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Abstract:

Floods are among the most lethal natural calamities, both for coastal urban areas and marine
ecosystems. In September 2023, Derna city in Libya was hit by catastrophic flooding caused by Storm
Daniel, registering immense human and material losses, as well as drastic environmental change to
the adjacent marine ecosystem. This study discusses the impacts of flooding on marine environment
and urban infrastructure in Derna City based on official reports, previous studies, satellite imagery, and
post-disaster survey. It presents the degradation of infrastructure, increased coastal pollution, water
quality fluctuation, and damage to marine habitats along the mouth of Wadi Derna. Recommendations
are coastal disaster risk management plans and regular monitoring of flood impacts on the marine
environment.

Keywords: Derna Flood, Storm Daniel, Failure of urban infrastructure, Marine, Environmental impact,

Satellite imagery analysis.
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Introduction

Flooding has far-reaching and interconnected impacts on urban settlements and nearby marine
environments. The combination of urbanization, climate variability, and inadequate infrastructure
exacerbates flooding dangers, unleashing extensive social, economic, and environmental
consequences. Floods in urban areas result in huge damage to structures like buildings, roads, and
utilities and lead to significant economic loss and disruption of normal life [1-6].

Poor communities, particularly those residing in slums or low-lying zones, are disproportionately
impacted with higher poverty and health risks due to water pollution and disrupted basic services [7-9].
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Urbanization enhances these risks by higher impervious surfaces, which increase surface runoff and
flood volume, especially when drainage infrastructure is old or in poor condition [9]. The secondary
effects may include breakdowns of infrastructure and other essential systems, including loss of power,
which complicates recovery even further and compounds socioeconomic challenges [6]. Transport
networks are often disrupted, reducing access and exposing constraints in urban planning and
resilience [5].

Floodwaters tend to carry sediments, hydrocarbons, and other contaminants from urban catchments
into surrounding marine ecosystems, altering sediment quality and geochemical conditions [9,10].
These alterations can worsen already degraded marine ecosystems, leading to loss of biodiversity and
altering the evolutionary process of marine life [10,11]. Urban runoff also alters habitat and introduces
pollutants, thereby reducing genetic diversity and physiological stress in marine life [11]. Sea level
increase and groundwater inundation add still to flood dangers in coastal cities, inflicting damage on
both city infrastructure and marine habitats [12,13].

To prevent such effects, effective adaptation strategies should include structural measures of flood
protection, nature-based solutions, and economic risk instruments [1,3]. Rehabilitation of natural
systems and utilization of indigenous knowledge can be beneficial to enhance resilience, particularly in
low-income and informal settlements [7,8]. Enhancing drainage systems in urban areas considering the
interaction between climate change and urbanization is essential to reduce future flood risks [14,15].

The recent floods in Derna city and other Libyan cities illustrate the intricate nature of such disasters
as infrastructure failure coinciding with high-scale environmental degradation. Heavy September 2023
rainfall caused catastrophic flooding and as much as -14 cm land subsidence in urban regions.
Geological and meteorological instabilities caused them to increase the susceptibility of infrastructure
to failure [16]. Urbanization played an important role in reducing infiltration, increasing surface run-off,
and increasing flood peaks [17,18]. The extensive paving with concrete of pervious surfaces prevented
groundwater recharge, resulting in quick surface water rising during storm events a behavior clearly
observed in Derna and other coastal cities.

Apart from that, Derna floodwaters brought pollution and garbage into the Mediterranean Sea,

greatly degrading water quality and exposing coastal systems to hydrocarbons, heavy metals, and
organic pollutants. These pollutants hinder biodiversity, upset food webs, and demilitarize fisheries,
causing long-term economic and livelihood loss [19,18]. Uncertainty of income, public health hazard,
displacement, and psychological trauma were among the other human impacts.
Advanced technologies, such as satellite interferometry, played a key role in the detection of land
deformation and enabling risk reduction [1]. Such equipment enabled early warning systems and
informed timely interventions. The Derna case accentuates the need for integrated urban planning and
protection of the environment to reduce the adverse effects of flooding [18-16].

This study contributes to existing knowledge by giving a comprehensive assessment of the twin
impacts of city floods on onshore infrastructure and offshore marine ecosystems. By integrating satellite
imagery with environmental and socioeconomic factors, it provides data on spatiality of damage,
highlights  terrestrial-disaster and marine-interconnectedness, and presents pragmatic
recommendations for disaster risk reduction particularly in the Libyan coastal ecosystem.

Material and methods

To acquire a multi-dimensional understanding of the flood impacts in Derna, the study utilized a
desk-based methodology that combines geospatial software, government reports, and peer-reviewed
literature. The research design was cleverly designed to compensate for the constraints resulting from
the absence of fieldwork, while simultaneously offering an evidence-based, overarching analysis of the
impact of the disaster on urban infrastructure as well as the coastal marine ecosystem.

This field-independent research utilized the following sources and tools:
= Libyan official reports, including papers presented by the Ministry of Environment and Civil
Defense officials.
= Data from international organizations, including the United Nations (UN), the Red Cross, and
the United Nations Environment Programme (UNEP).
= Satellite imagery and geospatial software, primarily Google Earth, with pre- and post-disaster
imagery to analyze spatial deformation and inundation area.
= Peer-reviewed scientific literature pertinent to urban coastal flooding, risk estimation, and
disaster effects on marine ecosystems.
= Qualitative and quantitative evaluation of available post-disaster data based on damage to
infrastructure, movement of contaminants, and socio-environmental effects.
Results and Discussion

The results provide a detailed analysis of data collected from high-resolution satellite imagery,

institutional reports, and analytical tools, with a particular emphasis on the September 2023 catastrophic
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flood event in Derna, Libya. The satellite imagery as demonstrated Figures 1-5, and Tables 1-4,
collectively document the scale of urban damage, infrastructural collapse, environmental loss,
socioeconomic effects, and governance failure. The pre- and post-disaster comparison enables this
research to inform how the disaster happened and its multifaceted effects.

Figure 1 provides a close-up of the urban structure of Derna prior to the flood event, with clearly
intact streets, buildings, and natural watercourses. This image provides a necessary baseline for
assessing the extent of damage and change present in subsequent imagery.

Figur 1: Pre—Iood Dern:a_City, 2 eptember 2023 (Planet Labs PB. )

Figure 2, photographed ten days after Figure 1, indicates extensive inundation of central Derna.
There is significant increase in water cover from the pre-flood situation with extensive building collapse.
The severity of the flood and the level of urban submergence are clearly indicated by this photo.
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na City, 12 September 2023 (Planet Labs PBC).

e~

. Figure 2: Flode Der

Figure 3 is the image of the southern dam in its original state, its structural form and containment
ability are demonstrated, and it will be used as the basis for measuring how much damage can be
observed from the subsequent images.

Southern Pepher

%

Figure 3: Dam on of Derna Prior to FIoods(Maxar Technologies).
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Figur 4: Dam aﬁer the Flood ith Severe Damage (Planet Labs PBC).

The post-flood Figure 4 depicts disastrous failure of the dam, with breaches, erosion of
embankments, and disrupted flow channels. This reinforces the failure of the dam and its central
importance in increasing flood dynamics. Figure 5 indicates massive urban devastation, e.g., collapsed
buildings and widespread land subsidence. Land deformation, with its values of land subsidence up to
-14 cm, also contributed to infrastructure failure and extensive devastation.

Flooding and Land Defortion in Central Derna (Maxa Tchnologies).

Figure 5: Urban

Collectively, Figures 1-5 document the sequence from normal urban conditions to record flooding
and infrastructure collapse, validating the cited flooding of the city, dam failure, and geomorphic
modification. Quantitatively captures the scale of the disaster, with widespread damage on two-thirds
of the city's area, one thousand buildings flooded or ruined, prolonged power cuts, and large land
subsidence. The damage multiplier captures the mechanism by which the impact was amplified through
cascading failures as illustrated in Table 1.

Table 1: Infrastructure Damage in Derna.

Indicator Value Reference
Confirmed deaths >5,000 [20]
Displaced population >43,000 [21]
Urban area affected ~66% [22]
Buildings submerged >5,800 [23]
Buildings damaged/destroyed ~2,000 [24]
Electricity loss >90% [25]
Ground subsidence Upto-14 cm [14]
Damage multiplier 20x [1,9]

The floodwaters transported enormous volumes of sediment and contaminants into the coastal
ocean, significantly increasing turbidity, reshaping seabed morphology, and depositing toxic heavy
metals. These changes pose significant threats to seagrass ecosystems and benthic communities,
which require habitat and light stability as presented in Table 2.
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Table 2: Marine Environmental Impacts.

Impact Description Reference
Turbidity Significantly increased [22]
Seabed alteration Sediment changes and erosion [22]

Presence of heavy metals

Pollutant inflow [28]
(e.g., mercury)
Light availability Reduced light penetration [22]
: Habitat instability and
Ecosystem risk degradation [22]

The tragedy caused a dire humanitarian emergency, displacing tens of thousands and
overburdening healthcare and education infrastructure. The economic toll also worsened poverty and
unemployment, and psychological trauma affected community well-being as shown Table 3.

Table 3: Socioeconomic and Health Impacts.

Indicator Impact Reference
Displacement >43,000 people displaced 21]
Healthcare Collapse; mcggssed disease [21]
Education Schools repurposed as [20]
shelters
Economy Livelihood dlsrupt_lon, (25]
unemployment rise
Mental health Elevated psychological distress [29]

Institutional failures contributed to the devastation caused by the disaster, such as ignored warnings,
faulty dam safety assessments, uncoordinated emergency responses, and the neglect of civil liberties.
Lack of accountability hindered effective crisis management and had an impact on recovery as shown
in Table 4.

Table 4: Governance Failures.

Issue Description Reference
L Failure to act on 72-hour
Early warning ignored advance alerts [30]
Dam safety misjudged Declared safe s_hort_ly before [30]
catastrophic failure

Response delays Conflicting evacuat_|on .orders [31]
and poor coordination

Civil rights violations Arrests and media restrictions [30]

uring crisis

Lack of accountability No formal charges or [18]

investigations initiated

The integration of satellite imagery and quantitative data presents a multifaceted disaster portrait of
apocalyptic infrastructure failure, pure environmental devastation, widespread socioeconomic
upheaval, and systemic governmental breakdown. The time-series images bear witness to the abrupt
shift from stable urban systems to record-breaking flooding and infrastructural breakdown. In contrast,
the tabular data quantify the daunting human, environmental, and institutional losses. Floods greatly
impact urban coastal cities, causing widespread destruction to infrastructure, roads, and buildings, and
interfering with the socio-economic life of residents especially those in informal settlements and low-
income residential areas [7,1,6]. The severity of floods is increased by rapid urbanization and climate
change, which leads to more impervious surfaces and greater volumes of surface runoff [2,32,15].
Additionally, floodwaters transport sediments and pollutants from urban areas to the surrounding marine
ecosystem, which alters sediment characteristics and damages marine ecosystems [10,33]. These
changes result in biodiversity loss and ecological balance disruptions for marine organisms. To address
these challenges, there is a necessity to develop efficient drainage systems, nature-based solutions,
and promote integrated urban planning to render cities resilient to flooding and protect surrounding
marine environments [10,32]. This study underscores the paramount importance of maintaining
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infrastructure resilience, effective early warning systems, governance transparency, and coordinated
response systems for disasters to mitigate the impacts of future megadisasters.
Conclusion

The catastrophic floods that struck Derna in September 2023 exhibit the havoc caused by extreme
weather events when coupled with urban infrastructure failure, unpreparedness, and environmental
mismanagement. This study provides stark illustration of the double impact of flooding on both urban
systems and marine ecosystems. On the urban side, infrastructure collapse, land subsidence, mass
displacement, and governance failures spawned an acute humanitarian and economic crisis.
Meanwhile, the floodwaters released enormous loads of sediments, pollutants, and debris into the
surrounding Mediterranean marine ecosystem, resulting in habitat disruption, loss in biodiversity, and
long-term ecological degradation. By integrating satellite information, geospatial analysis, and official
and scientific data, the study stresses the necessity of adopting holistic risk reduction strategies. These
include enhancing early warning systems, investing in drainage and dam infrastructure, promoting
nature-based solutions, and enforcing integrated urban-marine planning. The Derna case highlights the
interlinkage of terrestrial and marine systems and needs coherent policies linking urban development,
climate adaptation, and marine protection. Without such proactive measures, seaside cities like Derna
remain dangerously exposed to the amplifying impacts of climate-fueled catastrophes.
References
[1] Jongman, B. (2018). Effective adaptation to rising flood risk. Nature communications, 9 (1).
[2] Zhou, Q., Leng, G., Su, J., &Ren, Y. (2019). Comparison of urbanization and climate change impacts
on urban flood volumes: Importance of urban planning and drainage adaptation. Science of the Total
Environment, 658, 24-33.
[3] Skougaard Kaspersen, P., Hgegh Ravn, N., Arnbjerg-Nielsen, K., Madsen, H., & Drews, M. (2017).
Comparison of the impacts of urban development and climate change on exposing European cities to
pluvial flooding. Hydrology and Earth System Sciences, 21(8), 4131-4147.
[4] Shao, M., Zhao, G., Kao, S. C., Cuo, L., Rankin, C., & Gao, H. (2020). Quantifying the effects of
urbanization on floods in a changing environment to promote water security—A case study of two
adjacent basins in Texas. Journal of Hydrology, 589, 125154.
[5] Borowska-Stefanska, M., Bartnik, A., Dulebenets, M. A., Kowalski, M., Sahebgharani, A., Tomalski,
P., & Wisniewski, S. (2025). Changes in the equilibrium of the urban transport system of a large city
following an urban flood. Reliability Engineering & System Safety, 253, 110473.
[6] Guimarées, L. F., Battemarco, B. P., Oliveira, A. K. B., & Miguez, M. G. (2021). A new approach to
assess cascading effects of urban floods. Energy Reports, 7, 8357-8367.
[7] Adegun, O. B. (2023). Flood-related challenges and impacts within coastal informal settlements: a
case from Lagos, Nigeria. International Journal of Urban Sustainable Development, 15(1), 1-13.
[8] Tillermuir, H., Carboni, L., Hotchin, C., Lal, H., & Morrison, R. (2025). A holistic framework to improve
urban flood management in cities with informal settlements. Environmental Research: Infrastructure
and Sustainability, 5(1), 015026.
[9] Aldardasawi, A. M., & Eren, B. (2021). Floods and their impact on the environment. Academic
Perspective Procedia, 4(2), 42-49.
[10] Kanellopoulos, T. D., Karageorgis, A. P., Kikaki, A., Chourdaki, S., Hatzianestis, I., Vakalas, I., &
Hatiris, G. A. (2020). The impact of flash-floods on the adjacent marine environment: the case of Mandra
and Nea Peramos (November 2017), Greece. Journal of Coastal Conservation, 24(5), 56.
[11] Elizabeth Alter, S., Tariqg, L., Creed, J. K., & Megafu, E. (2021). Evolutionary responses of marine
organisms to urbanized seascapes. Evolutionary Applications, 14(1), 210-232.
[12] Habel, S., Fletcher, C. H., Anderson, T. R., & Thompson, P. R. (2020). Sea-level rise induced multi-
mechanism flooding and contribution to urban infrastructure failure. Scientific reports, 10(1), 3796.
[13] Bosserelle, A. L., Morgan, L. K., & Hughes, M. W. (2022). Groundwater rise and associated flooding
in coastal settlements due to sea-level rise: a review of processes and methods. Earth's Future, 10(7),
€2021EF002580.
[14] Wang, L., Huang, Z., Gan, B., Zhang, Z., Fu, H., Fang, D., ... & Dong, X. (2024). Climate change
impacts on magnitude and frequency of urban floods under scenario and model uncertainties. Journal
of Environmental Management, 366, 121679.
[15] Alshammari, E., Rahman, A. A., Rainis, R., Seri, N. A., & Fuzi, N. F. A. (2023). The impacts of land
use changes in urban hydrology, runoff and flooding: a review. Current Urban Studies, 11(1), 120-141.
[16] Ibrahim, H. B., Salah, M., Zarzoura, F., & EI-Mewafi, M. (2024). Differential synthetic aperture radar
(SAR) interferometry for detection land subsidence in Derna City, Libya. Journal of Applied
Geodesy, 18(3), 433-448.

239 | Afro-Asian Journal of Scientific Research (AAJSR)



[17] Shao, M., Zhao, G., Kao, S. C., Cuo, L., Rankin, C., & Gao, H. (2020). Quantifying the effects of
urbanization on floods in a changing environment to promote water security—A case study of two
adjacent basins in Texas. Journal of Hydrology, 589, 125154.

[18] Pathak, S., Liu, M., Jato-Espino, D., & Zevenbergen, C. (2020). Social, economic and
environmental assessment of urban sub-catchment flood risks using a multi-criteria approach: A case
study in Mumbai City, India. Journal of Hydrology, 591, 125216.

[19] Arosio, M., Martina, M. L., Creaco, E., & Figueiredo, R. (2020). Indirect impact assessment of
pluvial flooding in urban areas using a graph-based approach: The Mexico city case
study. Water, 12(6), 1753.

[20] Ashoor, A., & Eladawy, A. (2024). Navigating catastrophe: lessons from Derna amid intensified
flash floods in the Anthropocene. Euro-Mediterranean Journal for Environmental Integration, 9(3),
1125-1140.

[21] World Health Organization Libya emergency updates, 2023.

[22] Normand, J. C., & Heggy, E. (2024, July). Assessing Sediment Transport Associated with Flood
Erosion in Arid Areas Using InNSAR Coherent Change Detection. In IGARSS 2024-2024 |EEE
International Geoscience and Remote Sensing Symposium (pp. 3935-3938). IEEE.

[23] Shults, R., Farahat, A., Usman, M., & Rahman, M. M. (2025). Multi-Temporal Remote Sensing
Satellite Data Analysis for the 2023 Devastating Flood in Derna, Northern Libya. Remote
Sensing, 17(4), 616.

[24] Sellami, E. M., & Rhinane, H. (2024). A modern method for building damage evaluation using deep
learning approach-Case study: Flash flooding in Derna, Libya. In E3S Web of Conferences (Vol. 502,
p. 03010). EDP Sciences.

[25] Shirzaei, M., Vahedifard, F., Sadhasivam, N., Ohenhen, L., Dasho, O., Tiwari, A, ... &
AghaKouchak, A. (2025). Aging dams, political instability, poor human decisions and climate change:
recipe for human disaster. npj Natural Hazards, 2(1), 5.

[26] Armon, M., Shmilovitz, Y., & Dente, E. (2025). Anatomy of a foreseeable disaster: Lessons from
the 2023 dam-breaching flood in Derna, Libya. Science Advances, 11(13), eadu2865.

[27] Samuels, P. (2023). Flood risks from failure of infrastructure. Journal of Flood Risk
Management, 16(4).

[28] Saniewska, D., Betdowska, M., Betdowski, J., Jedruch, A., Saniewski, M., & Falkowska, L. (2014).
Mercury loads into the sea associated with extreme flood. Environmental Pollution, 191, 93-100.

[29] UNICEF Libya statement and reports on flood response, 2023.

[30] Human Rights Watch. (2023, December 6). Libya: Deaths in Derna Flood Response Demand
Independent Probe.Retrieved from: https://www.hrw.org/news/2023/12/06/libya-deaths-derna-flood-
response-demand-independent-probe

[31] Amnesty International, “Libya: ‘In Seconds, Everything Changed’ — Justice and Redress Elusive
for Survivors of Derna Floods,” March 11, 2024.

[32] Kaspersen, P., Ravn, N., Arnbjerg-Nielsen, K., Madsen, H., & Drews, M. (2017). Comparison of
the impacts of urban development and climate change on exposing European cities to pluvial flooding.
Hydrology and Earth System Sciences, 21, 4131-4147. https://doi.org/10.5194/hess-21-4131-2017
[33] Alter, E., Tariq, L., Creed, J., & Megafu, E. (2020). Evolutionary responses of marine organisms to
urbanized seascapes. Evolutionary Applications, 14, 210 - 232. https://doi.org/10.1111/eva.13048

240 | Afro-Asian Journal of Scientific Research (AAJSR)


https://www.hrw.org/news/2023/12/06/libya-deaths-derna-flood-response-demand-independent-probe
https://www.hrw.org/news/2023/12/06/libya-deaths-derna-flood-response-demand-independent-probe
https://doi.org/10.5194/hess-21-4131-2017
https://doi.org/10.1111/eva.13048

