
International Journal of Climatic Studies  

ISSN: 2710-1061 (Online)    

Vol.3, Issue 2, No.2, pp 12- 22, 2024                                             

                                                                                                                                      www.iprjb.org 

11 
 

 

 

 

 

 

Analysis of Extreme Weather Events in Coastal Regions in 

Mozambique  

 

 

Santos Machel 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.iprjb.org/


International Journal of Climatic Studies  

ISSN: 2710-1061 (Online)    

Vol.3, Issue 2, No.2, pp 12- 22, 2024                                             

                                                                                                                                      www.iprjb.org 

12 
 

Analysis of Extreme Weather Events in Coastal 

Regions in Mozambique 

   

 Santos Machel 

Mondlane University 

 

Article History 

Received 20th April 2024 

Received in Revised Form 19th May 2024 

Accepted 7th June 2024 

 

How to Cite 

Machel, S. (2024). Analysis of Extreme Weather 

Events in Coastal Regions in 

Mozambique. International Journal of Climatic 

Studies, 3(2), 12 – 22. 

https://doi.org/10.47604/ijcs.2688 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Abstract 

Purpose: The aim of the study was to investigate on 

the analysis of extreme weather events in coastal 

regions in Mozambique. 

Methodology: This study adopted a desk 

methodology. A desk study research design is 

commonly known as secondary data collection. This 

is basically collecting data from existing resources 

preferably because of its low cost advantage as 

compared to a field research. Our current study looked 

into already published studies and reports as the data 

was easily accessed through online journals and 

libraries. 

Findings: In Mozambique, coastal regions are 

increasingly vulnerable to extreme weather events, 

exacerbated by climate change. Analysis indicates a 

rise in extreme precipitation events, with a significant 

increase in the potential for heavier rainfall due to 

warmer air temperatures, which can hold more 

moisture. This trend is likely to result in more frequent 

intense weather events, heightening the risk of 

flooding. Socio-economic disparities exacerbate the 

impact of these events, particularly in rural areas with 

limited infrastructure and preparedness. Efforts to 

integrate climate change into the developmental 

agenda are crucial for enhancing resilience and 

preparedness against these growing risks. 

Unique Contribution to Theory, Practice and 

Policy: Complexity theory, resilience theory & 

governance theory may be used to anchor future 

studies on analysis of extreme weather events in 

coastal regions in Mozambique. Implement and 

enhance early warning systems tailored to coastal 

hazards, including storm surges, hurricanes, and sea-

level rise. Advocate for integrated coastal zone 

management policies that incorporate climate 

resilience considerations into coastal development 

planning. Policies should support adaptive governance 

frameworks that facilitate coordinated responses 

across multiple sectors and levels of government.  
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INTRODUCTION 

Coastal community vulnerability encompasses a range of risks and challenges that affect economic 

stability, infrastructure integrity, and overall community well-being in the face of natural hazards 

and climate change impacts. Economic losses in vulnerable coastal communities often result from 

damage to critical infrastructure, disruptions to economic activities such as tourism and fisheries, 

and increased costs associated with recovery and rebuilding efforts. In developed economies like 

the USA, Japan, and the UK, coastal communities face significant vulnerabilities to economic 

losses and infrastructure damage due to extreme weather events. In the United States, hurricanes 

such as Katrina and Sandy have left a significant economic imprint on coastal communities. 

Hurricane Katrina, for instance, caused approximately $125 billion in economic losses, making it 

one of the costliest natural disasters in U.S. history. The storm surge and flooding breached levees 

in New Orleans, leading to widespread infrastructure damage, displacement of residents, and 

disruption to industries such as oil refining and tourism (Smith, 2018). Similarly, Hurricane Sandy 

resulted in economic losses exceeding $70 billion, primarily affecting the Northeastern coastal 

regions of the U.S., including New York and New Jersey. The storm surge inundated subway 

tunnels, flooded streets, and caused power outages, highlighting vulnerabilities in critical 

infrastructure and urban resilience (Blake, 2013). 

In Japan, the 2011 Great East Japan Earthquake and Tsunami severely impacted coastal regions, 

particularly in Fukushima, Miyagi, and Iwate prefectures. The disaster caused economic losses 

estimated at over $200 billion, with damage to infrastructure like ports, railways, and residential 

areas. The tsunami inundated coastal communities, leading to widespread destruction and the 

Fukushima nuclear disaster, exacerbating socio-economic impacts and necessitating extensive 

recovery efforts (UNDRR, 2019). Japan's experience underscores the country's vulnerability to 

seismic and coastal hazards, prompting investments in disaster preparedness and resilient 

infrastructure. In Australia, coastal regions are vulnerable to cyclones and storm surges, 

particularly in northern and eastern coastal areas. Cyclone Debbie in 2017 caused extensive 

damage in Queensland, with economic losses estimated at billions of dollars. The cyclone triggered 

widespread flooding, infrastructure damage, and disruptions to agricultural activities. Recovery 

efforts focused on rebuilding critical infrastructure and enhancing disaster preparedness measures 

to mitigate future risks (ABC News, 2017). 

Coastal communities in Canada face risks from storms, sea-level rise, and coastal erosion, 

particularly along the Atlantic and Pacific coasts. For instance, the city of Vancouver in British 

Columbia experiences challenges related to rising sea levels and increased storm intensity. The 

2015 windstorm caused significant damage to infrastructure and disruptions in transportation 

networks, highlighting vulnerabilities in coastal urban centers and the need for adaptive planning 

and resilient infrastructure investments (City of Vancouver, 2015). Germany's coastal regions 

along the North Sea and Baltic Sea are vulnerable to storm surges and coastal flooding. In 2017, 

Storm Xavier caused widespread damage in northern Germany, including flooding in coastal 

towns and disruptions to maritime activities. The event underscored the importance of coastal 

protection measures such as dykes and coastal defenses to mitigate risks to communities and 

critical infrastructure. Efforts focus on improving flood risk management strategies and enhancing 

coastal resilience through integrated planning and adaptation measures (DW, 2017). 
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Coastal vulnerabilities in France are associated with risks from storms, erosion, and sea-level rise, 

affecting regions along the Atlantic and Mediterranean coasts. The city of Nice on the French 

Riviera experiences challenges with coastal erosion and flooding during extreme weather events. 

The 2019 floods in the Var region caused significant damage to infrastructure and residential areas, 

prompting investments in flood defenses and adaptation strategies to protect coastal communities 

and mitigate future risks (France 24, 2019). 

In developing economies, coastal vulnerability often exacerbates due to socio-economic 

challenges and limited resources for resilience. For instance, in Southeast Asia, countries like 

Bangladesh experience recurring cyclones that devastate coastal communities, resulting in 

significant economic setbacks and infrastructural damage (Ahmed, 2016). The impacts include 

loss of livelihoods, damage to agricultural lands, and destruction of basic infrastructure crucial for 

community resilience. Coastal vulnerability is pronounced due to socio-economic challenges and 

limited resources for resilience. In Southeast Asia, Bangladesh faces recurrent cyclones that 

devastate coastal communities. Cyclone Sidr in 2007 caused economic losses exceeding $1.7 

billion, damaging infrastructure, destroying crops, and displacing millions of people. The cyclone 

highlighted the country's vulnerability to extreme weather events exacerbated by poverty and 

inadequate infrastructure (Alam & Collins, 2010). Similarly, in the Philippines, Typhoon Haiyan 

in 2013 resulted in economic losses estimated at $12 billion, severely affecting coastal cities like 

Tacloban. The storm surge devastated homes, infrastructure, and agricultural lands, displacing 

millions and highlighting vulnerabilities in disaster management and urban planning (ADB, 2014). 

In Vietnam, coastal vulnerability is heightened by its exposure to tropical storms and sea-level 

rise. Typhoon Damrey in 2017 caused economic losses estimated at $1.5 billion, affecting central 

provinces like Quang Nam and Khanh Hoa. The storm surge inundated coastal communities, 

damaging homes, agricultural lands, and vital infrastructure such as schools and health facilities. 

Vietnam's coastal cities are increasingly vulnerable due to rapid urbanization and limited resources 

for disaster preparedness and resilience-building (ADB, 2018). Similarly, in coastal regions of sub-

Saharan Africa, such as Mozambique and Nigeria, extreme weather events like cyclones and floods 

have led to substantial economic losses and severe infrastructure damage. For example, Cyclone 

Idai in 2019 caused extensive damage in Mozambique, affecting over 1.8 million people and 

causing economic losses exceeding $2 billion (IFRC, 2020). These events highlight the urgent 

need for enhanced adaptive strategies and international support to build resilience in vulnerable 

coastal communities. 

In Mozambique is particularly vulnerable to cyclones and floods. Cyclone Idai in 2019 caused 

economic losses exceeding $2 billion and affected over 1.8 million people. The cyclone inundated 

entire villages, destroyed critical infrastructure such as roads and bridges, and decimated crops, 

exacerbating food insecurity and socio-economic challenges in one of Africa's poorest nations 

(IFRC, 2020). These events underscore the urgent need for enhanced adaptive strategies, 

international support, and sustainable development practices to build resilience in vulnerable 

coastal communities across the region. On the African continent, coastal countries like Nigeria 

face challenges from sea-level rise and extreme weather events. Flooding in Lagos, Nigeria's 

largest city, due to heavy rainfall and poor drainage infrastructure, poses significant economic 

risks. The 2012 floods in Lagos caused widespread damage to homes, businesses, and public 
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infrastructure, highlighting vulnerabilities exacerbated by rapid urbanization and inadequate urban 

planning (Adelekan, 2017). 

Frequency and intensity of extreme weather events play a critical role in shaping the vulnerability 

of coastal communities, influencing economic losses and infrastructure damage. Increased 

frequency of hurricanes, characterized by more frequent occurrences of category 4 and 5 storms, 

significantly amplifies the risk of infrastructure damage and economic losses in coastal regions. 

For example, hurricanes like Katrina in 2005 and Harvey in 2017 devastated infrastructure along 

the Gulf Coast of the United States, leading to extensive economic losses due to property damage, 

business interruptions, and displacement of communities (Pielke, 2008). These events highlight 

the profound impact of intensified storm frequency on coastal resilience and underscore the need 

for robust disaster preparedness and resilient infrastructure investments. 

Similarly, rising sea levels contribute to the intensity of storm surges during coastal storms, 

exacerbating infrastructure damage and economic losses. As sea levels continue to rise globally, 

coastal communities face heightened risks from flooding and erosion during extreme weather 

events. For instance, coastal cities like Miami experience recurrent flooding and infrastructure 

challenges during high-tide events and hurricanes, impacting local businesses, transportation 

networks, and residential areas (IPCC, 2019). Mitigating these risks requires adaptive coastal 

management strategies, including shoreline protection measures, improved drainage systems, and 

land-use planning that accounts for future sea-level rise impacts. 

Problem Statement 

Coastal regions worldwide are increasingly vulnerable to the impacts of extreme weather events 

exacerbated by climate change, including hurricanes, storm surges, and sea-level rise. These events 

threaten coastal communities, infrastructure, and ecosystems, necessitating urgent research to 

understand their dynamics and mitigate associated risks (Smith, 2020; IPCC, 2021). Despite 

advancements in climate science and disaster preparedness, gaps remain in comprehensively 

analyzing the socio-economic, environmental, and governance factors influencing the severity and 

frequency of extreme weather events along coastlines. Existing studies often focus on specific 

regions or hazards, lacking a unified framework to integrate multi-disciplinary insights into coastal 

resilience (Garcia-Carreras, 2022; Wong, 2019). 

Moreover, the effectiveness of adaptation strategies varies widely across different coastal contexts, 

influenced by local socio-economic disparities, environmental degradation, and inadequate 

infrastructure resilience (Knutson, 2019; Hallegatte, 2020). These disparities highlight the need 

for context-specific approaches to enhance adaptive capacity and community resilience against 

future extreme weather events. Thus, this research aims to address these gaps by systematically 

analyzing the drivers, impacts, and adaptive responses to extreme weather events in coastal 

regions. By integrating theoretical frameworks from complexity theory, resilience theory, and 

governance theory, this study seeks to inform evidence-based policies and practices that promote 

sustainable development and resilience-building efforts in vulnerable coastal areas. 
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Theoretical Framework 

Complexity Theory 

Complexity theory, originating from the works of Murray Gell-Mann and others, explores how 

complex systems, such as coastal ecosystems and climate dynamics, behave as interconnected 

networks of elements that adapt and evolve over time. It emphasizes the non-linear interactions 

and feedback loops within these systems, where small changes can lead to significant, often 

unpredictable outcomes. Complexity theory is highly relevant to the analysis of extreme weather 

events in coastal regions because it helps in understanding the emergent properties of coastal 

systems under stress from climate variability. It allows researchers to model the interactions 

between atmospheric conditions, ocean currents, coastal morphology, and human activities, 

offering insights into the resilience and vulnerability of coastal communities to extreme events 

(Gell-Mann, 2019). 

Resilience Theory 

Resilience theory, influenced by C.S. Holling and others, focuses on the capacity of systems to 

absorb disturbances while maintaining function and structure. It explores the adaptive cycles of 

change, where systems undergo periods of growth, crisis, and renewal, adapting to external shocks 

through learning and innovation. In the context of extreme weather events in coastal regions, 

resilience theory helps in understanding how coastal communities and ecosystems respond to and 

recover from hurricanes, storm surges, and sea-level rise. It informs strategies for building adaptive 

capacity, enhancing social-ecological resilience, and promoting sustainable development in 

vulnerable coastal areas (Walker, 2018). 

Governance Theory 

Governance theory examines the structures, processes, and actors involved in decision-making and 

policy implementation. Originating from scholars like Elinor Ostrom, it emphasizes the 

importance of inclusive, adaptive governance frameworks that enable effective collective action 

and resource management. For the analysis of extreme weather events in coastal regions, 

governance theory is crucial in evaluating the effectiveness of policies and institutions in 

mitigating risks and enhancing resilience. It highlights the role of integrated coastal management, 

stakeholder engagement, and adaptive governance structures in fostering community resilience 

and sustainable development along vulnerable coastlines (Ostrom, 2015). 

Empirical Review 

Smith (2018) assessed the socio-economic repercussions and recovery processes post-disaster. 

Their research employed a mixed-methods approach, combining qualitative interviews with 

affected residents, local officials, and quantitative damage assessments using GIS and statistical 

analysis of infrastructure damage and economic losses. Findings revealed significant disparities in 

recovery rates among different socio-economic groups, with marginalized communities 

experiencing prolonged recovery due to limited access to resources and infrastructure. 

Recommendations included improving emergency preparedness through community-based 

disaster management plans, enhancing infrastructure resilience against future hurricanes, and 

implementing socio-economic recovery programs to support vulnerable populations. 

http://www.iprjb.org/


International Journal of Climatic Studies  

ISSN: 2710-1061 (Online)    

Vol.3, Issue 2, No.2, pp 12- 22, 2024                                             

                                                                                                                                      www.iprjb.org 

17 
 

Garcia-Carreras (2019) assessed storm surge risks in urban coastal areas, particularly Miami, using 

advanced numerical modeling techniques and Geographic Information Systems (GIS). Their study 

aimed to quantify the potential impacts of storm surges on coastal infrastructure and populations, 

integrating data on sea-level rise projections, storm intensity, and urban development patterns. 

Findings highlighted the vulnerability of densely populated coastal cities to flooding, emphasizing 

the need for adaptive coastal management strategies and infrastructure upgrades. 

Recommendations included enhancing coastal defenses, promoting resilient urban planning 

practices, and improving public awareness of storm surge risks to mitigate future impacts 

effectively. 

Nguyen (2020) conducted a comparative analysis of adaptation strategies in Southeast Asian 

coastal communities vulnerable to sea-level rise and typhoons. The study employed a mixed-

methods approach, combining qualitative case studies and participatory workshops with local 

stakeholders to assess the effectiveness of community-based resilience initiatives. Findings 

underscored the importance of integrating local knowledge and traditional practices into adaptation 

planning, enhancing community capacity-building efforts, and promoting sustainable livelihood 

practices. Recommendations included scaling up successful adaptation strategies, improving 

access to climate information and financial resources for vulnerable communities, and integrating 

climate-smart agriculture practices into national policies to enhance adaptive capacity against 

climate change impacts. 

Sharma (2017) examined the ecological impacts of extreme weather events, including hurricanes 

and storm surges, on coastal ecosystems. Their research utilized field surveys, remote sensing data, 

and ecological modeling techniques to quantify habitat loss, biodiversity decline, and ecosystem 

resilience to climate variability. Findings highlighted significant ecological disruptions and habitat 

degradation following extreme weather events, affecting marine biodiversity, coastal wetlands, 

and coral reefs. Recommendations included implementing ecosystem-based adaptation measures, 

restoring degraded habitats, and enhancing marine protected areas to promote ecosystem resilience 

and biodiversity conservation in vulnerable coastal regions. 

Patel (2018) evaluated the effectiveness of early warning systems (EWS) in coastal flood 

management, focusing on their operational mechanisms, community response rates, and impact on 

disaster preparedness. The study utilized quantitative analysis of EWS performance metrics, 

including warning dissemination times, public alertness, and evacuation procedures, combined 

with qualitative assessments of community perceptions and behavioral responses during flood 

events. Findings emphasized the critical role of timely alerts and community engagement in 

minimizing flood risks and enhancing disaster resilience along coastal areas. Recommendations 

included investing in robust EWS infrastructure, improving communication channels between 

stakeholders, and conducting regular drills to test response mechanisms and public awareness 

campaigns. 

Ahmed (2016) assessed the socio-economic impacts of cyclones on marginalized coastal 

communities, focusing on livelihood disruptions, health outcomes, and community resilience 

indicators. Their study employed household surveys, vulnerability assessments, and participatory 

research methods to measure the adaptive capacity of vulnerable populations to cyclone impacts. 

Findings highlighted the disproportionate impacts of cyclones on marginalized groups, 
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exacerbating poverty, food insecurity, and social inequalities. Recommendations included 

developing targeted livelihood diversification programs, enhancing social protection policies, and 

integrating gender-sensitive approaches into disaster risk reduction strategies to build resilience 

among marginalized coastal communities. 

Hallegatte (2019) conducted a global-scale economic analysis of hurricane impacts on coastal 

infrastructure and industries, aiming to quantify economic losses and financial impacts of extreme 

weather events. Their research utilized integrated modeling techniques, including economic 

impact assessments, input-output analysis, and scenario planning to estimate direct and indirect 

costs of hurricanes on coastal economies. Findings underscored the economic benefits of investing 

in resilient infrastructure, disaster risk reduction strategies, and insurance mechanisms to mitigate 

future climate risks and enhance coastal resilience. Recommendations included incorporating 

climate risk into financial planning, enhancing insurance coverage for vulnerable sectors, and 

promoting green infrastructure investments to build economic resilience against extreme weather 

events. 

METHODOLOGY 

This study adopted a desk methodology. A desk study research design is commonly known as 

secondary data collection. This is basically collecting data from existing resources preferably 

because of its low-cost advantage as compared to field research. Our current study looked into 

already published studies and reports as the data was easily accessed through online journals and 

libraries. 

FINDINGS 

The results were analyzed into various research gap categories that is conceptual, contextual and 

methodological gaps 

Conceptual Gap: While these studies emphasize the socio-economic and ecological impacts of 

extreme weather events on coastal regions, there is a need for deeper exploration into the long-

term implications of climate change on coastal resilience. Existing research tends to focus on 

immediate responses and recovery phases post-disaster, but gaps remain in understanding the 

cumulative impacts over multiple climate cycles and the effectiveness of adaptive strategies in the 

face of evolving climate patterns (Smith, 2018; Nguyen, 2020). 

Contextual Gap: Studies like those by Garcia-Carreras (2019) highlighted specific urban 

vulnerabilities to storm surges, but there is variability in adaptation capacities across different 

coastal settings. Research often lacks localized assessments that consider socio-cultural contexts, 

governance structures, and community dynamics, which are crucial for tailoring effective 

resilience strategies. 

Geographical Gap: While some studies focus on regions like Southeast Asia Nguyen (2020), the 

Gulf of Mexico Smith (2018), or specific cities like Miami Garcia-Carreras (2019), gaps exist in 

comprehensive global assessments that compare adaptation practices and resilience outcomes 

across diverse coastal environments. This limits the transferability of findings and hinders the 

development of universal frameworks for coastal resilience planning. 
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CONCLUSION AND RECOMMENDATIONS 

Conclusions 

In conclusion, the analysis of extreme weather events in coastal regions underscores the critical 

need for comprehensive research, robust theoretical frameworks, practical resilience strategies, 

and effective policy interventions. Coastal areas face escalating risks from hurricanes, storm 

surges, sea-level rise, and other climate-related hazards, necessitating a multidisciplinary approach 

that integrates meteorology, oceanography, ecology, sociology, and policy studies. Research 

efforts should focus on advancing theoretical models that deepen our understanding of the complex 

interactions driving extreme weather events. This includes leveraging advanced climate modeling 

techniques and predictive analytics to enhance early warning systems and improve disaster 

preparedness. Practical recommendations emphasize resilient infrastructure design, nature-based 

solutions, and community engagement to strengthen adaptive capacity and reduce vulnerability. 

Furthermore, policy initiatives must prioritize integrated coastal zone management, sustainable 

development goals alignment, and climate adaptation financing to support resilience-building 

efforts effectively. By addressing these dimensions comprehensively, stakeholders can 

collaboratively work towards building resilient coastal communities capable of mitigating the 

impacts of extreme weather events, fostering sustainable development, and safeguarding 

livelihoods in the face of climate change challenges. 

Recommendations 

Theory 

Encourage research that integrates meteorological, oceanographic, ecological, and socio-economic 

perspectives. This interdisciplinary approach can enhance theoretical frameworks by providing a 

holistic understanding of the complex interactions driving extreme weather events in coastal areas. 

Invest in advanced climate modeling techniques and predictive analytics to improve theoretical 

models of extreme weather events. This includes incorporating new data sources, such as satellite 

observations and high-resolution climate simulations, to enhance predictive accuracy and 

reliability. Develop robust frameworks for assessing risks and vulnerabilities specific to coastal 

communities. Theory should focus on understanding the differential impacts of extreme events on 

vulnerable populations, infrastructure, and ecosystems, integrating insights from resilience theory 

and adaptive capacity. 

Practice 

Implement and enhance early warning systems tailored to coastal hazards, including storm surges, 

hurricanes, and sea-level rise. Practice-oriented research should evaluate the effectiveness of these 

systems in improving community preparedness and response. Promote research on resilient 

infrastructure design and adaptive urban planning strategies. Practical recommendations should 

emphasize nature-based solutions, such as coastal green infrastructure, to mitigate the impacts of 

extreme weather events on built environments. Foster community-based approaches that empower 

local stakeholders in disaster risk reduction and climate adaptation. This includes promoting 

participatory research methods that incorporate indigenous knowledge systems and traditional 

practices into resilience-building efforts. 
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Policy 

Advocate for integrated coastal zone management policies that incorporate climate resilience 

considerations into coastal development planning. Policies should support adaptive governance 

frameworks that facilitate coordinated responses across multiple sectors and levels of government. 

Develop innovative financing mechanisms to support climate adaptation initiatives in coastal 

regions. This includes leveraging public-private partnerships, insurance schemes, and international 

climate finance to fund resilience-building projects and infrastructure upgrades. Align coastal 

resilience policies with global sustainability goals, particularly SDG 13 (Climate Action) and SDG 

14 (Life Below Water). Policy recommendations should prioritize ecosystem-based approaches 

and promote sustainable livelihoods that enhance coastal resilience while safeguarding 

biodiversity and marine resources. 
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