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trillion in value-added output globally (ATAG, 2018). /

B Airline industry 1s vulnerable to various shocks — next




Shocks of various kinds

Locally Convective weathers; Mechanical failures
Economic and financial disruption®yars; “3 11"
Epidemic and pandemicutbreaks

COVIBP19 can be consideread unique event
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Evolution of global airline passengers (left) and
revenue (right), 20192022
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I. JanMay 2020: Shock from epidemic outbreak to pandemic
Il. June 2020End of 2021 Bumpy recovery
lll. Jan 2022 : Back to (new) normal? (Summer 2022)

- Higher price in recovery process
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Global Airport Connectivity Index (GACI)

M Classify airports at global level

M Tracking (evolution for a given airport).

B Benchmarking, on connectivity.

M Identify the relevant forces drivin’_) f"fankings: this par
at an early stage (to be discussed later).

M Combine centrality indicators (incl. volume-adjusted).



Five network centrality indicators

B Degree

B Closeness (measuring “accessibility” of airport)

(“hubbing”)

M Volumetric-based flow betweenng
M Eigenvector (“onward connectioﬁ/,

B Regional importance (“importance in a subnetwork™)



Top-20 Hubs:GACR006-2019 (pre-pandemic)
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COVID-19 Impact: GACI 2020-2022
@m m !m m m m_ m
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The pandemic anairport fortunes

M Evolution of Chinese hub airport2006-2022

M “Flow betweeness’: HKG falling vdMainland China’s connecting
gateways: PEK, PVG, CAN (despite HKG's resilient air cargo business)

M HKG vs. SINS{hgaporg
N Rise of DXB (Dubai) and IST (Istanbul)

¥ Indian airports recovered rather wellunder influence of increased
domestic traffic; so did African airports (increased intAdrica region)



Implications for the recovery

I The pandemic: Devastating impact on aviation (airlines, airports,
- World’s airlines lost about $700 billion in 2020/2021.

B With governmentbail out programs, liberalization would hold back

I Higherticket prices

I Resilientaviation needed



Further Research: A Research Agend

1.
2.
3.
4.
5.
6.
7.
8.

Resilience

Environmentalfactor

Multi-modal

Land-sideaccessibility
Evolutionanddrivers

Connectivityand economicperformance
Connectivityin cargo

Othertransport modes



The academic COVID9 “pandemic”

CORONAVIRUS CASCADE

One estimate suggests that more than 200,000

irus-related j | articl d ints had i
E‘;;“;ﬁg{;;{:d b?! ;;,”l;";eg;;ﬁ;i_a“ preprints hia B Almost at the same time as
— COVID-19 papers = COVID-19 preprints the outbreak of the COVHI9
QB e health pandemiC, a parallel
pandemic started to develop in

the academic literature!

BN Until the end of 2020, an
Estimate from.». estimated number of almost
Dimensions _ 200,000 papers had been
Eetimiafrom published with related
- PubMed index
_ keywords.

~ Estimates from
Dimensions
and N. Fraser
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*Estimates differ depending on search terms, database coverage, and definitions of
what counts as a scientific article; some preprints were posted on multiple sites online.

https://www.nature.com/articles/d41586-020-03564-y




Aviation is no exception herel

BN The reasons for the abundant number of studies on aviation and CO\ARre
various:

O  Aviation plays a major role in epidemic spreading: While aviation is a victim
of COVID- 19 ramifications, the effectivity of the system enabled the
spread of the virus to farthest places on our planet

O  Aviation is probably among the hardest hit industries. Many stakeholders
downstream are affected by the pandemic

ff‘,many rrﬁg':”ks SA.RS CoV countri
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[Sun, Wandelt, Zheng and Zhang. COVID-19 pandemic and air transportation: Successfully navigating the paper
hurricane. Journal of Air Transport Management 94, 102062, 2021]
[Sun, Wandelt, and Zhang. COVID-19 pandemic and air transportation: Summary of recent research, policy

consideration and future research directions,” Transportation Research Interdisciplinary Perspectives 16, 100718, 2022]




Keywords being used in aviation (e.g. ATRS)

Efficiency
Optimization
Minimization of costs
Revenue maximization
Competition / Market
power
Accessibility /
Connectivity
Economies / tourism

Sustainability
Green aviation
Carbon footprint
Clean fuels

‘Flight shame’
Social responsibility

Vulnerability to shocks
Resilience

Risks

‘Circuit breaker’
Coopetition




1. Resilience

- GAC =2 “GARI” (Global Airport Resilience Index)

- Less wvulnerable, and if hit by a shock, the
recovery is faster

- Factors under managerial/policy control; other
factors more or less given for a given airport



2. Environmental factor

- E.g., more emissions from greater connectivity
—> change the ranking

- Modify GACl by incorporating environmental
impact



3. Multi-modal

- Opportunities for multi-modal connections



“Connectivity of intercity passenger transportation
in China: A multimodal and network approach,”
Zhu, Zhang and Zhan@(Q18, J of Trans. Geography)




- Zhu et al (2018) show that with high-speed rail,
airport connectivity ranking may change

- “Airport” connectivity index (GACIl)can also be
extendedto “Link (city pair)” connectivityindex



4. Land side accessibility

B An MAR phenomenon: “hub bypassing” may happen for a hub
atrport with another airport of the same “city”

¥ But the effective competition may also come from airports
closely located in “neighbour cities”

M Also, when you add a new amrport, its mmportance to the
network depends on its land-side accessibility



I How to incorporate the land-side accessibility into
air connectivity measures?

I Need to better measure land-side accessibility

I The catchment area of an airport is often defined
by travel distance from the airport (e.g. 150 km)

M Sun, Wandelt, and Zhang (2021). accessibility

based on “travel time” — made possible now with
(open source) Big Data



Sun et al. 2021): “Comparative accessibility of Chinese airports and high-

speed railway stations: A high-resolution, yet scalable framework based on
open data,” Journal of Air Transport Management

B Combine several Open Data sets, mcluding:

- GriddedPopulation of the World (GPW) population data at grid cells with a high
resolution(<1 sq. km)

- Openstreetmap(OSM)publictransport, road network
- OpenSourceRoutingMachine(ORSM)drivingdistance

B Computefree-flow road travel time, as well as the public transit time,
from grid cellsto anairport

M Apply to China more than 10 million grid cells with population and
accessibilitydata



5. Evolution and drivers

Drivers:

How contextual factors such as the particularities of
the urban, economic and institutional systerincluding
policy) shape transportatiorsystem outcomes— in this

case, connectivity?



6. Connectivity and economiperformance

- Economic performance (e.g. Tourism, hidach
sectors): Important policy questions

- Joint together with Gravity models: 1) City; 2) Link

- Issue ofendogeneity



7. Connectivity in cargo

- Aircargo

- Expressdelivery

- More generally, “Logistics performance index”



8. Other transportmodes

- Maritime: ports, links

- High-speed rail

- Subway: bike sharing and lasinile problem?
- Urban road

- International trade

- Social network



26th ATRS World Conference

Thankyou very much again!
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