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Abstract 
 

Natural disasters are known as natural events that suddenly occur in a certain region on earth, create social stress, 
create significant losses on people and human settlements, and disrupt life in society. Sinkholes are considered a 
natural disaster that can cause serious damage to society and the environment. Such unpredictable geological 
disasters have the potential to cause irreversible damage, especially to settlements and agricultural areas. There 
are thousands of sinkholes in regions containing salt, gypsum and carbonate rocks in different parts of the world 
and the main factor that accelerates them is human activities. Disaster prevention and damage reduction policies 
can be developed with sinkhole risk assessment studies, and disaster-oriented planning can be made to reduce the 
damage caused by sinkholes. These natural events that occur beyond human control cause loss of life and property. 
Within the scope of this study, sinkholes, that are considered as an important component of natural disasters and 
whose numbers are increasing over the world, and agricultural sustainability are discussed. 
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Introduction 
In general, a sinkhole can be defined as the collapse of underground cavities formed as a result of groundwater 
interacting with the soil, unable to carry the surface weight. Disasters are events that can occur due to natural or 
anthropogenic causes, affect people physically, socially or economically, stop or interrupt daily life, and cannot 
be dealt with by local means (AFAD, 2014). Sinkholes, which are karst landforms, are formed when rocks that 
can dissolve underground such as limestone (limestone, marl, gypsum, etc.) create cavities over time and the 
ceilings of these cavities collapse (Tapur and Bozyiğit, 2013). Karstification, unlike the external factors that form 
the surface (streams, glaciers, volcanoes, wind, coastal geomorphologies), develops similar to a large structure 
connected to each other both on the surface and underground (Anonymous, 2021). Sinkholes are expressed as 
"karst collapse areas" in another source (MTA, 2018). The main criteria in the formation of sinkholes are; While 
natural events such as geological, hydrogeological, tectonic and climatological occur, the main accelerating factor 
is human activities (Günay et al., 2010; Caló et al., 2017). 
There are thousands of sinkholes with similar characteristics in regions containing salt, gypsum and carbonate 
rocks in different parts of the world. Carbonate rocks cover approximately 13.2% of the world's surface except for 
Antarctica and Greenland. When evaporitic rocks are included, more than 15% of the world's surface is covered 
with soluble rocks (Anonymous, 2018). In regions where carbonate rocks such as limestone, clayey limestone, 
marl, dolomitic limestone, dolomite, and evaporites such as gypsum and anhydrite are widespread in the event of 
interaction with water, the formation of karstic forms such as caves, dolines, lapias and sinkholes is a common 
geological and geomorphological event (Erol, 1990; Karadoğan, 2001). Since sinkholes are depressions caused by 
the dissolution of rocks generally composed from calcium carbonates likewise dolomite and also limestone on the 
surface, karstic rock areas are even more vulnerable than in other regions (Taheri et al., 2021). The widest 
mechanisms of crack formation are the unconsolidated alluvial basins, as the groundwater level drops, thinner 
shaped alluvium that is close to edge of basin experiences less compression and subsidence than the thicker shaped 
alluvium close to deeper, basin central part, besides stress resulting from discriminatory compression causes cracks 
to form in the overlying cover (Anderson, 1988). 
That is a well known fact that formation of the sinkholes accelerates with the rapid decrease in groundwater as a 
result of excessive water withdrawal from wells (Subramani et al., 1983; Galloway et al., 1999; Yılmaz, 2010). In 
order to prevent unsustainable water use, it is important to modernize irrigation systems and correctly assess water 
system requirements. Minimizing problems such as over-irrigation and water insufficiency by ensuring that water 
is delivered to plants in the right amount and time by modernizing irrigation systems, and adopting conscious and 
sustainable practices in soil protection and management are important steps to reduce the formation of sinkholes 
(Ewaid et al., 2019; FAO, 2019). In this study, literature information on sinkholes was reviewed, cause-effect 
relationships were examined and recommendations were made. 
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Sinkholes and Agricultural Sustainability 
Sinkholes are shaped owing to effects by natural hydrogeological, geological, structural geological in addition to 
geomorphologic situations. Sinkholes are defined as natural wells represented in karst lands (Bui et al., 2018). 
Karst formations refer to a land formed by dissolution of main rock besides the improvement of underground 
shaped drainage. For this reason, although they are primarily associated with limestone, they can also form on the 
other soluble rocks and carbonates (Waltham et al., 2005). In his technical study on sinkholes (Gutierrez, 2016), 
he generally justifies the implementation of preventive or compensatory risk reduction measures against these 
formations in economic and/or social contexts. By natural types geologic factors which give rise to formation for 
the sinkholes, lithological characteristics and geologic structure, climatic changes, drought factors, hydro-geologic 
characteristics cannot be controlled by humans, but one of the most important factors that can be controlled is 
water use (Göçmez et al., 2022). Sinkholes are quite common in all countries in Europe except Iceland, in the 
Mediterranean and oceanic countries of Africa, in Turkey, Lebanon, Palestine, Israel, Syria, Iraq and Iran in the 
Middle East, and in Afghanistan, Pakistan, India and China in Asia (Anonymous, 2024a; b). When the literature 
on sinkholes is examined, it is seen that the subject is more important at the geological and engineering levels, but 
the sociological importance of the situation is not evaluated in the context of climate crisis, drought and 
unconscious agricultural practices (Saa, 2022). 
It is important to implement preventive planning and corrective measures in high priority risk areas. Anthropogenic 
factors such as land use, excessive groundwater use, well density, intensive agricultural activities, etc. increase the 
frequency of sinkhole formation in many places in the world (Galve et al., 2009; Ke, 2017; Wu, 2018). In this 
study, the researcher stated three main issues that need to be changed by the laws. The mentioned laws are; re-
definition for sinkholes, definition for structure based damages and improvement of quality for the underground 
research (Zisman, 2013). Sinkhole formations can destroy buildings, roads or railways, causing these structures to 
collapse and high material losses (Xua et al., 2017). As another result that is revealed by the study (Ciantia, 2023), 
the disintegration in the ground could trigger collapse over time. It was also stated that following the displacement 
over time in rocks with this type of disintegration is a method that should be used to calculate the safety life of the 
structure. 
It is expected that sinkholes might be occurred in future welded by same or similar conditions as they occurred in 
the past, and sinkhole inventory maps are used as a basis in defining the hazard areas and creating hazard maps 
according to this principle (Orhan et al., 2020). In their research (Sahu et al., 2015), they investigated the collapses 
that occur in the ground and their causes. They stated that collapses are usually caused by underground mines or 
sinkholes. They stated the factors affecting the collapse as the working techniques performed in underground 
mining, adjacent working areas, depth of the work, presence of geological deformations, stresses in the ground, 
surface topography, decreases in groundwater, precipitation and earthquakes. Since the sinkholes formed in the 
regions where soluble rocks are located have a continuously collapsing structure, the collapses might be monitored 
based on the surface. Due to suddenly collapses are not expected by those sinkholes, it is possible to develop 
monitoring and early warning systems for the people living on them and take precautions against the dangers. The 
inability to fully detect underground structures such as artificial and natural cavities, groundwater or natural caves 
causes sudden formation of sinkholes of different sizes and shapes and thus increases the extent of environmental 
damage (Gutiérrez et al., 2014; 2016). Researchers (Nam and Kim, 2017) stated that they are generally studied 
from a geological perspective, but engineering solutions for sinkholes are still insufficient, and large collapse 
sinkholes that may occur in metropolises and cities will pose a very serious threat. Considering the difficulties and 
dangers related to sinkholes, researchers stated that there is still a lack of geotechnical understanding and methods 
related to sinkholes and that they are insufficient to measure cost-effective repair methods and technologies for 
sinkholes. 
In the literature, studies on the creation of susceptibility maps for many disasters such as landslides, floods, 
avalanches, fires have been successfully applied (Malczewski, 2006; Abedi et al., 2021; Iban and A. Sekertekin, 
2022; Varol, 2022). Subsurface-based soil erosion throughout a crack trace acts the role for opening, widening 
besides subsequently development of crack channels (Carpenter and Bradley, 1986). Researchers (Gutiérrez et al., 
2009) emphasized that conducting trench-opening examinations in settlements against sinkhole risks is cheaper, 
more reliable and important in reaching detailed information. In their study (Caudron et al., 2006), they analyzed 
how the soil and structure interactions will be during of the sinkhole event by quite small-scaled model using a 2-
dimensionals ground with the building model. In their study, the researchers stated that considering the ground-
structure interactions during the presence of a sinkhole or similar hazard can be very cost-effective. In particular, 
the effect of human activities on the formation of sinkholes is considerable. The dissolution of calcareous rocks 
by underground water leads to the formation of sinkholes (Shalev et al., 2006). In their study (Zisman et al., 2009), 
they investigated the damages in structures caused by sinkholes. They stated that in order to determine the source 
of the cracks that occur, it is necessary to examine the displacement along the cracks, the geometry and movement 
of the building. 
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Financial based costs for deal with conclusions for sinkholes are quite often (Kuniansky et al., 2015). One of the 
most important points for risk evaluation and management of disasters such as sinkholes is the creation from 
susceptible maps which predicts besides presenting the spatial probability for the future based disaster (Pradhan et 
al., 2011; Elmahdy et al., 2020). As reported in a study (Fritz, 1961), disasters provide an opportunity for the 
restoration of social order, and this reconstruction process can increase community solidarity and mutual 
assistance. Accurate estimation of crop water requirements is important in agricultural irrigation management to 
prevent water wastage and to increase agricultural productivity. Accurate estimation of water volumes to be 
supplied to irrigated areas has the potential to decreasing of risk on water scarcity as well as to guarantee the 
sustainable usage of the water resources (Todorovic, 2005). 
 
Conclusions 
Sinkholes, which are considered as one of the important disaster types, cause seriously security-related affairs in 
the sites where they appeared. Today, the problems about question are seen on the areas where the basic 
components likewise a gradual reduce in underground water resource, intensively agriculture based activities 
carried out devoid of considering climate based features, and the existing geological structures in the regions at 
risk are risky for the formation of sinkholes. Sinkholes are structures that are considered aspect of nature based 
disasters and their numbers have been increasing in recent years around the world. 
Sinkholes are considered a natural disaster that can cause serious damage to society and the environment. People 
not using the right methods when using nature and not giving enough importance to sustainability issues can cause 
natural disasters and have negative social consequences. In addition to human activities, climate and geological 
events are other factors that affect karst formation. It is of critical importance to educate and raise awareness of 
people living in places with sinkhole risk and those engaged in agricultural activities, to conduct studies through 
cooperation, to monitor underground water resources and manage them consciously, and to ensure that natural 
resources are used in accordance with sustainability principles. 
 
References 
Abedi, R., Costache, R., Shafizadeh-Moghadam, H., & Pham, Q. B. (2021). Flash-flood susceptibility mapping based on 

XGBoost, random forest and boosted regression trees. Geocarto International, 37(19), 5479-5496. 
https://doi.org/10.1080/10106049.2021.1920636. 

AFAD. (2014). Türkiye afet farkındalığı ve afetlere hazırlık araştırması. T. C. Başbakanlık Afet ve Acil Durum Yönetimi 
Bașkanlığı, 69 pages. 

Anderson, S. R. (1988). Potential for aquifer compaction, land subsidence, and earth fissures in the Tucson Basin, Pima County, 
Arizona: U.S. Geological Survey Hydrologic Investigations Atlas 713, 3 sheets, scale 1:250,000. 

Anonymous. (2018). https://www.fos.auckland.ac.nz/our_research%20/karst/ 
Anonymous. (2021). https://www.geographynotes.com. 
Anonymous. (2024a). https://www.cbsnews.com/pictures/giant-sinkholes/24/ 
Anonymous. (2024b). https://www.npr.org/sections/thetwo-way/2010/06/guatemalas_sinkhole_staggers_m.html 
Bui, D. T., Panahi, M., Shahabi, H., Singh, V. P., Shirzadi, A., Chapi, K. & Ahmad, B. B. (2018). Novel hybrid evolutionary 

algorithms for spatial prediction of floods, Scientific Reports, 8, 1, 1-14. 
Caló, F., Notti, D., Galve, J. P., Abdikan, S., Görüm, T., Pepe, A., & Balik Şanli, F. (2017). Dinsar-Based detection of land 

subsidence and correlation with groundwater depletion in Konya Plain, Turkey. Remote sensing, 9(1), 83. 
https://doi.org/ 10.3390/rs9010083. 

Carpenter, M. C., & Bradley, M. D. (1986). Legal perspectives on subsidence caused by ground-water withdrawal in Texas, 
California, and Arizona, U.S.A.: International Symposium on Land Subsidence, 3rd, Venice, 1984, [Proceedings, 
Johnson, A.I., Carbognin Laura, and Ubertini, L., eds.], International Association of Scientific Hydrology Publication 
151, p. 817–828. 

Caudron, M., Emeriault, F., Kastner, R., & Al Heib, M. (2006). Sinkhole and soil-structure interactions: Development of an 
experimental model. In International Conference on Physical Modelling in Geotechnics 2006 (pp. 1261-1267). 
Taylor&Francis. 

Ciantia, M. (2023, March). Numerical assessment of sinkhole-induced damage to buildings. In Geo-Resilience 2023. British 
Geotechnical Association. 

Elmahdy, S. I., Mohamed, M. M., Ali, T. A., Abdalla, J. E. D., & Abouleish, M. (2020). Land subsidence and sinkholes 
susceptibility mapping and analysis using random forest and frequency ratio models in Al Ain, UAE. Geocarto 
International, 37 (1), 315-331. https://doi.org/ 10.1080/10106049.2020.1716398. 

Erol, O., (1990). The relationship between the phases oj the development oj the Konya Karapınar obruks and the Pleistocene 
Tuzgölü and Konya pluviyal lakes, Turkey. Institute of Marine Sciences and Geography, Istanbul University, 
Bulletin, 7(7), 5-50. 

Ewaid, S. H., Abed, S. A., & Al-Ansari, N. (2019). Crop water requirements and irrigation schedules for some major crops in 
Southern Iraq. Water, 11, 756, doi:10.3390/w11040756. 

FAO. (2019). Sürdürülebilir Toprak Yönetimi Gönüllü Kılavuz İlkeleri (In Turkish). Roma. 
https://openknowledge.fao.org/server/api/core/bitstreams/9d3cb816-b029-4a2e-9077-8c993bf4022e/content 

Fritz, C. E. (1961). “Disasters.” Pp. 651‑694 in Contemporary Social Problems, edited by Robert K. Merton and Robert A. 
Nisbet. New York: Harcourt 

https://doi.org/10.1080/10106049.2021.1920636
https://www.fos.auckland.ac.nz/our_research%20/karst/
https://www.geographynotes.com/
https://www.cbsnews.com/pictures/giant-sinkholes/24/
https://www.npr.org/sections/thetwo-way/2010/06/guatemalas_sinkhole_staggers_m.html


 

632 
 

Galloway, D., Jones, D. R., & Ingebritsen, S. E. (1999). Sinkholes, West-Central Florida A link between surface water and 
ground water, In Land Subsidence in the United States,U.S. Geological Survey Circular 1182, 121-140. 
(https://pubs.usgs.gov/circ/circ1182/) 

Galve, J. P., Gutiérrez, F., Remondo, J., Bonachea, J., Lucha, P., & Cendrero, A. (2009). Evaluating and comparing methods 
of sinkhole susceptibility mapping in the Ebro Valley evaporite karst (NE Spain), Geomorphology, 111, 3, 160-172. 

Göçmez, G., Dülger, A., Arık, F., Delikan, A., Coşkuner, B., Kansun, G., Döyen, A., & Arslan, Ş. (2022). Groundwater level 
changes and sinkhole formation of Ürünlü (Çumra- Konya), Selcuk University The Journal of Social and Technical 
Researches, Special Issue, 20(1), 172-178. 

Gutierrez, F. (2016). Sinkhole Hazards. Oxford Research Encyclopedia of Natural Hazards Science. 
https://doi.org/10.1093/acrefore/9780199389407.013.40. 

Gutiérrez, F., Galve, J. P., Lucha, P., Bonachea, J., Jordá, L., & Jordá, R. (2009). Investigation of a large collapse sinkhole 
affecting a multi-storey building by means of geophysics and the trenching technique (Zaragoza city, NE Spain). 
Environmental Geology, 58, 1107-1122. 

Gutiérrez, F., Parise, M., De Waele, J., & Jourde, H. (2014). A review on natural and human-induced geohazards and impacts 
in karst. Earth-Science Reviews, 138, 61–88. https://doi.org/10.1016/j.earscırev.2014.08.002. 

Günay, G., Çörekçioğlu, İ., Eroskay, S. O., & Övül, G. (2010). Konya Karapınar obruks (sinkholes) of Turkey. In Advances in 
Research in Karst Media (pp. 367-372). Berlin, Heidelberg: Springer Berlin Heidelberg. 

Iban, M. C., & Sekertekin, A. (2022). Machine learning based wildfire susceptibility mapping using remotely sensed fire data 
and GIS: A case study of Adana and Mersin provinces, Turkey. Ecological Informatics, 69, 101647. https://doi.org/ 
10.1016/j.ecoınf.2022.101647. 

Karadoğan, S. (2001). Karapınar çevresindeki farklı jeomorfolojik şekiller, özellikleri ve turizm potansiyelleri. Karapınar 
Sempozyumu, Bildiri Kitabı, 339-358. Karapınar – Konya (In Turkish). 

Ke, G., Meng, Q., Finley, T., Wang, T., Chen, W., Ma, W., ... & Liu, T. Y. (2017). Lightgbm: A highly efficient gradient 
boosting decision tree. Advances in neural information processing systems, 30. 

Kuniansky, E. L., Weary, D. J., & Kaufmann, J. E. (2015). The current status of mapping karst areas and availability of public 
sinkhole-risk resources in karst terrains of the United States, Hydrogeology Journal, 24 (3), s. 613-624. 

Malczewski, J. (2006). GIS‐based multicriteria decision analysis: a survey of the literatüre. International Journal of 
Geographical Information Science, 20 (7), 703-726, 2006. https://doi.org/ 10.1080/13658810600661508. 

MTA. (2018). Obruk araştırmaları. https://www.mta.gov.tr. 
Nam, B., & Kim, Y. (2017, March). Karst sinkhole detection, characterization, and engineering-A US case study. In The 2017 

KGS Spring Conference, Seoul, Korea. 
Orhan, O., Kırtıloğlu, O. S., & Yakar, M. (2020). Creation of The Konya Closed Basin Sinkhole Inventory Information System. 

Journal of Geomatics, 5(2), 81-90. 
Pradhan, B., Mansor, S., Pirasteh, S., & Buchroithner, M. F. (2011). Landslide hazard and risk analyses at a landslide prone 

catchment area using statistical based geospatial model. International Journal of Remote Sensing, 32(14), 4075-4087. 
Saa, A. T. (2022). Çumra-Hotamış (Konya) Bölgesinin obruk potansiyeli ve obruk formasyonlarının jeolojik 

incelenmesi. Master thesis, Konya Teknik Üniversitesi, Konya, Turkiye. 
Sahu, P., & Lokhande, R. D. (2015). An investigation of sinkhole subsidence and its preventive measures in underground coal 

mining. Procedia Earth and Planetary Science, 11, 63-75. 
Shalev, E., Lyakhovsky, V., & Yechieli, Y. (2006). Salt dissolution and sinkhole formation along the Dead Sea shore. J 

Geophys Res., 111(B3). doi: 10.1029/2005JB004038 
Subramani, V., & Saxena, K. (1983). Hydrogeochemistry of groundwater in the Delhi region of India Relation of Groundwater 

Quantity and Quality, Hamburg Symposium, IAHS. 
Taheri, K., Missimer, T. M., Mohseni, H., Fidelibus, M. D., Fathollahy, M., & Taheri, M. (2021). Enhancing spatial prediction 

of sinkhole susceptibility by mixed waters geochemistry evaluation: application of ROC and GIS. Environmental 
Earth Sciences, 80 (470), 1-28. https://doi.org/10.1007/s12665-021-09763-8. 

Tapur, T., & Bozyiğit, R. (2013). Konya İli Obruk Envanteri, Orman ve Su İşleri Bakanlığı Doğa Koruma ve Milli Parklar 8. 
Bölge Müdürlüğü Konya Şube Müdürlüğü, Konya, Turkiye (In Turkish). 

Todorovic, M. (2005). Crop water requirements. In: Water Encyclopedia: Surface and Agricultural Water (Jay H. Lehr, Jack 
Keeley, Eds.), AW-59, p. 557-558, John Wiley & Sons Publisher, USA. 

Varol, N. (2022). Avalanche susceptibility mapping with the use of frequency ratio, fuzzy and classical analytical hierarchy 
process for Uzungol area, Turkey. Cold Regions Science and Technology, 194, 103439. https://doi.org/ 
10.1016/j.coldregıons.2021.103439. 

Waltham, T., Bell, F., & Culshaw, M. (2005). Sinkholes and Subsidence Karst and Cavernous Rocks in Engineering and 
Construction, Springer, Chister, UK. 

Wu, Y., Jiang, X., Guan, Z., Luo, W., & Wang, Y. (2018). AHP-based evaluation of the karst collapse susceptibility in Tailai 
Basin, Shandong Province, China, Environmental Earth Sciences, 77, 1-14. 

Xua, J., Heb, J., & Zhang, L. (2017). Collapse prediction of karst sinkhole via distributed Brillouin optical fiber sensor, 
Measurement, 100, s. 68-71. 

Yılmaz, M. (2010). Environmental problems caused by ground water level changes around Karapinar. Ankara University 
Journal of Environmental Sciences, 2(2), 145-163. 

Zisman, E. D. (2009). Forensic considerations in sinkhole investigations. In Forensic Engineering 2009: Pathology of the Built 
Environment, 224-234. 

Zisman, E.D. (2013). The Florida sinkhole statute: its evolution, impacts and needed improvements. Carbonates Evaporites, 
28(1), 95-102. 

https://pubs.usgs.gov/circ/circ1182/
https://doi.org/10.1093/acrefore/9780199389407.013.40
https://doi.org/10.1016/j.earsc%C4%B1rev.2014.08.002
https://www.mta.gov.tr/
https://doi.org/10.1007/s12665-021-09763-8

	Sinkholes and Agricultural Sustainability
	Ali Kahraman1*, Onur Okumus2, Neslihan Doruk Kahraman2


