
Journal of Environmental & Earth Sciences | Volume 06 | Issue 03 | October 2024

Journal of Environmental & Earth Sciences

https://journals.bilpubgroup.com/index.php/jees

ARTICLE

Coping with Sinkholes: A Systematic Literature Review

Kyoo-Man Ha*

Faculty of Resilience, Rabdan Academy, Abu Dhabi 114646, United Arab Emirates

ABSTRACT

Sinkholes have frequently occurred around soluble rock formations, but they have been indirectly related to imprudent

human practices, based on long-standing recognition. The aim of this study was to explore how to improve sinkhole hazard

management to decrease the extent of related risks. The main methodology was a systematic literature review that identified

and synthesized the relevant information. The proposed analytical framework served as the basis for review criteria, and

the scope of literature was mainly restricted to relevant text data. Analytical categories and analytical units were both used

in the text synthesis process. Sinkholes were traditionally treated as natural events; however, major stakeholders started to

pay attention to them as human-induced events under climate change. These players extensively included international

organizations, sinkhole-prone countries (e.g., Venezuela, China, Saudi Arabia, etc.), and sinkhole-resistant countries (e.g.,

United Arab Emirates, Kenya, Australia, etc.) in this study. A key theme in the literature was that these stakeholders would

no longer deal with sinkholes as natural events but as human-induced events, based on potential advantages (i.e., managing

manmade sinkholes and implementing emergency operation plans). Similarly, as addressing emergency prevention, public

awareness, technological application, social challenges, education, and training, the key tenet of study would be further

achieved in terms of managerial implications. The results of this study suggested that human activities would act as negative

factors in sinkhole occurrence more directly than were indicated previously. Hence, the understanding of sinkhole hazard

management would be quite deepened via social environment, while policy makers were to proactively manage the issue

with the sincere cooperation of local residents.
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1. Introduction

Not all natural hazards are natural, unusual, sudden, or

unpredictable in their main characteristics [1, 2], despite the

fact that some (like Kentucky Methods) have preserved the

natural features of natural hazards [3]. The occurrence of nat-

ural hazards is not a result of what the environment has done,

but of the values, attitudes, behavior, decision-making, or

other activities of humans over the long term. Difficulties in

the field of emergency management have not been created by

nature but by human society. In short, nature has not played

games at all, but humans have played games by deliberately

or accidentally stimulating the vulnerabilities of populations.

Sinkholes have technically been considered to be natu-

ral hazards; however, this no longer holds true, particularly

in the scenario of climate change [4]. When soluble rocks

underground are dissolved by groundwater, they can form

cavities and lead to the occurrence of natural sinkholes. Fur-

ther examination of the groundwater flow has shown the

occurrence of sinkholes to be increasingly related to human

activities such as air pollution, flash floods, construction,

and waste disposal as well as broken underground water

pipes. Despite the fact that appropriate professionals have

already recognized that the occurrence of sinkholes is caused

by both natural and anthropogenetic causes, sinkholes, as

cascading disasters, have surprisingly become a type of man-

made emergency in the 21st century again. A good case is

the occurrence of sinkholes in Central Iran (i.e., Abarkooh

plain) [5].

The exact number of sinkholes per year worldwide is

unknown. Karst has existed on 7–12% of the global land

surface, and human structures have rapidly increased in karst

terrain. Slovenia, which is well-known for its karstic terrain,

is where the word, karst, first appeared. Approximately 25%

of the world’s population relies on karst water [6, 7]. Nonethe-

less, the stability level near sinkholes may be misleading

because of a lack of consideration regarding sinkhole forma-

tion and poor reporting [8]. Therefore, the question arises of

howmajor stakeholders have dealt with the issue of sinkholes

worldwide.

The aim of this study was to examine how sinkholes

have been and can be effectively managed to achieve the

ultimate purpose of emergency management, such as mini-

mizing fatalities, financial losses, and psychological impacts.

This study holds great importance, because it has the po-

tential to rudimentarily change the way sinkholes will be

managed by incorporating manmade factors into scientific

risk assessment, among other things. Increasingly, interna-

tional organizations, sinkhole-prone countries, and sinkhole-

resistant countries have acknowledged that sinkholes are

human-induced events, rather than considering them natu-

ral events. A common theme of the reviewed literature was

that going forward [9], all three stakeholders will consider

sinkholes as human-induced events and not as natural events.

Accordingly, the phases of emergency prevention, disaster

awareness, use of technologies, sustainable development,

education, and training will be addressed.

2. Literature review

2.1 Key concepts

Sinkholes, as slow-onset disasters, have their mecha-

nisms, although they may collapse suddenly [10]. Sinkholes

have occurred on soluble rocks (also known as karst terrain,

including limestone, salt beds, and carbonate rock) as ground-

water moves through cracks and then dissolves the bedrock

under the big frame of the weather system. Sinkholes have

recently been associated with various human activities, such

as oilfield activities, over-extraction of underground water,

water leakage via pipes, mining, and subway construction.

In particular, soil creep or failure through silts and clays has

been brought on by subsurface water flow from numerous

broken pipes [11].

The majority of sinkholes have been classified as a type

of manmade emergency [12]. Sinkholes may be depicted not

only as natural hazards (i.e., physical or chemical erosion

underground), but also as manmade emergencies. However,

when many sinkholes (including those caused by natural

hazards) are directly or indirectly affected by careless hu-

man activities, many of them (or even all sinkholes) may be

re-classified as manmade emergencies.

In the United Kingdom, some researchers and prac-

titioners have differentiated between sinkholes and crown

holes [13]. Soil failures occur annually throughout the nation

in the mining industry. In the UK, the natural occurrence of

soil failure has been considered a sinkhole. However, when

soil failure occurs owing to human-induced activities, it is

classified as a crown hole. Nonetheless, the present study

uses the term sinkhole to ensure consistency.
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Sinkholes have both negative and positive impacts on

human society [14]. Sinkholes damage the built environment

and can cause economic damages and psychological impacts.

In such cases, sinkholes can lead to loss of life. However, in

some cases, sinkholes have a positive effect. Sinkholes have

formed beautiful landscapes with intrinsic values, as in the

case of the cockpit karsts in Jamaica. In addition, sinkholes

have become aquifer recharge sites around St. Johns River

in Florida, USA. Sinkholes have generated microhabitats

that can accommodate a variety of plants, trees, animals,

and other organisms, regardless of national boundaries. It is

beneficial for resource management in a region, reminding

that sinkholes have exposed mineral resources [15]. Similarly,

because sinkholes have often brought a range of nutrients to

the surface, they benefit soil fertility and agricultural produc-

tivity.

2.2 Previous studies

Although the field of emergency management has in-

cluded the class of sinkholes (as geological hazards or geo-

hazards) in its management scope, related research has not

been extensive compared to that on other emergencies [16].

Many disciplines, including geomorphology, hydrogeology,

applied geology, geophysics, geochemistry, and geotechnical

engineering, have studied sinkholes scientifically. Nonethe-

less, the discipline of emergency management has not paid

adequate attention to sinkholes, partially because sinkhole

occurrences have not been officially reported frequently. In-

stead, by referring to emergency management principles and

technological applications, the field of emergency manage-

ment has often discussed frequently occurring hazards in a re-

gion. These hazards include earthquakes with tsunamis, hur-

ricanes with floods, climate change, endemics, and others [17].

For instance, multiple Middle Eastern researchers (from Iran,

Turkey, Syria, and other countries) have expressed interest

in researching the frequency of catastrophic earthquakes.

To collect, measure, analyze, and monitor the occur-

rence of sinkholes and their related impacts has been chal-

lenging [18]. Overutilization of groundwater is directly or in-

directly associated with sinkholes worldwide; however, little

empirical data are available. Similarly, appropriate databases

are lacking for sinkholes and surface water. In addition, be-

cause the data collection process has been anecdotal, the

quantification of sinkhole data has also been fragmented.

Moshodi et al. (2016) studied methods to improve the

poor status of stakeholder management around sinkholes

in Merafong, South Africa [19]. They presumed that stake-

holder management efficiency would contribute significantly

to appropriate sinkhole management. At the regional level,

round-trip communication between the city government and

other stakeholders, trust relationships among various stake-

holders, and the participation of all stakeholders in sinkhole

hazard management are recommended.

Examining the issue of sinkholes in terms of mining

geology as an applied science, Agnieszka et al. (2017) high-

lighted the importance of integrating various factors [20]. Be-

cause numerous factors are associated with the occurrence

of sinkholes in a given area, these should be included in

sinkhole hazard management. These factors include min-

ing conditions, spatial distribution, risk factors, analytical

hierarchy, and correct interpretations.

Salem (2019) examined the issue of anthropogenic dis-

turbance around sinkholes within the Dead Sea basin [21]. The

formation of sinkholes in the region increased considerably,

particularly between 1951 and 2000, owing to decreasing

water levels, seismic and tectonic activities, and human in-

volvement. However, the occurrence of regional sinkholes

was predicted to decrease as long as the protection of nature

was given preference over individual monetary benefits.

Mostafiz et al. (2021) assessed the risk of sinkholes in

the state of Louisiana, USA [22]. Considering that the occur-

rence of sinkholes includes slow, overlooked, or insidious

characteristics, the risk of these sinkholes is likely smaller

than that of other hazards. Despite the small loss in human

life, the economic damage owing to sinkholes was substantial

in this region. In addition, the economic risk has increased

owing to mineral extraction, population increase, climate

change, and regional development.

Mathiesen (2023) investigated whether the occurrence

of sinkholes in Great Britain was a natural hazard or a man-

made emergency [23]. The initial opinion was that sinkholes

in the nation should be considered natural hazards, assuming

that the formation of sinkholes started much before the be-

ginning of human activities. However, whether the current

frequent occurrence of sinkholes is aggravated by climate

change continues to be examined. In addition, stopping the

occurrence of sinkholes is almost impossible because of the

related expenses.
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2.3 Premise of this focus

A basic assumption in the present study is that humans

have negatively fused their life patterns into the natural envi-

ronment in various ways, including contamination of water,

abuse of water, and degradation of land [24, 25]. Compared

with the status of nature approximately a century ago, further

negative interaction has occurred, even below the surface,

including environmental degradation and soil erosion (e.g.,

soluble rock formations). The hypothesis of this study is

that in terms of emergency management, the interaction of

humans with the physical environment has not been positive

but has had a rather negative impact.

Two approaches to the occurrence of sinkholes are pro-

posed in the present study. The two are unique depending

on the cause of sinkhole occurrence. The proponents of

sinkholes as natural events consider that a key attribute of

sinkhole occurrence is the saturation of the Earth’s surface

with water during the karst formation processes [26]. In other

words, sinkholes occur primarily because soluble rocks un-

derground dissolve in water. From a broad perspective, this

approach classifies sinkholes as typical natural hazard cases.

However, proponents of sinkholes as human-induced

events consider anthropogenic activities as the root cause. Al-

though a few sinkholes are natural phenomena, further inves-

tigation supports the idea that human-induced activities have

substantially facilitated the impacts of these sinkholes [27].

For sure, the extent of heavy rain, waste release, broken un-

derground water pipes, and groundwater have greatly deteri-

orated due to human-induced climate change. This approach

considers sinkholes as a type of manmade emergency.

3. Methodology

3.1 Review protocol

To systematically explore appropriate literature on the

topic of sinkhole hazards, the methodology of a systematic

literature review was adopted [28]. An analytical framework

was constructed as described in Figure 1. Briefly, three de-

tailed steps were followed: review protocol design, literature

screening, and text extraction and synthesis. Each step is

expected to contribute equally to the systematic arrangement

of the various text data in this study.

The review protocol elaborates onmultiple components

of the analytical framework [29]. The review protocol consists

of a research question, variables, approaches, and direction

of interaction, and occupies a major portion of the analyti-

cal framework. The review protocol, as a research plan, is

frequently improved immediately after any flaw is detected

during the process of continuous research. In turn, these ef-

forts facilitate the research remaining focused on the original

goal (or limit the scope of the research), particularly without

major deviations.

Figure 1. Analytical framework.

3.2 Literature screening

To identify relevant literature, reliable research

databases such as Google Scholar, Scopus, Web of Science,

ScienceDirect,Academic Search Complete, EBSCO, JSTOR,

Oxford University Press, and IEEE Xplore were utilized ex-

tensively. Examples of used keywords included “sinkholes,”

“sinkholes and natural hazards,” “sinkholes and manmade

emergencies,” “sinkhole hazard management,” “sinkholes

and implications,” and “sinkholes and the human society.”.

An effort should be made to limit the scope of the litera-

ture review to pertinent text data [30]. Accordingly, inclusion

and exclusion criteria were established. In terms of textual

content, the primary criterion was related to whether a given

text discusses sinkhole hazard management, man-made sink-

hole emergencies, sinkholes, and human activities. Other

criteria for inclusion or exclusion included recent publication

(i.e., for the last five years, when necessary), full-text studies,

and accredited sources (or peer-reviewed journals).

3.3 Text extraction and synthesis

Three analytical units were used for text extraction.

These units are intended to include all key stakeholders in

sinkhole hazard management worldwide, such as interna-

tional organizations, sinkhole-prone countries, and sinkhole-
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resistant countries. To further explain, international organiza-

tions have demonstrated their leadership in the management

of natural hazards on a global scale. Sinkholes have un-

doubtedly posed a threat to sinkhole-prone countries (such

as Mexico, which has over 2000 sinkholes) [31], but sinkhole-

resistant countries (like South Korea) have generally been

unaffected by sinkholes [32]. The above-extracted data was

then synthesized for comparison between two analytical cat-

egories: sinkholes as natural events and as human-induced

events. This synthesis clearly answers the original research

question.

4. Results: Sinkholes as natural

events

4.1 International organizations

As a major disaster management institution within the

United Nations (UN) system, the UN Office for Disaster

Risk Reduction (UNDRR) has acknowledged that human

activities have repeatedly hastened the occurrence of sink-

holes; however, they continue to classify sinkholes as natural

events [33]. The UNDRR maintains that the best way to deal

with sinkholes is to avoid their impact. Because sinkholes

occur naturally, people cannot stop their occurrence but only

eschew related risks via emergency planning.

The UN Platform for Space-based Information for Dis-

aster Management and Emergency Response (UN-SPIDER)

has provided information on sinkholes since 2006 through

its portal website [34]. Although UN-SPIDER has considered

sinkholes as both natural hazards and man-made emergen-

cies, the focus is on the former. As satellite technology has

been applied to monitor the occurrence of sinkholes on Earth,

the UN Office for Outer Space Affairs (UNOOSA) manages

the UN-SPIDER portal.

A few international non-governmental organizations

(INGOs) have intensified their specialization in sinkholes [35].

A select number of INGOs have worked for a single category

of natural hazards (including sinkholes) in multiple regions

owing to proactive hazard management, monetary pressure

on public organizations, and humanitarian aid. EcoPeace is

one of the few INGOs that has asked the industry to pay for

economic damage caused by the continuous occurrence of

manmade sinkholes around the Dead Sea [36].

4.2 Sinkhole-prone countries

Governments in Venezuela have considered natural haz-

ards as the primary cause of a number of sinkholes in their

regions, while also considering potential economic bene-

fits [37]. At least four sinkholes are located at the top of the

Jaua-Sarisariñama National Park. Information about natu-

rally formed sinkholes has been distributed worldwide to

attract diverse tourists and explorers. Even helicopter tours

are being provided for tourists, despite temporary restrictions

on exploration [38].

In China, the focus has been on sinkholes as poten-

tial natural hazards, despite the nation being threatened by

several manmade sinkholes around construction sites [39]. In

particular, southern China has a karst topography; thus, many

regional sinkholes have been the focus of discussion. This is

probably because the occurrence of manmade sinkholes is

not considered as something new or of great interest; news

reporters and scientists often consider these events as natural

sinkholes.

Acknowledging that approximately 60% of the nation’s

territory consists of soluble sediments, Saudi Arabia has

given considerable importance to the need to improve struc-

tural stability by taking into account other influencing factors

in addition to natural hazards [40]. Geological settings have

been a direct cause of sinkhole occurrences throughout the

nation. Two sinkholes in Riyadh, Al-Kharj, have been focal

points because of their huge magnitude. However, Saudi

Arabia has not been confronted with only impacts linked to

natural hazards.

4.3 Sinkhole-resistant countries

Although the United Arab Emirates (UAE) has gener-

ally been evaluated as a sinkhole-resistant nation, the city

of Al-Ain in Abu Dhabi has experienced several shallow

sinkholes [41]. The city government of Al-Ain has currently

classified sinkholes in its administrative zone as geo-hazards

among the eight hazard categories (including natural and

man-made hazards, based on the UNDRR classification) [42].

This means that the city of Al-Ain certainly considers sink-

holes to be a natural hazard, indicating the need for geophys-

ical research.

The East African Great Rift Valley in Kenya has been

influenced by the occurrence of sinkholes, mainly because of
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the large amount of water generated during floods or heavy

rains [43]. Some believe that this is a result of the African

continent being split into two different plates, reflecting a

remarkable natural phenomenon. However, the fact that this

area belongs to an active tectonic zone is also a major cause

of sinkhole occurrence, particularly owing to the impact of

hydrological change.

Australia has a unique situation of sinkhole occurrence

as a natural hazard [44]. Humid climates have caused more

serious sinkhole occurrences in tropical regions than dry cli-

mates. The Nullarbor Plain in Australia is rich in limestone;

however, these areas are desert regions with low humidity.

Only wildlife remains in this desert region; hence, the occur-

rence of infrequent sinkholes in the Nullarbor Plain does not

critically affect the majority of the Australian population [45].

5. Implications: Sinkholes as human-

induced events

Considering sinkholes as human-induced events has

potential advantages over dealing with them as natural

events [46]. Many stakeholders generally believe that humans

cannot prevent the occurrence of sinkholes because natural

hazards are beyond human control. Therefore, stakeholders

have only attempted to contain (or maintain) natural sinkhole

hazards. However, when addressing these as human-induced

events, stakeholders will endeavor to prevent manmade sink-

holes.

To elaborate, the risk of manmade sinkholes may ulti-

mately be stopped or avoided as long as all individuals and

institutions do their best to deal with the related hazards [47].

The occurrence of sinkholes as an unforeseen event pre-

empts the possibility of planning. However, consideration

of sinkholes as manmade events can encourage stakehold-

ers to set up and implement emergency operation plans by

utilizing all appropriate means and methods. As a result,

even an emergency prevention phase is feasible for potential

sinkholes.

These findings suggest that all three stakeholders (i.e.,

international organizations, sinkhole-prone countries, and

sinkhole-resistant countries) should no longer consider sink-

holes as natural events, but as human-induced events. In

doing so, the entire picture of sinkhole hazard management

will be very different from that adopted currently, such as

leadership, mindset, risk perception, and supplementary aid.

Table 1 lists concrete strategies that could be implemented

to manage sinkholes as human-induced events.

The suggested transition in approach is a unique contri-

bution of the present study to the existing literature. In par-

ticular, considering that all aspects of natural sinkholes must

be newly or exhaustively reviewed with respect to human-

induced activities, the theoretical framework of sinkhole haz-

ard management will be much more robust than before [48].

A clear gap (or even a mixed viewpoint) is present between

natural hazards and manmade emergencies in the category

of sinkholes worldwide. This gap can be bridged by viewing

these events through the lens of various human activities.

The suggested transition is closely related to the is-

sue of public awareness in emergency management when

acknowledging that the shift is deeply influenced by the

change in common thinking among the public [49]. Public

awareness refers to the individual or collective extent of

popular knowledge about sinkholes, such as the risk factors

and appropriate actions. Raising awareness as a crosscutting

component empowers people to participate in emergency

management.

This transition will require the extensive use of cutting-

edge technologies [50, 51]. Machine learning may help fur-

ther evaluate manmade sinkhole susceptibility in multiple

areas via the measurement of ground motion rates, provi-

sion of sinkhole risk maps, and supply of environmental

information. Thus, machine learning allows stakeholders to

quantitatively assess various control factors. Additionally,

machine learning facilitates regional planning by monitoring

of sinkholes [52].

Scientists and engineers have known approximately

which areas will be affected by the occurrence of manmade

sinkholes but have not been able to predict their exact loca-

tions [53]. In these circumstances, the necessity for early

warning systems or Earth observations has frequently been

demanded in the field. Scientists and engineers can better

locate the occurrence of sinkholes by further developing tech-

nologies such as fiber-optic sensing [53], ground-penetrating

radar [54], and space-based radar [55].

Because natural sinkholes must be dealt with as unnatu-

ral disasters (or human-induced events) via this transition in

thinking, the issue of social challenges will be extraordinarily

supported [56]. The term unnatural disaster has outlined a rift
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Table 1. Strategic alternatives toward management of sinkholes as human-induced events.

Units Appropriate strategies

International

organizations

- As a transformational leader, UNDRR will address sinkholes as a manmade emergency rather

than a natural hazard, while offering an inclusive (or non-exclusive) vision.

- UNOOSA needs to further add information and knowledge on sinkholes as a manmade

emergency to the UN-SPIDER portal, based on long-term knowledge management (i.e.,

arranging the right knowledge).

- INGOs, including EcoPeace, will expand their specialization in human-induced sinkholes via

information sharing, coordination efforts, and education and training.

Sinkhole-prone

countries

- Similar to the function of exploration restriction, governments in Venezuela should extensively

consider the impacts of climate change and urbanization on sinkholes in the country via both

legitimate conservation policy and emergency management.

- News reporters and scientists in China will fairly discuss the subject of human-induced

activities around sinkholes in southern China by generating breaking news and allocating

research funds.

- In addition to acknowledging that groundwater has been extracted primarily for agricultural

purposes in the region, Saudi Arabia will consider multiple contributing factors of sinkholes

(e.g., agricultural, geological, and natural).

Sinkhole-resistant

countries

- The city government of Al-Ain in UAE will investigate their sinkholes not only by conducting

geophysical studies but also by developing manmade emergency management plans.

- Kenya will cooperate with other nations to address climate change, such as its commitment to

the Paris Agreement and climate finance, while dealing with sinkholes around the East African

Great Rift Valley.

- With sinkholes around the Nullarbor Plains, Australia will highlight the unique characteristics

of each sinkhole case. In particular, each Australian case will be further addressed within the

context of manmade emergencies by referring to specific articulations (e.g., limestone, humidity,

and residential areas) of significance.

between the category of natural hazards and the reality of

human society. Accordingly, almost all sinkhole occurrences

are caused by human activities. The transition required is an

emphasis on the necessity of addressing tough social chal-

lenges around manmade sinkholes.

Sustainable development is equally important in coping

with social challenges around manmade sinkholes. Condi-

tions surrounding human behaviors or social barriers (e.g.,

cultural behavior and life patterns) may not be satisfactorily

improved within a short time [57]. Instead, stakeholders must

monitor and evaluate data throughout the year. Appropriate

strategies and resources, such as sustainable development,

must be flexibly provided for the transition.

To promote this transition, emergency management

educators should provide knowledge on how engineering

(e.g., civil engineering) and science (e.g., geology, natural re-

sources, etc.) work around the occurrence of human-induced

sinkholes [58]. Students can learn how hazards previously con-

sidered natural are transformed into manmade emergencies

in local communities when assessed scientifically. By under-

standing the mechanism of sinkhole occurrence, students can

determine strategies to decrease the impact of anthropogenic

activities.

Emergencymanagement trainers should train peer train-

ers in this transition [59]. These trainers can play a role in

leading the manmade sinkhole preparedness phase. If emer-

gency management trainers do not accept this new recogni-

tion of sinkholes as human-induced events, multiple trainees

will continue to follow the old practices of sinkhole man-

agement. These trainers will continue to conduct exercises

(or repeat) on how to monitor and assess sinkholes in hy-

pothetical situations around household and workplace areas

61.

6. Conclusions

The occurrence of sinkholes worldwide is intermingled

with irresponsible and complex human activities. Albeit

sinkholes are a naturally occurring geological phenomenon,

human activities have greatly increased their frequency and
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severity. Effective hazard management including systematic

emergency planning is essential to lessening the effects of hu-

man activities on sinkhole formation. The aim of this study

was to examine how to enhance sinkhole hazard manage-

ment in the international field. Based on a review of previous

studies, three analytical units (international organizations,

sinkhole-prone countries, and sinkhole-resistant countries)

and two analytical categories (sinkholes as either natural

or human-induced events) were examined to determine key

implications and the way forward.

The most important finding of this study is that the

above three stakeholders should approach the challenge of

sinkhole hazards as human-induced events rather than as

natural events. Each stakeholder should implement the pro-

posed alternatives appropriately, such as with an inclusive

vision, multi-purpose interventions, and availing climate fi-

nance. Based on the clear benefits of considering sinkholes

to be human-induced activities, these stakeholders will con-

tinue to address sinkhole prevention through raising public

awareness, use of cutting-edge technologies, tackling so-

cial challenges, and implementing disaster education and

training.

By raising concerns about man-made emergencies

around sinkholes, the present study has dealt with the issue

of human-induced activities more directly than in multiple

previous studies. Various scholars have fully or partially

studied the issue of sinkhole occurrence from the perspec-

tive of natural hazards, which is not the main focus of this

research. In short, by accounting for the human dimension,

the present study has addressed the societal response or vul-

nerability to sinkholes to a greater extent than in previous

studies.

However, a limitation of this research may arise from

the individual criteria applied for evaluating the boundary

between natural hazards and manmade emergencies. As

such, some critics may judge the transition from the former

to the latter with reference to sinkholes as an oversimplifi-

cation. Despite the fact that associated complications are

prevalent around sinkholes (as long-standing recognition),

this research decisively asserted the transition between the

two opposing categories. This study is based on an aggres-

sive approach.

Future research should further investigate sinkholes

through the lens of human-induced activities. Considering

that the topic has not yet been as extensively studied as nat-

ural events, this new trend will boost the goal of sinkhole

hazard management. Simultaneously, while overcoming the

limitations of this research, further study can help demon-

strate how human-induced factors have exacerbated the im-

pact of sinkholes on each facet. These new findings will

facilitate the transition between the two approaches in the

near future.

Conflict of Interest

The author declares that he has no financial or non-

financial conflicts of interest with this manuscript.

Institutional Review Board Statement

Not applicable.

Informed Consent Statement

Not applicable.

Data Availability Statement

The author confirms that the data supporting the find-

ings of this study are available within the article.

Funding

This work received no external funding.

Acknowledgments

The author acknowledges that Rabdan Academy paid

for open access charge.

References

[1] Kelman, I., 2023. Disaster by choice: Our ac-

tions creating catastrophe. Oxford University Press:

Oxford, United Kingdom. pp. 1–167. Available

from: https://www.avert.ca/disaster-by-choice-our-

actions-creating-catastrophe/

[2] Olsen, J.M., 2024. A Landslide of Contaminated

Soil Threatens Environmental Disaster in Denmark.

Who Pays to Stop It? [Internet]. Available from:

https://www.columbian.com/news/2024/jan/26/a-

193



Journal of Environmental & Earth Sciences | Volume 06 | Issue 03 | October 2024

landslide-of-contaminated-soil-threatens-

environmental-disaster-in-denmark-who-pays-

to-stop-it/ (cited 17 July 2024).

[3] Kentucky Transportation Cabinet, 2008. Kentucky

methods guidance manual. Kentucky Transportation

Cabinet: Frankfort, Kentucky. pp. 1–615. Available

from: https://transportation.ky.gov/Organizational-

Resources/Policy%20Manuals%20Library/Ken-

tucky%20Methods.pdf

[4] Youssef, A.M., Zabramwi, Y.A., Gutierrez, F., et al.,

2020. Sinkholes Induced by Uncontrolled Ground-

water Withdrawal for Agriculture in Arid Saudi Ara-

bia. Integration of Remote-sensing and Geophys-

ical (ERT) Techniques. Journal of Arid Environ-

ments. 177, 104132. DOI: https://doi.org/10.1016/j.jari-

denv.2020.104132

[5] Taheri, K., Missimer, T.M., Bayatvarkeshi, M., et

al., 2023. An Intrinsic Vulnerability Approach to As-

sess an Overburden Alluvial Aquifer Exposure to

Sinkhole-prone Area; Results from a Central Iran Case

Study. Geocarto International. 38(1), 2168068. DOI:

https://doi.org/10.1080/10106049.2023.2168068

[6] Kranjc, A., 2001. About the Name Kras (Karst) in

Slovenia. 13th International Congress of Speleology,

4th Speleological Congress of Latin America and

Caribbean, and 26th Brazilian Congress of Speleology,

517–519. Available from: https://www.caver-

nas.org.br/wp-content/uploads/2021/02/26CBE_517-

519.pdf

[7] Qin, Z., Zhang, Q., Yu, S., et al., 2023. Re-

vealing Karst Water Circulation Based on the

GIS and Environmental Isotopes Methods—A Case

Study in Eastern Sichuan, Southwestern China.

Frontiers in Earth Science. 11, 1120618. DOI:

https://doi.org/10.3389/feart.2023.1120618

[8] Alrabayah, O., Caus, D., Watson, R.A., et al.,

2024. Deep-Learning-Based Automatic Sink-

hole Recognition: Application to the Eastern

Dead Sea. Remote Sensing. 16, 2264. DOI:

https://doi.org/10.3390/rs16132264

[9] Liu, R., Sun, H., Qin, J., et al., 2023. A Multi-

geophysical Approach to Assess Potential Sinkholes

in an Urban Area. Engineering Geology. 318, 107100.

DOI: https://doi.org/10.1016/j.enggeo.2023.107100

[10] McCraw, D.J., Land, L., 2016. Sinkholes: A hidden,

real New Mexico geohazard. New Mexico Earth Mat-

ters, (winter). New Mexico Bureau of Geology and

Resources: Socorro, New Mexico. pp. 1–6. Avail-

able from: https://geoinfo.nmt.edu/publications/peri-

odicals/earthmatters/16/n1/em_v16_n1.pdf

[11] Kwak, T.-Y., Woo, S.-I., Chung, C.-K., et al.,

2020. Experimental Assessment of the Relationship

between Rainfall Intensity and Sinkholes Caused

by Damaged Sewer Pipes. Natural Hazards and

Earth System Sciences. 20(12), 3343–3359. DOI:

https://doi.org/10.5194/nhess-20-3343-2020

[12] Gutierrez, F., 2016. Sinkhole Hazards. Ox-

ford Research Encyclopedias, Natural Haz-

ard Science. DOI: https://doi.org/10.1093/acre-

fore/9780199389407.013.40

[13] SearchFlow, 2023. Sinkholes in the UK. [Internet].

Available from: https://www.searchflow.co.uk/news-

and-events/sinkholes-in-the-uk/#:∼:text=With-

out%20the%20rock%20to%20sup-

port,is%20a%20’crown%20hole’ (cited 21 July

2024).

[14] St. Johns River Water Management District, 2023.

Could Sinkholes Help Us Replenish Our Water

Supply? [Internet]. Available from: https://www.sjr-

wmd.com/streamlines/could-sinkholes-help-us-

replenish-our-water-supply/ (cited 19 July 2024)

[15] Ramirez-Serrato, N.L., Garcia-Cruzado, S.A.,

Herrera, G.S., et al., 2023. Assessing the Re-

lationship between Contributing Factors and

Sinkhole Occurrence in Mexico City. Geomatics,

Natural Hazards and Risk. 15(1), 2296377. DOI:

https://doi.org/10.1080/19475705.2023.2296377

[16] United States Geological Society (USGS), 2020.

National Preparedness Month 2020: Land-

slides and Sinkholes. [Internet]. Available from:

https://www.usgs.gov/news/featured-story/national-

preparedness-month-2020-landslides-and-sinkholes

(cited 17 July 2024).

[17] Ahmadi, R., Mirandah, E., Suyatno, A., et al., 2024.

Disaster Management and Emergency Response: Im-

proving Coordination and Preparedness. Global Inter-

national Journal of Innovative Research. 2(4), 831–839.

DOI: https://doi.org/10.59613/global.v2i4.129

[18] Zurich Services Corporation, 2016. Land sub-

sidence, sinkhole collapse and karst subsi-

dence: An un-assessed risk. Zurich Services

Corporation: Schaumburg, Illinois. pp. 1–16.

Available from: https://www.zurichna.com/-

/media/project/zwp/zna/docs/kh/re/land_subsidence_

sinkhole_collapse_and_karst_subsidence_web.pdf

[19] Moshodi, T., Coetzee, C., Fourie, K., 2016. Inade-

quate Stakeholder Management and its Effect on a

Coherent Sinkhole Risk Management Strategy: The

Case of the Merafong Local Municipality, SouthAfrica.

JAMBA: Journal of Disaster Risk Studies. 8(1), a265.

DOI: https://doi.org/10.4102/jamba.v8i1.265

[20] Malinowska, A.A., Matonog, A., 2017. Sinkhole

Hazard Maping with the Use of Spatial Anal-

ysis and Analytical Hierarchy Process in the

Light of Mining-geological Factors. Acta Geody-

namica et Geomaterialia. 14(2), 159–172. DOI:

https://doi.org/10.13168/AGG.2016.0037

[21] Salem, H.S., 2019. Sinkholes of the Dead Sea Basin: A

Result ofAnthropogenic Disturbance to Nature and Sig

for More and Greater Hazards. Solid Earth Discussions.

194



Journal of Environmental & Earth Sciences | Volume 06 | Issue 03 | October 2024

DOI: https://doi.org/10.5194/se-2019-97

[22] Mostafiz, R.B., Friedland, C.J., Rohli, R.V., et

al., 2021. Property Risk Assessment of Sink-

hole Hazard in Louisiana, U.S.A. Frontiers

in Environmental Science. 9, 780870. DOI:

https://doi.org/10.3389/fenvs.2021.780870

[23] Mathiesen, K., 2023. Are Human Causing More

Sinkholes? [Internet].Available from: https://www.the-

guardian.com/environment/2014/feb/20/are-humans-

causing-more-sinkholes (cited 1721 July 2024).

[24] Aminov, K., 2023. Integration Issues of Human-being

and Environment. E3SWeb of Conference. 389, 03045.

DOI: https://doi.org/10.1051/e3sconf/202338903045

[25] National Research Council (NRC), 2006. Facing haz-

ards and disasters: Understanding human dimensions.

The National Academies Press: Washington, D.C. pp.

1-408. DOI: https://doi.org/10.17226/11671

[26] Dursun, A.E., 2022. Risk Analysis of Natural Sink-

holes Hazards in Karapınar Basin (Konya, Turkey).

Arabian Journal of Geoscience. 15, 279. DOI:

https://doi.org/10.1007/s12517-022-09564-8

[27] Vennari, C., Parise, M., 2022. A Chronologi-

cal Database about Natural and Anthropogenic

Sinkholes in Italy. Geosciences. 12(5), 200. DOI:

https://doi.org/10.3390/geosciences12050200

[28] Tahsin, N., Joarder, M.M.A., 2022. Community Smells

in Software Engineering: A Systematic Literature Re-

view. Systematic Literature Review andMeta-Analysis.

3(4), 127–145. DOI: https://doi.org/10.54480/slr-

m.v3i4.51

[29] Rammal, H.G., 2023. Systematic Literature Reviews:

Steps and Practical Tips. In: Rana, S., Singh, J.,

Kathuria, S., (editors), Advancing methodologies of

conducting literature review in management domain

(review of management literature, Vol. 2). Emerald

Publishing Limited: Leeds, England. pp. 27–35. DOI:

https://doi.org/10.1108/S2754-586520230000002002

[30] Sanfilippo, F., Tigano, S., Palumbo, G.J., et al., 2020.

Importance of Inclusion Criteria in Systematic Reviews.

British Journal of Anaesthesia. 125(5), e398–e399.

DOI: https://doi.org/10.1016/j.bja.2020.07.010

[31] Adame M.F., Santini N.S., Torres-Talamante O., et

al., 2021. Mangrove Sinkholes (Cenotes) of the Yu-

catan Peninsula, a Global Hotspot of Carbon Seques-

tration. Biology Letters. 17(5), 1720210037. DOI:

https://doi.org/10.1098/rsbl.2021.0037

[32] Baluch, K., Kim, J.-G., Kim, J.-G., et al., 2022. As-

sessment of Sinkholes Investigations in Jangseong-

Gun Area, South Korea, and Recommendations for

Similar Studies. International Journal of Environ-

mental Research and Public Health. 19, 1111. DOI:

https://doi.org/10.3390/ijerph19031111

[33] United Nations Office for Disaster Risk Reduc-

tion (UNDRR), 2023. Sinkhole. [Internet]. Available

from: https://www.undrr.org/understanding-disaster-

risk/terminology/hips/gh0026 (cited 21 July 2024).

[34] UN, 2023. Sinkholes. [Internet]. Available from:

https://www.un-spider.org/sinkholes (cited 22 July

2024).

[35] Gounon, C., 2021. Sinkholes on Receding Dead

Sea Shore Mark ‘Nature’s Revenge. [Internet]. Avail-

able from: https://phys.org/news/2021-10-sinkholes-

receding-dead-sea-shore.html (cited 18 July 2024).

[36] EcoPeace Middle East, Konrad Adenauer Stiftung,

2020. The climate crisis and the changing secu-

rity. EcoPeace Middle East: Tel-Aviv, Israel. pp.

1–47. Available from: https://ecopeaceme.org/wp-

content/uploads/2022/03/the-climate-crisis-and-the-

changing-security-environment-of-the-middle-east.pdf

[37] WorldAtlas, 2023. The Sarisarinama Sinkholes,

Venezuela - Unique Places around the World.

[Internet]. Available from: https://www.worldat-

las.com/articles/the-sarisarinama-sinkholes-venezuela-

unique-places-around-the-world.html (cited 23 July

2024).

[38] Salem, H.S., 2020. Multi- and Inter-disciplinary Ap-

proaches towards Understanding the Sinkholes’ Phe-

nomenon in the Dead Sea Basin. SN Applied Sciences.

2, 667. DOI: https://doi.org/10.1007/s42452-020-2146-

0

[39] Jia, L., Meng, Y., Li, L., et al., 2020. Methodologi-

cal Considerations in Cover-Collapse Sinkhole Analy-

ses: A Case Study of Southeastern China’s Guangzhou

City. Natural Hazards and Earth System Sciences. DOI:

https://doi.org/10.5194/nhess-2020-53

[40] Nawaz, B.A., Spyropoulos, E., Al-Saafin, A.K.,

2020. Risk Assessment for Karst Hazards at a Facil-

ity in Saudi Arabia-A Case Study. Journal of Geo-

science and Environment Protection. 8, 277–312. DOI:

https://doi.org/10.4236/gep.2020.85018

[41] Saibi, H., Amrouche, M., Fowler, A.-R., 2019.

Deep Cavity Systems Detection in Al-Ain City,

UAE, Based on Gravity Surveys Inversion. Jour-

nal of Asian Earth Sciences. 182(1), 103937. DOI:

https://doi.org/10.1016/j.jseaes.2019.103937

[42] UNDRR, 2020. Hazard definition & classification re-

view: Technical report. UNDRR: Geneva, Switzerland.

pp. 1–88. Available from: https://www.undrr.org/me-

dia/47681/download?startDownload=true

[43] Rateb, A., Hermas, E., 2020. The 2018 Long Rainy

Season in Kenya: Hydrological Changes and Corre-

lated Land Subsidence. Remote Sensing. 12(9), 1390.

DOI: https://doi.org/10.3390/rs12091390

[44] Miller, C.R., 2012. Cenozoic evolution of the

Nullarbor Plain Paleokarst, Southern Australia.

Doctoral degree dissertation, Queen’s Univer-

sity: Ontario, Canada. pp. 1–185. Available from:

https://geodocsget.dmirs.wa.gov.au/api/GeoDoc-

sGet?filekey=83383601-1898-

4d4d-afa8-c4eb7e021613-

195



Journal of Environmental & Earth Sciences | Volume 06 | Issue 03 | October 2024

vtvnxjivtcq0jbnkv6saaq5kyzypz5wfksnirm3g

[45] Ryan, H.E., Travouillon, K.J., Milne, L.A., et al.,

2024. A New Bothriembryon from the Nullarbor

Plain, Western Australia, with Insights on the Age

of Bothriembryon Praecursor from Kangaroo Well,

Northern Territory. Alcheringa: An Australasian

Journal of Palaeontology. 48(2), 402–417. DOI:

https://doi.org/10.1080/03115518.2024.2323472

[46] Klemetti, E., 2021. We Really Can’t Stop Natural

Disasters, We Can Only Hope to Contain Them.

[Internet]. Available from: https://www.discover-

magazine.com/planet-earth/we-really-cant-stop-

natural-disasters-we-can-only-hope-to-contain-them

(cited 20 July 2024).

[47] UN International Strategy for Disaster Reduction

(UNISDR), 2018. Words into action in guidelines:

Implementation guide for man-made and technolog-

ical hazards. UNISDR: Geneva, Switzerland. pp.

1–66. Available from: https://unece.org/DAM/env/doc-

uments/2018/TEIA/Words_into_Actions.pdf

[48] Hassan, M., 2023. Research Contribution – Thesis

Guide. [Internet]. Available from: https://research-

method.net/research-contribution/ (cited 19 July 2024).

[49] International Federation of Red Cross and Red

Crescent Societies (IFRC), 2011. Public awareness and

public education for disaster risk reduction: A guide.

IFRC: Geneva, Switzerland. pp. 1–102. Available

from: https://www.climatecentre.org/wp-content/up-

loads/Public-awareness-and-public-education-for-

disaster-risk-reduction-a-guide.pdf

[50] Bianchini, S., Confuorto, P., Intrieri, E., et al.,

2022. Machine Learning for Sinkhole Risk Map-

ping in Guidonia-Bagni di Tivoli Plain (Rome), Italy.

Geocarto International. 37(27), 16687–16715. DOI:

https://doi.org/10.1080/10106049.2022.2113455

[51] Mkrtchyan, F.A., 2024. Features of the Geoinforma-

tion Monitoring System Using Microwave and Optical

Tools. Journal of Environmental & Earth Sciences. 6(2),

17–28. DOI: https://doi.org/10.30564/jees.v6i2.6325

[52] Nam, B.H., Park, K.W., Kim, Y.J., 2024. Pre-

diction of Karst Sinkhole Collapse Using a

Decision-tree (DT) Classifier. Geomechan-

ics and Engineering. 36(5), 441–453. DOI:

https://doi.org/10.12989/gae.2024.36.5.441

[53] Cambridge Centre for Smart Infrastructure and

Construction (Cambridge CSIC), 2023. New Use

for Existing Technology to Identify Potential

Sinkholes. [Internet]. Available from: https://www-

smartinfrastructure.eng.cam.ac.uk/projects-and-

case-studies/2020-case-studies/new-use-existing-

technology-identify-potential-sinkholes (cited 17 July

2024).

[54] Gao, Y., Zhu, H., Qiao, L., et al., 2023. Feasibil-

ity Study on Sinkhole Monitoring with Fiber Optic

Strain Sensing Nerves. Journal of Rock Mechanics and

Geotechnical Engineering. 15(11), 3059–3070. DOI:

https://doi.org/10.1016/j.jrmge.2022.12.026

[55] Ronen, A., Ezersky, M., Beck, A., et al., 2019. Use

of GPR Method for Prediction of Sinkholes Forma-

tion along the Dead Sea Shores, Israel. Geomorphol-

ogy. 328, 28–43. DOI: https://doi.org/10.1016/j.geo-

morph.2018.11.030

[56] Baltiyeva,A., Orynbassarova, E., Zharaspaev, M., et al.,

2023. Studying Sinkholes of the Earth’s Surface Involv-

ing Radar Satellite Interferometry in Terms of Zhezkaz-

gan Field, Kazakhstan. Mining of Mineral Deposits.

17(4), 61–74. DOI: https://doi.org/10.33271/min-

ing17.04.061

[57] Lizarralde, G., 2021. Unnatural disasters: Why

most responses to risk and climate change fail

but some succeed. Columbia University Press:

New York, New York. pp. 1–328. Available

from: http://cup.columbia.edu/book/unnatural-

disasters/9780231198103

[58] Sumanovac, F., Pekas, Z., 2022. Modelling Cover-

collapse Sinkholes that Appeared After the M6.2

Petrinja Earthquake in Croatia Using Electrical Re-

sistivity Tomography Data. Sustainability. 15(2), 1124.

DOI: https://doi.org/10.3390/su15021124

[59] Teach Engineering, 2023. Sinkhole emergency.

[Internet]. Available from: https://www.teachengineer-

ing.org/activities/view/uof-2720-sinkhole-sinkhole-

emergency-engineering-design-process (cited 18 July

2024).

[60] St John International, 2022. How St John is Helping.

[Internet]. Available from: https://www.stjohn-

international.org/dpp-activities?gclid=CjwKCA-

jwjOunBhB4EiwA94JWsMte2mwfZN2nAHZPP5Ek-

YhUgcH8dT8Pr7131KM16nPjiad-

gqogTBoC2zIQAvD_BwE (cited 22 July 2024).

[61] Mulyana, B., Pamungkas, R.A., Sari, W., et al., 2024.

Preparedness Training Programs Improved the Emer-

gency Response and Crucial Outcomes Among Nurs-

ing Students: A Scoping Review. Frontiers of Nurs-

ing. 11(2), 159–167. DOI: https://doi.org/10.2478/fon-

2024-0017

196


	Introduction
	Literature review
	Key concepts 
	Previous studies 
	Premise of this focus

	Methodology 
	Review protocol
	Literature screening
	Text extraction and synthesis

	Results: Sinkholes as natural events
	International organizations 
	Sinkhole-prone countries 
	Sinkhole-resistant countries 

	Implications: Sinkholes as human-induced events 
	Conclusions

