. Although Korea’s
economic growth rate is far from the high-growth era, in which it grew by 5~6% per year, air traffic
volume grew at an unprecedented rate. The quarterly CAGR of real GDP was 0.8% from 2011 Q3 to
2018 Q4, when the economic crisis was resolved, while the CAGR of international passengers was 2.2%,
nearly tripled. The CAGR for international cargo is also 1.8 %, higher than the quarterly CAGR of real
GDP. Besides, the air freight market has remained stable despite the economic slowdown caused by the
COVID-19 outbreak. In the second quarter of 2020, when the COVID-19 crisis broke out, the number
of passengers at ICN dropped 98% year-on-year, but air cargo dropped only 5%.

Off-shoring is another important factor that weakens the link. For example, Samsung Electronics,
the biggest manufacturer in South Korea, has operated mobile phone plants at the Yen Phong Industrial
Zone in Vietnam since 2009. It leads Samsung’s overseas mobile phone plants in production volume,
pumping out 150 million units per year. Samsung has adopted a policy to export mobile phones
directly from its production plants in Vietnam to consumer destinations. As a result, while increased
mobile phone sales increase Samsung Electronics’ profits and affect domestic economic growth, there is
less room for this growth to increase domestic air cargo.

3. Paradigm Change in the Air Cargo Market

3.1. Research Design and Methodology

This study explores the paradigm shift in the air cargo market in terms of demand and supply.
The changes on the demand-side are diagnosed with various empirical data. The empirical data shows
that time sensitivity and personal preferences, as a key driver, result in changes in transported items
in the air cargo market. It also affects airlines’ operation policies accordingly. The empirical data
demonstrates a paradigm on the demand-side is shifting from price to value.

This study employs the Granger causality test to explore the changes on the supply-side.
The Granger causality analysis is one of the general and concise approaches used to verify causality
between variables (Granger, 1969 [35]; 1980 [36]). For regression analysis, between the cause variables
(independent variables, explanatory variables) and the result variables (dependent variables), it is
generally assumed that the causal relationship has already been determined following the existing
economic theory, and then the causal relationship is identified. However, it is not possible to conclude
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that there is a clear causality between the two variables when the cause and result are unclear. A simple
test method for verifying causes and results using the distributed lag model was developed by C.W.J.
Granger to solve these problems. The distributed lag model defines and describes the dependent
variable by including the historically observed values of the dependent variable in the regression
model, as shown in Equation (1).

yt = α0 + α1yt−1 + . . .+ αnyt−n + β1xt−1 + . . .+ βnxt−n + εt,n (1)

where n ≥ 1 and t ≥ n + 1.
The model starts with the approach that, to estimate yt, the combination of the historical value

of x with the historical value of y is more accurate than the time-series approach that uses only the
historical values of y, and that the causal relationship from x to y can be demonstrated. Similarly,
this can be used equally to demonstrate the existence of a reverse direction, i.e., a causal direction from
y to x. The Granger causality test refers to verifying the null hypothesis (H0: β1 = β2 = . . . = βn = 0) that
one variable does not help predict another variable and includes the following Equation (2) to verify
the causal relationship from x to y. Similarly, it can be used equally to demonstrate the existence of a
reverse direction, i.e., a causal direction from y to x. This is shown in Equation (3) as follows:

yt = α0 +
n∑

i=1

αiyt−i +
n∑

j=1

β jxt− j + ε1t (2)

xt = γ0 +
n∑

i=1

γixt−i +
n∑

j=1

δ jyt− j + ε2t (3)

where ε1,t and ε2,t ∼ wn
(
0, σ2

)
, i.i.d wn.

As with other time-series analysis methods, the first step is to verify whether the time-series data
has stationarity. In this study, the augmented Dicky–Fuller tests (ADF) method is adopted to verify
the data integrity (Dicky and Fuller, 1981 [37]). The ADF method tests the null hypothesis that a unit
root is present in a time series data. If the time series has a unit root characteristic, the lagged level of
the series (yt−1) will provide no relevant information in predicting the change in yt except the lagged
changes (∆yt−k). Thus, the robust results of causal verification cannot be obtained with the unit root
problem. The ADF statistic is a negative number. If the absolute value of the statistic is large enough to
reject the null hypothesis (i.e., the p-value for the statistic is less than a significant level), then it can be
determined that there is no unit root problem in the time series and that the data have stationarity.
If a time-series data has the unit root problem, the first difference of time-series can be a solution.
In this case, the first difference of time-series data is the series of changes from one period to the next.
For example, if yt represents a time-series y value at t-time, the first difference is yt–yt−1. When the
first differencing series remains non-stationary, the solution can be the second differencing series.
Since stationary data has a constant mean and variance, stationarity can be identified by graphical
representation and the ADF method.

The second step is that the Granger causal test is sensitive to the number of selected trailing lags.
Thus, it is necessary to choose the optimal lag lengths. In general, it is assessed that, for the monthly
data, the appropriate terms of trailing lags can be selected from 1, 4, 6, 12, 24 and above, and for the
quarterly data, 1, 2, 4, 8, 12 and above terms are sufficient. This study chooses the optimal lag lengths
selected by a majority of the four methods of prediction error (FPE), Akaike information criterion
(AIC), Hannan–Quinn information parameters (HQIC), and Schwarz information criterion (SBIC).
If it is impossible to follow the majority decision principle, this study follows the AIC result as the
following Equation (4).

AIC = log
(
σ2̂
ε

)
+

2k
T

(4)
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where σ2̂
ε represents the variance estimate of the error term, T represents the number of observations,

and k represents the number of parameters to be estimated.

3.2. Changes on Demand-Side

3.2.1. Empirical Analysis on Transported Item Changes

Traditionally, air freight growth has been slower than that of sea freight, as shown in Figure 1.
Sea transport has offered lower fares than air transport, and it has been less sensitive to economic
fluctuation. Moreover, with improved reliability, sea transport is expanding its business area into more
expensive goods, which have been considered as an area of air transport (Milewski and Milewska,
2018 [38]; Paixao and Marlow, 2005 [39]). Increasingly, “simply expensive” cargo is not a sufficient
reason for shippers to choose air transport over sea transport.
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The items that consumers of the air cargo market want are no longer only expensive, heavy,
and large-scale goods. Instead, cold-chain items such as fresh food and medicine, e-commerce, parts,
equipment requiring high stability, and high-priced art and luxuries have become the leading transport
items for air cargo. As shown in Figure 2, the cross-border e-commerce market’s explosive growth
clearly illustrates this change. Sales in the global e-commerce market are expected to increase more
than 20% annually by mid-2020 (eMarketer, 2019 [40]). The value of e-commerce companies is rising
due to the recent outbreak of COVID-19. Customers who choose air transport are rapidly expanding
from large suppliers or companies who want to transport high-priced products in large quantities to
individual customers who purchase medicines, clothing, or electronics through e-commerce. Hong et al.
(2018) [41] pointed out that the air cargo industry may not continue the benefits from globalization and
international trade accelerating if it fails to respond to these new demands flexibly.
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The situation in South Korea and ICN is not significantly different from global market trends.
According to Figure 3, the volume of semiconductors, wireless communication devices, and flat
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displays, which were major products handled at ICN, has continuously decreased over the past five
years. Table 1 shows the ranking of air transport products for 2013 and 2018 released by the Korea
Customs Service. Three items, which were ranked high in the table in 2013, ranked much lower in
2018. Besides, flat-panel display panels disappeared from the table altogether.
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Table 1. Rank of freight items handled at ICN (by weight), 2013 vs. 2018.

Year 2013 2018

Rank Item Tons Item Tons

1 Clothes 47,114 Plastics 66,344
2 Wireless communication devices 46,783 Clothes 65,322
3 Plastics 45,372 Auto parts 47,028
4 Semiconductors 44,887 Cosmetics, amenities 43,120
5 Mechanical component 40,050 Motors and pumps 40,436
6 Auto parts 35,819 Grains, packaged food 39,103
7 Flat display panel 34,072 Semiconductors 37,538
8 Computer 32,335 Machinery 37,250
9 Machinery 27,768 Mechanical component 35,343

10 Motors and pumps 26,360 Wireless communication devices 34,957

Source: Trade Statistics, Korea Customs Service.

Cargo space is no longer filled with exclusively expensive products. The impact of consumer
preferences and tastes on air transport demand is growing. Table 2 illustrates this change in transported
goods. Packaged food, cosmetics, and clothes are the top-ranked express shipping items at ICN. Table 3
also shows that express shipping has been rising sharply over the past three years.

Table 2. Inbound freight handled by express shipping at Incheon International Airport (ICN).

Items
2016 2017 2018

Year-on-Year
Share (%) Share (%) Share (%)

Packed
food

No. 7514 40.6 10,017 45.2 12,260 48.3 22.4
Amount 374 2.9 479 3.5 580 3.9 21.0

Cosmetics
No. 3895 21.0 3793 17.1 3619 14.3 ∆4.6

Amount 107 0.8 111 0.8 113 0.8 1.8

Electronics
No. 1171 6.3 1409 6.4 1600 6.3 13.5

Amount 4948 38.9 5984 43.5 6307 42.4 5.1

Texture,
Clothes

No. 828 4.5 944 4.3 1078 4.2 14.2
Amount 303 2.4 345 2.5 413 2.8 19.5

Feather
goods

No. 264 1.4 336 1.5 418 1.6 24.5
Amount 125 1.0 177 1.3 228 1.5 28.5

Others
No. 4836 26.2 5643 25.5 6393 25.3 13.3

Amount 6851 54.0 6649 48.4 7229 48.6 8.8

Sum
No. 18,508 100 22,142 100 25,368 100 14.6

Amount 12,708 100 13,745 100 14,869 100 8.1

Source: Trade Statistics, Korea Customs Service.
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According to Figure 4, the cold-chain cargo volume at ICN grew from 78,819 tons in 2014 to
134,675 tons as of 2018, with an average annual growth rate of 14.3%. The volume of medicine
shipments is also showing stable growth.
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As a result, items being transported by air cargo are being smaller and diversified, as shown in
Table 4. According to Table 3, weight increased by an average of 1.2% per year over the period while
the number of shipments increased by 14.3%. The number of e-commerce shipments rose 12.6% during
the same period.

Table 3. Export-Import cargo characteristics of ICN.

Year Weight
(Thousand Ton)

Number of Shipments
(Thousand)

Number of E-Commerce
Shipments (Thousand)

2014 2475 29,545 19,204
2019 2623 57,640 34,699

CAGR 1.2% 14.3% 12.6%

Source: Incheon Airport Internal Data.

The number of e-commerce shipments at ICN has accounted for about 60 percent of the total
number of shipments since 2014, as shown in Figure 5.
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3.2.2. Empirical Analysis on Market Participant’s Behavior

Market participants are actively changing their operation policies to respond to growing consumer
preferences and taste effectively. The airlines’ conventional model relying on wide-bodied DFA
(dedicated freighter aircraft) cannot effectively respond to the current, the more customer-centric
supply chain needs. Freighters, which have to fly long-haul and increase one-way frequencies to
balance the load, have limitations in meeting the emerging values such as quick response, visibility,
and speed (Hong et al., 2018 [41]).
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Major airlines in North America and Europe have already decreased cargo flights and instead
expanded belly cargo operations. This is not only because they want to reduce costs by efficiently
utilizing space in passenger planes, but also because cargo planes flying through multiple routes to fill
space have clear limitations in responding to time-sensitive demands. According to Figure 6, 72% of
the world’s air cargo throughput is expected to be handled through belly cargo in 2023.
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Korean Air, ICN’s hub carrier and the world’s fifth-largest cargo carrier, has sold eight cargo
aircraft since 2016, as shown in Table 4, to counter changes in air cargo products. Instead, Korean Air
increases supply capacity through belly cargo, as shown in Figure 7. The airline also acknowledges
that traditional bulky and heavy items are no longer attractive targets for air cargo operations.

Table 4. Number of cargo fleets operated by Korean Air.

Fleet Type 2016 2017 2018 2019

B747F 13 9 6 4
B747-8F 7 7 7 7
B777F 11 12 12 12
Sum 31 28 25 23

Source: Korean Air Internal Data.
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The result is that many logistics companies have invested in cold-chain facilities, and we are
observing remarkable growth in the e-commerce industry. Figure 8 shows how air cargo maintains the
marketability of lobsters with cold-chain technology. This also shows how advances in technology can
contribute to transporting high-end products prone to corruption or damage.
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3.3. Changes on Supply-Side

As time sensitivity, value consumption based on personal preferences, e-commerce, and cold-chain
cargo are emerging factors on the demand-side, the changes on the supply-side are also being detected.
This section examines the relationship between economic growth and the increase in air cargo volume,
based on the Granger causality model. This paper uses the quarterly panel data from South Korea and
ICN from 2001 Q1 to 2018 Q4 to examine this causal relationship.

3.3.1. Data Description

Our empirical analysis uses quarterly data on the real GDP growth rate of South Korea and the
increased rate of air cargo traffic at ICN for the period of 2001 Q1 to 2018 Q4. GDP statistics were obtained
from the Korean Statistical Information Service (KOSIS). Air traffic data was collected from the Korean
Air Portal. To adjust for seasonality, this study calculates the rate of increase and decrease compared to
the data for the same period of the previous year. The summary statistics are collated in Table 5.

Table 5. Summary statistics.

Variables GDP_Rate Cargo_Rate

Mean 0.0395 0.0464
Std. Dev. 0.0200 0.0818

Max 0.0977 0.25224
Min −0.0116 −0.18269

Observations 72 72
Correlation
GDP_rate 1 0.643
Cargo_rate 0.643 1

The causal relationship between the two variables is investigated for two periods, 2001–2009 and
2010–2018. This is to measure whether a change has occurred by comparing the results of the
two periods.

3.3.2. Model Specification

In this study, to identify the causal relationship between the real GDP growth and the increase in
air cargo volume, the following two vector autoregressive (VAR) analysis models are established (Tse
and Zhao, 2012 [42]; Kang, 2017 [43]).

Cargo_ratet = β1 +

p∑
i=1

δ1iCargo_ratet−i +

p∑
i=1

γ1iGDP_ratet−i + ε1,t (5)
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GDP_ratet = β2 +

p∑
i=1

δ2iGDP_ratet−i +

p∑
i=1

γ2iCargo_ratet−i + ε2,t (6)

Coefficient constraints test the causal relationship between variables. For example, the causality
between GDP growth and air cargo increase is verified by values of coefficients (γi) in Equation (5)
and Equation (6). The null hypothesis is that the coefficient values are all equal to zero. If the null
hypothesis can be statistically rejected, the causal relationship between the two variables can be
interpreted as significant.

3.3.3. Results

Table 6 presents the ADF test results for 2001 to 2009. The results show that GDP_rate and
Cargo_rate are non-stationary in levels because the p-value is larger than 0.05, the level of significance.
However, the results of the first difference show that GDP_rate and Cargo_rate are stationary in the first
difference. The p-value for GDP_rate and Cargo_rate in the first difference is less than 0.05. Accordingly,
the results suggest that the first difference is used for the causality test. Analog to Tables 6 and 7
presents the ADF test results from 2010 to 2018. The results show that GDP_rate and Cargo_rate are
stationary in levels at the 5% level of significance.

Table 6. Results of Dicky–Fuller tests (ADF) test (2001–2009).

Variables
GDP_Rate Cargo_Rate

Z(t) p-Value Z(t) p-Value

Levels −3.125 0.101 −2.018 0.5914
The first difference −5.964 0.000 −3.509 0.0385

Table 7. Results of ADF test (2010–2018).

Variables
GDP_Rate Cargo_Rate

Z(t) p-Value Z(t) p-Value

Levels −10.331 0.000 −3.934 0.011

Tables 8 and 9 represent the results for lag selection. As discussed, to select the optimal lags
for VAR, this study follows the majority rule. As a result, eight lags are chosen from 2001 to 2009,
while four lags are selected from 2010 to 2018.

Table 8. Results for lag selection parameters for GDP_rate and Cargo_rate (2001–2009).

Lag FPE AIC HQIC SBIC

0 0.00000 −7.16499 −7.13645 −7.06901
1 0.00000 −8.83018 −8.74455 −8.54221 *
2 0.00000 −8.90906 −8.76634 −8.42912
3 0.00000 −8.78177 −8.58198 −8.10986
4 0.00000 −8.83604 −8.57916 −7.97215
5 0.00000 −8.73896 −8.42500 −7.68309
6 0.00000 −8.52027 −8.14922 −7.27242
7 0.00000 −9.06262 −8.63449 −7.62280
8 0.00000 * −9.39853 * −8.91331 * −7.76673

Note: * stands for an optimal lag.
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Table 9. Results for lag selection parameters for GDP_rate and Cargo_rate (2010–2018).

Lag FPE AIC HQIC SBIC

0 0.00000 −7.14606 −7.11697 −7.05090
1 0.00000 −8.00973 −7.92246 −7.72426
2 0.00000 −7.89058 −7.74513 −7.41479
3 0.00000 −10.7975 −10.5939 * −10.1314
4 0.00000 * −10.64060 * −10.37870 * −9.78415 *
5 0.00000 −10.48230 −10.16230 −9.43554
6 0.00000 −10.31330 −9.93515 −9.07628
7 0.00000 −10.46410 −10.02780 −9.03677
8 0.00000 −10.58370 −10.08920 −8.96606

Note: * stands for an optimal lag.

Table 10 represents the estimation result of the Granger causality test based on the VAR model.
As per Table 10, the null hypothesis that “GDP growth increase does not cause air cargo increase” can
be rejected at the 5% level of significance between 2001 and 2009. However, from 2010 to 2018, the null
hypothesis cannot be rejected, as the corresponding p-value (0.721) is greater than 0.05. It indicates that
there might not be a causal relationship between GDP growth and air cargo expansion from 2010 to
2018 in South Korea.

Table 10. Granger causality test.

Test
Hypothesis

2001–2009 2010–2018

F-Statistics p-Value F-Statistics p-Value

GDP ,> Cargo 31.726 0.000 1.3335 0.721

Note: ,> stands for the null hypothesis that the preceding variable does not cause the trailing variable.

This result provides quite interesting implications. In the past, South Korea’s air cargo volume
has been largely dependent on trade volume, and thus, has been significantly affected by the economic
cycle. The estimation from 2001 to 2009 clearly reflects this aspect. However, the 2010–2018 estimation
suggests that the link between economic growth and air cargo expansion may be different from before.

4. Managerial Implications

This study implies that a paradigm change on the demand-side of the air cargo market has resulted
in a paradigm change on the supply-side. “Value” based on consumers’ preferences and tastes in
the air cargo market is playing a role in lowering the market’s economic sensitivity. Paradoxically,
as economic conditions become worse, price-sensitive consumers may prefer e-commerce that offers
competitive prices. Consumers who want to overcome their boring routine with COVID-19 may also
spend extra money on online shopping.

Table 11 shows the correlation between real GDP growth rate and the Freight-Ton-Kilometers
increase rate in OECD (Organization for Economic Co-operation and Development) and non-OECD
countries. The correlation sign of OECD countries is negative, while the sign of non-OECD countries
is positive. This appears to be the result of a weak link between economic growth and air cargo
fluctuations in developed economies, as discussed earlier. For example, consumption based on personal
preferences and tastes (Wong and Ahuvia, 1998 [44]), and increased acceptability of air cargo fare for
individual consumers and off-shoring are likely to become more active as the economy develops.

Table 11. Correlation between real GDP growth rate and FTKs increase rate (2001–2018).

Correlation OECD Countries Non-OECD Countries

Real GDP growth rate-
FTK increase rate −0.0169 0.2671

Source: World Bank, IMF.

Air transport has also emerged as a key factor that determines the competitiveness of product sales.
LVMH, a global high-end fashion company that includes brands such as Louis Vuitton, has revived its
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online site for the first time in more than a decade (www.24s.com), and in Korea, it offers door-to-door
delivery for free if you purchase more than about 300 USD. Besides the high-end brands, a European
children’s clothing shop brand, Baby Shop (www.babyshop.com), also offers air transport services
for free for more than 99 Euros. To actively reflect individual values in decision-making and win
consumers’ hearts who prefer time-sensitive delivery, large companies and online platforms are
increasingly offering air transport as a default, which significantly impacts the demand-side.

Besides, the market shares of express shipping carriers (integrators) are rapidly increasing.
Amazon’s Prime Air, which handles only Amazon’s e-commerce volume, is growing rapidly as a
top 10 air cargo handler globally, as shown in Figure 9. Logistics was once an area of outsourcing in
corporate management, but large retailers are quickly internalizing logistics and attempting to create
differentiated competitiveness.
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5. Conclusions

This study examines paradigm changes in the demand and supply-side of the air cargo
market. For a long time, the air cargo market has handled mainly expensive items and has been a
supplier-oriented market. There has been little room for individual customers to get involved in this
market. However, “value” is gradually replacing “price” in this market. The value that depends
on consumer preferences and tastes significantly affects the demand-side of the market. As a result,
items transported by air cargo are changing, airlines and other market participants are revising their
operation policy, and air cargo is positioned as one of the core competitiveness factors for businesses to
sell products to consumers. As a result, economic growth may be losing its dominant power as the
main growth engine for the air cargo market.

COVID-19 will further stimulate this paradigm shift in the air cargo market. For example,
consumers who did not use e-commerce have joined e-commerce platforms and now enjoy online
shopping. Well-developed technologies such as product tracking, cold-chain technology, and faster
delivery of courier services also accelerate this change. COVID-19, in particular, changed market
participants’ views of the air cargo business (Please see the link at: https://www.koreatimes.co.kr/www/

tech/2020/07/774_293258.html). In the past, for airlines and airport operators, the air cargo business was
only a subsidiary business dependent on the passenger business. However, now, the air cargo industry,
which has maintained a stable growth trend even during COVID-19, is seen as a new opportunity.
Moreover, the more limited the recovery in passenger demand, the greater the air cargo growth is
expected. Thus, it may be difficult for both airlines and airport operators to achieve a sustainable
industry without strategic access to the air freight business and seeking an active role.

This study has limitations in applying the findings directly to all airports and countries because
it is based on an analysis of Korea and Incheon Airport cases. The study would be more reliable if
available to compare our results with more cross-analysis involving additional countries and airports.
Nevertheless, we also think it is significant that this study raises the opportunity to discuss a paradigm
shift in the air cargo market. A deep understanding of the paradigm shift in the air cargo market

www.24s.com
www.babyshop.com
https://www.koreatimes.co.kr/www/tech/2020/07/774_293258.html
https://www.koreatimes.co.kr/www/tech/2020/07/774_293258.html
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is required so that the aviation industry can respond flexibly to achieving sustainable air transport.
Hopefully, this study will allow us to increase our knowledge of the air cargo market and provide
significant implications for market participants.
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