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2. [bookmark: _Toc1312]Introduction
Climate change has been categorized as one of the most urgent global issues of the 21st century, with its far-reaching consequences on both natural and human systems. It is well known as a complex and multifaceted phenomenon that influences ecological, environmental, socio-political, and socio-economic dimensions around the world (Adger, Arnell and Tompkins, 2005). Climate change, as noted by Feulner (2015), is arguably the greatest threat that humanity is currently facing, mainly because of its ability to increase the severity of extreme weather events and disorient the previously established environmental patterns. The higher frequency and intensity of floods have been a major concern among many others in the context of the increased vulnerability of vulnerable regions to the impacts of floods due to the effects of global warming (Iqbal and Nazir, 2023).
Pakistan is one of those nations that are the most susceptible to the negative effects of climate change, even though it contributes less than 1 percent to the amount of greenhouse gas emissions released into the atmosphere globally (Adnan et al., 2024). This disproportionate vulnerability underscores the inequitable nature of climate change impacts, where developing countries bear the brunt of environmental risks. The nation is often faced with a high level of climate-related hazards such as floods, droughts, heatwaves, and glacial lake outburst floods (GLOFs), which can all endanger livelihoods, infrastructure, and economic stability (Sheer, Fatima and Sharif, 2023). These problems are further compounded by the high rates of population growth, scarcity of resources and poor disaster management systems.
Within Pakistan, the province of Khyber Pakhtunkhwa (KP) stands out as particularly susceptible to climate-related disasters (A. Khan et al., 2024). KP is the fourth largest province and is located in the northwestern part of the country and is characterized by topography that is diverse and has varying topography that include mountainous terrains, river systems and valleys (See Figure 1). A combination of these geographical characteristics and altering climatic patterns predispose the region to high susceptibility to hydrometeorological risks such as floods, glacier bursts, droughts, and heatwaves (Shah et al., 2019). These occurrences are likely to be more frequent and severe in the next several decades, which will further contribute to the vulnerability of the local communities.
Figure 1:Land Cover of Khyber Pakhtunkhwa  (EPA KP, 2022)
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Historical evidence highlights the growing flood risk in KP. The disastrous floods of 2010 act as a stark reminder of the disastrous potential of such occurrences. These floods impacted an estimated 14 to 20 million people across Pakistan and resulted in over 1,700 deaths (World Bank, 2022). Along with the human cost, about 1.1 million residential property was damaged or destroyed, and at least 436 healthcare facilities were severely affected (Kirsch et al., 2012). Most recently, the 2022 floods once again proved the growing intensity and frequency of climate-related disasters. This was especially in vulnerable communities like the residents of Kheshgi refugee village in the District Nowshera who suffered great losses and displacement because they were exposed to flood-prone areas (Abbas et al., 2024).
[bookmark: _GoBack]The situation has continued to worsen, as evidenced by the severe flash floods that occurred in August 2025 in Khyber Pakhtunkhwa. This is one of the most devastating hydro-meteorological catastrophes in recent decades triggered by record-breaking cloudbursts and intensive rainfall during monsoon seasons between 14 and 16 August. The devastation caused by the floods caused more than 650 deaths nationwide (328 in KP alone). Buner District was one of the most affected with 274 people dead and 227 people missing(Shahzada et al., 2025). However, not to mention the tragic loss of life, the disaster caused extensive infrastructural damage, including the destruction of 45 bridges, disruption of around 200 kilometers of road networks, damage to more than 10,000 houses, and displacement of over 45,000 people(Shahzada et al., 2025). The severity of flood occurrences and the necessity to develop better risk assessment and management techniques are emphasized by such large-scale impacts (Imdad, Afp and Khan, 2025).
Further projections indicate the increased risk of the flood risk in the changing climatic conditions. Studies indicate that flood risk is expected to increase significantly in the mid-term (2051–2075) and long-term (2076–2100) periods. As an example, it is projected that the area size of high risk areas will increase significantly under different climate conditions, with the increase of up to 165.6% and 156.7% under different climatic conditions (Wu et al., 2023). These projections suggest that without effective mitigation and adaptation measures, the impacts of flooding could become even more severe, placing additional strain on already vulnerable populations and infrastructure.
Given this context, understanding the nexus between climate change and flood risk in Khyber Pakhtunkhwa is of critical importance. Although individual studies have analyzed aspects of climate variability, flood hazards, gaps, and patterns in flood risk in the region, there is still a need to conduct a comprehensive synthesis of the existing literature to identify patterns, gaps, and key drivers of flood risk in the region. This research, therefore, aims to conduct a systematic literature review to explore the relationship between climate change and flood risk in KP. The research is aimed at developing a better understanding of the effects of climate change on the dynamics of floods and to inform evidence-based policy and disaster risk reduction measures.
[bookmark: _Toc13676]1.1 Rationale of the Study
The fact that floods have been getting more frequent and more intense in recent years has made floods a critical subject matter in the modern research, especially in the context of climate change. Flood events are increasingly becoming more serious and unpredictable with a great risk to human lives, infrastructure, and economic stability (Waseem and Rana, 2023). This growing trend underscores the urgent need to better understand the driving forces behind flood risks and their connection to changing climatic patterns, especially in vulnerable regions.
In Pakistan, although a substantial body of research exists on floods, it remains fragmented across multiple disciplines such as hydrology, climatology, and disaster management. These studies often address specific aspects of flooding in isolation, resulting in a lack of integrated understanding. Consequently, the broader relationship between climate change and flood risk is not comprehensively explored. This gap constrains the capacity of researchers and policymakers to formulate effective, evidence-based strategies to reduce flood risks and adapt to climate change.
The need for a consolidated and systematic synthesis of existing research is particularly important in Khyber Pakhtunkhwa, a province highly vulnerable to climate-induced flooding. Despite its exposure to recurrent flood events, there is a noticeable lack of comprehensive reviews that bring together existing findings in a cohesive manner (Khoso et al., 2025). Addressing this gap through a systematic literature review will provide a clearer understanding of the climate–flood nexus in the region and support informed decision-making for disaster risk management and sustainable development.
[bookmark: _Toc17229]1.2 Research Objectives
I. To determine the effect of climate change on the frequency and intensity of floods in KhyberPakhtunkhwa, Pakistan.
II. To determine socio-environmental effects of flooding in KP.
III. To synthesize existing literature and highlight research gaps and provide recommendations for stackholders.
[bookmark: _Toc7115]1.3 Research Questions
1. How does climate change influence the frequency and intensity of floods in Khyber Pakhtunkhwa? 
2. What are the socio-environmental impacts of climate change induced flooding in Khyber Pakhtunkhwa? 
3. What insights can be drawn from existing literature on the climate–flood nexus in Khyber Pakhtunkhwa, and what key research gaps and recommendations can be identified for stakeholders?
3. [bookmark: _Toc12447]Litrature Review
[bookmark: _Toc26928]2.1 Climate Change and Floods
The interconnection between climate change and flooding has been well-established in the literature, with a general agreement that increased global temperatures are likely to increase flood risks. To illustrate, according to Chen et al., (2023), solid global-scale evidence indicates that scenarios of warming between 1.5C and 3.0 C greatly increase frequency and magnitude of floods in various areas. Their application of various hydrological models and a huge dataset on watersheds enhances the validity of their results, especially in terms of identifying the regional hotspots of growing flood risks. Nevertheless, the research also admits that there is a significant degree of uncertainty due to the differences between Global Climate Models (GCMs) and emission scenarios. This points to a major drawback in large-scale modelling studies: although it can provide broad generalizations, its predictive accuracy in regions or local scales is limited.
By contrast, previous evaluations like Kundzewicz et al. (2013) are more cautious in terms of attributing flood changes directly to the influence of anthropogenic climate change. Their production of world evidence indicates that even though flood losses of economic resources have been growing, such losses are enabled more by the increased exposure of populations and assets to flood risk than by the actual presence of climatic changes. In addition, the research gives low confidence in the ability to quantify changes in flood magnitude and frequency caused by climate change, because it is complex to isolate climatic signals amidst hydrological variability and land-use changes. Although this point of view has merits in the sense that it helps to temper deterministic conclusions, it can underestimate more recent developments in climate modelling and the accruing body of evidence that extreme precipitation events are associated with global warming.
More localized and recent studies provide deeper insights into how climate change may alter flood dynamics at basin scales. For instance, AlZaatiti, Halwani and Soliman, (2025) demonstrate significant increases in flood inundation extent and depth under future climate scenarios in Lebanon, despite mixed projections of precipitation change. Their results highlight a critical nuance that is often forgotten by the broader studies: flood risk does not entirely depend on the volume of the rainfall but also on the hydrological reaction, land properties, and urban vulnerability. Nonetheless, the dependency of certain models and scenarios begs the question of the generalizability especially when used to different geographical settings such as mountainous regions like Khyber Pakhtunkhwa.
[bookmark: _Toc9350]2.2 Climate Change And Flood Risk In Pakistan
It is always emphasized in the literature that climate change is escalating the risk of flooding in Pakistan, a country that is highly prone to climate-related disasters, in terms of glaciers, variability in monsoons, and rapid urbanization. Khoso et al., (2025) suggest that climate change is greatly affecting hydrological systems in Pakistan and is contributing to the frequency and complexity of floods. Although their study provides a valuable summary of the types of floods and areas of adaptation, it is quite descriptive and offers little critical insight into the areas of governance failures and institutional preparedness that are critical to reducing long-term risks.
At a micro-level, the effect of floods is highly influenced by the vulnerability of socio-economic factors instead of hazard exposure (Hamidi et al., 2026). Ahmad and Afzal, (2024) demonstrate that lower adaptive capacity of the household implies disproportionately higher non-agricultural and agricultural losses. Nonetheless, their results are context-specific and less generalizable, since they concentrate on one district and pay less attention to more general structural forces behind vulnerability.
On the national level, the history of frequent floods in Pakistan underscores the extent of the problem. Panhwar et al., (2024) report widespread occurrence of flooding since independence and major disasters like that in 2010 and 2022 have led to a large amount of human and economic damages. Though their work is effective in giving an idea of the magnitude of the impact caused by floods, it lacks a detailed analysis on how climate change is transforming the long-term flood patterns beyond the past.
A more general synthesis by Waseem and Rana, (2023) indicates that flood research in Pakistan is growing but is still disorganized across disciplines, such as, environmental sciences, social sciences, and geospatial studies. At the same time as this diversity also opens up the complexity of flood risk, the absence of integration also constrains the ability to develop a coherent view of the nature of climate-flood interactions.
Overall, the literature confirms that flood risk in Pakistan is on the rise, though it is still fragmented and not well incorporated across scales and disciplines. This underscores why there is a critical need to have a more holistic synthesis especially in very vulnerable regions such as Khyber Pakhtunkhwa where climate-flood linkages are yet to be consolidated.
[bookmark: _Toc9430]2.3 Floods in Khyber Pkhtunkhwa
Khyber Pakhtunkhwa (KP) is considered to be one of the most flood prone regions of Pakistan due to its mountainous terrain, fragile ecosystems, and exposure to intense monsoon systems (Nazeer and Bork, 2020). The literature reports unanimously that being vulnerable in the region is not only due to physical exposures to hazards but also due to underlying socio-economic and institutional vulnerabilities. As an example, Hamidi, Zeng and Khan, (2020) apply a vulnerability index method and discover that households in KP are highly vulnerable and have low resilience to floods and cyclonic storms. Their paper finds the following important drivers: weak housing, illiteracy, unemployment, and low economic conditions. Although this has the benefit of offering a useful quantitative measure of vulnerability, it is also limited by its nature of relying on subjective weighting, which may impact the robustness and comparability of findings across different settings.
The more recent disaster events further underscore the increasing intensity of the effects of floods in KP. Khan et al., (2025) report the disastrous monsoon cloudburst floods, especially in the districts of Buner, Swat, and Bajaur. Their analysis demonstrates that a set of factors, such as climate-enhanced rainfall, deforestation, settlement in floodplains, and governance failures, interact to make extreme weather events become large-scale humanitarian disasters. The main strength of this work is that it focuses on the risk drivers of compounds, as opposed to climate factors alone. Nevertheless, being a commentary based, to a large extent, on situation reports, it lacks an empirical depth and long-term data analysis, limiting its use in terms of generalizing findings to policy development.
The increasing role of climate change on frequency and intensity of floods in KP is well recognized in the literature. Shah et al., (2019) argue that flood events are expected to become more frequent and severe due to changing monsoon precipitation patterns. Although this study successfully provides a prospective climate risk narrative, it is still mostly speculative and lacks an empirical relationship between climate forecasts and local flood exposure in KP, providing a gap between climate modelling and local vulnerability assessment to ground-level flood causes and effects.
The empirical case studies further depict the multi-dimensional effects of flooding in the area. Abbas et al., (2024) discuss the 2022 floods in Nowshera, which caused severe disruption to the livelihoods, infrastructure, health, and psychological well-being, especially among Afghan refugees. Its qualitative approach offers a good view of lived experiences of vulnerability, but this approach is limited by its focus on a singular community as opposed to broader regional analysis. Ibrahim et al., (2024) apply the GIS and AHP methods to evaluate the vulnerability to floods in Charsadda with high-risk areas being determined based on population density, land use, and proximity to rivers. Although the study is methodologically robust, it lays very little emphasis on socio-institutional factors that also contribute to flood risk in KP.
Overall, the literature on flooding in Khyber Pakhtunkhwa shows a definite trend of rising frequency of floods, risks associated with them, and repercussions of socio-economic consequences. Nonetheless, it also unveils some critical limitations, such as fragmented case studies, less integration of climate and socio-economic drivers, and greater lack of synthesis across regions. The majority of research concentrates on vulnerability analysis, single disaster incidences, or localized space analysis, which leads to an incomplete picture of the dynamics of flood risks. This underscores the need for a comprehensive and systematic synthesis of existing research to better understand the climate–flood nexus in KP and support more effective disaster risk reduction strategies.
[bookmark: _Toc10396]2.4 Scio-Environmental Impacts of Flooding in Khyber Pakhtunkhwa
The literature is consistently indicating that flooding in Pakistan has far reaching socio-economic and environmental impacts, which lends weight to its position as one of the most devastating natural hazards. Manzoor et al. (2022) point out that floods do not only destroy infrastructure and economies, but also jeopardize the ecological balance and human survival. Their review indicates that flood control policies and planning are important to minimize the risks in the long run. However, the research study remains to a great extent policy-based and descriptive and does not provide much empirical data on how such effects differ across various vulnerable groups or regions.
There is more detailed household level evidence that shows that the impacts of floods are highly influenced by socio-economic and institutional susceptibilities. Shah et al., (2019). show that factors such as income, education, housing quality, access to health services, and social networks significantly determine vulnerability to flood-related health risks. Their research also demonstrates that the poor infrastructure and limited access to information exacerbate health outcomes post-flood. Although this would give a good analysis framework with quantitative modelling, it is geographically disadvantageous due to its focus to select districts only and does not give full coverage of regional variations across the diverse socio-ecological settings in Pakistan.
The fact that the major flood events have been largely based on empirical evidence further demonstrates the level of socio-economic disruption. Q. A. Khan et al., (2024) report extensive consequences including homelessness, income loss, food insecurity, and widespread health problems following flooding events. The main strength of the study is that it has detailed the measure of post-flood living conditions; nevertheless, it has not provided in depth measures of long term recovery patterns or structural drivers of vulnerability, this could be considered as a weakness of the study.
Another important aspect that dims to critical dimensions in the literature is gendered effects of flooding. Gul et al., (2024) find that floods disproportionately affect women’s physical and mental health, livelihoods, and social well-being, while also intensifying existing gender inequalities. Their mixed-method approach offers a good understanding of lived experiences, especially in terms of issues with mental health and challenges with reproduction. Nevertheless, the analysis is still local and does not examine the interactions between gendered vulnerabilities and the wider socio-economic and environmental frameworks on a provincial or national scale.
In general, the literature indicates that Pakistan floods create complex and interconnected socio-environmental effects, including economic losses and health crises, gendered disparities, and social disruption(Q. A. Khan et al., 2024b). Nevertheless, the majority of the research are case-specific, fragmented, and centered on short-term post-disaster effects, instead of long-term socio-environmental changes. It is also not well integrated between the framework of environmental degradation and social vulnerability. This fragmentation highlights the necessity of more holistic synthesis of socio-environmental impacts of floods, especially in highly vulnerable areas such as Khyber Pakhtunkhwa where the confluence of climate change, poverty, and weak infrastructure make disaster outcomes more severe.
[bookmark: _Toc31768]2.5 Research Gap
The reviewed literature indicates that the combination of climate change and socio-economic vulnerabilities leads to flooding in Khyber Pakhtunkhwa. Research shows that rising temperatures, shifting monsoon cycles, and melting glaciers are increasing the frequency and intensity of floods, and poor infrastructure, urbanization, and poverty are amplifying the impacts (Khoso et al., 2025b). The frequent and severe nature of flood disasters in the province is evident in the major floods in 2010, 2022, and 2025. But these things are mostly researched individually, not as components of a long-term, climate-driven trend.
One obvious trend in the literature is the fragmentation of the literature. Climate studies concentrate on projections and hydrological changes whereas socio-economic and environmental studies concentrate on vulnerability and impact, including health problems, livelihood loss, and environmental degradation. Though these studies are valuable individually, there is limited integration between them, which leaves a gap between them in that there is no single understanding of the relationship between climate and flood.
Despite high vulnerability, Khoso et al., (2025) note that there is still no consolidated synthesis of flood-related research in Pakistan, and this gap is even more pronounced in Khyber Pakhtunkhwa. Most studies focus on impacts rather than systematically linking climate change to evolving flood risk patterns.
Thus, the most significant research gap is the lack of a comprehensive and systematic review integrating climate change, flood risk, and socio-environmental impacts in Khyber Pakhtunkhwa. This limits the development of a holistic understanding needed for effective policy-making and climate adaptation strategies in the region.
4. [bookmark: _Toc24173]Research Methodology
[bookmark: _Toc30080]3.1 Research Methodology
A Qualitative research design is employed, as it is highly appropriate when it comes to synthesizing existing literature, identifying patterns, and interpreting complex relationships across studies (Clark, 2016). The SLR method enables a structured and transparent process of collecting and evaluating relevant studies based on predefined eligibility criteria, thereby ensuring that the findings directly address the research questions (Mengist, Soromessa & Legese, 2019). Moreover, systematic reviews have become a key foundation of evidence-based research and policy-making due to their ability to integrate fragmented knowledge into coherent insights (Dixon-Woods et al., 2006).
[bookmark: _Toc14532]3.2 Eligibility Criteria
To ensure relevance and quality, the following inclusion criteria will be applied:
· Studies published in the English language to ensure accessibility and consistency in interpretation. 
· Only peer-reviewed journal articles to maintain academic reliability and credibility. 
· Studies published within the last 20 years to capture recent developments in climate change and flood research. 
· Studies focusing on the relationship between climate change and floods. 
· Research specifically related to Pakistan, with emphasis on Khyber Pakhtunkhwa. 
These criteria ensure that the review remains focused, up-to-date, and scientifically rigorous while excluding irrelevant or low-quality sources.
[bookmark: _Toc19825]3.3 Data Collection
Secondary data will be gathered using peer-reviewed scholarly articles published in the past two decades. Major scholarly databases, such as Taylor and Francis, ScienceDirect, JSTOR, Scopus, PubMed, and ResearchGate, will be used to source relevant studies. The databases are chosen because they cover a wide range of high-impact journals in environmental science, climate studies, and disaster risk management to provide comprehensive coverage of the relevant literature.
[bookmark: _Toc19505]3.4 PRISMA Framework
The study will utilize the PRISMA framework to guide the selection and screening of studies (see Figure 1). PRISMA provides a transparent and structured process for identifying, screening, and including relevant literature, thereby improving the clarity and reproducibility of systematic reviews (Page et al., 2021). It is a method of ensuring that the study selection process was not a biased process and that it was a clearly documented flow of inclusion and exclusion decisions.
Figure 2: PRISMA 2020 flow diagram for new systematic reviews
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[bookmark: _Toc20747]3.5 Data Extraction
A structured data extraction table will be developed to systematically collect key information from each selected study (see Appendix A). The table will include details such as author(s), year of publication, research methodology, key findings, and recommendations (where available). This structured approach ensures consistency in data handling and minimizes the risk of missing important information. Systematic data extraction, as stressed by Garousi and Felderer (2017), will increase the accuracy and facilitate the synthesis of results across various studies reliably.
[bookmark: _Toc22750]3.6 Data Analysis
Thematic analysis will be used to analyse the extracted data and provide an opportunity to identify, organize, and interpret recurring patterns and themes within the literature. The technique is especially effective in synthesizing qualitative information obtained through various studies to allow the incorporation of the fragmented pieces of evidence into coherent categories. Through thematic analysis, key themes such as climate-driven flood dynamics, vulnerability factors, and socio-environmental impacts will be systematically identified and critically examined to develop a comprehensive understanding of the research topic.
[bookmark: _Toc28981]4. Conclusion
Understanding the relationship between climate change and floods in Khyber Pakhtunkhwa is the need of the time. Literature shows that global and local climatic conditions are increasing the frequency and severity of floods across the world and in Pakistan where KP is highly vulnerable due to its geographical location and repetitive exposure to extreme flood events such as those experienced in 2010, 2022, and 2025. Nevertheless, the current research is largely disaggregated, and the studies are focusing on either drivers of climate risks, vulnerability to climate risks, or socio-environmental consequences, without much effort to integrate them into a coherent understanding of the dynamics of long-term climate risk vulnerability.
This reveals a clear research gap in the absence of a comprehensive and systematic synthesis of the climate–flood nexus in KP. In this regard, the paper will incorporate a Systematic Literature Review (SLR) with the PRISMA framework and thematic analysis to unite the available evidence. The findings are expected to provide a more holistic understanding of flood risk in the region and support improved policy-making, disaster risk reduction, and climate adaptation strategies.
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