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Abstract

Climate-related extreme flooding at airports is commonly associated with sea level rise. However, more and more
airport floods occur on these tourism assets, even inland. On November 9 2016, the Oliver Reginald (OR) Tambo
International Airport experienced one of its worst floods, and the impact of this event deserves comprehensive
documentation. A systematic review was done, and PRISMA augmented content analysis to ascertain the gaps
and depth covered by research on OR Tambo International Airport floods. Twenty-four studies and ten grey
literature, like newspapers and websites, focused on OR Tambo International Airport and floods in November
2016. The result reflects that severe storm flooded access roads to OR Tambo International Airport. The floods
affected Aviation activities, including flight delays, fuelling and maintenance. With such extreme weather events
likely to recur, this study explores the documented impact of this great OR Tambo International flood on air and
on-the-ground traffic, human capital, management interventions, and other remedial measures to deal with such
weather extremes. The present study only presented gaps in the extant literature, which are to be addressed by the
ongoing empirical research, leading to limiting the limitation around the absence of empirical study.

Keywords: Climate-related extreme floods; OR Tambo International Airport; airport; extreme-weather events;

aviation

Introduction

Climate-related extreme flooding at airports is commonly associated with sea level rise
(Southon & van der Merwe, 2018). However, more and more airport floods occur on these
tourism assets, even inland in both Global North and South. Major flood events have been
recorded at international airports globally. At Gatwick International Airport (UK), there were
severe floods in 1968, 2000 and 2013, with the 2013 floods resulting in the closure of a terminal
for three days. Floods in August 2018 resulted in Cochin International Airport (India)
suspending all flights for three days. The airport had the whole airside flooded for more than
four days, with facilities like runway lighting, Nav-Aid facilities, and baggage conveyors
flooded and damaged. Such is the severe impact of airport-associated flooding.

On November 9, 2016, the Oliver Reginald (OR) Tambo International Airport (ORTIA)
experienced one of its worst floods, and the impact of this event deserves comprehensive
documentation. It is significant to study airport and flooding incidents (events), especially in
South Africa as a hub for the southern African socio-economic block, because flooding is now
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frequent. Hence, McBride et al. (2022) used 70 time series to examine extreme daily rainfall
characteristics changes in South Africa from 1921-2020. Some insights are emerging from
their study that, although the number of rain days has remained near-constant over 1921-2020,
the probability of experiencing significant and extreme daily rainfall events has generally
increased in most regions in South Africa (McBride et al., 2022). A concern as rainfall of this
nature can have severe consequences of flooding, erosion, and damage to agriculture and
infrastructure.

Just as Ayasha et al. (2020) investigated the Supadio International Airport Pontianak
flooding on November 11, 2017, using the WRF-ARW Model and Himawari-8 Satellite
Imagery. It is apparent that extreme weather events are likely to recur in future; therefore, the
present study seeks to explore scientific documentation of the extent of the impact of this great
OR Tambo International flood in terms of both the air and on-the-ground traffic, management
interventions and other remedial measures to deal with such weather extremes. In addition, the
current study focused on human capital experiences and building resilience and readiness in
the aftermath of flooding events. The present study would establish gaps to be investigated
through an empirical approach.

Study area

According to the OR Tambo airport website, the OR Tambo International Airport has been
deemed South Africa's principal airport as it serves more than fifty percent of the country's
international and local air passengers who pass through the airport. It is Africa's most
significant and busiest airport, which can handle 21 million passengers a year. The two runways
at the airport have been built longer than most airports due to the altitude being 1,700 metres
above sea level, making them number 33 of the longest runways in the world. The air is more
rarified and provides less air friction to assist deceleration on approach and landing and less
lift on take-off. It is one of only four airports worldwide that fly scheduled non-stop services
to all six inhabited continents, the others being Abu-Dhabi, Doha, and Dubai.

From a weather perspective, the location ORTIA has frequent weather types like
thunderstorms and fog, which implicates aviation operations. It is, therefore, essential to
continuously study as part of monitoring and synthesising the knowledge about weather-
extreme events like floods over a consistent time.

Table 1: Significance of ORTIA

Item Statistics

Annual passenger volumes 21 179 061 million
Annual passenger capacity 28million

Annual cargo capacity 650 000tons

Air traffic movements 220 934

Hourly air traffic movement capacity 53

Parking bays 16 300

Airport employees + 3000
Stakeholders’ airport-based employees +35 000

Source: Airport Company South Africa
Table 1 shows ORTIA created an aerodrome city constituted by an aviation ecosystem.

Therefore, it is an ideal airport to base the study on as a baseline. ORTIA plays a role in
responding to the demand for mobility of goods and services, leading to a need for more
investigation on the relationship between aviation and weather events. Such a relationship is
yet to be comprehensively explored from a South African airport dimension. However, airport
floods are becoming frequent in the Global North and South post-2016. In South Africa, floods
threaten aviation activities, especially at ORTIA.
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Method

Research data

Secondary data was obtained from Google Scholar and grey literature like websites and
newspapers with information on South African aviation, especially on the 9-11 November 2016
floods. The terms OR Tambo floods, Climate-related extreme floods, OR Tambo International
Airport, Airport, and weather-extreme events were used in the electronic search. The data
identification, screening and inclusion followed the PRISMA set by Page et al. (2020), as
shown in Figure 1 below. Only open-access materials were used for the study because no
affiliation and requisition for authorisation was needed.

Identification of studies via databases Identification of data via other sources

)

Records removed before the
screening:

. . . Duplicate records removed (n Records identified from:
Records identified from: =100) Airline websites (n =100)

E;;gbg;ziﬁ;’;%:e Scholar (n= d Records published before Newspaper Organisations (n =
November 2016 (n=1000) 35).
Records floods and flooding
outside South Africa (n =800)
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- #| on floods and flooding in places
(n=1190) other than airports in South Africa

Identification

[

)
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retrieved

. . n=95); news rs that
Retrieved Articles (n=50), Book All documents which are not on Grey literature sought for retrieval Smdc?a opare
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Reason | (n= 11) were from
predatory journals

Reason 2 (n =3 and n=2) were
from predatory publishers and
— conferences, respectively.

Studies included in the review
(n=24)

Grey literature included in the
review (n=10)

Figure 1: A systematic review of OR Tambo International Airport floods in 2016
Source: Illustration of the review process following PRISM 2020 flow diagram (Page et al., 2020

Data analysis

The gathered data was analysed using Content analysis. As the researchers had full-text
reading, 30 codes were noted in line with synonymous terms to the key terms. The codes were
grouped based on layers and dimensions set by different studies, for example, climate change
forecasting and predicting studies, ORTIA-specific studies on aviation, and extreme weather
events affecting ORTIA, Ekurhuleni, Johannesburg, and Gauteng. Six themes emerged after
synchronising the codes, which formed sub-themes. The six themes which emerged in the
content analysis are meteorological forecasting and predicting, air and ground traffic,
management interventions and remedial, causes of flooding at ORTIA, human capital in the
aviation sector, and readiness of the management and operation staff. These are presented in
detail in the results section below.

Findings
Digital (2016) reported the floods from an insurance claim perspective, not specific to ORTIA
tourism facilities but general effects such as property damage in Johannesburg from 9-11
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November 2016. Vehicles got stuck on the access roads, with many others swept by the strong
current in other parts of the main roads, like at Linksfield and the Gilloolys interchange. The
news presented in SA People correlates with Africanews (2016) and News 24, which reported
that the same flooding event that occurred between 9-11 November 2016 was reported to have
killed six people in Johannesburg. According to News 24 (2016), the Airports Company South
Africa (Acsa) says all travellers to OR Tambo International Airport must note that due to severe
weather storm activity, access to the airport is flooded. News24 (2016) reports that Emergency
officials at Emer-G-Med confirmed one person had drowned in the flash floods on the N3 in
Linksfield.

Air and on-the-ground traffic is reflected as diversions to inbound traffic affected both
in and outbound flights (SA People, 2016). An estimated 26 aircraft diversions were reported
between 17:10 and 18:30 alone, with such aircraft landing at the King Shaka International in
Durban, Lanseria in Johannesburg, Wonderboom in Pretoria, and Gaborone International
Airport in Botswana (Brophy, 2016). Several vehicles got stuck on the access roads, with many
others swept by the strong current in other parts of the main roads in the vicinity. Other
operations that were affected by the floods included fuelling and maintenance.

Management interventions and other remedial measures to deal with such weather
extremes have yet to be comprehensively documented using scientific methods. Digital (2016)
indicated that Gauteng is 0.5% of South African land, where ORTIA is situated, but constitutes
35% of the exposure to catastrophic events such as hail storms and flash floods. That is why
scholars have sought to understand flooding in Ekurhuleni, where ORTIA is situated. Scholars
like Simpson and Dyson (2018) established a meteorological cause of repeated flooding due to
increased conditional instability of weather over the highveld that led to flash flooding on the
9th, while favourable wind shear conditions caused the development of a tornado on November
15 2016. According to Simpson and Dyson (2018), operational meteorologists should
incorporate upper-air sounding data into the forecasting process and not exclusively rely on
numerical prediction models. Nonetheless, the weather impact index was designed for O.R
Tambo International Airport, South Africa, to identify the level of risk forecasted on adverse
weather conditions on departure delays. It is essential to highlight that the index needs to be
complemented by a greater understanding of floods as a contribution to the enhanced value of
terminal aerodrome forecasts (TAFs) as a planning tool.

Among standard practices in flood hydrology, Gericke and Smither (2016) believe the
time of concentration (TC) is most frequently used as a time parameter in flood hydrology
practice and application in event-based methods and continuous hydrological models. They
opine that despite the widespread use of the TC, a unique working definition and equation(s)
currently need to be improved in South Africa; hence, three sets of catchments-urban, coastal,
and central interior highlighted inherent variability and inconsistencies (Gericke & Smither,
2016) Leading to flash flooding occurrences with limited preparedness in South African
aviation management and operational systems. As most air traffic managers are required to
predict the capacity at a given airport up to 10 hours or more into the future (Cunningham et
al., 2012), and capacity is greatly influenced by weather, a TAF-based product could prove
beneficial. However, the accuracy of the TAF would significantly impact the prediction
product. Thus, a prediction product must be deemed a forecast in itself. Therefore, a degree of
uncertainty should be attached to it.

In addition, Muyambo (2022) identified the causes of flooding on a national route in
Ekurhuleni, South Africa, from an infrastructural lens after repeated flooding in the study area.
Muyambo (2022) drew attention to events on March 2, 2017, January 21, 2016 and November
9, 2016. Such led Muyambo (2022) to believe the inadequate size of the drainage structure
contributed to the cause of flooding as the 2-year recurrence interval flood surpassed the 1:80-
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year recurrence interval set for the infrastructure. On the one hand, torrential rains led to flash
floods on November 9, 2016, which affected the City of Johannesburg, Ekurhuleni, and
Tshwane (Mvulane, 2020). On the other hand, flash flooding frequently occurs, leading
Mashao et al. (2023) to believe that understanding extreme rainfall events and the vulnerability
to flood risk can be used towards natural disaster risk reduction. In addition, there needs to be
scientifically documented management intervention and remedial mechanisms in practice at
ORTIA. Human capital at ORTIA flood experiences have not been scientifically documented,
which brings the need to investigate how the personnel and management copied with the stress
and trauma of the event. This implies that despite known deaths, among other social impacts,
the non-quantifiable impacts of the ORTIA flood in 2016 are not established within academic
debates. Consequently, it poses uncertainty on how the aviation value chain has or is building
resilience and readiness among its human capital in the aftermath of flooding events. Limited
literature has uncovered quantitative and qualitative aspects of airport floods beyond passenger
experiences, such as flight cancellations and frustrations associated with flight delays and
cancellations.

Discussion

Just as flooding at ORTIA caused delays in aircraft refuelling and flights, Peck and Hedding
(2017) believed extreme weather events like floods have been happening and co-created a
weather risk assessment and forecasting index to influence daily aviation operations. Peck and
Hedding (2017) indicated that flooding causes delays in the aviation sector and highlighted
activities to implement effective delay management that can reduce the impact and duration of
delays.Within the climate change and tourism literature, airports have recently been
acknowledged and flagged as at risk from climate-induced events such as flooding (Voskaki et
al., 2023). Voskaki et al. (2023) took a historical lens on airport sensitivity to climate hazards.
They offered insights into the overall climate risk for the global airport system in the United
Kingdom. They are leading to recommendations that airport planners and decision-makers
should nurture climate-resilient management culture and adaption strategies, planning and
investment in operational processes as informed climate risk assessments in global climate (De
Vivo et al., 2023; Voskaki et al., 2023). Due to varying weather patterns among airports in
different geographical regions, it is crucial to be specific to particular airports whose
information related to exposure and vulnerability indicators are collected from official
documents and the websites of selected airports like Malpensa in Italy (De Vivo et al., 2023).
In addition, air and land side components pose different hazards, exposure, and vulnerability
in airports in the Mediterranean region (De Vivo et al., 2022). Hence, the present review aims
to identify gaps to inform an empirical study on ORTIA in South Africa.Si et al. (2023)
proposed planning and development to consider dimensionless constant for effective
stormwater runoff pollution to curb flooding, using China as a context for their study. Qu et al.
(2020) analysed the design of a comprehensive storm flood prevention and treatment project
for Sponge Airport's purification function, workflow process and large-scale release of the
function of the new storage tank to promote the new type of "assembled” and "modular”
regulation innovative application of storage tank. Instead of a copy-and-paste approach, a
contextualised study is recommended for future research on airports in South Africa, especially
ORTIA.

Conclusion

The study's implications include: 1. discovering a scarcity of scientific documented knowledge
on what happened, apart from diverting airlines between 9-11 November 2016. 2. Extant
literature has not yet established the role of the emergency services in the flooding event that

1769


http://www.ajhtl.com/

African Journal of Hospitality, Tourism and Leisure, Volume 12 (5SE) - (2023) ISSN: 2223-814X @@@@
BY NC ND

Copyright: © 2023 AJHTL /Author(s) | Open Access — Online @ www.ajhtl.com

occurred on 9-11 November 2016. 3. It is still an unscientific documented knowledge of the
effort and sufficiency of public relations. 4. A limited research exists on the other potential
hazards that could have resulted from flooding. 5. Despite the extant literature indicating that
OR International Airport is the southern African socio-economic hub, it is still unclear on the
economic impacts of flood understudy. 6. Additionally, anecdotic evidence indicated by non-
scientific literature needs to be confirmed and co-generated to quantify the damage to
infrastructure that resulted from flooding. 7. Research on OR Tambo flooding lacks a ‘value-
chain based’ establishment of revenue lost due to flooding and the costs to repair the damages.
8. Existing research did not indicate how the floods affected the overall airport operations or
how the ‘airport-based economy’ and the overall economy were disrupted using a tourism and
travel business in Southern Africa perspective. 9. The extant literature is silent on how people
ended up reaching their destinations, considering that flights were diverted. 10. It is still
unknown regarding the role of Travel agents in situations like these and how they were affected.
11. Existing research on flooding at OR Tambo International Airport is silent on baggage
handling issues, and the extended waiting periods to retrieve their belongings are unclear. 12.
Extant literature on OR Tambo flooding has not yet comprehensively documented safety
concerns, risks associated with flooding and the explanation of how water was drained from
waterlogged areas. 13. Based on the floods at the airport, the security measures put in place to
minimise accidents and hazards on the runways and taxiways are yet documented for academic
debates. 14. The research community also needs to document the extent to which the SA
Airports Company has instituted flood emergency response procedures to minimise future
flooding possibilities. 15. Existing literature needs more documentation on recovery and
mitigation measures that have been put in place to improve the drainage systems at OR Tambo
International Airport. The empirical study, which is currently a work in progress, will address
the above aspects.

Nonetheless, the literature reflected that some causes of airport flooding require
infrastructural renovation and innovation, while others require adaptation mechanisms at
ORTIA. However, there needs to be more scientifically documented knowledge on ORTIA
from a multi-disciplinary lens beyond meteorological models and forecasting; hence, leaving
out humanities and social science perspectives may pose challenges to management
interventions and remedials which are supposed to be implemented by human capital while
building resilience among the human and social capital within the aviation ecosystem.
Therefore, there is a need for a follow-up (future research) baseline study aimed at scientific
documentation of the extent of the impact of this great OR Tambo International flood in terms
of both the air and on-the-ground traffic, management interventions and other remedial
measures to deal with such weather extremes, human capital experiences, means to build
resilience and readiness in the aftermath of flooding events can complement existing disaster
management, green initiatives and flooding adaptive approaches in South Africa. The
limitations were centred on the absence of empirical data, making the study pure desktop
research.

Ethical considerations
The study used material which is in the public domain and open access.

References

Africanews (2016). South Africa: Flash floods Kill six people in Johannesburg. Available at
https://www.africanews.com/2016/11/10/south-africa-flash-floods-kill-six-people-in-
johannesburg//.[Retrieved 23 June 2023]

1770


http://www.ajhtl.com/
https://www.africanews.com/2016/11/10/south-africa-flash-floods-kill-six-people-in-johannesburg/
https://www.africanews.com/2016/11/10/south-africa-flash-floods-kill-six-people-in-johannesburg/

African Journal of Hospitality, Tourism and Leisure, Volume 12 (5SE) - (2023) ISSN: 2223-814X @@@@
BY NC ND

Copyright: © 2023 AJHTL /Author(s) | Open Access — Online @ www.ajhtl.com

Ayasha, N., Ryan, M. & Fadlan, A. (2020). Study of Atmosphere Dynamics in the Event of
Very Heavy Rain Causing Flood in Supadio International Airport Pontianak using
WRF-ARW Model and Himawari-8 Satellite Imagery (Case study: November 11,
2017). IOP Conference Series: Earth and Environmental Science, 561(1), 012032.

Brophy S (2016). UPDATE: OR Tambo Mops Up After Flash-Flood Delays. Available at
https://www.news24.com/news24/update-or-tambo-mops-up-after-flash-flood-delays-
20161110 . [Retrieved 20 June 2023].

De Vivo, C., Barbato, G., Ellena, M., Capozzi, V., Budillon, G. & Mercogliano, P. (2023).
Climate-Risk Assessment Framework for Airports under Extreme Precipitation
Events: Application to Selected Italian Case Studies. Sustainability, 15(9), 7300.

De Vivo, C., Ellena, M., Capozzi, V., Budillon, G. & Mercogliano, P. (2021). Risk
Assessment Framework for Mediterranean Airports: A Focus on Extreme
Temperatures and Precipitations And Sea Level Rise. Natural Hazards, 1-20.

Digital TMG (2016). Storm damage Insurance Claims Pile Up After Flash Floods. Available
at https://www.timeslive.co.za/news/south-africa/2016-11-11-storm-damage-
insurance-claims-pile-up-after-flash-floods/ . [Retrieved 20 June 2023].

Gericke, O. J. & Smithers, J. C. (2016). Are Estimates of Catchment Response Time
Inconsistent as Used in Current Flood Hydrology Practice in South Africa? Journal of
the South African Institution of Civil Engineering, 58(1), 02-15.

Kirschenstein, M., Krasuski, K., Kozuba, J. & Kelemen, M. (2020). Assessment of the
Variability of Many Years of Thunderstorm Activity in the Aspect of Potential
Threats to Aircraft at Selected Airports in Poland. International Journal of
Environmental Research and Public Health, 17(1), 144.

Mashao, F.M., Mothapo, M.C., Munyai, R.B., Letsoalo, J.M., Mbokodo, I.L., Muofhe, T.P.,
Matsane, W. & Chikoore, H. (2023). Extreme Rainfall and Flood Risk Prediction
Over the East Coast of South Africa. Water, 15(1), 50.

McBride, C. M., Kruger, A. C. & Dyson, L. (2022). Changes in Extreme Daily Rainfall
Characteristics in South Africa: 1921-2020. Weather and Climate Extremes, 38,
100517.

Muyambo, K. (2022). Identifying the Causes of Flooding on a National Route in Ekurhuleni,
South Africa. Unpublished Doctoral Thesis, Faculty of Engineering, University of the
Witwatersrand, Johannesburg.

Mvulane, P. (2022). Settling on Water Pathways: A Case Study of Setswetla Vulnerability to
Flash Floods. Unpublished Doctoral Thesis, University of the Witwatersrand, Faculty
of Science.

News24 (2016). #ORTamboFloods: Airport Access Severely Affected. Available at
https://www.news24.com/news24/ortambofloods-airport-access-severely-affected-
passengers-advised-to-use-upper-level-drop-off-20161109 .[Retrieved 20 June2023].

ORTambo airport. OR Tambo International Airport Bio, History, Facts and Statistics.
Available at https://ortambo-airport.com/airport/airport-bio.html. [Retrieved 23 June
2023]

Page, M.J., McKenzie, J.E., Bossuyt, P.M., Boutron, I., Hoffmann, T.C., Mulrow, C.D.,
Shamseer, L., Tetzlaff, J.M., Akl, E.A., Brennan, S.E. & Chou, R. (2021). The
PRISMA 2020 Statement: An Updated Guideline for Reporting Systematic Reviews.
International Journal of Surgery, 88, 105906.

Peck, L. & Hedding, D. W. (2017). Developing a Weather Impact Index for OR Tambo
International Airport, South Africa. Weather and Forecasting, 32(4), 1529-1539.

Pyle, D. M. & Jacobs, T. L. (2016). The Port Alfred floods of 17-23 October 2012: A Case of
Disaster (Mis) Management. Jamba: Journal of Disaster Risk Studies, 8(1), 1-8.

1771


http://www.ajhtl.com/
https://www.news24.com/news24/update-or-tambo-mops-up-after-flash-flood-delays-20161110
https://www.news24.com/news24/update-or-tambo-mops-up-after-flash-flood-delays-20161110
https://www.timeslive.co.za/news/south-africa/2016-11-11-storm-damage-insurance-claims-pile-up-after-flash-floods/
https://www.timeslive.co.za/news/south-africa/2016-11-11-storm-damage-insurance-claims-pile-up-after-flash-floods/
https://www.news24.com/news24/ortambofloods-airport-access-severely-affected-passengers-advised-to-use-upper-level-drop-off-20161109
https://www.news24.com/news24/ortambofloods-airport-access-severely-affected-passengers-advised-to-use-upper-level-drop-off-20161109
https://ortambo-airport.com/airport/airport-bio.html

African Journal of Hospitality, Tourism and Leisure, Volume 12 (5SE) - (2023) ISSN: 2223-814X @@@@
BY NC ND

Copyright: © 2023 AJHTL /Author(s) | Open Access — Online @ www.ajhtl.com

SAPeople (2016). Flights Delayed as OR Tambo Airport Hit by Gauteng Storms for 2nd Day
Running. Available at https://www.sapeople.com/eish-south-african-stuff/flights-
delayed-as-or-tambo-airport-hit-by-gauteng-storms-for-2nd-day-running/. [Retrieved
20 June 2023].

Si, S., Li, J.,, Jiang, Y., Wang, Y. & Liu, L. (2022). The Response of Runoff Pollution Control
to Initial Runoff VVolume Capture in Sponge City Construction using SWMM. Applied
Sciences, 12(11), 5617.

Simpson, L. A. & Dyson, L. L. (2018). Severe weather Over the Highveld of South Africa
During November 2016. Water SA, 44(1), 75-85.

Southon, M. P. & van der Merwe, C. D. (2018). Flooded with Risks Or Opportunities:
Exploring Flooding Impacts on Tourist Accommodation. African Journal of
Hospitality, Tourism and Leisure, 7(1), 1-16.

Voskaki, A., Budd, T. & Mason, K. (2023). The Impact of Climate Hazards to Airport
Systems: A Synthesis of the Implications and Risk Mitigation Trends. Transport
Reviews, 1-24.

Ziyin, Q., Jie, O. & Xingang, H. (2020). Research on the Design of Comprehensive Storm
Flood Prevention and Treatment Project of Sponge Airport. In IOP Conference
Series: Earth and Environmental Science, 568(1), 012024.

1772


http://www.ajhtl.com/
https://www.sapeople.com/eish-south-african-stuff/flights-delayed-as-or-tambo-airport-hit-by-gauteng-storms-for-2nd-day-running/
https://www.sapeople.com/eish-south-african-stuff/flights-delayed-as-or-tambo-airport-hit-by-gauteng-storms-for-2nd-day-running/

	btnOpenRubric: 


