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ABSTRACT 

 

Hydro-politics and hydro hegemony in South Asia are deeply intertwined with economic imperatives, 

in which disputes over water sharing not only escalate political tensions but also impose substantial 

economic costs. Rapid population growth is a primary driver of the natural resource supply-and-demand 

gap. This study investigates the long-run hydrodynamics of South Asia (Pakistan, India, Bangladesh, 

Nepal, Bhutan, and Sri Lanka) by analyzing the interrelationships among water resources, energy 

policy, population growth, and the agricultural sector's physical output. For this study, the World Bank 

data from 1990 to 2024 were used to analyze the relationship between the strategic variables and cereal 

yield (kg per hectare). By using a single, pooled dataset for the region, the Pooled Autoregressive 

Distributed Lag (ARDL) model is applied to identify a common, long-run relationship among the 

variables. The dependent variable is cereal yield (kg per hectare), with independent variables including 

renewable freshwater resources, population growth, renewable energy consumption, and trade (% of 

GDP). Preliminary Phillips-Perron (PP) unit root and Bound tests confirm a statistically significant 

long-run cointegrating relationship. The findings reveal a nuanced, complex regional dynamic over the 

long run: renewable energy consumption and trade have a significant negative impact on cereal yields. 

Conversely, population growth demonstrates a significant positive long-run effect, highlighting demand 

as a key driver. A critical insight is the statistically insignificant long-run impact of renewable freshwater 

resources on cereal yield, suggesting a weak direct renewable internal freshwater resource impact link 

in the pooled data. The study concludes that the dominant long-term factor in South Asia's hydro-

dynamic landscape is the economic imperative to meet the growing population's food needs, which may 

come at the expense of other policy goals such as trade liberalization and renewable energy expansion. 

The findings offer important policy implications for relevant stakeholders seeking to enhance regional 

cooperation within nations. In conclusion, it highlights the need to increase investment on advance 

hydrological modeling in reference to regional fresh water resource mapping and availability. Besides 

that, it significantly proves the importance of virtual water trade foot prints concerning to regional 

economic growth. 

 

Keywords: ARDL; Hydro-Politics; South Asia; IWRM; Transboundary Water Governance; Water-

Energy-Food Nexus 
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1. INTRODUCTION     

 

Hydro-politics in South Asia is deeply intertwined with economic imperatives, where disputes 

over water sharing not only escalate political tensions but also carry substantial economic costs. 

Agriculture — the backbone of many South Asian economies — along with industry and energy sectors, 

heavily depends on predictable and equitable water access. However, power imbalances among riparian 

states, combined with unilateral infrastructural developments such as dams and diversions, exacerbate 

water insecurity and threaten regional cooperation (Grafton et al., 2023; Rasul et al., 2021).  

South Asia, endowed with significant natural resources and home to some of the world's largest 

river systems, is a region marked by both promise and peril. The Ganges-Brahmaputra-Meghna and 

Indus basins serve as a lifeline for more than a quarter of the global population, which currently stands 

at 2.9 billion. These basins sustain agriculture, energy production, and livelihoods (yet these 

transboundary rivers are also a source of profound political tension, driven by historical boundary 

demarcation, power asymmetries, and the uneven distribution of water resources. This complex 

hydrological landscape underscores a critical nexus between water security, economic development, and 

regional stability (Garrick & Hahn, 2021). The ongoing tensions over the Yarlung Tsangpo River 

(Brahmaputra in India) exemplify the fragility of transboundary water governance. China's large-scale 

hydropower projects raise alarms in the downstream country, India, regarding potential disruption in 

water flow and strategic vulnerabilities. Moreover, the Indus River conflict between India and Pakistan 

remains a major point of contention in the west of South Asia, facing a prolonged transboundary water 

dispute (Allen, 2024). Similarly, the Teesta River, originating in Sikkim, India, and flowing through West 

Bengal into Bangladesh, remains a significant point of contention; despite prolonged negotiations, a 

comprehensive water-sharing agreement remains elusive, primarily due to opposition from the West 

Bengal government. The Ganges River, shared by India, Nepal, and Bangladesh, is governed by the 

Ganges Water Sharing Treaty, signed in 1996, a landmark agreement aiming to ensure equitable water 

distribution during the dry season; however, implementation issues persist
1
.  

Figures 1 and 2 above depict the major river drainage systems in the region, including the massive 

Ganges-Brahmaputra-Meghna with its vast combined flow and the Indus in Pakistan. Indeed, the river 

system of South Asia is crucial for the region’s overall economic growth, agriculture, and sustainable 

ecosystem. Because many rivers in South Asia carry substantial flows and cross international borders, 

river management has become a subject of international treaties and cooperation. The Ganges-

Brahmaputra-Meghna River system is one of the largest river systems by discharge, with a combined 

average flow of approximately 43,950 cubic meters per second (m
3
/s). Its flow is highly seasonal, driven 

by monsoon rains and glacial melt from the Himalaya. Brahmaputra (Yarlung Tsangpo), with an average 

discharge of around 22,000 m
3
/s. The Brahmaputra is a vital river for agriculture and has significant 

hydropower potential (Hairan et al., 2021; Rai et al., 2017). It originates in China and flows through India 

and Bangladesh, with tributaries from Bhutan. The Ganges River system has an average discharge of 

about 18,700 m
3
/s. It is a major source of irrigation and domestic water for the densely populated regions 

of India, Bangladesh, and Nepal. The Indus River has an average discharge of roughly 5,500 m
3
/s. It is 

vital for Pakistan's agriculture and is subject to the Indus Water Treaty between India and Pakistan. Its 

flow is highly variable throughout the year. While various other smaller river systems are not as large in 

terms of discharge. However, these systems play a critical role in local water availability. The Teesta 

River, a tributary of the Brahmaputra, is a notable example: It is a significant point of contention for 

water sharing between India and Bangladesh. Many other smaller transboundary rivers contribute to the 

region's water resources, but consolidated data on their flow is less readily available (Mathison et al., 2015; 

Sud et al., 2015). Since these rivers are shared by multiple nations, highlighting the transboundary nature 

of the region's water resources, alongside significant tributaries like the Teesta and numerous smaller 

 
1  The Feni River, flowing between India's Tripura state and Bangladesh, was addressed through a temporary agreement in 2019 

allowing India to withdraw water for drinking and irrigation, although long-term sharing remains unresolved. The Mahananda River, 

traversing through India and Bangladesh, also faces tensions over water sharing for irrigation and flood control, lacking a formal 

management treaty. Between India and Nepal, the Kosi Agreement (1954, revised in 1966), the Gandak Agreement (1959), and the 
Mahakali Treaty (1996) are key instruments for water management, flood control, and hydropower generation, yet disagreements 

over water usage and perceived inequities in benefits have caused tensions. In contrast, India and Bhutan have experienced more 

cooperative water relations, governed by treaties like the Chukha (1974), Tala (1996), and Punatsangchhu-I & II (2008 and 2010) for 
mutually beneficial hydropower generation. These agreements highlight both the potential for cooperation and the persistent 

challenges of equitable resource distribution in South Asia’s complex hydrological landscape.  

https://doi.org/10.33002/jpg060101
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waterways, which exhibit considerable seasonal flow variations and serve as crucial sources for 

agriculture, industry, domestic use, and hydropower (Hennig et al., 2023; Vaidya et al., 2021).  

The following graph also shows the relationship between renewable freshwater resources (in 

billion cubic meters) and population growth from 1990 to 2024.  

 

 

Figure 1:  Major River drainage system of South Asia (Indus, Ganga, Brahmaputra basins, peninsular 

rivers and rivers in Srilanka). The sample countries are Pakistan, India, Nepal, Bhutan, Bangladesh, and 

Sri Lanka. Sources: The author-generated, base data is from Google Maps: https://maps.google.com/.  

 

Figure 2: Major River South Asian systems of South Asia's average annual discharge. The graph is author-

generated, data sources: FAO Aqaustate statistics
2
  

 

 
2  https://www.fao.org/land-water/databases-and-software/aquastat/en/ 
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Figure 3: The trend of Population Growth in South Asia and Renewable Internal Freshwater Resources 

(RIFR). The graph is author-generated
3
. Data source: The World Bank

4
    

 

The above-given Figure 3, shows “population growth trend (%)” with its values corresponding to 

the axis on the left. The orange line   represents “internal renewable freshwater resources” (in billion 

cubic meters), with their index values corresponding to the axis on the right. From the graph, it is 

observed that while the population growth rate has generally been on a downward trend, the total 

renewable freshwater resources have remained relatively constant over the years. There is a huge demand 

and supply gap exist, and the pattern is evident across South Asia. Even though population pressure is 

increasing, the natural resources have remained relatively constant over the years (Khatoon et al., 2025; 

Ali et al., 2015). Moreover, due to high energy demand over the last two decades, hydropower 

construction has surged in the Indus, Ganga, and Brahmaputra basins (IGB), tripling between 2000 and 

2020. This expansion, primarily concentrated in China and Southeast Asia, has also seen significant 

growth in South Asia. In the IGB basins, hydropower is a crucial power source for 200-300 million people 

in the Indo-Gangetic Plain and provides essential services such as flood control, irrigation, and drinking 

water. However, this rapid development poses significant threats to ecosystems and communities. Dams 

and reservoirs disrupt river flow, sediment load, and fish migration, leading to depleted fisheries and 

limited flood pulses. The construction of these dams also displaces local communities by flooding their 

homes and farms. In transboundary basins like the IGB, hydropower development also fueled geopolitical 

tensions and water disputes. A major challenge in managing these cross-border impacts is the lack of 

reliable data. The absence of publicly available, georeferenced databases on hydropower projects in South 

Asian countries makes it difficult to conduct comprehensive cross-border comparative analyses (Hennig 

et al., 2023; Siddiqi et al., 2012).  

The prime objective of the study is to investigate the long-run economic and agricultural outcomes 

associated with resource constraints that characterize the hydro-political landscape of South Asia 

focusing on key actors: India, Pakistan, Bangladesh, Nepal, Bhutan, and Sri Lanka. Furthermore, the 

study aims to evaluate regional trade-offs within the Water-Energy-Food nexus, including the effect of 

renewable energy share on agriculture's contribution to GDP. Particularly to generate policy guidelines 

 
3  To enable direct visual and analytical comparison between variables of incompatible magnitudes population growth rate (expressed 

as a percentage) and freshwater availability (expressed in cubic meters per capita)   both series were normalized using the min-max 
scaling method, yielding a dimensionless index bounded between 0 and 100, where 0 represents the minimum observed value and 

100 represents the maximum observed value within the study period (Gain et al., 2016; United Nations Development Programme 

[UNDP], 1990). This approach follows the methodological precedent established by the UNDP Human Development Index (UNDP, 
1990) and is widely used in composite indices of water governance and environmental sustainability (Esty et al., 2005; Leb, 2015). 

4  The World Bank: https://data.worldbank.org/indicator/SP.POP.TOTL  
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for regional bodies such as SAARC to support water management cooperation beyond country-specific 

disputes (Yaqoob & Arjumand, 2024). Overall review of the existing literature reveals that prior studies, 

such as Timilsina (2021), Marahatta et al. (2022), Chowdhury et al. (2024), Sathre et al. (2022), Baurzhan 

et al. (2021), Bond et al. (2025), and Lutz et al. (2022), have not analyzed the relationship between water 

resources and their other competing uses through an economic lens.  

To address this gap, this research examines how regional demand-side pressure (population 

growth) and competitive structural resource policies (trade and renewable energy) impact long-run 

agricultural crop productivity under shared water constraints. For this, the paper investigates three 

critical questions:  

1. Does the physical availability of renewable internal freshwater resources translate 

directly into agricultural food yields, or do non-hydrological economic policies 

structurally mediate this link?  

2. What are the long-run regional trade-offs of national -level green energy transition and 

trade specialization on food security across countries sharing South Asia’s 

transboundary river basins?  

Ultimately, this research seeks to evaluate the long-run economic and agricultural outcomes 

associated with the resource constraints, demographic pressures, and sectoral trade-offs that characterize 

the hydro-political environment of South Asia. Because, the economic imperatives of water cooperation 

in South Asia are intrinsically linked to enhancing trade, energy sharing, and infrastructural 

development to improve agricultural productivity. Quantifying the economic costs associated with water 

disputes, including their cascading impacts on agriculture, industry, and infrastructure, is therefore 

essential. In this context, the renewable energy consumption serves as a vital empirical proxy for the 

upstream hydropower and dam construction imperatives, which frequently compromise downstream 

ecological balance. Similarly, trade (% of GDP) represents the regional virtual water footprint embedded 

in transboundary commerce. At the same time, Population Growth captures the raw demand-side 

pressure for securitization exerted directly on regional food systems. The research study is outlined as 

follows: Section 2 covers the literature review, and Section 3 covers the theoretical framework.  Section 4 

discusses the Methodology, and Section 5 presents the conclusion and policy recommendation.  

 

2. LITERATURE REVIEW  

 

The study of hydropolitics originated with John Waterbury’s seminal work Hydropolitics of the 

Nile Valley (1979), which offered the first systematic analysis of how scarcity, population pressures, and 

security imperatives shape interstate relations over shared rivers. The study employed historical political 

analysis to frame water as a source of power, positioning river water as both a resource and an instrument 

of power; this laid the foundation for subsequent studies in other transboundary basins, including the 

Indus and Ganges. Since water is a tool for political influence rather than a simple resource. National 

interests and inherent power imbalances between upstream and downstream nations often make genuine 

cooperation on transboundary waters difficult. Allan (1997) advanced the field by using the data of the 

1990s and introduced the concept of “Virtual water which linked hydro politics directly with the 

economics. The research study analyzed the paradox of water by using conceptual economic analysis, 

while covering the pessimistic view of water scarcity. The findings directly linked Hydropolitics to 

economics, arguing that water-scarred regions, the Middle East and North Africa, were able to manage 

their deficit not through new hydraulic projects but by an economic system of trade. It stressed that it 

was an economic system that efficiently solved the challenge of virtual trade, not the hydrological cycle. 

Further, these results acknowledged the fact that due to economic phenomena, hydrological cycle 

anomalies are often overlooked and dangerously allow politicians to neglect water policy. Therefore, 

though due to the supply and demand gap and market pressure, the world's water and food pressures are 

not insecure, if certain conditions hold. Such as an adaptable political approach and institutions, efficient 

and effective market systems, and improvement in water productivity through technology. This concept 

endorsed the theoretical concept of (Conway & Benedict, 1994; Chahine, 1992; Torell et al., 1990).  

Since 1990, the hydro-political strategies have completely changed; now the strategies are not only 

determined by physical hydrology and geopolitics but also by economic mechanisms such as trade and 

market integration. Further advancing the theoretical landscape, Zeitoun and Warner (2006, 2008) 

developed a hydro-hegemony framework, which emphasized the role of power asymmetries in shaping 
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water allocation and governance in transboundary basins. The results of the studies have revealed that 

the stronger riparian (upper riparian) states always employ strategies of coercion, containment, and 

resource capture to dominate weaker states. Consequently, such actions often produce inequitable 

outcomes that perpetuate low-intensity conflicts. Complementing these perspectives, David Zetland’s 

“The End of Abundance: Economic Solutions to Water Scarcity” (2011) reframed water crises as a 

problem of misallocation rather than absolute scarcity, emphasizing the role of pricing, market 

instruments, and institutional reforms in achieving efficiency. Unlike Chowdhury et al. (2024), Hennig 

et al. (2023), Marahatta et al. (2022), and Vaidya et al. (2021), global trade and virtual trade were stressed. 

The study also focused on domestic and transboundary governance structures, linking hydro politics with 

practical economic policy tools. Together, these contributions chart the intellectual evolution of hydro 

politics from its origins in river-basin competition to a multidimensional framework that integrates 

geopolitics, economics, and institutional governance.  

Álvarez (2024) identifies securitization of transboundary rivers, particularly in South Asia and in 

India–China river systems, as one of the most widely recognized dynamics, demonstrating how 

hydroelectric projects and water-diversion schemes are used not only for resource development but also 

as instruments of political bargaining. The study used the Mekong River basin and the Brahmaputra 

River to analyze hydraulic, economic, sociopolitical, and environmental effects. Similarly, Imran et al. 

(2023) explored the existing practices regarding renewable internal freshwater resources (RIFR) as both 

physical and strategic assets in South Asian hydro politics. The future projections for the Upper Indus 

Basin underscore the climatic dimension, showing consistent increases in precipitation and temperature 

and associated short-term rises in river flows due to accelerated glacial melt. These findings confirm that 

water availability remains the foundation of regional food and energy systems, making RIFR an 

indispensable explanatory variable for the region’s economic performance. 

Population pressures further exacerbate the environmental challenge. Various studies, such as 

Chowdhury et al. (2024), Lutz et al. (2022), Marahatta et al. (2022), Sathre et al. (2022), Suman (2022), 

Hennig et al. (2023), focus on the Ganges–Brahmaputra–Meghna and Indus basins and identify high 

population densities and agriculture-based livelihoods as structural factors that intensify competition 

over water. As demographic expansion increases water demand and stresses ecosystems such as the 

Sundarbans, the role of population growth (PG) emerges as a fundamental driver of hydro-political 

contestations. These variables are essential to capture the scale of demand-side pressure that reinforces 

the securitization of water resources. 

Because agricultural productivity lies at the heart of this nexus, climate projections for the Indus 

Basin are particularly relevant. Two studies, such as Ali et al. (2015) and Gunaratne (2021), analyzed and 

emphasized that cereal yields (CY) are highly sensitive to changes in river flow and water allocation 

decisions. This depicts asymmetrical control over water that directly translates it into downstream food 

insecurity by revealing the interlinkages between political dominance and agricultural outcomes. In 

parallel, arable land (L) anchors these dynamics, representing the ecological base upon which agriculture 

and rural livelihoods depend. Together, CY and L quantify the agricultural stakes of hydro-politics in 

economic terms.  

Energy security is another recurrent theme in the literature. The construction of large dams, while 

often framed as a development strategy, is also a source of tension, as seen in South Asia (Imran et al., 

2023) and in the Mekong River Basin globally (Sneddon & Fox, 2012). Furthermore, the critical 

evaluation of hydropower as a renewable energy source (Hancock & Sovacool, 2018) reveals a potential 

‘hydroelectric resource curse’, in which benefits are constrained by governance failures, debt burdens, 

and corruption. These insights justify using renewable energy consumption (REC) as a proxy for the 

hydropower imperative, enabling the model to assess how energy transitions interact with agricultural 

GDP contributions in South Asia. At the same time, agricultural intensification strategies — particularly 

the reliance on chemical inputs — are indirectly shaped by hydro-political stress. When water availability 

is uncertain, states often turn to fertilizer consumption (FCP) to maintain yields, a phenomenon that can 

compound environmental degradation. This aligns with the broader literature’s findings on the trade-

offs between short-term agricultural productivity and long-term ecological resilience.  

Finally, economic integration and trade are identified in multiple studies as both opportunities 

and sources of vulnerability. The Hydro-hegemony framework (Zeitoun & Warner, 2006) and the Indus 

Waters Treaty analysis (Sarwar & Farid, 2025) illustrate how unequal control over water creates 

dependency structures that affect macroeconomic outcomes. In line with this, the study by Wijngaard et 
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al. (2018) examines the future water gap in the Indus, Ganges, and Brahmaputra River basins, which 

provide water for about 900 million people. The research addresses how two major challenges, climate 

change and socio-economic development, will impact water availability and demand until the end of the 

21st century. Using a coupled modeling approach that simulates both upstream water supply from 

meltwater and downstream demand from agriculture. The study finds that surface water availability will 

likely increase due to greater monsoon precipitation. However, this positive trend is outweighed by the 

rapid increase in water demand driven by population growth and economic development. The study 

concludes that environmental flows may be sustained during the monsoon season; they will likely be 

unmet during low-flow periods, creating a risk of ecological stress.  

Birendra et al. (2021) examine South Asia's growing water-food challenges through the lens of 

integrated water resources management (IWRM). With 24% of the global population but only 15% of 

arable land and 7% of water resources, the region faces acute scarcity. The findings reveal that reliance 

on surface irrigation leads to high water losses due to outdated infrastructure and a weak canal control 

system. Using Nepal as a case study highlights institutional fragmentation, unclear governance 

arrangements, and conflicting interpretations of IWRM as key obstacles to effective implementation. To 

address these gaps, the study emphasizes the importance of basin-level water user organizations, 

technological modernization, and awareness-raising initiatives. Their findings suggest that while IWRM 

holds strong potential for improving water governance, its realization depends on strengthening 

institutions, integrating user participation, and embedding technological and social innovations across 

the region. 

The rising energy demand in South Asia poses serious challenges due to the high costs, 

unsustainability, and emissions associated with conventional energy sources. This reliance has 

undermined the region's food, water, and energy security. Scholars note that Asia possesses significant 

potential for renewable energy, particularly hydropower, yet this remains largely untapped (Ahmad et al., 

2025). Hydro diplomacy has a strong bi-directional correlation with resource use efficiency, which is 

clearly explored by Khanom (2026) and Sahana (2026). Who analyzed the stalled river diplomacy among 

India, Pakistan, Bangladesh, and Nepal? The study found that natural disparities, domestic water 

pressures, and conflicting diplomatic approaches — worsened by climate change and India's volatile 

provincial politics — hinder cooperation. Therefore, to move forward, the region must abandon 

unilateralism and adopt integrated multilateral river basin strategies. Failing to shift towards 

transboundary cooperation will deepen bilateral hostility, widen the supply-demand gap, and 

permanently block rational regional development. The modern discourse integrates land-water sharing 

concepts with groundwater artificial recharge (GAR) to move beyond binary conversation versus 

production conflicts. Various studies, such as Adewoyin et al. (2026) and Herring et al. (2026), suggest 

that GAR functions as a sharing mechanism that increases regional yield while supporting biodiversity 

in transboundary and local systems, thereby reducing the land footprint required for both agriculture 

and environmental protection. By combining technical recharge with multifunctional water policies, 

managers can achieve water-use efficiency that fulfills social-ecological goals and stabilizes hydro-

political tensions in shared basins. (Adewoyin et al., 2026; Herring et al., 2026). 

Moreover, the underutilization of renewable resources limits opportunities for meeting domestic 

demand while also constraining regional cooperation. Studies highlight that renewable energy, especially 

hydropower, can play a pivotal role in addressing energy insecurity while simultaneously contributing to 

water and food security (Birendra et al., 2021; Meo et al., 2020). Furthermore, the promotion of 

multilateral energy trade is identified as a critical pathway for improving energy availability, though 

institutional and policy challenges persist (Chaudhary et al., 2024; Gunaratne, 2021). A nexus approach 

— emphasizing integrated planning, policy coherence, and institutional harmonization — has been 

recommended to maximize synergies, reduce trade-offs, and improve resilience across scales (Sharma & 

Sahni, 2023; Wijngaard et al., 2018). Ultimately, greater adoption of renewable energy is expected not 

only to improve quality of life but also to contribute, directly and indirectly, to achieving the Sustainable 

Development Goals (SDGs) in South Asia. 

Taken together, the literature identifies three overarching themes that align directly with the 

objectives of this study. First, there exists a common hydro-political nexus across South Asia, where water 

availability, demographic pressures, agricultural dependence, and energy strategies intersect. Second, the 

region faces critical trade-offs between renewable energy expansion, food security, and ecological 

resilience, as reflected in the coefficients linking REC, CY, and RIFR to economic outcomes. By 
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empirically quantifying these dynamics with point data for South Asia, the present model contributes to 

the broader literature by offering a comparative and region-wide perspective on the economic 

underpinnings of hydro politics. All of the studies (such as Ahmad et al., 2025; Azizi & Leandro, 2025; 

Baurzhan et al., 2021; Bond et al., 2025; das, 2022; Hairan et al., 2021; Mahla, 2024; Mehsud & Khan, 

2019; Obaidullah & Howlader, 2025; Rai et al., 2017; Sud et al., 2015; Timilsina, 2021; Vaidya et al., 2021; 

Wouters & Lone, 2020; Zahoor, 2024; Zeitoun & Warner, 2006; Zikhali, 2019),  reveal several key 

variables and methodological approaches. The existing studies have largely employed qualitative or 

descriptive methods, and there is a notable absence of quantitative research that models the long-run 

economic nexus between these variables. Specifically, the studies have consistently identified renewable 

internal freshwater (RIFR), Population Growth (PG), Cereal Yields (CY), and Arable Land (L) as critical 

variables. However, the literature has not yet systematically quantified how fluctuations in water 

resources and strategic cooperation directly influence macroeconomic outcomes such as agricultural 

contributions to GDP (TGD) or how renewable energy consumption (REC) and fertilizer consumption 

(FCP) serve as proxies for adaptive economic strategies. By empirically quantifying these dynamics with 

regional-level data for South Asia, this study moves beyond theoretical frameworks to provide a practical, 

evidence-based analysis of the economic costs of hydro-political tensions and the benefits of cooperation, 

thereby contributing a crucial and missing dimension to the academic discourse. 

 

3. THEORETICAL FRAMEWORK  

 

The study adopts Integrated Water Resources Management (IWRM), a sustainability-oriented 

approach that balances economic efficiency, environmental integrity, and social equity in water 

governance. This framework is best understood through the lens of Integrated Water Resources 

Management (IWRM), which seeks to manage water holistically by considering all interconnected factors 

to achieve economic, social, and environmental sustainability (Barua, 2018; Sakhi, 2023; Schneider & 

Mozumder, 2025; Vasani, 2023). Therefore, taking into account variables like cereal yield, land use, 

population growth, trade, fertilizer consumption, renewable freshwater resources, and renewable energy 

consumption are the key components of a complex water framework for South Asia. 

 

 

 Figure 3:  The integrated water resource management  (IWRM)  theoretical & conceptual framework 

[Source: Author-generated diagram; ref. Global Water Partnership (GWP-2000)
5
 and European 

Environment Agency. (1995)
6
] 

 

 

 
5  Global Water Partnership. (2000). Integrated water resources management (TAC Background Paper No. 4). Global Water 

Partnership. 
6  European Environment Agency. (1995). Europe's environment: The Dobris assessment. European Environment Agency 
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Figure 4: Interrelated drivers and pressures influencing integrated water resource management  (IWRM) 

in South Asia [The diagram is author-generated, concept source
7
] 

 

Figures 3 and 4 provide the theoretical concept of how drivers and pressures impact states and 

countries concerning integrated water resource management (IWRM), in the account of economic, social, 

environmental, and agricultural factors. This is the reason why the Integrated Water Resources 

Management (IWRM) framework shows key drivers and pressures on water resources and their resulting 

outcomes for freshwater resources, social and economic welfare, and ecosystem sustainability.   

 

3.1 Integrated Water Resources Management (IWRM) in South Asia  

The IWRM framework functions as a sophisticated feedback loop that transforms sectoral pressure 

into sustainable outcomes through a central institutional filter (Fromageau, 2011). As illustrated in the 

structural flow of figure 3 and 4, demographic and economic drivers, specifically population growth, 

renewable energy consumption (REC), and trade, do not impact the ecosystem in isolation. Instead, they 

are routed through the IWRM core of policies and stakeholders’ participation. This bidirectional filter 

regulates resource deployment by balancing the energy-water-food nexus, ensuring that intensified 

agriculture demands and trade-driven footprints are modulated by institutional oversight. Ultimately, 

this systemic coordination dictates macro-level impacts, converting raw demand into the long-term 

sustainability of renewable freshwater resources, enhanced socio-economic welfare, and preserved 

ecosystem integrity (Gareau & Crow, 2006).  

 

3.2. Drivers and Pressures on Water Resources 

Population growth, land use, cereal yield, fertilizer consumption, and renewable energy 

consumption are the external factors that create demand and stress on water supplies. Because the rising 

population directly increases the demand for water for domestic use, industry, and agriculture, land-use 

 
7  https://www.fao.org/aquastat/en/databases/maindatabase/. https://databank.worldbank.org/source/world-development-indicators.  
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https://www.fao.org/aquastat/en/databases/maindatabase/
https://databank.worldbank.org/source/world-development-indicators


ISSN 2564-212X | Journal of Policy & Governance| 06(01) June 2026  

https://doi.org/10.33002/jpg060101  

 

 
10 

Nusrat Yaqoob, Hasrat Arjjumend 

changes, such as converting forests to farmland, also alter natural water cycles and affect runoff and 

groundwater recharge. Moreover, agriculture is the single largest consumer of water in South Asia 

(Baurzhan et al., 2021; Bond et al., 2025; Lutz et al., 2022; Mathison et al., 2015; Sathre et al., 2022). 

Subsequently, the pressure to increase cereal yield to feed a growing population leads to more intensive 

water use for irrigation. Therefore, the sector has a direct link to agricultural intensity. Increased fertilizer 

uses to boost crop yields often results in nutrient runoff, which degrades water quality and harms aquatic 

ecosystems. While renewable energy is often seen as a sustainable solution, certain renewable 

technologies like hydropower can have a profound impact on river systems and water allocation 

(Chaudhary et al., 2024; Mateen, 2025; Tonina, 2025).  

 

3.3. Outcomes and Impacts 

IWRM aims to improve social well-being (e.g., food and water security) and economic stability. 

The effectiveness of the IWRM framework is measured by its impact on key outcomes. The primary goal 

is the sustainable use and management of these resources. A successful IWRM approach prevents their 

depletion and degradation. This involves protecting the health of aquatic ecosystems and biodiversity, 

ensuring human needs are met without compromising the environment (Bhatt, 2022; Handmer et al., 

2024; Tandan, 2022).  

Particularly, in South Asia, water is effectively a shared regional resource because the majority of 

renewable freshwater originates from transboundary basins such as the Indus and the Ganges–

Brahmaputra–Meghna systems. While internal rainfall and groundwater contribute to national supplies, 

studies show that countries like Pakistan and Bangladesh depend on upstream inflows for over 70–90 

percent of their water, making regional hydro politics inseparable from water security (Garrick & Hahn, 

2021; Grafton et al., 2023; Rasul et al., 2021). This heavy reliance on shared rivers underscores the 

collective nature of water resources in the region and the importance of cooperative governance. By 

analyzing these variables within a dynamic IWRM model, policymakers can move beyond simple, static 

data points to identify risks, model future scenarios, and make informed decisions to secure South Asia's 

water future (Birendra et al., 2021; Gunaratne, 2021; Gupta, 2001; Meo et al., 2020).  

These variables are deeply interlinked and intertwined, as the trade of agricultural products can 

act as a proxy for a country's virtual water footprint, showing how much water is embedded in the food it 

consumes. This can either alleviate or exacerbate domestic water stress. The entire framework also needs 

a regional perspective to address shared river basins like the Indus, Ganges, and Brahmaputra, as actions 

in one country directly affect water availability in downstream nations. 

 

4. METHODOLOGY  

 

To analyze the shared regional dynamics of the water-energy-food nexus in South Asia, this paper 

applies the pooled autoregressive distributed lag (ARDL) model rather than standard heterogeneous 

alternatives such as the panel ARDL or the pooled mean group (PMG) estimator. While South Asian 

nations exhibit undeniable economic, institutional, and political divergence, a pooled approach is 

theoretically and hydrologically superior for this specific nexus inquiry for several critical reasons. 

Hydrological connectivity and spillover effects on the major river basin system of South Asia. 

Specifically, the Indus and the Ganges-Brahmaputra-Meghna (GBM) basins physically bind these 

sovereign economies together. Subsequently, an alteration in upstream runoff, unilateral damming, or 

localized policy shifts in one state generate immediate structural and financial externalities across 

international borders. A pooled framework captures the single, interconnected transboundary macro-

narrative. Further, the model can capture collective regional imperatives because traditional estimators 

such as PMG allow for short-run country-specific variation while constraining the long-run coefficient 

to equality. In contrast, pooling the structural data treats South Asia as a unified analytical unit. This 

assumes that the underlying drivers of hydro-politics, demographic shifts, and energy transition 

priorities, which exert a collective regional pressure that overrides decoupled national trajectories. 

Moreover, the objective of this research is not to compare isolated national performance, but to evaluate 

the average regional trade-offs inherent to the Water-Energy-Food-Trade nexus. By identifying a shared, 

regional long-run equilibrium, the model provides broad policy insights essential for multilateral 

frameworks such as SAARC and the South Asia Water Initiative (SAWI) (Davis & Hirji, 2019). 
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This is the reason why the data for this study are exclusively combined into a single, pooled dataset 

representing all of the South Asian countries. The overall goal is to identify a single, regional long-run 

relationship between the variables. Hasanov et al. (2025), Yaqoob & Mujahid (2023), Zahoor (2024), 

Zeitoun & Warner (2006), and Zikhali (2019) employed this approach, which assumes that the underlying 

economic and hydro-political dynamics across the countries in the region directly support the IWRM 

framework. Moreover, it also encourages the use of a generalized model for South Asia by considering it 

a single unit. In an epitome, the autoregressive distributed lag model is the best fit model to analyze the 

interlinkages between strategic, socio-political, and economic variables.  

 

4.1. Empirical Methodology Variables Description:  

 

4.1.1. The long-run (the Pooled ARDL Equation)  

The empirical analysis is based on a balanced panel dataset encompassing six South Asian 

sovereign states: India, Pakistan, Bangladesh, Nepal, Bhutan, and Sri Lanka. Moreover, the model is 

linear in variables, and the coefficients represent the marginal effect of a one-unit change in the input on 

the output, rather than the elasticities (percentage changes), which are generally found in the log-linear 

model. The temporal scope covers a 35-year baseline from 1990 to 2024, yielding a total of 6 countries 

with 210 balanced structural observations. Macroeconomic, demographic, and environmental data are 

obtained from the World Bank, World Development Indicators (WDI), and the FAO AQUASTAT 

database to ensure measurement homogeneity. To counter potential biases stemming from the regional 

aggregation of district institutional structures, a country-level variation check is integrated through fixed 

parameter configuration, ensuring that the estimated long-run coefficient robustly captures the average 

collective landscape of the transboundary basins rather than individual isolated trajectories. The IWRM-

based model has a simple linear functional form as follows:  

 

𝐶𝑌𝑡 = 𝛿0 + Ѳ1(𝑅𝐼𝐹𝑅𝑡) + Ѳ2(𝑃𝐺𝑡) + Ѳ3(𝑅𝐸𝐶𝑡) + Ѳ4(𝐹𝐶𝑃𝑡) + Ѳ5(𝑇𝐺𝐷𝑡) +  Ѳ6(𝑙𝑡) +  𝜖𝑡……eq(1) 

 

Dependent Variable: 

• 𝐶𝑌𝑡: Cereal yield (kg per hectare) at time t. 

 

𝐶𝑌t represents the economic stake, as it is the dependent variable being studied or predicted. It is 

a measure of agricultural output efficiency, encompassing the production of major dry grains like wheat, 

rice, and maize at time t. This is the dependent variable, representing the economic stakes of hydro-

politics in the region. 

 

Independent/Explanatory Variables:  

• 𝑅𝐼𝐹𝑅𝑡8: Renewable internal freshwater resources, total (billion cubic meters) at time t. 

• 𝑃𝐺𝑡: Population growth (annual %) at time t. 

• 𝑅𝐸𝐶𝑡: Renewable energy consumption (% of total final energy consumption) at time t. 

This is the proxy for the hydropower imperative. 

• 𝐹𝐶𝑃𝑡: Fertilizer consumption (% of fertilizer production) at time t. 

• 𝑇𝐺𝐷𝑡: Trade (% of GDP) at time t. 

• L: Arable (% of land area)  

• 𝜖𝑡 : Error term in times t.  

The coefficients (𝛿, 1, to, Ѳ6) represent the average long-run impact of each variable on cereal yield 

across the South Asian regional economy. For example, Ѳ2 would show the average effect on cereal yield 

(kg/ha) of a 1% increase in population growth across South Asia. Concerning explanatory variables, 

interconnectedness with the dependent variables, and to establish transparency among political theory, 

hydro hegemony, integrated water resource management (IWRM), and the econometric model, each 

variable is operationalized as a structural proxy for state action and resource behavior. Within this 

framework, renewable energy consumption (REC) serves as an indicative proxy for the upstream 

 
8  Although the World Bank dataset presents renewable internal freshwater resources (RIFR) as a fixed value over time, this reflects its 

definition as a long-term hydrological baseline rather than actual annual water availability. In reality, South Asia’s water resources 
fluctuate significantly due to monsoon variability, glacial melt, and groundwater extraction. Thus, in this study, RIFR is interpreted 

as a proxy for the region’s structural water endowment, providing a measure of long-run capacity rather than short-run variability. 
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hydropower and unilateral dam construction imperative, which frequently alters natural river discharge 

to downstream riparian (Hennig et al., 2023; Imran et al., 2023). Trade % of GDP (TGD) quantifies the 

regional virtual water footprints embedded within transboundary commerce, tracking how water-stressed 

economies externalize or absorb domestic resource deficits through market integration (Allan, 1997). On 

the demand side, Population Growth (PG) captures the raw, structural securitization pressure on food 

systems, representing the accelerating demographic demands that force state actors to secure inputs for 

domestic agricultural productivity (Wijngaard et al., 2018; Zetland, 2011). Finally, Renewable Internal 

Freshwater Resources (RIFR) establishes the baseline physical supply constraint within which these 

political and economic trade-offs operate. Moreover, these quantitative indicators established theoretical 

tenets, and transit the discourse on South Asian hydro-dynamics from descriptive narratives into an 

evidence -based assessment of the water -energy -food -trade nexus. 

 

4.1.2. Short-run Equation  

The short-run equation for the pooled ARDL captures the immediate effects of changes in the 

independent variables and the speed at which the system corrects temporary deviations from the long-

run relationship.  

 

𝛥𝐶𝑌𝑡 = 𝛼0 + Ф[ 𝑖 = 1∑𝑝 − 1𝛾𝑖𝛥𝐶𝑌𝑡 − 𝑖] + 𝑗 = 0∑𝑞 − 1𝛿1𝑗𝛥𝑅𝐼𝐹𝑅𝑡 − 𝑗 + 𝑘 = 0∑𝑟 − 1𝛿2𝑘𝛥𝑃𝐺𝑡 − 𝑘 +
𝑙 = 0∑𝑠 + 𝑚 = 0∑𝑢 − 1𝛿4𝑚𝛥𝑅𝐸𝐶𝑡 − 𝑚 + 𝑛 = 0∑𝑣 − 1𝛿5𝑛𝛥𝐹𝐶𝑃𝑡 − 𝑛 + 𝑜 = 0∑𝑤 − 1𝛿6𝑜𝛥𝑇𝐺𝐷𝑡 − 𝑜
+ 𝑘Σs-1+ l=0𝛿3𝛥𝐿𝑡 − 1 +  𝜆𝐸𝐶𝑇𝑡 − 1 +  ϓ𝑙𝑡 − 1 + 𝜇𝑡… eq(2).  

1. Ф= short-term error correction term (ECT), it must be negative and significant, 

indicating a stable long-run relationship.  

2. 𝛥𝐶𝑌𝑡 = captures the short-run effects (coefficient) and dynamic adjustment.  

 

4.2 Unit Root Tests (Phillips-Perron (PP) Unit Root Test 

A unit root test is a crucial step before estimating an ARDL model, even though the ARDL 

methodology itself doesn't require all variables to be stationary at the same level. The primary purpose of 

the unit root test in this context is to ensure that none of the variables are integrated of order I (2) or 

higher. An ARDL model "crashes" or produces unreliable results if it includes I (2) variables. Therefore, 

there is a need to test all research variables to confirm they are either I (0) (stationary at levels) or I (1) 

(stationary after first differencing). The Phillips-Perron (PP) unit root test is a statistical tool that is used 

for this study to check for stationarity in time series data. Stationarity is a fundamental assumption in 

many econometric models, including the ARDL model, because it implies that a variable's statistical 

properties (like mean and variance) remain constant over time, making it predictable (Yaqoob & Dahri, 

2025). The PP test is similar to the well-known Augmented Dickey-Fuller (ADF) test, but is considered 

more robust as it handles autocorrelation and heteroskedasticity in the data without requiring the 

specification of additional lags. 

 

4.2.1 Hypotheses of the PP Test 

• Null Hypothesis (H0): The series has a unit root and is non-stationary. 

• Alternative Hypothesis (H1): The series does not have a unit root and is stationary. 

 

5. RESULTS  

 

5.1. Unit Root Test  

The unit root test results determine whether a time series variable is non-stationary (possesses a 

unit root) or stationary at level or first order.  

Table 1 shows the Phillips-Perron unit root test results, which indicate that land under cereal 

production is the only variable stationary at the level. Whereas all of the remaining variables are 

stationary at first order, I (1). The results depict that there is long run relationship exists among the 

variables. The results are similar to those obtained by Choi (2001) and Ojima & Anyanwu (2025). 
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Table 1: Philps -Perron Unit Root Test  

 Variables  

level I (0) first order I (I) 

Coefficient  Probability  Coefficient  Probability  

 CY -2.2 0.5 -17.9 0.0 

REC -2.5 0.3 -6.4 0.0 

FCP -2.3 0.4 -5.2 0.0 

RIFR -3.3 0.1 -6.6 0.0 

L -3.7 0.0 -7.7 0.0 

PG -2.2 0.5 -4.2 0.0 

TGD -1.2 0.9 -5.2 0.0 

Sources: The data is drawn from WDI and the FAO.  The author owns all of the calculations, and for 

regression analysis, EViews 9.0 is used.   

 

5.2.  Bound Test  

The bound test is generally used to detect long-run equilibrium relationships (cointegration) 

among variables, regardless of whether the underlying time series are integrated of order I(0), order I(1), 

or a mixture of both (Pesaran et al., 2001). 

     

Table 2: Bound Test (Diagnostic) 

 

The table 2 results reveal that the F-statistic obtained from the model is 15.9. This value is greater 

than the critical value bounds for a model with 6 degrees of freedom. The F-statistic value is significant 

compared to all critical values. Therefore, the results conclude that there is a strong and statistically 

significant long-term cointegrating relationship between the variables in the model. This finding is 

likewise of Alam & Hossain (2024), which depicts that the variables are not independent in the long run 

and will tend to move toward a stable equilibrium over time. 

 

5.3.  The Long-Run Cointegration Coefficients 

This section presents the long-run cointegration coefficient estimated through the pooled mean 

group autoregressive distributed lag model. (PMG-ARDL). The framework enforces homogeneity on 

long-run parameters across cross-sections while permitting short-run parameters and the error correction 

speed of adjustment.  

  

Table 3: Long-run cointegration coefficient test results 

Long Run Coefficients 

Variable Coefficient Std. Error t-Statistic Prob.  

REC -307.64 134.58 -2.29 0.07 

FCP 6.52 4.02 1.62 0.17 

RIFR -2.88 9.03 -0.32 0.76 

L -717.29 438.46 -2.64 0.06 

TGD -36.54 11.51 -3.17 0.02 

PG 5390.88 2487.78 2.17 0.08 

CointEq(-1) -0.67 -0.017 -2.7 0.00 

C 50234.81 18426.39 2.73 0.04 

Note: The Statistical values are significant at 1%***, 5%** & 10*.  The results are drawn on E-Views 9.00  

 

F-statistic 15.91059 6 

Critical Value Bounds 

Significance I0 Bound I1 Bound 

10% 2.12 3.23 

5% 2.45 3.61 

2.50% 2.75 3.99 

1% 3.15 4.43 
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Table 3 provides a critical result for assessing the long-term relationships. The relationship 

between the dependent variable and the independent variable. The Renewable Energy (REC) long-run 

coefficient value is -307.63, which is significant at the 10% level (p-value 0.071). This suggests that in the 

long run, there is a negative relationship between renewable energy and cereal yield. Besides that, the 

Fertilizer (FCP) coefficient value is insignificant at the standard 5% level. This suggests that the long-

run impact of fertilizer is less direct. The Freshwater (RIFR) coefficient value is -2.88, and the p-value is 

0.7628, which is highly insignificant
9
 (Adewoyin et al., 2026; Das, 2016; Herring et al., 2026; Ranjan, 

2020). Notwithstanding, the point is that the statistical insignificance must not be misinterpreted as 

substantive or geopolitical irrelevance in real-world hydro-politics. Rather, it highlights a profound 

institutional mismatch across South Asia. The fact that absolute physical water scarcity does not 

efficiently translate into stable long-term agricultural cereal yield indicates that regional food security is 

dictated by structural over-allocation, decrepit infrastructure, and transboundary political barriers rather 

than absolute physical scarcity.  

Whereas the Land (L) coefficient value is -717.29, with the p-value of (0.0628), insignificant, this 

suggests that land use, as measured, has a significant long-run effect on cereal yield. In addition to this, 

the Trade (TGD) coefficient is -36.54, with a significant p-value of 0.0247. This is a very powerful finding, 

which indicates that in the long run, a higher percentage of trade in GDP is associated with a decrease in 

cereal yield (Aamer, 2023; Ahmadzai, 2024; Nanda et al., 2015; Naz, 2013). This could be a sign that 

increasing trade specialization is leading to a decline in the domestic agricultural sector as more countries 

import more of their food. Finally, the Population (PG) coefficient value is 5390.88, with a significant p-

value of 0.0825. The finding shows that population growth has a significant positive long-run impact on 

cereal yield. The cointeq value (-0.67) or speed of adjustment system is stable and highly self-correcting, 

with 67% of the previous period's deviation in yield corrected in the current period. 

 

5.4.  Short-Run Cointegration Results (Short-Run) 

This section presents the short -run dynamics coefficient and the error correction term (ECT) 

estimated results of the PMG-ARDL model.  The parameters are allowed to vary freely across cross-

sections to capture unit-specific variations and the localized speed of adjustment back to equilibrium.    

Table 4 presents the short-run dynamics. The relationship between the dependent variable, cereal 

yield (kg per hectare), and renewable energy [D(REC)] shows a significant negative short-run effect on 

cereal yield, with a coefficient of -52.71 and a p-value of 0.0047. However, the lagged terms, D (REC (-1)) 

and D (REC (-2)), are both significant and positive, at 28.88 (p-value 0.0394) and 52.82 (p-value 0.0096), 

respectively. This complex dynamic suggests an initial negative shock from a change in energy use, 

followed by a strong positive adjustment in subsequent periods (Khalid et al., 2014; Khan, 2016; Sarwar 

& Farid, 2025). This could be interpreted as a short-term disruption (e.g., initial construction of a power 

plant) followed by long-term benefits (e.g., more power for irrigation). Besides this, the relationship 

between Fertilizer [D(FCP)] and the dependent variable has a very strong and significant positive short-

run impact on cereal yield, with coefficients of 7.37 (p-value 0.0016) and -7.75 (p-value 0.0039). The 

negative lagged term might indicate a diminishing return effect where the initial positive impact is 

followed by a slight negative adjustment. The renewable billion cubic meters of Freshwater (D(RIFR)) 

and D (RIFR (-1)) have insignificant p-values, which is consistent with your previous results (Godara et 

al., 2024; Sinha, 2013). This further reinforces the idea that short-run changes in renewable freshwater 

resources do not have a statistically measurable impact on cereal yield. The immediate effect of trade 

openness (TGD) is statistically insignificant; its lagged effects exhibit a highly significant positive 

relationship with cereal yield.  Specifically, the first and second lags D (TGD (-1)) and D (TGD (-2)) carry 

significant positive coefficients of   18.27 (p-value 0.0002) and 15.53 (p-value 0.0015), respectively. This 

confirms that increased trade has a strong and positive effect on cereal yield. The Population [D(PG)], 

coefficient for D(PG) is positive and significant (1063.88, p-value 0.0348), suggesting a positive short-run 

correlation. This could reflect a direct response of the agricultural sector to higher demand from a 

growing population.  

 
9  This statistical insignificance exposes a profound institutional and structural mismatch across South Asia. It demonstrates that 

absolute physical water volume does not efficiently translate directly into stable, long-term agricultural cereal yields due to systemic 

governance frictions, decrepit distribution infrastructure, unilateral upstream management, and transboundary political barriers. Thus, 
the results emphasize that the core of South Asian hydro-politics is driven by resource management efficiency and cooperative 

governance rather than absolute physical availability alone 
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Table 4: Cointegration Results (Short-Run) 

Short Run Cointegrating Results  

Variable Coefficient Std. Error t-Statistic Prob.  

D(CY(-1)) -0.8 0.2 -4.4 0.0 

D(CY(-2)) -0.5 0.2 -3.3 0.0 

D(REC) -52.7 10.9 -4.8 0.0 

D(REC(-1)) 28.9 10.4 2.8 0.0 

D(REC(-2)) 52.8 13.0 4.1 0.0 

D(FCP) 7.4 1.2 6.2 0.0 

D(FCP(-1)) -7.8 1.5 -5.1 0.0 

D(FCP(-2)) 8.7 1.6 5.6 0.0 

D(RIFR) -7.6 3.3 -2.3 0.1 

D(RIFR(-1)) -3.7 3.3 -1.1 0.3 

D(RIFR(-2)) 5.9 2.7 2.1 0.1 

D(L) -155.8 110.3 -1.4 0.2 

D(L(-1)) -162.6 103.6 -1.6 0.2 

D(TGD) 4.9 3.3 1.5 0.2 

D(TGD(-1)) 18.3 2.9 6.3 0.0 

D(TGD(-2)) 15.5 3.7 4.3 0.0 

D(PG) 1063.9 370.0 2.9 0.0 

D(PG(-1)) -17.7 331.6 -0.1 1.0 

D(PG(-2)) -710.8 420.1 -1.7 0.2 

Note: The Statistical values are significant at 1%***, 5%** & 10*.  The results are drawn on E-Views 9.00  

 

Overall, the results reveal that there is a weak hydro-politics link, and the data strongly indicate a 

connection between transboundary freshwater resources and long-run cereal yield kg production. This is 

a critical point that suggests that the hydro-political aspect of water cooperation should be the primary 

driver of agricultural output in the long run (Hanasz, 2017; Tripathi, 2011). Subsequently, the results 

also present that the economic imperatives are much clearer and more complex in the region. Particularly, 

the significant positive long-run effect of population growth on cereal yield is a key finding, suggesting 

that the sheer demand of a growing populace is the most powerful long-term driver. The significant 

negative long-run effect of trade and the negative but less significant effect of renewable energy suggest 

that the economic push for globalization and green energy might come at the expense of a nation's long-

run domestic agricultural output. 

In a nutshell, the economic imperative of meeting a growing population's food needs is the most 

dominant factor, and this imperative is achieved not through better access to shared water resources, but 

potentially at the cost of trade liberalization and a push for green energy. 

 

5.5.  Breusch-Godfrey Serial Correlation LM Test 

The Breusch-Godfrey LM test is used to detect higher-order serial correlation in the residuals of 

a time-series regression model. Its null hypothesis states that no autocorrelation is present, meaning a p-

value greater than 0.05 indicates clean, reliable standard errors. Unlike the Durbin-Watson test, it 

remains completely valid even when your model includes lagged Dependent variables. 

  

Table 5: Breusch-Godfrey Serial Correlation LM Test 

F-statistic 0.327696 Prob. F(2,3)   0.7435 

Obs*R-squared 5.73742 Prob. Chi-Square (2)   0.0568 

Heteroskedasticity Test: Breusch-Pagan-Godfrey 

F-statistic 0.340623 Prob. F(26,5)   0.9687 

Obs*R-squared 20.45281 Prob. Chi-Square (26)   0.7696 

Scaled explained SS 0.92895 Prob. Chi-Square (26)   1 
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Both the Breusch-Godfrey serial correlation LM test and the Breusch-Pagan-Godfrey 

heteroskedasticity test indicate that the model’s residuals satisfy the standard distributional assumptions. 

Resultantly, no serial correlation is found. So, the errors are independent over time. Moreover, no 

heteroskedasticity is observed, and the errors have a constant variance (they are homoskedastic). 

 

6. DISCUSSION  

 

The empirical estimation of the water-energy-food nexus in the context of hydrodynamics across 

South Asia yields several key findings that challenge the conventional resource governance narrative. 

The regression analysis of PMG-ARDL used the data from the World Bank, 1990 to 2024. To understand 

the operational and structural realities behind these numbers, the results must be evaluated sequentially 

according to the baseline order of the explanatory variables.  The long-run statistical insignificance of the 

first primarily Renewable Energy Consumption (REC), when evaluated alongside the short-run volatile 

dynamics.  Especially in South Asia, the green energy imperative is overwhelmingly pursued through 

massive run-of-the-river and storage-based hydropower projects in the northern mountains' riparian 

areas (Chowdhury et al., 2024; Vaidya et al., 2021). This uncoordinated push for renewable energy occurs 

at a direct, long-term cost to domestic cereal production.   The short-run dynamics capture a distinct 

adjustment phase: an initial, sharp negative shock to agriculture during infrastructure deployment and 

river diversion, followed by lagged positive rebounds as localized rural grids are energized for pumping 

(Marahatta et al., 2022).  

For Fertilizer Consumption (FCP), the regression results indicate that the long-run impact is less 

direct and registers as statistically insignificant at standard levels, which stands in sharp contrast to its 

powerful and highly significant immediate positive impact in the short run. This polarization reveals that 

while chemical inputs yield immediate, substantial spikes in crop volume to meet seasonal demands, they 

are subject to severe long-run diminishing returns (Godara et al., 2024; Hennig et al., 2023) Over-

application of fertilizers without corresponding improvements in soil health or structural water efficiency 

leads to land degradation and secondary salinity across the Indus and Ganges plains, rendering the input 

a transient solution rather than a stable pillar of long-term yield growth (Yaqoob & Mujahid, 2023). The 

long-run statistical insignificance of Renewable Internal Freshwater Resources (RIFR) serves as a profound 

structural policy critique of South Asia's hydro-institutional framework. Econometrically, because this 

independent variable lacks temporal variance, it cannot statistically track or explain the highly dynamic 

upward trajectory of Cereal Yields (CY).This time -invariance variance exposed a systematic failure: a deep-

seated underinvestment in real-time water data collection and monitoring networks at both the national 

and regional level(Hennig et al., 2023) Because the existing data infrastructure is outdated, underfunded, 

and fragmented by geopolitical mistrust, the tracking of water resources relies on stagnant, historical 

baseline aggregates rather than dynamics. This acute data deficit fails to capture the actual fluctuations 

caused by climate volatility, erratic monsoonal shifts, and accelerating glacial melt.  This information 

vacuum means that the true operational contribution of water to agriculture system remains unquantified, 

and further that improvements in cereal yield productivity per hectare cannot be appropriately measured 

or strategically targeted by state planning (Garrick & Hahn, 2021).  

Consequently, this statistical insignificance highlights an institutional mismatch rather than 

material irrelevance. Because existing bilateral frameworks, such as the Indus Waters Treaty (1960) and 

the Ganges Water Sharing (1996), are rigidly focused on zero-sum volumetric allocation, they completely 

lack the flexible, data-driven mechanisms required to optimize water allocations for regional food security 

or to synchronize transboundary irrigation calendars. Regarding Arable Land (L), the negativity and 

marginally significant long-run parameter suggest that land use, as traditionally measured, exerts a 

systemic structural constraint on cereal yields over time. This negative coefficient highlights the dual 

pressures of degradation and horizontal fragmentation.  

In South Asia, prime agricultural land is continuously lost to rapid, unplanned urban expansion, 

while the remaining arable areas suffer from severe topsoil erosion, waterlogging, and salinity due to 

faulty irrigation practices (Yaqoob & Dahri, 2025). Furthermore, landholdings are intensely fragmented 

among smallholders, preventing the economies of scale necessary to deploy modernized, highly efficient 

irrigation machinery, thereby dragging down long-run output per hectare.  

A similar structural trap is evident in Trade Openness (TGD). While short-run trade openness 

provides immediate agricultural windfalls by facilitating the rapid import of modern machinery, high-
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yield seeds, and agro-chemicals, the long-run parameter reveals a highly significant negative relationship 

with cereal yields. This polarization exposes a globalization trap. Over time, sustained market 

liberalization alters national macro incentives, encouraging South Asian economies to shift land and 

capital away from low-margin domestic food staples toward lucrative, water-intensive cash crops for 

export or non-agricultural sectors entirely. This transition hollows out domestic cereal production 

infrastructure, rendering the region vulnerable to global market volatility.  Furthermore, this links 

directly to virtual water footprints: water-stressed South Asian states are increasingly using international 

trade to externalize their domestic water deficits, importing virtual water through foreign grain while 

neglecting long-term systemic investments in domestic agricultural (Allan, 1997). In contrast to these 

restrictive or volatile variables, Population growth (PG) emerges as the primary, positive long-run catalyst 

for agricultural output, remaining significant at the 10% level. This finding strongly aligns with Ester 

Boserup’s (Boserup, 1987) theory of agricultural intensification, which posits that demographic pressure 

acts as an existential driver forcing states and local communities to adopt technological and input 

innovations out of survival. As demographic demands have mounted across India, Pakistan, and 

Bangladesh, the urgent need for domestic food self-sufficiency has compelled a transition toward 

intensive farming practices (Birendra et al., 2021; Rasul et al., 2021). 

 However, because surface-water governance is inefficient and politically paralyzed, this 

demographic pressure has forced an unsustainable reliance on groundwater exploitation. This survival-

driven intensification reveals that South Asia is meeting its food needs not through enlightened regional 

water cooperation, but via localized, resource-intensive coping mechanisms that mask severe long-term 

ecological vulnerabilities. Ultimately, the highly significant, negative Error correction term (Cointeq (-

1)) validates that these sequential variables are bound to a stable, regional long-run equilibrium, with a 

high speed of adjustment back to the balanced path following short-run shocks. The overarching policy 

critique is that the current South Asian status quo is managing symptoms through localized exploitation 

rather than addressing systemic basin-wide  (Yaqoob & Arjjumend, 2024). This requires constructing 

modernized, shared hydro-meteorological data networks, integrating agricultural crop cycles directly 

into upstream hydropower generation schedules, and harmonizing trade policies to protect domestic food 

basins. (Schneider & Mozumder, 2025).  

 

7. CONCLUSION  

 

This study concludes that South Asia’s hydro-political dynamics are more complex than 

traditional water-sharing conflicts, with economic necessity and policy structure acting as primary 

drivers.  

The results of the research are empirically validated by two key findings: first, there is no 

statistically significant long-term relationship between renewable freshwater resources and cereal yield, 

indicating that agricultural output is fundamentally limited by resource efficiency rather than 

availability. Second, the coefficient reveals significant regional tradeoffs: the current structure of trade 

liberalization is associated with declining long-run cereal yield. Furthermore, the push for green energy 

is also negatively impacting domestic cereal production. The model further shows a highly responsive 

system, correcting 67% of its deviation per period, confirming that policy changes will take effect quickly. 

Therefore, in the long run, to safeguard regional food, energy, and water security, South Asian policy 

must move past zero-sum territorial water claims.  

 

7.1. Policy Recommendations 

The region's primary challenge is resource management efficiency and prioritizing food security 

within broader economic policy. This underscores that the way forward requires a paradigm shift towards 

a holistic water-energy-food-trade nexus framework built on transboundary economic cooperation to 

ensure sustainable and equitable growth. The following key policy recommendation will enable 

policymakers, academics, students, and implementing partners to move in the right direction:  

1. Population growth is the strongest long-run driver of cereal yield; food security policy 

in South Asia should treat rising domestic demand, not water scarcity, as the primary 

planning variable.  
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2. Agricultural investment and yield-improvement programs should be prioritized ahead 

of water-reallocation schemes, since the model finds no significant long-run relationship 

between freshwater endowment and yield.  

3.  With reference to trade openness, policymakers need to further examine whether short-

term trade gains are being offset by longer-run dependence on food imports and to assess 

domestic agricultural resilience before further deepening trade liberalization in the 

agricultural sector specifically.  

4. Renewable energy consumption should be factored into energy-sector planning to 

account for short-term agricultural disruption during renewable energy transitions, and 

to monitor whether this effect persists or resolves as the short-run results suggest.  

5. Governments in South Asia should invest in higher-frequency hydrological monitoring 

to capture real variation and distinguish genuine resource constraints from data 

limitations concerning freshwater resource management, since static baseline data 

points cannot yield significant results.  
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ABSTRACT 

 

Explosives are widely used to break rock efficiently, serving the financial interests of the construction 

and aggregate extraction industries, but blasting produces significant adverse effects both onsite and 

offsite. These include contaminants such as dust, toxic fumes, airblast, noise, ground vibrations, 

flyrock debris, and emotional distress, collectively affecting the health, safety and welfare of 

surrounding communities. This paper focuses on flyrock debris, which, because of its potential to 

harm, permanently disable or kill human and non-human life, is widely regarded as the most severe 

and unpredictable adverse effect. Even with costly safety measures such as blast mats, flyrock cannot 

be eliminated, and the only uncertainty is how far flyrock debris will travel, and whether it will cause 

property damage, injury, permanent disability or death. Systemic underreporting, concealment of 

incidents, inadequate management practices, ineffective oversight, and the use of non-disclosure 

agreements mean that flyrock incidents are tracked primarily through news releases, journals, formal 

investigations and court rulings. In jurisdictions such as Ontario, Canada, flyrock debris that remains 

on site or that results in a near-miss onsite is not reportable, further contributing to chronic 

underreporting and secrecy. Reliance on formula-based throw distance calculations, which are 

incapable of accounting for uncontrollable and unknowable factors, further obscures empirical 

evidence from documented flyrock incidents. This paper synthesizes documented cases, regulatory 

frameworks and investigative findings to demonstrate that flyrock is neither rare nor anomalous, but 

a recurrent systemic hazard across blasting operations. The findings highlight that effective 

prevention requires appropriately sized permanent onsite setbacks and offsite separation distances, 

consistent with the Precautionary Principle, to ensure public health and safety from the full spectrum 

of blast-related impacts. 

 

Keywords: Flyrock; Misfires; Secondary blasting; Blasting operations; Land use compatibility; 

Regulatory oversight; Systemic underreporting; Setbacks; Systemic risk  
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1. INTRODUCTION     

 

The quantitative analysis of flyrock incidents forms part of the author’s ongoing research, which 

has resulted in the documentation of 277 flyrock incidents over the past five years across multiple 

jurisdictions worldwide. The most recently identified 21 flyrock incidents are briefly described and 

summarized in this updated analysis. Flyrock travel distances, where available, are reported for 156 

incidents, and have been analyzed quantitatively according to their degree of frequency across various 

distance intervals. Establishing fixed onsite and offsite separation distances based on documented 

empirical data provides a more reliable foundation for permanent land use compatibility with sensitive 

land uses
1
 than reliance on theoretical formulae,

2
 which have repeatedly proven inaccurate. 

Recent reviews, such as van der Walt and Spiteri (2020) and Szendrei and Tose (2023), conclude 

that current empirical and computational models remain inadequate, failing to capture the complexity of 

geological variability, blast design uncertainties, and aerodynamic behaviour of fragments: 

Since the actual impact of blast design parameters on the risk of flyrock is debatable, based 

on the variable assumptions made in these publications, it can be concluded that flyrock is 

still not well understood. The biggest gap in knowledge seem [sic] to be the uncertainties 

concerning which blast and environmental parameter contribute to flyrock, and to what 

degree (van der Walt and Spiteri, 2020). 

Historical approaches to the problem of flyrock based on correlation studies and regression 

analysis, including artificial neural networks and similar techniques, are inherently 

incapable of addressing two core issues – root causes of flyrock and projection velocity. A 

further shortcoming of correlation techniques is that they give no information on the 

influence of rock size and shape on the flight distance (Szendrei and Tose, 2022). 

A central challenge in understanding flyrock is that its behaviour cannot be predicted with 

precision because the underlying process that produces it — rock fragmentation during blasting — 

remains scientifically unresolved. Fragmentation is influenced by a complex interplay of explosive 

energy, timing accuracy, geological discontinuities, burden, spacing, confinement, and numerous 

site-specific variables that cannot be fully measured or controlled. Flyrock originates from the extreme, 

uncontrolled end of this fragmentation process, meaning that any uncertainty in fragmentation translates 

directly into uncertainty in flyrock throw distance, trajectory, and severity. This limitation is not merely 

theoretical; it is acknowledged within the blasting industry itself. Even industry sources acknowledge 

that the science has not advanced to the point where fragmentation, let alone flyrock, can be reliably 

forecast. As Pit & Quarry (2019) explains: 

There is currently no theory of fragmentation developed from first principles that can be 

used to accurately predict the fragmentation that will be obtained from a given blast. We 

seem to be at least a decade away from such a theory, and given all of the explosive, blast 

implementation and rock factors that influence fragmentation, one may well question 

whether such a theory is possible (Pit & Quarry, 2019). 

In preparing initial Blast Designs, explosives engineers use idealized assumptions, often without 

acknowledging that discontinuities will be encountered in the field. As Assakkaf (2003) emphasized in 

his lecture on blasting methods, blast design should be understood only as a starting point for field 

operations. It must be tempered by site-specific realities and guided by a moral imperative that prioritizes 

the health and safety of employees and surrounding communities. It was further explained: 

Rock is not a homogeneous material as assumed by all [blasting] formulas. There are 

fracture planes, seams, and changes in burden to be considered. It is always necessary to use 

 
1  “Sensitive land uses: means buildings, amenity areas, or outdoor spaces where routine or normal activities occurring at reasonably 

expected times would experience one or more adverse effects from contaminant discharges generated by a nearby major facility. 
Sensitive land uses may be a part of the natural or built environment. Examples may include, but are not limited to: residences, day care 

centres, and educational and health facilities.” (Ontario, 2024, p.51). Provincial Planning Statement, 2024. Government of Ontario. 
2  Blasting safety literature consistently recognizes that flyrock cannot be fully predicted or eliminated because it is influenced by 

multiple interacting variables beyond charge weight and blast design. Geological structure (including joints, bedding planes, faults, 

voids, and weathered zones), atmospheric conditions (such as wind, humidity, temperature inversions, and air density), and human 

factors (including stemming quality, burden errors, timing mistakes, overcharging, and inadequate geological assessment) can cause 
flyrock to travel far beyond calculated distances. Flyrock is an inherent by-product of blasting whose probability and range can be 

reduced but never eliminated due to unknowable subsurface conditions, environmental variability, and the potential for human error. 
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correction factors for specific geological conditions. BLAST DESIGN is not an exact 

science [but a process of continuous adjustment to unpredictable variables]. 

Flyrock unpredictability is exacerbated by dynamic site-specific variables that cannot be fully 

captured by static empirical formulas alone (Szendrei & Tose, 2023). This paper contributes to the 

literature by offering a practical, empirically grounded approach to flyrock risk assessment, independent 

of theoretical formulae, and based on quantitative analysis of documented travel distances. In doing so, 

it addresses regulatory blind spots and provides a more reliable basis for permanent land use 

compatibility planning, while safeguarding community health (Schilling & Linton, 2005) and safety 

against potentially deadly adverse effects,
3
 and supporting the development of healthy, resilient and 

sustainable communities (Ontario, 2024: Sections 2.4 & 2.5). 

 

2. DEFINITION AND HAZARDS OF FLYROCK, MISFIRES, PREMATURE BLASTS 

AND SECONDARY BLASTING 

 

Flyrock 

One of the major obstacles to addressing the potential adverse effects of flyrock is the lack of a 

standardized definition. This gap conceals the extent of the problem, hinders reportability and 

undermines meaningful research efforts. Sevelka’s (2025) definition of “flyrock” has been expanded, as 

follows, to more comprehensively encompass all debris types and all receptors potentially affected by 

flyrock, without relying on arbitrary or theoretical blast-zone boundaries: 

Flyrock means any debris, including but not limited to rocks or gravel; vegetation or tree 

trunks; construction materials or equipment; or soil, mud or water; propelled by a blast and 

that is actually or potentially hazardous to persons, animals, aquatic life or property, 

whether located onsite or offsite and regardless of travel distance. 

A standardized definition of flyrock is essential for meaningful regulation, reporting, and research. 

The absence of a consistent definition across jurisdictions has allowed operators to minimize or reclassify 

incidents, obscuring the true scale of the hazard and undermining both public safety and scientific 

understanding. Sevelka’s definition resolves these deficiencies by capturing all blast-propelled debris — 

whether rock, soil, vegetation, construction materials, equipment, or water — that is actually or 

potentially hazardous to persons, animals, aquatic life or property, regardless of travel distance. This 

approach aligns with empirical evidence from documented incidents, modern risk-based safety 

principles, and statutory drafting conventions. By focusing on hazard rather than arbitrary distance 

thresholds or material types, this definition provides a clear, enforceable, and operationally meaningful 

foundation for regulatory oversight, incident reporting, and comparative research. Adoption of such a 

definition would significantly improve transparency, data quality, and the ability of regulators and 

researchers to address the systemic risks associated with blasting operations. 

Other jurisdictions and authors describe flyrock as rock or debris thrown through the air (or along 

the ground) during blasting, often resulting in injuries, fatalities, and property damage. Studies confirm 

that flyrock incidents are common across blasting operations, including construction sits, quarries and 

open pit mining (Cánovas et al., 2026), cannot be completely eliminated, and can travel distances far 

beyond blast design expectations
4
 at high velocities. Wind and blast energy miscalculations can double 

travel distances. 

The following subsections synthesize definitions, scientific research, practitioner testimony, and 

documented incidents from regulators, engineers, researchers, and industry professionals. Together, they 

 
3  Adverse effect is defined broadly in Ontario law and includes any condition “likely to cause” actual or potential harm, impairment, 

nuisance, or loss. The statutory threshold is “trivial,” requiring neither actual damage nor measurable injury — only a reasonable 
likelihood of negative impact. Under the modern principle of statutory interpretation, legislation must be read in its entire context and 

in its grammatical and ordinary sense, harmoniously with its scheme, purpose, and the intention of the legislature (Rizzo & Rizzo 

Shoes Ltd. (Re), [1998] 1 S.C.R. 27). Applied to the Environmental Protection Act, this requires adverse‑effects provisions to be 
interpreted broadly and purposively so that the statute functions as preventative, protective measure rather than a narrow or 

permissive rule. 
4  Director of Criminal and Penal Prosecutions v. Forage Frontenac (1995) Inc., 2019 QCCQ 11 (CanLII), 

<https://canlii.ca/t/hwwrm>, retrieved on 2026-03-05. The Court of Québec found that the June 3, 2013 blast at the Coleraine quarry 

in Saint-Joseph-de-Coleraine projected flyrock approximately 1,000 metres, despite the expert evidence that the shot was designed to 

limit projections to no more than 289 metres. The Court held that flyrock constitutes a “contaminant” under the Environment Quality 
Act, CQLR c Q-2, which defines a contaminant as “a solid, liquid or gaseous matter, micro-organism, sound, vibration, radiation, 

heat, odour or any combination thereof that is likely to alter in any way the quality of the environment.” 
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illustrate the wide variation in how flyrock is understood, the persistent gaps in scientific and regulatory 

knowledge, and the systemic challenges this creates for effective oversight, risk assessment, and 

community protection. 

 

Regulatory and Government Definitions 

• “Flyrock means rock that becomes airborne as a direct result of a blast” (Ontario 

Provincial Standards, 2019). 

• “Flyrock is debris ejected from the blast site that is traveling through the air or along 

the ground. Flyrock is the single most dangerous adverse effect that can cause property 

damage and personal injury or death (p.4)” (Office of Surface Mining, U.S. Department 

of the Interior, n.d.). 

• “Flyrock” means rock that is thrown through the air as a result of blasting
5
 (Nova Scotia 

Department of Labour and Workforce Development, 2006). 

• “Flyrock, defined as any uncontrolled material generated by a blast that was hazardous 

to persons or property not owned or controlled by the operator, represents a serious 

hazard to both mine employees and other persons who may be located at or near the 

mine” (Virginia Energy, 2023). 

• “Flyrock can be gravel, rocks, tree trunks, construction materials, mud – even water”.
6
 

• “Flyrock – Rocks or any other debris propelled from the blast area by the force of the 

detonation” (Pennsylvania Department of Environmental Protection, Bureau of Mining 

Programs, 2017). 

• “Flyrock – the fragments of rock thrown and scattered during blasting – is responsible 

for a large proportion of all blasting-related injuries and fatalities. Flyrock is a potential 

hazard anytime and anywhere there is blasting” (MSHA, n.d.). 

• “Flyrock is the unexpected projection of blast debris beyond the designated danger zone 

as defined by the person who prepares the specification. This may involve projection 

beyond the site boundary in which case the incident must be reported to the Health and 

Safety Executive” and “Flyrock can never be completely eliminated”
7
 (Scottish 

Government, Surface Mineral Workings: Control of Blasting, 2000). 

• Flyrock can best be described as “material projected from a blast in excess of the 

predetermined, controlled, exclusion zone such that it may cause injury, death, or 

property damage,” a definition adopted by Queensland’s Resources Safety & Health 

division and used consistently across its explosives safety guidance (Resources Safety & 

Health Queensland, 2007). 

Ontario’s Aggregate Resources Act contains no definition or description of “flyrock”. This 

omission stands in sharp contrast to the clarity found in other jurisdictions and leaves a serious gap in 

Ontario’s regulatory framework for assessing and managing flyrock risk, as well as for developing 

appropriate land-use compatibility policies to protect the environment and its inhabitants, both human 

and non-human. 

 

Scientific and Engineering Research Findings 

• “Any blasting event in surface mines produces a sudden ejection of rock pieces, called 

flyrock, which may result in human injuries, fatalities and property damage” (Jamei et 

al., 2021). 

• “[T]he effects of flyrock do not decrease with distance: a 200-gram projectile can be fatal 

at 20 m, as it can at 1,000 m” (SAFEX International, 2017). 

• “Wind can assist in the producing of flyrock. When the wind direction is in accord with 

the designed throwing distance, the flyrock can travel a distance two times more than 

normal” (Zhou et al., 2009, p. 1185). 

 
5  Nova Scotia, Canada, website: https://novascotia.ca/lae/healthandsafety/flyrock.asp. In Ontario, flyrock is an undefined term in the 

Aggregate Resources Act O. Reg. 244/97, s. 0.13 (1) 28, requires that reasonable (undefined) steps to prevent flyrock only if there 

are sensitive receptors within 500 metres of the boundary of the site (s. 0.13 (1) 28.  
6  Worker’s Hazard Alert issued by the National Institute for Occupational Safety and Health (NIOSH), 2019. 
7  Part of Planning advice notes (PANs), https://www.gov.scot/publications/blasting-surface-mineral/.  
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• “Kinematic equations
8
  present a basis for the estimation of flyrock distance… [but] 

suffer from the drawback of ignoring the post-release effects of trajectory motion in air” 

(Raina et al., 2015). 

• “There are major research gaps into the phenomena of flyrock and this concept is not 

well understood” (van der Walt & Spiteri, 2020). 

• Studies confirm that increasing the number of blast holes proportionately increases the 

volume of flyrock debris generated, while also raising the probability of misfires 

(Bajpayee et al., 2003; Sevelka, 2024). 

• “Although secondary blasting employs relatively small charges, the potential safety 

hazards must not be underestimated. Usually, there is more flyrock, and the flyrock is 

less predictable than with primary blasting” (Little, 2007). 

• Orica (Littlewood, 2024, slide 9) cautions to “[b]e mindful of increased flyrock risks with 

secondary blasting”. 

• “Trench blasting and blasting where bench heights are small compared to the burden 

are commonly regarded as providing greatest potential for flyrock because the degree of 

confinement and the specific charge are high and the charge is sometimes placed close 

to the surface”
9
 (Resources Safety & Health Queensland, 2007). 

Collectively, these findings reinforce that flyrock generation is influenced by complex, interacting 

variables — many of which cannot be fully characterized or controlled — and that even low-charge or 

secondary blasts can produce severe, unpredictable flyrock events. 

 

Industry Admissions and Practitioner Testimony 

• According to Keith Taylor, General Manager, Austin Powder Company Ltd., “90% of 

flyrock incidents are ‘unexplainable’”.
10

 

• “There isn’t a company that could stand up here and say they don’t have flyrock,” said 

Shawn McGoldrick, McGoldrick Brothers Blasting Services.
11

 

• “No matter how careful a blaster is there is no guaranty that a blast will not cause 

[fly]rock to fly onto neighboring property,” said Tim Rath, Manager of Technical 

Services, Green Mountain Explosives.
12

 (Rath, 2008, p.18)
13

 

• “Flyrock is unpredictable and dangerous. Flyrock can travel in any direction or multiple 

directions from a blast” (Rath, 2008, p. 19). “You can never say never… regardless of 

what precautions are taken to minimize the risk” (Rath, 2008, p.18). 

 
8  Kinematic equations are the set of mathematical formulas used in physics to describe the motion of objects under constant 

acceleration. They relate the fundamental quantities of motion — displacement (x or s), velocity (v), acceleration (a), and time (t) — 

without considering the forces that cause the motion. 
9  In simple terms, this means that when the blast is not deeply confined — such as in trenches or in benches that are too shallow — the 

explosive energy has fewer pathways to break the rock downward or inward. Instead, the energy vents upward and outward, throwing 

rock pieces farther and less predictably. The closer the charge is to the surface, and the less rock there is to contain it, the greater the 
chance that flyrock will be launched beyond the intended safe zone. 

10  MOE 2009 investigation Case File Number: 2283-83MN69 of two flyrock incidents at Pakenham Quarry, and investigating 

explosives engineer recommended 500-metre onsite setback for all future blasts (detonation of explosives).  
11  Hartwell, Michael, “Busque quarry stonewalled at town meeting,” Lakes Region Weekly, November 16, 2006, Updated March 10, 

2016. https://www.pressherald.com/2006/11/16/busque-quarry-stonewalled-at-town-meeting/. 
12  In re Rivers Development Act 250 Appeal, No. 68-3-07 Vtec (Vt. Envtl. Ct. Mar. 25, 2020).  
13  Kill the Albion Quarry. (n.d.) Flyrock Danger: Testimony of Rivers’ blasting expert Tim Rath. 

http://www.killthealbionquarry.org/flyrock_danger.pdf This document contains Rath’s 2008 testimony regarding the inability to 

eliminate flyrock and his recommendation that all persons within 1,500 feet (457 metres) of a blast remain indoors or under cover. It 
also includes the Vermont Environmental Court’s finding that flyrock would occur during every blast over the lifespan of the 

proposed quarry, and that errant flyrock could result in injury or death to nearby residents and to horses on adjacent farms. The Court 

ruled in favour of the Moretown objectors because “the risk of flyrock leaving the Rivers parcel cannot be eliminated by Rivers, [and 
because] the risk of property damage, injury, or death will be borne by the Neighbors to the proposed 93-acre quarry. We cannot 

condone shifting the risk onto long-time residents and farms that have existed in this portion of Mad River for many years prior to 

River’s pending applications” (p.30). The proposed Rivers quarry — estimated 12 blasts a year, with an average of 62 blast holes per 
blast for 33 years — pales in comparison to Votorantim Cimentos’ (St Marys/CBM) 800-acre Caledon quarry proposal, which 

anticipates roughly 100 blasts per year, each averaging 190 blast holes, operating under a licence with no expiry date or periodic 

reviews, a potential lifespan of 100 years, and a 100-year right-of-first refusal to purchase 252 adjoining acres. This equates to 
approximately 1.9 million detonations over a century, with intergenerational impacts, each one generating unavoidable and 

unpredictable flyrock debris. 
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• Tim Rath, “Rivers’ blasting expert conceded that no blasting plan can guarantee that a 

blast will not cause rock to fly onto neighbouring property.” (Rath. para. 201)
14

 

• “Flyrock is uncontrollable and results in making unavailable a large area of the… 

[quarry owner’s] land…”
15

 

• “Flyrock incidents are not uncommon and occur more often than we want to see” 

(Littlewood, 2024, slide 8). 

• “Flyrock results when the energy applied is greater than what’s needed to fragment and 

displace the muckpile” (Littlewood, 2024). 

Collectively, these industry admissions and empirical observations underscore that flyrock remains 

an inherently hazardous, unpredictable and uncontrollable by-product of blasting, acknowledged by 

practitioners themselves as unavoidable despite experience, precautions, or best-practice techniques – a 

reality that stands in marked contrast to the routine assurances often presented in Blast Impact Assessments 

in Ontario and most other jurisdictions. This is especially concerning in Ontario, where aggregate licences 

have no expiry date or periodic reviews and impose no limits on extraction depth or blasting frequency, a 

regulatory framework effectively unique among comparable jurisdictions, and one that underscores the 

need for robust, long-term land-use compatibility policies. 

 

Documented Incidents and Empirical Observations 

• “Between 2003 and 2005, there were at least five serious incidents or near misses 

involving flyrock”, and “all of these incidents had the potential for very serious or fatal 

results. In some cases there was significant damage to property and structures” (Nova 

Scotia Department of Labour and Workforce Development, 2006). 

• “From December 2003 through August 2006, 5 serious flyrock incidents have occurred 

from blasting at surface mines/quarries in Virginia. All of these incidents had the 

potential for very serious or fatal results. Fortunately, no one was injured, though 

significant damage to property (vehicles and structures) did occur in each of these 

incidents” (Virginia Department of Mines, Minerals and Energy, n.d.). 

• “Flyrock from surface blasting operations has caused serious injury and death to 

employees and other persons” (Bajpayee at al., 2007). 

• “Orica has recorded 54 flyrock incidents globally since 2016 [to 2022]” (Littlewood, 

2024, slide 18). Orica does not publish a formal definition of what constitutes a flyrock 

incident. 

• Ludwiczak (2002) notes that “what causes flyrock is BLASTING, pure and simple” (p. 

95) and that “like it or not, flyrock is an ever-present hazard” (p.97). “Flyrock is not only 

hazardous to the blasters and workers at the blasting site, but also to those who live, or 

work around blasting” (p.95). 

Collectively, these definitions and findings demonstrate the need for a standardized, hazard-based 

definition of flyrock that reflects real-world conditions and supports effective regulatory oversight. The 

evidence indicates that flyrock is inherently unpredictable, cannot be fully controlled, and poses 

significant risks to persons, animals, property, infrastructure, and the environment. A consistent 

definition is therefore essential for improving transparency, enhancing data quality, and enabling 

regulators, researchers, and communities to address the systemic risks associated with blasting operations 

while ensuring long-term land-use compatibility throughout an operation’s lifespan – an imperative that 

is especially critical in Ontario, where aggregate licenses have no expiry date or periodic reviews and 

impose no limits on extraction depth or blasting frequency, a permissive regulatory framework that is 

effectively unique among comparable jurisdictions. 

 

Definition of Misfire 

A misfire is an explosive charge in a drill hole that has partly or completely failed to detonate as 

planned. Causes include unskilled charging; defective explosive, detonator, or fuse; broken electrical 

 
14  Rivers Development LLC Act 250 Permit Application, No. 5W1396‑1 (Vt. Envtl. Ct.). (2010). Vermont Environmental Court 

decision regarding proposed quarry and flyrock risk. Vermont Judiciary. 

https://www.vermontjudiciary.org/sites/default/files/documents/Rivers%20Development%20LLC-1.pdf  
15  Lee Lime Corp. v. Massachusetts Turnpike Authority, 337 Mass. 433 (1958) 149 NE 2d 905. 

https://law.justia.com/cases/massachusetts/supreme-court/volumes/337/337mass433.html    
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circuits; or — most dangerously — the cutting-off of part or all of the charge through lateral rock 

movement as adjacent holes are fired. Misfires require stringent safety precautions, as delayed ignition 

(hangfire) can occur, and drilling into or near a misfired hole (“socket”) is a major cause of blasting 

accidents (Mindat.org, n.d.). 

 

Documented Incidents and Empirical Observations 

According to the Queensland Explosives Inspectorate, misfires are among the most prevalent and 

hazardous outcomes of blasting operations, consistently accounting for the majority of reported 

explosives incidents worldwide. 

• “Following an analysis of reported explosives incidents, the most common type of 

explosives incident reported is consistently misfires, which accounted for 68.3% of all 

incidents between July 2021-July 2022” (Resources Safety & Health Queensland, 2022, 

p. 8).  

• Historical reporting patterns show similar results. In its Significant Explosives 

Accidents and Incidents Report released in January 2008, the inspectorate noted that 

one mine “had been neglecting to advise the Inspectorate of misfires in a timely fashion. 

Eventually, reports of 69 misfires were received in one batch” (Resources Safety & 

Health Queensland, 2008). 

• “Misfire from the surface and underground mining blast operation has caused serious 

injury and death of mine workers and other persons. Damage due to misfire and lack of 

proper handling accounted for over two-thirds of all blasting-related accidents in the 

mine and likewise in explosive magazine and manufacturing companies. Consequently, 

blasting misfire cause several adverse economic, environmental, and health (Triple 

Helix) effects such as; ground vibrations, air blast, flyrock, generation of fines, fumes 

and mud, crush injuries, asthma or COPD exacerbations” (Taiwo et al., 2022). 

• Misfires are the kinds of problems we are talking about. “Those are the nasty little things 

that never happen; or, at least, nobody talks about. Like it or not, they happen and will 

continue to happen as long as there are humans doing the work” (Ludwiczak, 2002, 

p.93). 

In Ontario, the Aggregate Resources Act, 1990, contains no reference to “misfires,” and aggregate 

extraction operations are not required to report a “misfire”. 

 

Premature Blasts (Unintended Early Detonations)  

Premature blasts occur when a charge detonates before the intended firing time, typically during 

loading, priming, stemming, or wiring, while personnel or equipment remain within the blast zone. They 

represent one of the most catastrophic blasting hazards and are closely linked to misfires, hangfires, and 

flyrock generation. Although premature blasts occur in every blasting jurisdiction, no Canadian 

province—including Ontario—defines them, tracks them, or reports them as a distinct incident category. 

As a result, these catastrophic events remain statistically invisible despite their well-documented 

lethality.
16

 

 

Secondary Blasting 

In open-pit quarry operations, secondary blasting is a routine but underacknowledged practice 

used to break oversized or misfired rock fragments that remain after the primary detonation, and are 

usually more violent (U.S. Bureau of Reclamation, 2001, p.242). While often treated as a minor 

operational adjustment, secondary blasting introduces distinct and compounding risks that are rarely 

disclosed in proponent-driven assessments or addressed in regulatory frameworks. 

 
16  Two recent incidents in Queensland involved electronic detonators firing prematurely during the energisation process, immediately 

before the firing key was applied. In both cases, a loaded blast hole initiated unexpectedly during the pre-firing sequence, despite the 

exclusion zone having been cleared. The Explosives Inspectorate warned that unplanned initiations of loaded holes can generate 

severe projection and vibration hazards, cause misfires in adjacent holes, and damage explosive components. (Explosives 
Inspectorate Safety Alert, No.116 V1, “Unplanned Initiations of Loaded Blast Holes,” Resources Safety & Health Queensland, June 

6, 2024). https://www.rshq.qld.gov.au/safety-alerts/explosives/unplanned-initiations-of-loaded-blast-holes  

https://doi.org/10.33002/jpg060102
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Industry estimates suggest that 5% to 15% of blasts may require secondary breakage, depending on 

geological variability, blast design parameters, and equipment limitations.
17

 These events are typically 

triggered by poor fragmentation, bootlegs (unbroken explosive columns), or oversized boulders that 

exceed the handling capacity of excavation equipment. Unlike primary blasts, which are scheduled and 

modelled in advance, secondary blasts are reactive, less predictable, and often occur closer to sensitive 

receptors—including residential dwellings, agricultural lands, and ecological features. It magnifies risks 

to communities, ecosystems and land use compatibility. 

Despite their frequency and risk profile, secondary blasts are not addressed in initial Blast Design 

Reports or Blast Impact Assessments. These reports focus exclusively on primary blast parameters—such 

as burden, spacing, charge weight, and timing delays — while omitting any modelling, contingency 

planning, or ecological forecasting for secondary events. This omission is not merely technical; it is 

systemic. It results in: 

• No cumulative exposure modelling for secondary flyrock, vibration, or air overpressure 

• No ecological or land use compatibility assessment for reactive blast events 

• No public disclosure or incident tracking, despite their contribution to long-term 

degradation of safety and environmental integrity 

Drill holes almost never stay perfectly straight, and deviation increases with depth due to natural 

fractures, variable rock hardness, and equipment limitations. Benches are also irregular in practice, 

making the true burden between the borehole and the free face difficult to determine. As a result, 

explosives rarely end up exactly where they were designed to be placed. This uneven distribution of 

explosive energy produces unpredictable and sometimes dangerous outcomes — including flyrock, 

excessive noise, stronger vibrations, toxic fumes, and rock fragments that are either too fine or too large 

for the crusher — all of which reduce safety and increase the likelihood of secondary blasting (Xavier, 

n.d.). 

Each secondary blast introduces additional flyrock-generating potential, compounding the 

cumulative risk exposure already posed by primary blasting. These events are rarely documented, 

underreported, and often excluded from formal blast-impact assessments — despite their capacity to 

damage property, injure people or animals, cause permanent disability, and disrupt ecological systems. 

In jurisdictions like Ontario, Canada, where flyrock is not neither defined nor tracked as a contaminant, 

the risks associated with secondary blasting remain concealed and unregulated, and absent from land-use 

compatibility analysis. 

The absence of a standardized definition, combined with the unpredictability of flyrock, the 

systemic underreporting of misfires, the complete lack of recognition of premature blasting, conceals the 

true extent of blast-related risk. This omission prevents regulators from identifying causal pathways 

between misfires, early detonation, and secondary blasting, undermining regulatory oversight, and 

compromise the safety of workers, surrounding communities and ecosystems. 

 

3. PRIORITIZING SAFETY 

 

As Little (2007) observes, “Flyrock in rock blasting has been a serious problem since blasting 

began several hundred years ago”. This historical continuity reinforces that flyrock is not a modern 

anomaly but an inherent, persistent risk that cannot be engineered out of blasting operations. Eloranta,
18

 

former Vice-President of Technical Matters for the International Society of Explosives Engineers (ISEE), 

emphasized that “any amount of flyrock is intolerable”, while conceding there is no practical economic 

way of preventing flyrock impacts from quarry blasting due to unknowable geological conditions, 

underscoring the tension between economics and safety, but concludes that public safety must take 

precedence: 

 
17  In the case of Lee Lime Corp v. Massachusetts Turnpike Authority (1958), secondary blasts were described as necessary to reduce the 

size of rocks dislodged during primary blasts. These secondary blasts numbered between 15,000 to 20,000 annually, and five percent 

were noted to throw stones up to 800-850 feet (244-259 meters) from the blast site. 
18  Eloranta has decades of blasting experience, has degrees in mining and geology, has a master’s degree in mining, has authored more 

than 20 papers on mining and blasting, and revised the ISEE Handbook chapter on open pit and quarry operations. In 2004, he was 

awarded the President’s Award by the society for meritorious service to the explosives industry. In 2005, he was elected to the board 
of directors for the ISEE. Eloranta & Associates Inc. website: https://elorantaassoc.com/about-us/. He is also a past President of 

ISEE.   
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• Any mount of flyrock is unacceptable. You lose control of the process at that 

point,…[F]lyrock doesn’t automatically suggest an excessive number of explosives had 

been used. … 

• A fault in the rock, if unknown to the explosives engineer, can provide a path for that 

explosive energy that can mess up an otherwise well-designed blast… 

• Caution can be costly. It's not accurate to suggest that the presence of faults and seams 

in a section of rock is unknowable…. Enough geologic testing could identify those 

problem areas. But there's an economic issue with that solution. The cost of the testing 

would exceed the value of that product.… 

• [A]nyone involved in blasting is obligated to place safety above all other 

considerations…Even if blasts that launch life-threatening rocks into populated areas 

are rare, even if no one is injured, accepting that as inevitable is unethical. 

• To say 'It might happen again, there's nothing we can do about that,' well, nobody buys 

that.… 

• The options, really, are only two…: Don't blast in a location that threatens public safety 

or adopt the safety measures required, regardless of the price, that meet the challenges 

Mother Nature has put in place.
19

 

At the regulatory level, this safety hazard is echoed with stark clarity: 

• “Flyrock is…[t]he single factor of surface mining that is most likely to cause a fatality!!!” 

(Office of Surface Mining, U.S. Department of the Interior, n.d., p.57) 

• ”Flyrock is the number two killer in mining operations (p.60)” (Office of Surface 

Mining, U.S. Department of the Interior, n.d.) 

 

Flyrock debris, an inevitable and uncontrollable by-product of blasting rock, can never be 

eliminated, regardless of detonation strength:
20

 

• Flyrocks are one of the most uncontrollable events we have in rock blasting, and can be 

generated with a small amount of energy. 

• We can estimate the normal launch behavior of blasted material, but not Flyrocks. 

• Launch control techniques help to minimize the occurrence of Flyrocks, but even so we 

can have punctual events, which can occur even in controlled blasts. 

• Flyrocks are not directly related to the amount of blast charge, but to the escape of energy 

(gases), so even blasts with low power factor can cause Flyrocks. 

­ Usually, Flyrocks are caused by specific situations, which can be pre-existing, and 

not identified, or can also be caused during any of the stages of blasting preparation, 

such as sizing the drill pattern, drilling, loading, choice of delays and others. 

­ There are no magic ways to control Flyrocks, and the best way is prevention, ensuring 

an effective assessment to identify critical situations, good operational practices, 

quality controls at all stages (from design to blast performance), and good clearance 

zone practices. 

According to Ludwiczak (2002), regardless of the regulatory and oversight controls, “[n]o matter 

how many regulations are written, or visits made by inspectors, there will be blasting-related accidents 

(like it or not)” (p.97). These industry realities have been recognized in land use policies and have been 

reinforced by legal precedent, most notably in the Supreme Court of Canada’s Castonguay Blasting Ltd. 

v. Ontario (Environment), 2013, decision.
21

 

 

 
19  Expert: Flyrock from any blast “unacceptable”, The Free Press, Oct 21, 2017, 

https://www.mankatofreepress.com/news/local_news/expert-flyrock-from-any-blast-unacceptable/article_8ad31cf8-b5cf-11e7-bf58-

c3cdd328cf7f.html.  
20  Flyrock (part 01 of 03), Blasting Trainings, August 12, 2022, linkedin. https://www.linkedin.com/pulse/flyrock-part-01-03-blasting-

trainings/. Retrieved on May 18, 2024. As the Blasting Training course was being presented, at 9:15 am on June `8, 2022, the 

instructor received a message of a June 17, 2022 report in Portuguese “of an incident where a Flyrock hit a car and killed a [35-year-

old] man.” 
21  Castonguay Blasting Ltd. v. Ontario (Environment), 2013 SCC 52 (CanLII), [2013] 3 SCR 323, <https://canlii.ca/t/g1038>, retrieved 

on 2023-06-02.  
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4. MUNICIPAL LAND-USE POLICIES AND STANDARDS CONFIRM FLYROCK IS 

INCOMPATIBLE WITH ADJACENT PROPERTIES AND PROHIBIT LAND USES 

THAT STERILIZE OUTDOOR AMENITY SPACE 

 

Engineering realities place blasting operations in direct conflict with municipal land use standards 

designed to protect neighbouring properties. In the Rivers Development permit application,
22

 the 

Vermont Environmental Court found that a proposed blasting quarry failed to conform with Moretown’s 

Town Plan, specifically Regulations §4.10(A), 4.10(B)(3), and 4.10(B)(4): 

• Section 4.10(A): No land or structure in any zoning district shall be used or occupied in 

any manner so as to create dangerous, injurious or noxious conditions that adversely 

affect the reasonable use of adjoining or nearby properties. 

• Section 4.10(B)(1): No noise shall be permitted which is excessive at the property line or 

is incompatible with the reasonable use of the surrounding area…. 

• Section 4.10(B)(2): No glare, lights, or reflections shall be permitted which could impair 

the vision of a driver of any vehicle or which are detrimental to public health, safety, and 

welfare…or cause excessive levels of illumination, or result in direct illumination of 

neighboring properties. 

• Section 4.10(B)(3): No fire, explosive or safety hazard shall be permitted which 

significantly endangers other property owners or which results in a significantly 

increased burden on municipal facilities. 

• Section 4.10(B)(4): No smoke, dust, dirt or noxious gases which endanger or adversely 

affect the health, comfort, safety, or welfare of the public or neighboring property 

owners, or which causes damage to property, business, or vegetation shall be permitted. 

• Section 4.10(B)(5): There shall be no discharge of sewage, septage, or other harmful 

wastes into any public water, wetland, aquifer.
23

 

The Court concluded that the quarry would shift risk onto long-established residents and farms, a 

result it “could not condone.”
24

 This reflects a universal zoning doctrine: land uses must not impair the 

safe, normal, and reasonable use of neighbouring lands. This doctrine is equally embedded in Canadian 

planning law. When flyrock and other blast-related impacts extend beyond a quarry’s boundaries, the 

resulting risks, behavioural constraints, property impacts, and safety burdens are absorbed by 

neighbouring property owners and occupants (landlords, tenants, farmers, businesses (including home 

occupations
25

), their employees and customers), and the municipality itself, thereby transferring 

operational hazards onto those who receive no benefit, financial or otherwise, from the activity. A land 

use that relies on off-site risk transfer to remain operationally or financially viable is incompatible with 

adjacent properties and contrary to the foundational principles of zoning, nuisance, and municipal 

public-safety regulation. 

Roadway users, cyclists, hikers, equestrians, and trail users travelling on public rights-of-way are 

equally exposed to the risks of flyrock, impulsive noise, and ground vibration. Blasting therefore 

compromises not only residential amenity but also the safe functioning of municipal roads and 

recreational trail systems. Even ordinary activities such as outdoor barbequing — an integral component 

of rural and residential living — are rendered unsafe where high-velocity projectiles or sudden impulsive 

noise could strike gathering areas, cooking equipment, or propane tanks. These impacts effectively 

remove outdoor spaces from safe and ordinary use, sterilizing both private and public areas and 

reinforcing blasting’s incompatibility with surrounding land uses and municipal safety obligations. 

 
22  As noted by the appeals court, residents (20 homes within 3,000 feet or 914 metres of the proposed quarry) would be exposed to the 

potentially deadly consequences of flyrock every time there was a blast, and would have to run for cover at least a dozen times a year 

for 33 years, the expected lifespan of the proposed blasting quarry operation. 
23  Town of Moretown. (2023). Zoning & subdivision regulations. Town of Moretown, Vermont. https://www.moretownvt.org  
24  Rivers Development LLC Act 250 Permit Application, No. 5W1396‑1 (Vt. Envtl. Ct.). (2010). Vermont Environmental Court 

decision regarding proposed quarry and flyrock risk. Vermont Judiciary. 
https://www.vermontjudiciary.org/sites/default/files/documents/Rivers%20Development%20LLC-1.pdf  

25  Home Occupations are permitted in all of Caledon’s Residential zones, most rural zones, and agricultural zones – provided they meet 

the specific Home Occupation regulations in Section 4.16 of Zoning By-law 2006-50. Home Occupations are also permitted in the 
Hamlet of Cataract, which is designated “Minor Urban Centre” within the Niagara Escarpment Plan and is regulated by the Niagara 

Escarpment Commission. 
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Because blasting generates high-intensity impulsive noise, ground vibration, and the risk of 

flyrock projection, its effects have the practical consequence of sterilizing outdoor amenity spaces — areas 

intended for recreation, family use, and social gathering — by rendering them unsafe, unpredictable, or 

unusable during blasting operations throughout the lifespan of a quarry operating under a licence with 

no expiry or periodic reviews in Ontario. Outdoor yards, patios, decks, children’s play structures, tree 

houses, trampolines, swings, slides, swimming pools, hot tubs, outdoor kitchens, outdoor bars, fire pits, 

gazebos and pergolas, flower and vegetable gardens, and sitting areas, as well as domestic animal 

structures such as dog runs, kennels, chicken coops, paddocks, and small-animal shelters, are integral 

components of rural and residential living. A land use that effectively removes these spaces from safe and 

ordinary use and enjoyment undermines the very functions municipal land use policies are designed to 

protect (Sevelka, 2023a). Any land use that forces neighbouring property owners, landlords, tenants, or 

roadway and trail users to modify their behaviour to avoid injury or death, property damage, or harm to 

animals is inherently incompatible. 

Caledon’s municipal by-laws reinforce this duty to prevent foreseeable harm. The Animal Care 

and Control By-law
26

 prohibits exposing domestic animals to avoidable injury, distress, or hazardous 

conditions. Because flyrock, impulsive noise, and ground vibration can injure, panic, cause behavioural 

disorders (Blackwell et al., 2013), or kill domestic animals
27

 — including dogs, horses, poultry, and 

livestock — blasting near residential, agricultural, or equestrian properties directly conflicts with these 

protections. Caledon also extends this duty of care to the natural environment through two 

complementary tree-protection by-laws: the Tree Preservation By-law (2025-101),
28

 which prohibits the 

injury or destruction of individual trees on private property, and the Woodlands Conservation By-law 

(2000-100),
29

 which protects larger forested areas and woodlands. Flyrock, airblast, and ground vibration 

can damage trunks, branches, root systems, and forest soils, violating these by-laws and undermining 

municipal environmental-protection objectives. 

The Town of Caledon has similar protections. Caledon’s Official Plan and Zoning By-law prohibit 

land uses that create hazards, adverse effects,
30

 nuisances (i.e., noxious uses
31

) or conditions that 

compromise the reasonable use and enjoyment of neighbouring properties. Activities that generate safety 

risks, including those involving explosives (e.g., fireworks
32,33

) or vibrations during restricted times (e.g., 

 
26  Town of Caledon. (2019). Animal Care and Control By-law No. 2019-43 (as amended by By-law 2019-85). 

https://www.caledon.ca/uploads/14/Doc_637203090570046185.pdf?ts=639098666250946209   
27  According to Made in CA’s 2026 national per-ownership report by Nicole Blair, approximately 80% of Canadian households have at 

least one pet. Given Caledon’s significant agricultural and rural character, where detached homes on large lots, acreage and 

agricultural properties are common, local pet-ownership rates are likely comparable to or higher than the national average. This 
supports the conclusion that blasting-related noise, vibration, and flyrock debris pose foreseeable risks to domestic animals and 

livestock. 
28  Town of Caledon. (2025). Tree Preservation By-law No. 2025-101. 

https://www.caledon.ca/uploads/14/Doc_639016459881570082.pdf  
29  Town of Caledon. (2000). Woodlands Conservation By-law No. 2000-100. 

https://www.caledon.ca/uploads/14/Doc_635016160599217804.pdf  
30  Town of Caledon (2026) Official Plan (Consolidated), Section 6: Glossary of Terms – “Adverse Effects” (p.6-26). 
31  Town of Caledon. (2024). Zoning By-law 2006-50 (Consolidated), Section 3: Definitions. Town of Caledon. “Noxious use means a 

use which, from its nature or operation, creates a nuisance or is liable to become a nuisance or offensive by the creation of noise or 
vibration, or by reason of the emission of gas, fumes, dust or objectionable odour, or by reason of the matter, waste or other material 

generated by the use, and shall include any uses which may be declared to be a noxious or offensive trade or business under the 

Public Health and Promotion Act, as amended”. 
32  Town of Caledon. (2022). By-law No. 2022-022: A by-law to regulate and prohibit the sale and discharge of fireworks, to provide for 

the issuance of permits for the sale and discharge of fireworks, and to repeal By-law 2009-097. Town of Caledon. This by-law 

strictly regulates low-level explosive pyrotechnics, prohibiting their use or discharge in any manner that creates danger, unsafe 
conditions, or a risk of accident, injury, or damage; that causes a nuisance; that occurs on Town property without authorization; or 

that directs explosive effects toward public spaces, buildings, vehicles, or occupied areas. Critically, the by-law prohibits the 

discharge of fireworks within 300 metres of industrial or agricultural premises, locations where explosives or flammable materials are 
stored, and sensitive occupancies such as hospitals, nursing homes, schools, daycares, and similar uses unless a permit and owner 

consent are obtained. These restrictions apply to small, upward-directed, low-energy fireworks, yet they require substantial 

separation distances to protect neighbouring properties. In contrast, quarry blasting employs high-energy industrial explosives 
designed to fracture bedrock, generating unpredictable, high-velocity lateral projectiles (flyrock debris) in all directions that cannot 

be eliminated through engineering controls. The stringent 300-metre buffer for minor pyrotechnic devices underscores the 

incompatibility of heavy blasting operations — with exponentially greater explosive force and uncontrollable debris trajectories at 
longer distances—when located near homes, farms, businesses (including home occupations), recreational areas, or other sensitive 

land uses, and heavily travelled roads. 
33  The fatal July 4th, 2021, incident in which NHL goaltender Matiss Kivlenieks was struck in the chest by an errant fireworks mortar 

while sitting in a hot tub underscores why municipalities regulate even small-scale explosive devices: projectiles from explosive 

activities are inherently unpredictable and can cause severe injury or death. See, for example, CBC News reporting that Kivlenieks 
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nuisance/vibration
34

), are also regulated through separate municipal by-laws and are not permitted where 

they endanger adjacent land uses or conflict with established residential, non-residential, agricultural, 

recreational, or rural community functions. 

Courts across North America have consistently held that zoning ordinances
35

 exist to protect 

public health, safety, and welfare, and must be enforced uniformly. As the Supreme Judicial Court of 

Maine explained in Pike Industries, Inc. v. City of Westbrook (2012, Footnote 3):
36

  

Zoning ordinances are written to promote the public health, safety, welfare, convenience, 

morals, or prosperity of a community. Such ordinances should apply equally to all citizens; 

non-uniform enforcement of these ordinances tends to frustrate their purposes and to injure 

the public that these ordinances are designed to protect. 

Across Canada, zoning by-laws serve similar purposes: 

Zoning by-laws serve several purposes, including promoting orderly development, 

protecting property values, ensuring public safety, and preserving the character of 

neighbourhoods.
37

 

Blasting may only be compatible where sufficient setbacks and separation distances exist, 

underscoring that municipalities cannot relax zoning protections where doing so exposes neighbouring 

properties and travelled roadways or trails to known hazards such as flyrock and other blast-related 

impacts. 

These municipal requirements are reinforced by Ontario’s (2024) Provincial Planning Statement, 

which imposes a province-wide obligation to avoid creating or aggravating public safety hazards and to 

protect sensitive land uses from activities that generate adverse effects. The PPS requires that land use 

decisions prevent land use conflicts and prohibit development that introduces unacceptable risks to 

people, property, or the environment. Because flyrock is unpredictable, uncontrollable, and cannot be 

eliminated, blasting operations near existing homes, farms, businesses, recreational areas, or other 

sensitive uses do not satisfy these mandatory PPS directives and are fundamentally inconsistent with the 

provincial requirement to safeguard public safety and maintain land-use compatibility. 

 

Legal Precedent 

Ontario’s regulatory framework does not prohibit flyrock, the very hazard that engineers 

acknowledge cannot be controlled. As the Supreme Court of Canada confirmed in Castonguay Blasting 

Ltd. v. Ontario (Environment), 2013 SCC 52: 

“There is no general provision in the Occupational Health and Safety Act (OHSA), or any 

Ontario statute other than section 14 of the Environmental Protection Act (EPA), which 

prohibits the discharge of rock or any other material that may injure any person, cause 

damage to property, plant or animal life, interfere with normal course of business or 

enjoyment of property, or adversely affect the environment.” 

This confirms that Ontario law regulates flyrock only after it occurs, but contains no mechanism 

to prevent the hazard at the land-use approval stage. As a result, municipalities must rely on zoning, 

setbacks, reciprocal separation distances, and land-use compatibility policies to prevent neighbouring 

properties, travelled roadways and trails from being exposed to this known, uncontrollable hazard. 

The Castonguay decision also exposed the longstanding lack of transparency surrounding flyrock 

incidents. Prior to 2013, flyrock events were rarely disclosed within the aggregate industry, routinely 

minimized, underreported, or omitted from public records despite their implications for environmental 

protection, public safety, and land-use compatibility. Even after the Supreme Court confirmed that 

flyrock constitutes a “contaminant” under the EPA, the Aggregate Resources Act did not reference the 

term until January 1, 2022 (O. Reg. 244/97), as amended, and only then as an undefined term with no 

reporting requirement, operational meaning, or enforceable standard. The result is a regulatory 

 
“was hit in the chest with an errant firework while trying to get out of a hot tub” during a July 4th celebration. 

https://www.cbc.ca/sports/hockey/nhl/columbus-blue-jackets-goaltender-matiss-kivlenieks-1.6090187  
34  Town of Caledon. (2024, July 23). By-law No. 2024-073: A by-law to regulate vibrations and nuisances. https://pub-

caledon.escribemeetings.com/filestream.ashx?DocumentId=41840   
35  Rivers Development LLC, Act 250 Permit Application, No. 5W1396-1 (Vt. Envtl. Ct. 2010). 

https://www.vermontjudiciary.org/sites/default/files/documents/Rivers%20Development%20LLC-1.pdf   
36  Pike Industries, Inc. v. City of Westbrook, et al., 45 A.3d 707 (2012) 2012 ME 78. https://case-law.vlex.com/vid/pike-indus-inc-v-

887348857  
37  RealSpace. (2023, October 19). Understanding Canadian zoning bylaws: What you need to know. 

https://www.realspace3d.com/blog/understanding-canadian-zoning-bylaws-what-you-need-to-know/  
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framework that acknowledges flyrock in name only, while obscuring its risks, frequency, and 

consequences from affected communities.  

[T]he discharge of fly-rock caused an “adverse effect” under paras. (b) and (g) of the 

definition, [s. 1(1) of the Ontario EPA] namely, it caused injury or damage to property and 

loss of enjoyment of the normal use of the property. Because the reporting requirement is 

also engaged when the discharge is “likely to cause an adverse effect,” para. (e) is also 

applicable since the potential existed for “impairment of the safety of any person.” The 

adverse effects were not trivial. The force of the blast, and the rocks [flyrock debris] it 

produced, were so powerful they caused extensive and significant damage, penetrating the 

roof of a residence and landing in the kitchen. A vehicle was also seriously damaged. The 

fly-rock could easily have injured or killed someone (Castonguay, 2013, Supreme Court of 

Canada).
38

 

 

Strict Liability (Abnormally Dangerous Activity) 

Blasting, the detonation of explosives, is an abnormally dangerous activity held to strict liability. 

This principle was affirmed by the Indiana Court of Appeals in Cave Quarries, Inc. v. Warex LLC, 219 

NE 3d 221 (2023), and upheld by the Indiana Supreme Court (2024), which commented as follows:
39

 

A business should bear its own costs, burdens, and expenses of operation, and these should 

be distributed by means of the price of the resulting product and not shifted, particularly, 

to small neighboring property owners for them to bear alone. We can understand no sensible 

or reasonable principle of law for shifting such expense or loss to persons who are not 

involved in such business ventures for profit. 

[S]trict liability places the loss from an activity proven to generate risk of loss on the one 

who benefits from the activity rather than an innocent party. Haseman v. Orman,680 N.E.2d 

531, 535 (Ind. 1997), https://law.justia.com/cases/indiana/supreme-court/1997/11s01-9611-

cv-699-4.html  

Similarly, the Nova Scotia Supreme Court‘s ruling in Macdonald v. Construction LTEE et al. 

(1972) held:
40

 

“…[T[he use of explosives…does involve danger to another’s property. I cannot see how 

anyone can possibly describe such an operation as not being, in the language of the cases on 

the subject, “extra hazardous” or “inherently dangerous.” (Citing J. P. Porter Co. Ltd. v. 

Bell, [1955] 1 D.L.R. 62, 35 M.P.R. 13, and Rylands v. Fletcher)  

These strict-liability principles reinforce that blasting, an activity recognized as inherently 

dangerous and extra-hazardous, is fundamentally incompatible with locations where off-site receptors or 

sensitive land uses are present. 

 

Regulatory Concern 

In July 2022, the Ministry of Energy, Mines and Low Carbon Innovation, British Columbia, 

Canada, issued a Health & Safety Notice
41

 highlighting a rise in blast-related incidents, including 

misfires, cut-offs, and over-pressurized blasts. Several incidents involved undetonated explosives being 

excavated, and others resulted in flyrock striking vehicles, equipment and workers: 

• At a surface mine, a shovel's bucket detonated an undetected explosive.  

• While working underground, a scoop's bucket detonated an undetected explosive on a 

haulage road.  

• A surface blast resulted in “fly rock” striking and damaging a vehicle. 

• A surface blast resulted in “fly rock” damaging several pieces of equipment and injuring 

two workers. 

 
38  Castonguay Blasting Ltd. v. Ontario (Environment), 2013 SCC 52 (CanLII), [2013] 3 SCR 323, <https://canlii.ca/t/g1038>, retrieved 

on 2023-06-02.  
39. Cave Quarries, Inc. v. Warex LLC, 240 N.E.3d 681 (Ind. 2024), aff’g Cave Quarries, Inc. v. Warex LLC, 219 N.E.3d 221 (Ind. Ct. 

App. 2023), https://support.lexisnexis.com/printandcd/downloads/00226_81_may25.pdf . Strict liability claim upheld by the 
Supreme Court of Indiana. 

40  Macdonald v. Desourdy Construction LTEE et al., 1972 CanLII 1150 (NS SC), <https://canlii.ca/t/gwg69>, retrieved on 2026-02-12 
41  Ministry of Energy, Mines and Low Carbon Innovation. Health & Safety Notice: Blasting (July 2022), 

https://www2.gov.bc.ca/assets/gov/farming-natural-resources-and-industry/mineral-exploration-mining/documents/health-and-

safety/health__safety_notice_blasting_2022.pdf   
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Similarly, in April 2021, the NSW Resources Regulator issued a safety bulletin to the mining 

industry, following a rash of flyrock incidents (NWS Resources Regulator, 2021): 

• Several incidents have recently been reported where mine operators sustained damage 

to equipment and infrastructure and exposed their workers to significant health and 

safety risks due to flyrock caused by blasting activities.  

• The severity of the outcomes of these incidents has ranged from a near miss to minor 

injuries to personnel involved, as well as damage to equipment and buildings.  

• The potential outcome of these incidents could have been severe and/or fatal injuries. 

 

Global Context 

Internationally, regulators have also recognized flyrock as a leading cause of blasting-related 

accidents. The U.S. Mine Safety and Health Administration (MSHA, 2016) identified flyrock as one of 

the most serious hazards in surface mining, noting that it can occur even in well-designed blasts. The 

National Institute for Occupational Safety and Health (NIOSH) has similarly documented that flyrock 

and inadequate blast-area security account for many fatal mining accidents (Bajpayee et al., 2004).  

Within Europe, the European Federation of Explosives Engineers (EFEE) addressed flyrock in its 

September 2019 Newsletter article Global studies of the level of risk of flyrock (pp. 27–39). The study 

presented comparative data from multiple jurisdictions, showing that flyrock remains highly 

unpredictable. EFEE emphasized that risk levels vary depending on geology, blast design, and proximity 

to receptors (including populated areas), and that effective mitigation requires probabilistic risk 

assessment, predictive modelling, strict clearance zones, and formal training for blasters and blast 

designers. These global perspectives reinforce that flyrock is not a localized anomaly but a systemic 

hazard across jurisdictions. 

 

Ecological Omission of Flyrock Impacts 

Flyrock also poses significant risks to vegetation, cultivated landscapes, and ecosystems. Trees and 

shrubs may be split, uprooted, or permanently damaged, while flower and vegetable gardens, agricultural 

plots, and woodlots are vulnerable to crushing, contamination, and disruption. These impacts carry 

ecological, aesthetic, and food-security consequences—particularly in rural or semi-rural areas where 

gardens and woodlots are integral to community life and land use.  Repeated flyrock events contribute to 

habitat fragmentation, soil compaction, and long-term ecological degradation. Wildlife — including 

birds, mammals, and reptiles — can be injured, displaced, or permanently driven from habitat areas.  

These ecological harms are rarely documented due to systemic underreporting and the absence of 

formal ecological monitoring protocols. In jurisdictions like Ontario, where flyrock is referenced but not 

formally defined or tracked as a contaminant, the full extent of environmental harm remains obscured — 

compromising land use compatibility and eroding long-term ecological integrity. 

 

5. DISCLOSURE OBLIGATIONS UNDER TRESA CONFIRM THAT BLASTING AND 

FLYROCK RISKS ARE MATERIAL HAZARDS 

 

Ontario’s Trust in Real Estate Services Act, 2002 (TRESA), administered by the Real Estate 

Council of Ontario (RECO), imposes a mandatory duty on real estate agents, brokerages, property owners, 

and landlords to disclose material facts that could influence a prospective purchaser’s or tenant’s decision. 

RECO’s Material Facts Bulletin 7.3
42

 confirms that a material fact includes any condition or circumstance 

that may affect the value, use, enjoyment, or safety of a property, or that a reasonable person would 

consider important when deciding whether to buy, sell, or lease. Importantly, the duty to disclose material 

facts applies not only to existing hazards, but also to proposed land uses that may create future adverse 

effects or nuisances. A proposed pit or quarry – particularly one involving blasting – constitutes a material 

fact under TRESA because it introduces foreseeable risks, uncertainty, and potential loss of use, 

enjoyment, and value. RECO’s interpretation of material facts requires disclosure of any known condition 

that a reasonable person would want to know before acquiring or leasing a property. Therefore, a pending 

quarry application must be disclosed to prospective purchasers or tenants, reinforcing that such 

 
42  Real Estate Council of Ontario. (2023). Bulletin 7.3: Material Facts. RECO. 
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operations are recognized within Ontario’s consumer-protection framework as materially significant 

hazards.  

Potential blasting-related hazards — including flyrock, high-intensity impulsive noise, ground 

vibration, toxic fumes, and the sterilization of outdoor amenity space — meet the definition of material 

facts. These hazards directly affect a property’s desirability, safety, and functional utility. They also 

influence a purchaser’s or tenant’s willingness to occupy a property, the price they are prepared to pay, 

and their long-term expectations of normal use or enjoyment of residential, agricultural, and non-

residential property. Under TRESA, failure to disclose such hazards constitutes professional misconduct 

for real estate agents and may expose property owners and landlords to civil liability. The mandatory 

nature of these disclosure obligations is significant. If blasting and flyrock risks are so substantial that 

they must be disclosed to prospective purchasers and tenants, then these risks cannot be characterized as 

trivial, acceptable, or compatible within a land-use planning framework. A hazard that materially affects 

market decisions is, by definition, a material land-use incompatibility. Municipalities cannot approve or 

tolerate land uses that create conditions the real estate sector is legally required to warn the public about. 

TRESA therefore reinforces the broader planning and public-safety principles established at the 

municipal and provincial levels. It confirms that blasting-related hazards are not speculative concerns 

but material, decision-altering risks that undermine the reasonable use and enjoyment of neighbouring 

properties. The requirement to disclose these risks to prospective purchasers and tenants underscores 

their seriousness and further demonstrates that blasting operations near homes, farms, businesses, and 

other sensitive land uses are fundamentally incompatible with Ontario’s expectations for consumer 

protection, market transparency, and safe, predictable land-use environments. 

 

6. TRACKING FLYROCK INCIDENTS 

 

There is no global centralized data source of flyrock incidents, reporting requirements vary across 

jurisdictions, and the difficulty of determining the extent of the problem is compounded by the absence 

of a standardized definition of flyrock and ineffective oversight. In creating a data source of flyrock 

incidents, a transparent and replicable methodology was adopted, as the source of each incident has been 

recorded and retained on file. By necessity, the scope of the research consisted of a search of the internet, 

Google Scholar, and CanLII for incidents reported publicly, investigated, or legally adjudicated. Both 

onsite and offsite flyrock events involving quarries, construction sites, and infrastructure projects were 

included, provided the description met at least one recognized engineering or regulatory definition of 

flyrock, and regardless of the distance travelled or whether there was property damage or harm to human 

and non-human life. 

Source validation involved cross-checking incidents against multiple independent sources 

wherever possible, including regulator bulletins, media reports, scholarly publications, and court or 

tribunal decisions. The dataset covers multiple jurisdictions, reflecting the global nature of blasting 

operations and the absence of any international reporting standard. From the beginning of 2020 to 

November 2025, Sevelka (2022, 2023a) has meticulously recorded 277 (known) individual flyrock 

incidents from various sources, including news releases, published investigations, scholarly journals and 

case law. These incidents have been thoroughly documented and summarized below. Despite the breadth 

of sources, the dataset underestimates the true frequency of flyrock events due to underreporting, 

inconsistent regulatory requirements, non-reporting of onsite incidents or incidents that do not result in 

equipment damage, property damage, or harm, and the use of non-disclosure agreements following 

blasting accidents. 

 

Summary of Flyrock Incidents 

• Previously, a total of approximately 195 flyrock incidents had been discovered and 

analyzed (Sevelka, 2022). Of the 195 flyrock incidents discovered, 33 resulted in death, 

indicating an overall kill rate of 16.9%, and 40 people were injured in the same 33 flyrock 

incidents.  

• An additional 24 flyrock incidents were added to the “running list” of flyrock incidents 

bringing the total to 219 (Sevelka, 2023b). Of these additional 24 flyrock incidents, 10 

people were injured, and 4 people were killed, indicating a kill rate of 16.7% (4 ÷ 24). Of 

the 219 flyrock incidents documented, 37 resulted in death from being struck by flyrock 

https://doi.org/10.33002/jpg060102


ISSN 2564-212X | Journal of Policy & Governance |06(01) June 2026  

https://doi.org/10.33002/jpg060102     
 

 
40 

Tony Sevelka 

debris, reflecting a “kill” rate of 16.9% (37 ÷ 219), and 41 more people were injured in 

the same 37 flyrock incidents.  

• An additional 21 flyrock incidents were added to the “running list” increasing the total 

of known flyrock incidents from 219 to 240 (Sevelka, 2024). In 8 of these 21 additional 

flyrock incidents documented, 12 people were killed and 8 people were injured. Of the 

240 flyrock incidents, 45 resulted in death, indicating a “kill” rate of 18.8% (45 ÷ 240). 

In those same 45 flyrock incidents, 49 people were killed and an equal number were 

injured. 

• An additional 16 flyrock incidents have been added to the “running list” of flyrock 

incidents bringing the total to 256 as of May 2025. In those additional 16 flyrock 

incidents, 8 people were killed, and 62 injured. In 4 of these 16 additional flyrock 

incidents, 8 people were killed and 46 people were injured. Of the 256 flyrock incidents, 

49 resulted in death, indicating a “kill” rate of 19.1% (49 ÷ 256). Additionally, in those 

same 49 flyrock incidents, 103 people were injured. 

• An additional 21 flyrock incidents were added to the “running list” of known flyrock 

incidents bringing the total to 277 as of November 2025. In those additional 21 flyrock 

incidents 3 people were killed and 26 were injured. In 3 of these additional flyrock 

incidents, 3 people were killed and 4 people were injured. Of the 277 flyrock incidents, 

52 resulted in death, indicating a “kill” rate of 18.8% (52 ÷ 277). Additionally, in those 

same 52 flyrock incidents, 114 people were injured. 

The kill rate in flyrock incidents has shown a gradual increase over time rather than remaining 

completely consistent. Here is how it has changed: 

Kill Rate Over Time: 

• 2022: 16.9% (33 deaths out of 195 incidents) 

• 2023: 16.9% (37 deaths out of 219 incidents) → Stable 

• 2024: 18.8% (45 deaths out of 240 incidents) → Increase 

• 2025: 19.1% (49 deaths out of 256 incidents) → Slight Increase 

• 2025: 18.8% (52 deaths out of 277 incidents) → Slight Decline 

While the kill rate was consistent from 2022 to 2023, it increased in 2024 and 2025, suggesting 

worsening safety conditions or larger-scale blasts. The trend indicates that flyrock incidents are becoming 

deadlier, possibly due to urban expansion, stronger explosives, or insufficient safety measures, or a 

combination of all three. 

 

“Running List” of Flyrock Incidents 

The following case summaries illustrate the human and community impacts of flyrock incidents, 

beginning with the most recently identified and continuing through all 21 newly documented events, 

numbered in the order in which they were identified. 

• Flyrock 257: On May 13, 2025, a blast at a quarry in Taman Matang Jaya, Sungai Buloh, 

Malaysia, showered flyrock debris across a 1,000-metre radius, damaging 76 homes (31% 

of the 240 houses in the subdivision), causing various degrees of damage. One resident 

sustained injury after being struck by debris. Residents described the event as 

exceptionally severe, comparing the impact to a meteor strike (Bernama, 2025). 

A total of 76 houses in Taman Matang Jaya, Sungai Buloh, north of here, sustained various 

types of damage after being struck by large rocks from a nearby quarry during a blasting 

operation last Tuesday….[The residents’ association chairman living here since 2006 said] 

its normal for us to hear quarry explosions, [b]ut this time, residents described it as 

extremely loud, with rocks as large as crash helmets flying into the air damaging roofs. It 

has left the community anxious and worried…. …[T]he park area consist[s] of 240 single-

storey terrace houses involving about 1,000 residents. According to…[the association 

chairman], 13 houses suffered severe roof damage, while 63 others experienced various 

issues, including cracked walls, damaged ceilings and floors, burst water pipes, and damaged 

electrical appliances.…[A] 20-year-old resident suffered minor injuries when he was hit by 

fragments of a window grille that were thrown by the impact of the stone. A resident, Salwa 

Mat Radzi, 55, said she and her husband were in the kitchen when the explosion was heard, 

before a large stone hit the roof and fell into their living room. "I did hear the warning siren 
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before the explosion, but I didn't expect the impact to be this bad, like the house being hit 

by a meteor. The incident worries me because had we been in the living room at the time, 

we might have been injured," she said. Another resident, Maizatul Ikmal Ramli, 29, said no 

one was in his house at the time of the incident, but his wife, who returned later, found a 

hole in the roof and stone fragments scattered on the floor. 

Note: A 2010 study (Wahid) of 49 Environmental Impact Assessment (EIA) reports from 1995 to 

2002 on housing construction activity, proposed that for a quarrying or any other industry, there should 

be at least three kilometers (3,000 metres) from the site. However, due to the growth in population, a lot 

of housing has been built near quarries, with many negative impacts such as cracks in houses, broken 

roads, dirt and dust in the atmosphere, and noise from blasting (Ibrahim et al., 2009). 

• Flyrock 258: On November 26, 2024, a blast at the KAS Quarry in the Afigya Kwabre 

South District of the Ashanti Region, Ghana, launched flyrock debris that damaged 20 

houses. Despite years of operation, community anxiety over frequent blasting remains 

high, with local residents repeatedly reporting damage and calling for regulatory 

intervention. Regulation 176 of the Minerals (Explosives) Regulations, 2012 (L.I. 2177) 

requires an onsite safety zone of 500 metres, and more if flyrock travels farther than 500 

metres.
43

  

Over 20 residents of Buoho in the Afigya Kwabre South District of the Ashanti Region have 

had their homes and properties damaged following a blast at a quarry company operating 

nearby. The affected homes are situated close to the KAS Quarry Company, which has been 

active in the area for years. Residents say the frequent blasting activities from the quarry 

often create panic and anxiety in the community. In the wake of the latest incident, residents 

expressed frustration and concern for their safety, calling on authorities to address the risks 

posed by the company’s operations. They lamented the extent of the destruction, which has 

left many feeling vulnerable in their own homes. “The company does its blasting activities 

without considering the lives here. There are people in this area and all of them were given 

permits before they put up their buildings. They should let us have our peace. They blast 

the stones anyhow, without thinking about our safety. “Aside from the blasting, their 

activities also result in dust, which affects our health. We confronted them some time ago 

on these issues”, stated Regina Pokuaa Adusei Poku, a resident at Buoho. “Part of our 

structures have been damaged following the blasting by the company….Sometimes, we fear 

for the lives of our children. They carry out their activities into the night, and it is not 

always good for us, especially with children in our midst”, lamented Habiba Issah, a resident 

of Buoho. “There is always fear whenever the blasting is done. This is not the first time this 

has happened, and we continue to report this to the management of the company, but 

nothing is being done”, stated Sakina Ahmed, a resident at Buoho. There has been a long-

standing dispute between quarry companies operating in the Afigya Kwabre South District 

and residents living within the buffer zones of these sites.  

Note: Regulation 176 of the Minerals and Mining Regulations, 2012 (L.I. 2177), states that a 

manager of a quarry site shall ensure that for any explosion, there is a 500-metre minimum safety distance 

between a blast and a person near the blast site. The regulation adds that the manager must ensure that 

the size of the exclusion zone is increased if flying rocks from the blast can travel beyond the minimum 

safety distance of 500 metres.
44

 

• Flyrock 259: On November 1, 2023, a blast at a construction site in Ashland City, Tenn., 

launched flyrock debris hundreds of yards (300 metres) and along its path struck a boat 

manufacturing plant, punching at least 20 holes in the roof, and injured four people, 

with most of the 300 workers in the plant having gone home for the day, and damaged 

three vehicles in the parking lot. One of the boulders was the size of a basketball and 

 
43  “Quarry blast damages over 20 homes in Buoho as residents demand action,” Modern Ghana, 27 Nov 2024. 

https://www.modernghana.com/news/1360351/quarry-blast-damages-over-20-homes-in-buoho-as.html  
44  “Dealing with quarry land encroachers: nationwide clampdown begins – Jinapor,” Graphic Online, 6th April 2022. 

https://www.businessghana.com/site/news/general/260199/Dealing-with-quarry-land-encroachers  
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weighed close to 15 pounds (6.8 kilos), according to the CEO of the manufacturing plant. 

A coworker cleaned up nearly 36 rocks of similar size.
45,

 
46, 47

 

A News 2 reporter in the area said he felt an explosion Wednesday afternoon and saw rocks 

in the middle of the highway and in a nearby parking lot of a boat manufacturing company, 

Caymas Boats, on Highway 12. A Cheatham County fire official on scene told News 2 four 

people were injured, but have since been treated and released. Officials also said the roof 

and rear of the manufacturing facility sustained significant damage, as did some cars in the 

parking lot. “We’re very, very lucky. Some big rocks came through the ceiling,” he said. 

“We’ve got some damage to our building, obviously, but we can replace buildings. We can’t 

replace our people. We feel very blessed and very fortunate.” There was also some damage 

to cars parked in the business’s parking lot, Bentz said. 

Note: According to the video footage of the incident, “you can see dozens, if not hundreds of rocks 

of all sizes dotting the sky. Some of those rocks weighed more than 20 pounds [9.07 kilos] and were as 

big as footballs. Many rocks sailed over the company and landed hundreds of yards [300 metres] away in 

the middle of Highway 12. However, many more rained down of the side of the Caymas Boats facility. 

Some of the granite shrapnel rips thru the building’s concrete walls. “I got people hurt here too,” one 

caller at the factory said in a recording obtained by News 2. “They got blood running down their faces 

where they got hit in the face with rocks”. 

• On April 19, 2022, Perry and Hammons Drilling and Blasting were blasting at the 

Shalom Farms project in Murfreesboro. The report indicates that the respondent used 

blasting mats, but fly-rock still flew 135 feet [41.1 metres] and penetrated the roof of a 

nearby home. The state issued the blaster a letter of warning. 

• On August 25, 2022, there was another incident. The state’s investigative report detailed 

another fly-rock incident at the Shalom Farms construction site near Stoney Meadow 

Drive, indicating that several homes were damaged by rocks that penetrated them. The 

inspector determined the blast was too confined by the mats and over precaution caused 

the debris to exit through a seam. With property damage that exceeded $5,000, the 

blaster was fined $3,000 

• On March 13, 2023, the state was notified of blasting at the Hidden River project in 

Murfreesboro where fly-rock caused damage to a home. Then, on March 28, 2023, the 

blasting firm was placed on probation for six months, effective March 14, 2023, through 

Sept. 14, 2023. 

• On September 11, 2023, — within the six-month probationary period — the blasting 

company had another incident, this time at the Kiddie Academy project in Nolensville 

where fly-rock caused damage once again. Rocks reportedly hit parked vehicles and a 

commercial building. 

• Since 2019, 181 complaints have been filed against Hammons Drilling and Blasting. Of 

the 181 complaints, 23 resulted in violations. Of those incidents, 15 involved fly-rock 

explosion mishaps (Gordon, 2023). 

• Flyrock 260: On June 3, 2025, a blast at the Goldstream Quarry near Langford, B.C. 

launched flyrock debris that showered roads and a nearby subdivision, including a large 

rock that crashed through a fence and damaged a car (Adam, 2025). 

“We determined a company was blasting and the radius was unexpectedly larger than 

anticipated,” said RCMP in a statement Wednesday. “The company did have the proper 

blasting certificate and precautions were taken however some debris fell onto the road,” said 

police. Mounties say no one was injured in the blast, but that one vehicle had its windshield 

damaged. Residents, however, say that there was a near miss, and that the damage extended 

beyond a single windshield. “It felt like a big blast and earthquake all at once,” said 

 
45  McCullough, Erin, and Illers, Ethan. Multiple people injured after reported explosion in Ashland City. News 2 (WKRN), Nov 1, 

2023. https://www.wkrn.com/news/local-news/ashland-city-explosion/?ipid=promo-link-block1  
46  Jordan, Andrew. State investigating blasting company after explosion causes extensive damage in Ashland City, News 2 (WKRN), 

Nov 1, 2023. https://www.wkrn.com/news/local-news/state-investigating-blasting-company-after-explosion-causes-extensive-

damage-in-ashland-city/  
47  “(1) Flyrock traveling in the air or along the ground that could result in personal injury or property damage shall not be cast from 

the point of the blast.” Tenn. Comp. R. & Regs. 0780-02-15-.06 - BLASTING RESTRICTIONS. 

https://www.law.cornell.edu/regulations/tennessee/Tenn-Comp-R-Regs-0780-02-15-.06  
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Charlotte Zarelli, whose vehicle was damaged by the flying rock. “I was talking to my son 

on the phone and I heard this big kaboom and I didn’t even know what was going on at 

first, until I came out and looked and saw the fence and everything and realized what 

happened,” she told CHEK News. She says her windshield was damaged and there’s some 

small scratches to the vehicle, though overall the damage was limited. She and other 

neighbours say their bigger concern is about safety. “It’s scary, I was really freaked out, 

actually,” said Zarelli…. “I don’t think all of our neighbours have ever come together as 

much as yesterday,” she said. “We rounded the corner and there was probably 20 of us out 

here wondering what was going on.” She says she’s concerned because her children are 

normally out biking in the neighbourhood between 3 p.m. and 5 p.m., exactly when 

Tuesday’s large blast occurred. “I’m concerned for my kids,” she said. “They send out 

blasting notices but it was past the time that they put out for when there would be blasting 

– and I don’t want to have to worry about my kids being hit by a rock when they’re riding 

around here, that’s absolutely ridiculous.”… “Also, a lady up on the corner, her 

granddaughter was playing outside in their backyard and a boulder came down right close 

to her as well,” she said…. WorkSafeBC tells CHEK News it was notified of the incident, 

however it says “this incident does not fall within WorkSafeBC’s jurisdiction.”… Last year, 

a similar incident occurred.
48

 Just before noon on June 25, 2024, firefighters received 

multiple calls about an explosion in the Bear Mountain area. 

• Flyrock 261: On September 19, 2006, a blast at a construction site in Sudbury, Ontario, 

launched flyrock debris that smashed the windows of two cars, along with vibrations 

that shook homes and dislodged artwork in one resident’s home (Keith, 2006). 

The City of Greater Sudbury has ordered a contractor working on the South End rock 

tunnel project to overhaul its blasting plans after a blast last week shook homes and smashed 

windows in two cars. A blast Tuesday afternoon by workers with McNally Construction 

went wrong and resulted in flying rock, said Greg Clausen, director of engineering for the 

City of Greater Sudbury….In "layman's terms, the blast went wrong when rock split and 

went sideways instead of straight up and down and it managed to escape the blasting mats," 

said Clausen…. Peter Booth, who lives on TimberRidge, located behind the Cardinal Hotel 

on Regent St., said three or four consecutive blasts shook his house with enough force to 

knock pictures of[f] the wall…. "I was standing near my dining room table when suddenly 

I heard this giant blast," said the retired professional engineer. "There were three or four 

consecutive blasts and they were so strong that I honestly saw my house moving and 

shaking…. He was worried the blasts would break glass windows and perhaps pose a health 

hazard and his wife Anna "was a nervous wreck" hiding upstairs for a few minutes after the 

blasts, said Booth…. Ministry of Labour spokesperson Belinda Sutton said the ministry 

received six calls from residents Tuesday complaining of intense blasting in the Marttila 

Dr./Lockerby Towers in Sudbury…. The constructor was ordered to ensure blasting mats 

were used to prevent flying objects, caused by blasting operations, from endangering 

persons and property located on or adjacent to a project…. 

• Flyrock 262: Western Australia’s March 2025 Incident Summary highlights the risks 

associated with a recent incident during blasting operations that launched flyrock debris 

striking an occupied employee vehicle at 320 metres (Department of Mines, Industry 

Regulation and Safety, 2025). 

Two shotfirers [blasters] were parked 320 metres from an overburden blast when one hole, 

which had a reduced stem height, ejected a 1kg rock further than expected. The rock struck 

the windscreen of their vehicle. Fortunately, no one was injured, but this could have had 

serious consequences. 

• Flyrock 263: A presentation by Orica in 2024 references a 2023 flyrock fatality in Russia, 

one of 54 acknowledged flyrock-related incidents globally from 2016 to 2022 

(Littlewood, 2024). 

“Orica has recorded 54 flyrock-related incidents globally since 2016. This includes an 

incident that occurred in Russia in 2023, that resulted in a fatality of an Orica employee”. 

 
48  https://cheknews.ca/bigger-than-expected-construction-site-blast-causes-concern-across-the-west-shore-1201821/ 
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Flyrock is a rock that is ejected from a blast site by explosive energy. It results when the 

energy applied is greater than what’s needed to fragment and displace the muckpile, in a 

controlled manner. [There is]…increased flyrock risks with secondary breakage 

[blasting]….We aim to control as many variables that we can, but some variables such as 

geology are hard to measure and predict. [Onsite Blast] Exclusion Zones with different 

Safety Factors adopted, typically: – 2 for Equipment – 4 for Personnel. 

Note: According to Flyrock Elimination Program Part 1: Corporate Initiative (Scovira, 2012), 

Orica’s North American Quarry and Construction Business experienced 24 onsite and offsite flyrock 

incidents during the 2007-2009 period (Scovira, 2012). 

• Flyrock 264: On September 15, 2025, a “routine” blast at the dolomite quarry on Whalen 

Road, in Penfield, New York, launched flyrock debris across town-owned pickleball 

courts and a children’s playground at Pines Park (Battaglia, 2025). 

The blast occurred [Sept 15, 2025] Monday morning at Dolomite Quarry on Whalen Road. 

Town officials said a third-party contractor was performing a scheduled blast when debris 

was ejected beyond the work site and onto the nearby park. No injuries were reported, but 

the incident has raised safety concerns for parents who bring their children to Shadow 

Pines. “I had no idea there was even an issue or a danger… for rocks to be flying at my 

child,” said Penfield parent Kaitlyn LaFayette. “That’s really, really concerning.” The New 

York State Department of Environmental Conservation confirmed the debris ejection is a 

violation of the quarry’s mining permit. In a statement, the agency said it immediately 

suspended all blasting at the site “to protect public safety” while the investigation 

continues….[S]everal cars and playground equipment were damaged. Joel Barnett, who was 

playing pickleball at the time, said, “We just saw rocks that were flying down from above, 

one hit the court, one hit the playground and I ran for the shelter.” Barnett said he later 

found a large rock embedded in the ground, describing it as “a little bit smaller than a 

basketball.” John Szulgit, whose sunroof was shattered by the falling rocks, said, 

“Unfortunately, it made a direct hit right on the sunroof and shattered the sunroof so I’m 

just waiting for the sheriff to come take a report” (News10NBC, 2025). 

• Flyrock 265: On June 5, 2025, a blast at a granite quarry in Dumagers village, Karnataka, 

India, launched flyrock debris that killed one quarry worker and injured four others 

(Public TV English, 2025). 

One labourer died and four others were injured in a blast at a stone quarry for ornamental 

stone at Dumagere village in the taluk on Thursday. The deceased was identified as Mani 

(40), hailing from Tamil Nadu. The injured Elumalai, Selvan, Madhulai and Siddaraju are 

undergoing treatment at a private hospital in Hassan. The blast occurred on Thursday 

morning and Mani died on the spot while the other four sustained serious injuries. The 

injured are undergoing treatment in the ICU of a private hospital, but neither the police nor 

the Mines and Geology Department were informed about the mishap. A doctor at the 

private hospital where the injured are being treated said they were brought in on Thursday 

afternoon. “They have sustained injuries in the hands, head, chest and back and surgeries 

have been performed. The condition of at least one of them is serious”, he said. Police 

Superintendent Mohammed Sujeetha, said, “There is rumour that one more person died 

and the body was shifted and we will look into this. We will also arrest any other absconding 

accused. 

• Flyrock 266: On June 25, 2024, a blast at a construction site in the Bear Mountain 

neighbourhood, north of Langford, B.C., launched flyrock debris that injured two 

workers (Bailey, 2024). 

Just after 11 a.m. on June 25, Langford Fire Rescue responded to multiple calls about an 

explosion at a construction site off Marble Place in the Bear Mountain neighbourhood, 

north of Langford. Chris Aubrey, the Langford fire chief, said a scheduled blast at the 

construction site was bigger than expected, and left two workers with minor injuries, though 

they were never taken to a hospital. "We isolated the area, made sure we worked with the 

[construction] company, made sure that everything was safe and there was no risk to the 

public and then we left it with the RCMP to follow-up," said Aubrey. 
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• Flyrock 267: On January 21, 2019, a blast at a construction site in Sechelt, BC, launched 

flyrock as far as 80 metres from the blast site, causing damage to cars and a home, and 

knocking out phone, cable and telephone service. 

A WorkSafe BC report shows a blasting incident during sewer system work on Wakefield 

Road in Sechelt Jan. 21 sent rock flying as far as 80 metres, and caused damage to cars and 

a nearby home as rocks landed on the sundeck and in a swimming pool on the far side of 

the house. A blasting mat was also thrown five metres into the air, taking out Telus and 

Eastlink wires, knocking out phone, cable and Internet service to the neighbourhood. 

WorkSafe’s investigation found violations of the proper procedures for conducting a blast 

in an urban area and practices that “may have endangered the safety of a person.” They 

include: 

•  Failure to ensure the protection of persons and property during a blast and “adequately 

guard a blast or to ensure the danger area was clear of workers and other persons.” 

•  Failure to use “adequate cover or other effective means” to control the blast and protect 

people and property from flying material. 

•  Failure to properly use spotters and keep people or traffic from entering the blast area. 

•  Improper disposal of empty explosive containers…. 

The district has cancelled the blasting permits for the project and WorkSafe is considering 

whether to impose an administrative penalty or issue an Occupational Health and Safety 

citation as a result of its inspection. 

• Flyrock 268: On or before September 24, 2015, a blast at a granite quarry in Alton, New 

Hampshire, launched flyrock debris that knocked down a tree limb, and smashed into 

the driveway, narrowly missing Richard Moline, the homeowner, who was 10 feet away 

(WMUR-TV, 2025). 

A man in a Lakes Region town says he was replacing his mailbox when a large piece of 

granite landed about 10 feet from him. Richard Moline from Alton said it knocked down a 

tree limb and smashed down, leaving a mark in the driveway. He said he heard an explosion 

before and says it's fortunate no one got hurt. "We've heard blasts like this before, but having 

this piece of rock come into your driveway. It could have been a lot worse," Moline said…. 

• Flyrock 269: On January 16, 2019, a blast at a construction site in Washougal, 

Washington, launched a 20-pound (9.07-kilogram) rock 250 feet (76 metres) that 

penetrated the roof of an apartment, landing in a child’s bedroom (KOMO News, 2019). 

The state has fined a drilling company and suspended its license to buy explosives after a 

20-pound rock from a construction site crashed through the roof of an apartment and landed 

in a child’s bedroom
49

 earlier this year. The incident happened Jan. 16 at the Lookout at the 

Ridge apartment complex in Washougal, where crews from North Idaho Drilling Inc. were 

blasting to make way for utility lines in a new subdivision. In addition to levying a $14,520 

fine against the company, the state Department of Labor and Industries said it also 

suspended the owner’s license, the license of the person in charge of blasting as well as the 

license to purchase explosives. The state listed 14 violations in its citation notice. For one 

violation, it said the blaster in charge didn’t make sure the blast area was secured. As a result, 

a rock about seven inches long, five inches tall and six inches wide sailed about 250 feet 

[76.2 metres] through the air before crashing through the roof of the apartment unit…. 

• Flyrock 270: On August 11, 2023, a blast at a construction site in Rockport, Mass., 

launched flyrock debris that damaged six vehicles at an automotive service centre 

(WCVB5, 2023). 

A planned construction blast at the Rockport Department of Public Works building 

construction site left multiple vehicles damaged from flying debris on Friday, police 

said….Police in Rockport were asked to temporarily stop traffic in the area of Main Street 

for the planned construction blast. Once traffic was stopped around 10:30 a.m., police say 

employees of GM Drilling and Blasting conducted the blast, which sent stray rocks and 

small amounts of debris into the air. Police say a short time later, they responded to a report 

of damage to vehicles at an automotive service center on Main Street. One car sustained a 

 
49  https://komonews.com/news/local/ive-never-seen-anything-like-this-big-rock-slams-through-roof-lands-in-kids-room  
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broken rear windshield, one sustained a significant dent, and four others sustained minor 

scratch damage, according to police…. 

• Flyrock 271: On February 11, 2018, a blast at a construction site in Maharashtra, India, 

launched flyrock debris into a neighbouring residential area, damaging homes, with 

some rocks entering living spaces and causing alarm among residents (Bari, 2018). 

A faulty controlled blast at a construction site in Baner, on Sunday, had residents of the area 

in a state of shock after the explosion went haywire, sending a number of boulders and rocks 

flying towards housing societies near the plot. The blast happened at the ‘Solitaire’ project 

plot being developed by Chordia Builders after the person employed by the contractor 

managing the construction site failed to predict the blast radius correctly. Residents of 

Willed Ways society and My World society in Baner were quite literally shaken by the loud 

blasts which resonated in their homes. Broken shards of glass, punctured pipelines and a 

shower of stones fell in many of the residents’ terraces and gardens. The residents 

approached the contractor and the on-site manager, who apologised and said that the person 

working on the controlled blast was new and that he made a mistake in predicting the blast 

radius.…Rajeev Deshpande, a resident of Willed Ways society, was at his home with his 

family when he heard a deafening sound. “The blast occurred around 10.49am and we heard 

a loud noise. This was followed by a rain of boulders and stones over our terrace and garden. 

The flying boulders came with a high velocity and completely shattered our window panes. 

Our air conditioning unit’s fan was also destroyed,” said Deshpande. Kshama Soni, another 

resident of Willed Ways society, who was not at home when the blast happened, said that 

she returned home in the afternoon to a sea of debris on her terrace. “I came home in the 

afternoon to find the terrace full of stones and boulders. It was shocking and terrifying and 

all I could think of was about the damage it could have done to me and my family if were 

on the terrace when the blast happened. Some of the boulders were large enough to fatally 

injure people,” said Soni. Sandhya Tota owns a corner row house at Willed Ways society 

and her CCTV recording clearly shows the vibrations that her house felt following the blast. 

“The pipelines in my house were broken and the terrace was completely filled with debris 

following the blast,” she said. She added that the ongoing construction site is right next to 

their wall. “…MyWorld society, which is adjacent to the construction site, also felt the 

strong shuddering followed by a shower of stones on the playground where children of the 

housing society were playing. Sandeep Choughule, a Sewage Treatment Plant operator was 

busy in his shed when he felt the shudder followed by a loud noise. “The society members 

rushed to the terraces and shouted at the workers on the site, who then ran away to avoid a 

commotion,” he said. 

• Flyrock 272: On September 27, 2025, a blast at a quarry in Ibadan, Nigeria launched 

flyrock debris that struck and killed 25-year-old Abiodun Alarape, who worked at a 

nearby factory (Agboluaje, 2025). 

Residents of the Orisunmbare community along the Lagos-Ibadan expressway in Oluyole 

Local Council, Oyo State, protested yesterday over the alleged killing of a man and 

destruction of homes, properties, and other valuables by Sequoia Mining Company 

Limited. The residents said the quarry company’s blasting activities had wreaked havoc on 

the community and claimed that a 25-year-old man, Abiodun Alarape, who worked at a 

nearby company, was killed by a blast penultimate Saturday. During the protest at the 

company’s premises, demonstrators demanded the relocation of the firm and carried 

placards with messages such as “No more quarrying”, “Stop the killing”, “We are not 

slaves”, and “Stop killing us”…“They are blasting seriously. Anytime they do that, it sounds 

like an earthquake, the ground shakes, and all our houses now have cracks. We don’t want 

a situation where buildings will start collapsing on people,” he said. Another leader, 

Abiodun Akanji, condemned the company’s continued operations despite the fatal incident. 

“My house was pulled down three times through their blasting. After the young man died, 

they were still working. This shows they have no sympathy,” he said. A resident, Olufadeke 

Akinyemi, urged authorities to shut the company down. “We are not bothered about 

compensation but the safety of lives. Our houses are collapsing. We keep talking and no 

action is taken,” she said…. 
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• Flyrock 273: On November 26, 2025, a blast at a quarry in Dutse in Abuja, Nigeria, 

launched flyrock Debris that struck a neighbouring school, injuring 11 students and 2 

staff members, and numerous nearby shops (Idemudia, 2025).
50

 

According to NESREA, the blast — carried out by Istanbul Quarry, which manages the site 

— sent rocks hurtling into the nearby school on Wednesday, disrupting examinations and 

causing what officials described as life-threatening damage. In a statement, the Assistant 

Director (Press) at NESREA, Nwamaka Ejiofor, confirmed that "11 students and two staff 

of the school sustained various degrees of injury" when the rocks struck classrooms at about 

12:30 p.m. She added that "nearby shops were also affected by the flying rocks."…The 

Deputy Director of Conservation Monitoring, Glory Uboh, explained that the injuries to 

students, the damage to the school environment, and the danger posed to surrounding 

communities justified swift enforcement action. She stated, "What happened is life-

threatening; that was why we had to move in immediately to seal the facility. Cornerstone, 

managed by Istanbul Quarry, which carried out the blasting operation, will be sanctioned 

because our preliminary investigation shows a contradiction to Quarry operating procedure 

and regulations." Uboh added that further investigation is ongoing and stressed that the 

sanctions would be enforced fully: "We will continue with our investigations, and the 

facility will definitely be sanctioned in line with the National Environmental (Quarry and 

Blasting Operations) Regulations 2013." NESREA noted that poorly regulated quarry 

blasting poses severe risks, especially in urban and peri-urban communities where schools, 

homes, and shops are situated close to mining sites. 

• Flyrock 274: On June 19, 2019, blasting at a quarry in Alberta, Canada, launched flyrock 

debris that landed in the vicinity of stationed blast guards, three occupied vehicles and 

an occupied grader.
51

 

Mine Operations personnel had cleared the Pit for blasting. Upon detonation, several pieces 

of hard-hat sized fly-rock landed in the vicinity of the stationed blast guards, including 

three occupied light vehicles and one occupied grader as well as two ground personnel who 

were recording the blast via a UAV. There were no injuries and no equipment was damaged. 

Upon further investigation it was found that the guards had been mistakenly placed in the 

wrong location and the personnel were within the blast clearance zone. Effective 

immediately, the blast clearance distances will be increased for in-pit blasts and all guarding 

locations will be surveyed in the field. 

• Flyrock 275: On February 18, 2018, blasting at a construction site in Baner, Pune, India, 

launched flyrock debris that punctured pipelines and showered many of the 

neighbouring residents’ terraces and gardens (Bari, 2018). 

Residents of Willed Ways society and My World society in Baner were quite literally shaken 

by the loud blasts which resonated in their homes. A faulty controlled blast at a construction 

site in Baner, on Sunday, had residents of the area in a state of shock after the explosion 

went haywire, sending a number of boulders and rocks flying towards housing societies near 

the plot. The blast happened at the ‘Solitaire’ project plot being developed by Chordia 

Builders after the person employed by the contractor managing the construction site failed 

to predict the blast radius correctly. Broken shards of glass, punctured pipelines and a 

shower of stones fell in many of the residents’ terraces and gardens. The residents 

approached the contractor and the on-site manager, who apologised and said that the person 

working on the controlled blast was new and that he made a mistake in predicting the blast 

radius. The residents also approached the Chatuhshrungi police station to file a complaint 

but the station only accepted an occurrence report. 

 
50  For broader context on systemic regulatory failures in Abuja’s quarrying sector, see “SPECIAL REPORT: Abuja residents bear the 

brunt of poorly regulated quarrying companies” by Popoola Ademola and Fiyinfoluwa Ikuomola (February 8, 2026). The report 
documents widespread breaches of the National Environmental (Quarrying and Blasting Operations) Regulations by quarry operators 

in the Abuja region, including unregulated blasting, inadequate buffer zones, and repeated incidents of debris striking homes, 

schools, and commercial properties. These findings corroborate NESREA’s enforcement action in Flyrock Incident 273 and illustrate 
the persistent risks posed to residents in urban and peri-urban communities where quarry sites operate in close proximity to sensitive 

receptors. https://www.premiumtimesng.com/regional/north-central/855110-special-report-abuja-residents-bear-the-brunt-of-poorly-

regulated-quarrying-companies.html  
51  Alberta Mine Safety Association (AMSA), Safety Share. https://abminesafety.ca/resources/shares/fly-rock-passed-blast-clearance-

zone-almost-contacting-personnel-and-vehicles-2/download  
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• Flyrock 276: On September 18, 2011, blasting at the Century Aggregates Quarry in Falls 

Village, Connecticut, launched flyrock debris 1,000 feet (305 metres) from the blast site 

and beyond the quarry limits. No injuries were reported, but the incident raised 

significant community concern.
52

 

…[O]n Sept. 18, when an unusually loud blast went awry, frightening residents and sending 

large stones, some as large as a brick, more than 1,000 feet toward several neighboring 

homes. No one was injured. That accident prompted Zoning Enforcement Officer Michael 

O’Neil to issue a cease-and-desist order prohibiting blasting until further notice. 

• Flyrock 277: On April 3, 2022, a blast at a quarry in Kim Da village (Pha Danh 

commune), Việt Nam, launched flyrock debris hundreds of metres, injuring 2 people, 

damaging 23 houses and many furniture and household items (Hung, 2022). 

 

7. QUANTITATIVE ANALYSIS OF FLYROCK INCIDENTS 

 

An ongoing non-theoretical quantitative study of actual distances that flyrock has been launched 

from a blast site has been undertaken by Sevelka since 2020, with 147 incidents as of May 2025. Since 

then, more incidents of flyrock have been documented, expanding the data set from 147 incidents of 

flyrock (May 2025) to 156 incidents (November 2025). Where flyrock debris has been launched over a 

large area or in more than one direction, only the furthest distance of the flyrock from the blast site is 

recorded, summarized, and arrayed in the following bar chart. 

 

 

Figure 1: Analysis of Flyrock Travel Distances (May 2021 to November 2025) 

 

• An analysis of 156 flyrock incidents, where the distance from the blast site is known, 

indicates that 96% (150) of the flyrock incidents occurred within 1,099 metres, and 98% 

(153) occurred within 1,299 metres. The number of flyrock incidents within each 

interval, starting at between 0-99 metres, and the average distance travelled within each 

interval are summarized as follows: 

 

 
52  “As Promised: An Uneventful Blast at Quarry,” The Lakeville Journal, January 19, 2012. https://lakevillejournal.com/promised-

uneventful-blast-quarry  
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Table 1: Distribution of Flyrock Incidents by Travel-Distance Interval 

Metres 0-99 100-

199 

200-

299 

300-

399 

400-

499 

500-

599 

600-

699 

700-

799 

800-

899 

900-

999 

1000-

1099 

1100-

1199 

1200-

1299 

1300+ 

Incidents 13 21 25 33 12 11 9 2 11 4 9 0 3 3 

Cumulative - 34 59 92 104 115 124 126 137 141 150 150 153 156 

Average (m) 56 149 241 323 447 510 618 701 803 912 1010 - 1216 2307 

% of Total 8% 13% 16% 21% 8% 7% 6% 1% 7% 3% 6% 0% 2% 2% 

Cumulative % - 22% 38% 59% 67% 74% 79% 81% 88% 90% 96% 96% 98% 100% 

 

• At 96% of the 156 flyrock incidents, 150 flyrock incidents in ascending order reached a 

distance up to the 1000 – 1099 metre interval. 

• Based on this updated study of flyrock incidents (November 2025), the designated blast 

area (onsite safety zone) would have to be approximately 1,000 metres to effectively 

prevent 96% of flyrock incidents from leaving the boundaries of a blasting quarry site, 

equivalent to a 1,000-metre setback (excavation limit), before addressing the issue of 

offsite land use compatibility. 

Accordingly, the empirical record confirms that current regulatory setbacks of 30 metres in 

Ontario under the ARA are recklessly insufficient. A scientifically defensible permanent excavation limit 

of 1,000 metres (setback) is required to align quarry operations with public safety, ecological integrity, 

and long-term land use compatibility.  

 

Municipal Authority to Regulate Flyrock 

Sections 9, 10, and 11 of the Municipal Act, 2001 collectively grant single-tier municipalities broad 

authority to regulate activities affecting public safety, property protection, environmental well-being, and 

public nuisances. Section 9 provides natural-person powers, Section 10 authorizes by-laws respecting any 

service or thing the municipality considers necessary or desirable for the public, and Section 11 confirms 

municipal jurisdiction over spheres such as public nuisances, health and safety, and the protection of 

persons and property. Although flyrock is not explicitly named in the Act, it falls within these spheres of 

jurisdiction, enabling municipalities to regulate blasting impacts through nuisance, safety, and 

environmental by-laws. Under Section 11(2), these spheres include, among others: 

5. Economic, social and environmental well-being of the municipality, including climate 

change. 

6. Health, safety and well-being of persons. 

8.   Protection of persons and property, including consumer protection. 

9. Animals 

10. Structures 

Section 129 further empowers municipalities, without limiting ss. 9--11, “(a) to prohibit and 

regulate with respect to noise, vibration, odour, dust [e.g., particulate matter PM2.5 and PM10] and outdoor 

illumination…” providing a direct statutory basis for regulating blasting-related impacts. According to 

MacLean and Tomlinson (2008, as cited in Public Health Ontario), “municipalities are entitled to pass 

by-laws when there is a need to improve or protect the general welfare of the community and when there 

is no relevant provincial or federal legislation in place, or when the municipality wants to strengthen 

existing provincial legislation.” Municipal powers are accorded a liberal and benevolent interpretation 

and only in the clearest of cases should a municipal bylaw be deemed ultra vires.See Nanaimo (City) v. 

Rascal Trucking Ltd. 2000 SCC 13
53

.  

While municipalities have clear statutory authority to regulate blasting-related impacts, the 

effectiveness of such measures is undermined by a failure to acknowledge flyrock as an industry problem, 

and by the systemic underreporting and concealment of flyrock incidents, as examined in the following 

section. 

 

  

 
53

  https://www.canlii.org/en/ca/scc/doc/2000/2000scc13/2000scc13.html  
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8. FAILURE TO ACKNOWLEDGE FLYROCK 

 

Despite decades of documented incidents, technical literature, and investigative findings, the 

blasting industry continues to frame flyrock as a preventable anomaly rather than an inherent by-product 

of rock blasting (Sevelka, 2023c). This reluctance to acknowledge flyrock stems from a combination of 

professional culture, economic incentives, and entrenched assumptions about the controllability of 

blasting operations. Within industry training materials, certification programs, and trade publications, 

flyrock is frequently attributed to operator error, poor judgment, or deviations from best practices. Such 

framing implies that a properly designed and executed blast should not produce hazardous flyrock, even 

though empirical evidence contradicts this assumption. 

The persistence of this fallacy is tied to the foundational belief that blasting is a controlled, 

predictable engineering activity. Acknowledging that flyrock can occur even under idealized conditions 

would undermine the premise that blast outcomes can be reliably managed through design formulas, 

powder-factor adjustments, or adherence to standard procedures. Blair (2022) shows that even when blasts 

are carefully designed using site-specific data, actual flyrock still travels farther than expected. His 

modelling demonstrates that blast behaviour falls within a range of possible outcomes rather than a single 

predictable result, and that small, inevitable variations in launch angle, fragment size, and fragment shape 

can produce unexpected long-distance ejections. It would also require recognition that geological 

variability, timing errors, gas venting, and stemming failures introduce irreducible uncertainty into every 

blast — factors that are not fully measurable or controllable, and whose interaction can produce 

high-energy ejections that exceed expected throw distances regardless of experience or intent.  

Equally overlooked are atmospheric conditions such as wind speed, wind direction, air density, 

humidity, and temperature gradients, all of which influence fragment trajectory and explosive gas 

behaviour (Zhou et al., 2009). Because these variables can shift rapidly and independently of blast design, 

they introduce an additional layer of uncertainty that makes long-distance flyrock debris possible even 

when all controllable factors are optimized. Under Ontario’s Provincial Standard Specification for the 

Use of Explosives (Ontario Provincial Standards, 2019), blasting is permitted only during daylight hours, 

excluding Sundays and statutory holidays, and when atmospheric conditions allow clear observation of 

the blast from a minimum distance of 1,000 metres, with additional prohibitions during electrical storms 

or other visibility-impairing weather. These requirements ensure that the blaster-in-charge can visually 

assess blast performance and detect abnormal behaviour, including hazardous flyrock trajectories, in real 

time. However, OPSS.MUNI 120 applies only when a municipality explicitly invokes it in contract 

documents for municipal construction or site-development projects; it has no application to aggregate 

quarries, which operate under the Aggregate Resources Act and are not bound by OPSS specifications. 

As a result, atmospheric-condition safeguards that are mandatory for municipal blasting are entirely 

absent from quarry operations, reinforcing a significant regulatory gap in Ontario’s approach to flyrock 

risk. 

These dynamic environmental variables can shift between blast design and detonation, further 

undermining the assumption that flyrock can be contained through design alone. Despite the 

shortcomings of blasting protocols in predicting flyrock, in Ontario, Canada, a blaster is not required to 

possess a licence demonstrating proficiency in handling and detonation of explosives.Professional 

identity also plays a role. Blasters and explosives engineers are trained to view their expertise as the 

primary safeguard against adverse outcomes. Accepting that flyrock can occur despite competence, 

training, and diligence challenges this identity and introduces a degree of randomness into a field that 

embraces the unachievable (aspirational) goal of precision. As a result, discussions of flyrock often 

emphasize human error while minimizing the role of uncontrollable variables, reinforcing the perception 

that incidents are aberrations rather than manifestations of inherent risk (Rehak et al., 2001). This 

professional culture of overconfidence or misguided client loyalty leaves little room to acknowledge that 

uncontrollable atmospheric variability can alter flyrock trajectories in ways no one can anticipate. 

Economic pressures further discourage open acknowledgment of flyrock’s inevitability. Larger 

exclusion zones, more conservative blast designs, and increased use of protective measures such as blast 

mats all reduce production efficiency and increase operational costs. Recognizing flyrock as an 

unavoidable hazard would necessitate more stringent safety buffers and restrict blasting near sensitive 

receptors, affecting profitability and project timelines. Consequently, industry discourse tends to 

emphasize optimization and efficiency while downplaying the full spectrum of blast impacts (Szendrei & 
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Tose, 2023). Environmental variability is rarely incorporated into cost-benefit calculations, despite its 

clear influence on risk. 

This failure to acknowledge flyrock as an inherent hazard has significant implications for public 

safety, regulatory oversight, and land-use planning. When the industry maintains the fiction that flyrock 

is fully preventable, it obscures the need for conservative setbacks and separation distances and reinforces 

reliance on theoretical models that cannot account for real-world variability (Pit & Quarry, 2019; van der 

Walt & Spiteri, 2020). A comprehensive understanding of flyrock risk must include not only geological 

and design uncertainties but also atmospheric and environmental factors that influence fragment 

behaviour. A more forthright recognition of flyrock’s unpredictability is essential for developing 

protective measures that reflect empirical evidence rather than idealized assumptions and static 

environmental conditions. 

 

9. UNDERREPORTING AND CONCEALMENT Of FLYROCK INCIDENTS 

 

Flyrock incidents, especially when underreported or mischaracterized, erode public trust, weaken 

ecological resilience, and jeopardize the viability of residential, agricultural, and recreational land uses. 

They also degrade quality of life by introducing chronic stress, uncertainty, and environmental 

degradation into areas that rely on peace, safety, and ecological balance. A culture of transparency, 

independent oversight, and rigorous land use planning is essential to ensure that blasting operations do 

not undermine the long-term health, safety, and livability of the communities they border. 

Despite the well-documented hazards associated with flyrock, systemic underreporting remains 

the norm across jurisdictions. In the UK, underreporting of flyrock by factors of 5 to 10 are considered 

possible below 500 metres (Halcow China Limited, 2002). Davis (1995) was among the first to note that 

only a small fraction of flyrock events ever appear in official records, largely because reporting is 

inconsistent, non-mandatory, and often discouraged by legal, regulatory, and reputational concerns. 

Subsequent reviews and incident investigations reinforce this conclusion, indicating that most 

near-misses, off-site events, and long-distance flyrock incidents are never formally documented.  

Because the most severe events carry the greatest liability exposure, they are also the least likely to 

be reported, creating a structural bias in the available data. Although no regulator or researcher has 

quantified the underreporting factor precisely, the convergence of available evidence indicates that 

official datasets capture perhaps as little as 1–10% of actual flyrock occurrences. Using a broad, 

safety-oriented definition of flyrock — consistent with the literature and inclusive of all hazardous debris 

propelled by a blast — recent independent compilations further support the conclusion that flyrock is 

dramatically underreported. The lived experience of residents on the Braeside Ridge of the Town of 

McNab/Braeside, Ontario, illustrates this systemic pattern with unusual clarity. Within 1,000 metres of 

the Miller Braeside Quarry are 116 dwellings,
54

 and families who have lived there for nearly fifty years 

report four known separate flyrock incidents (Moore, 2024), none of which appear in any centralized 

provincial dataset, enforcement summary, or publicly accessible blasting record: 

• September 2005: A megablast caused extensive structural damage to multiple homes in 

the neighbourhood. 

• August 2007: A major flyrock event severely damaged a residence, narrowly missing the 

homeowner and nearly causing a fatality. 

• Post-2007 incident: Flyrock landed on the roof of a neighbouring business, causing 

structural damage. 

• September 10, 2021: A fourth flyrock event occurred, confirming that the hazard 

remains ongoing and unresolved. 

These incidents demonstrate how even serious, near-fatal events can be effectively erased from the 

regulatory record. This disconnect between lived experience and official documentation underscores the 

structural opacity surrounding blasting operations in Ontario. Between 2001 and 2010, only five flyrock 

incidents were reported to the Ontario Ministry of the Environment (Loeb, 2012), a figure so implausibly 

low that it highlights the systemic underreporting and incomplete oversight surrounding blasting-related 

hazards. Only the 2007 Braeside incident appears in the Loeb thesis (Table 6, p.39), despite three 

 
54  At the OMB hearing (OMB Case no. PL130785), the Town’s Planner testified that for a rural township with 116 dwellings within 

1,000 metres of the quarry, “it is quite dense.” 
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documented events in the same community during that period. This underreporting distorts industry 

statistics, impedes the development of effective safety protocols, and compromises efforts to mitigate risks 

in blasting operations, onsite and offsite. Key contributors include workplace pressures, regulatory 

deficiencies and environmental complexities. From a land use planning and regulatory perspective, the 

omission of potential secondary blasting further undermines the credibility of safety assessments and 

compromises the ability of municipalities, tribunals, and stakeholders to evaluate the full scope of 

operational risk. It reinforces the need for: 

• Mandatory inclusion of secondary blast scenarios in all Blast Design Reports or Blast 

Impact Assessments 

• Cumulative risk modelling that accounts for both primary and secondary events 

• Independent review and public transparency protocols 

• Permanent land use compatibility safeguards to protect residential, non-residential, 

agricultural, and ecological assets 

In the context of long-term quarry operations, recurring failures in the identification and reporting 

of flyrock incidents pose significant risks to public trust, risk assessment integrity, and land use viability. 

These omissions are particularly consequential where licences to extract aggregate in Ontario have no 

expiry date or periodic reviews, and impose no restrictions on blasting frequency (except Sundays and 

statutory holidays) or powder charge size. Proposals for large-scale, century-long operations with 

intergenerational impacts, such as the 800-acre Votorantim Cimentos (St Marys/CBM) application in 

Caledon, Ontario, highlight how underreporting and concealment of flyrock incidents can distort 

long-term planning and erode community confidence. These failures interact across regulatory, 

operational, cultural, and economic domains, creating a systemic environment in which flyrock incidents 

are routinely minimized, misclassified, concealed or unreported.  

The Ontario Auditor General’s 2025 Follow-Up Report reinforces this systemic pattern, finding 

that the Ministry of Natural Resources and Forestry had made only limited progress in addressing the 

serious oversight and enforcement deficiencies identified in the 2023 audit. Most recommendations 

remained partially implemented or still in progress, and the core structural problems—insufficient 

inspections, reliance on operator self-reporting, weak data systems, and minimal enforcement—persisted. 

These unresolved deficiencies confirm that the regulatory conditions enabling the underreporting or 

concealment of flyrock incidents remain firmly in place, particularly within long-term or indefinite 

quarry operations (Office of the Auditor General of Ontario, 2025). 

The following factors illustrate how this underreporting becomes entrenched in indefinite quarry 

operations. 

1. Lack of Awareness and Training: Workers and site managers may not fully understand the 

risks or reporting protocols associated with flyrock, leading to underreporting. 

2. Fear of Repercussions: Employees might fear disciplinary action or job loss if they report a 

flyrock incident, especially if it was due to a mistake or negligence. 

3. Fear of Penalties: Employees and site managers may fear financial or legal consequences, 

leading to cleanup or concealment before reporting. 

4. Intentional Concealment: Workers or site managers may intentionally conceal flyrock 

incidents to avoid penalties, legal actions, or other repercussions.  

5. Pressure to Meet Production Targets: High production demands can create pressure to avoid 

disruptions caused by reporting flyrock incidents. 

6. Pressure from Management: Employees may face pressure from management to avoid 

reporting flyrock incidents to preserve a positive safety record and prevent increases in 

insurance premiums related to property damage, injury, permanent disability, death or 

liability. 

7. Inadequate Reporting Systems: Some sites may lack proper reporting mechanisms or protocols, 

making it difficult for workers to report flyrock incidents accurately. 

8. Regulatory Gaps: In some regions, there may be insufficient regulatory oversight or 

enforcement, leading to a lack of accurate data on flyrock incidents. 

9. Lack of Accountability: In jurisdictions such as Ontario, Canada, limited oversight and weak 

enforcement mechanisms increase the likelihood that flyrock incidents will be concealed or 

dismissed. 
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10. Remote Locations: Incidents in remote or unmonitored areas may go unnoticed for extended 

or indefinite periods, increasing the likelihood of underreporting or untimely reporting. 

11. Minimal Immediate Impact: Some flyrock incidents may not cause immediate visible damage 

or harm, leading to delayed recognition and reporting. 

12. Environmental Impact: Flyrock can cause damage to natural habitats, farmland, and 

infrastructure, which may not be immediately apparent. 

13. Flyrock Stays on Site: When flyrock remains within site boundaries, regardless of the distance 

launched, it is excluded from formal reporting, particularly in jurisdictions like Ontario, where 

such events do not meet the threshold for regulatory concern. 

14. Near Misses: Incidents where flyrock narrowly avoids causing damage or harm are often 

dismissed or ignored, despite being critical indicators of unsafe conditions. These events 

should be documented and investigated with the same rigour as actual incidents to prevent 

future injuries or fatalities. 

15. Ambiguity in Definitions: In Ontario, the Aggregate Resources Act lacks a formal definition 

of flyrock, complicating enforcement and enabling operators to reclassify or dismiss incidents, 

especially when debris remains onsite or causes no immediate damage or harm. 

16. Proponent-Driven Reporting Bias: Post-blast reports are often prepared by consultants hired 

by the quarry operator. This creates a conflict of interest, where risks may be minimized or 

omitted to protect the quarry owner’s interest. 

17. Insurance and Liability Avoidance: Reporting flyrock may trigger insurance claims, liability 

exposure or civil litigation, incentivizing silence or cleanup before documentation. This is 

especially relevant when third-party property is affected but not insured. 

18. Community Disempowerment: In rural or economically dependent areas, residents may avoid 

reporting damage due to fear of retaliation or loss of employment opportunities tied to quarry 

operations. 

19. Lack of Independent Oversight: In some jurisdictions, like Ontario, site inspections are 

infrequent, and incident investigations rely on self-reporting. Without independent 

verification, flyrock incidents may be understated or omitted entirely. 

20. No Public Database: MNRF does not maintain a public database of flyrock incidents or 

misfires, a major contributor to flyrock incidents. 

21. Third-Party Unawareness or Misattribution: Flyrock that lands on adjacent private property 

may go unreported if the property owner: 

• Does not recognize the debris as originating from blasting operations. 

• Mistakes it for natural rockfall, vandalism, or unrelated construction debris. 

• Lacks technical knowledge to identify blast-related damage (e.g., crater patterns, 

trajectory indicators). 

• Is unaware of nearby blasting activity due to insufficient public notification or signage. 

• Assumes the debris is harmless or not worth reporting, especially if no immediate 

damage is visible. 

This is especially prevalent in rural or semi-rural areas where: 

• Blasting sites are near farmland, woodlots, or recreational properties. 

• Residents may not be present during the blast or may discover debris days or weeks later. 

• There is no formal mechanism for reporting suspected flyrock unless damage is severe 

or injurious. 

Implications for Safety and Oversight: 

• Data distortion: These unrecognized incidents skew safety statistics and reduce 

visibility into offsite risk exposure. 

• Land use compatibility: They undermine the integrity of setback distances and buffer 

zone planning. 

• Regulatory blind spots: Without third-party complaints, regulators may never grasp the 

full extent of the potentially deadly consequences or flyrock or investigate or revise site 

protocols. 

• Insurance gaps: Property owners may not file claims if they don’t understand the cause, 

leaving damage unaddressed and innocent third parties financially victimized. 
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22. Unlicensed or Unqualified Blaster-in-Charge: Blasting operations led by individuals without 

formal certification, such as the absence of mandatory blasting competency requirements under 

Ontario’s Aggregate Resources Act or Occupational Health and Safety framework, or without 

recognized expertise in reducing serious safety risks posed by flyrock debris. In jurisdictions 

with weak enforcement, unlicensed blasters may operate undetected, especially on private or 

remote sites. This undermines protocol adherence, post-blast documentation, and 

accountability, increasing the likelihood of underreporting and the continuation of unsafe 

practices. 

• Technological Limitations: The absence of real-time monitoring and blast tracking 

technologies at many sites results in near-misses and smaller flyrock events often going 

undetected or unrecorded. 

• Transient Workforce: The use of temporary or contract workers in blasting operations 

means these workers may be less likely to report safety violations or near misses, further 

exacerbating underreporting. 

• Legal Settlements and Non-Disclosure: Some flyrock incidents are resolved through 

private legal settlements with affected third parties, often accompanied by non-

disclosure agreements, which keep the incidents out of public and regulatory records. 

• Public Perception Management: Operators may withhold information about flyrock 

events to avoid negative publicity, local opposition, or challenges to their permits, 

especially where community sentiment is crucial to ongoing operations. 

23. Employee NDAs and Internal Gag Orders: In some cases, blasting companies require 

employees, consultants, or contractors to sign non-disclosure agreements (NDAs) that prohibit 

disclosure of flyrock incidents, near misses, or safety violations. These internal gag orders 

suppress transparency, prevent whistleblowing, and contribute to systemic underreporting—

particularly in jurisdictions such as Ontario, Canada, where enforcement is weak and third-

party oversight is limited. 

Addressing the systemic underreporting of flyrock incidents demands a fundamental shift toward 

transparency, accountability and independent oversight. Public awareness campaigns, comprehensive 

safety training, and stronger provincial and municipal safeguards are essential to ensure that all events, 

whether damaging, injurious, deadly or narrowly avoided, are properly documented, investigated and 

publicly widely reported. Without independent oversight and transparent reporting, flyrock incidents 

will remain concealed, leaving communities exposed to preventable harm and undermining long-term 

land-use integrity and compatibility. 

 

Systemic Failure and the Swiss Cheese Model 

The systemic nature of flyrock risk can be understood through the Swiss Cheese Model of accident 

causation, which conceptualizes catastrophic events as the result of multiple, sequential layers of 

defence—technical, operational, regulatory, and organizational—each containing inherent weaknesses or 

“holes” (Reason, 1990).
55

 In blasting operations, these layers include unpredictable geological and 

atmospheric conditions, the limitations of blast-design modelling, human error during drilling, loading, 

and timing, misfires and secondary blasting, inadequate regulatory oversight, and economic pressures 

that discourage comprehensive geotechnical and atmospheric assessment and robust permanent land-use 

compatibility analysis. Individually, each weakness may be insufficient to cause an incident; however, 

when these latent and active failures align, hazardous energy escapes in the form of flyrock trajectory 

exceedances. The cumulative 277 documented incidents referenced in this study demonstrate that flyrock 

is unavoidable and usually not the product of a single error or isolated malfunction, but the predictable 

outcome of multiple systemic vulnerabilities converging. This framework underscores that flyrock 

cannot be eliminated through incremental improvements to any single layer of control; instead, effective 

prevention requires structural reforms, including mandatory reporting, standardized definitions, and 

evidence-based setbacks and separation distances that reflect the inevitability of multi-layered system 

failures. 

 

 

 
55  The Swiss Cheese Model, developed by James Reason, describes accidents as the result of multiple layers of defence—each with 

inherent weaknesses—that align to permit a trajectory of failure. 
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10. SETBACKS AND SEPARATION DISTANCES IN VARIOUS JURISDICTIONS 

 

Setbacks and Separation distances for blasting quarries in the various jurisdictions listed below 

range from 457 metres (Guilford County, North Carolina) to 3,219 metres (Tippecanoe, Indiana), and 

stand in sharp contrast to the 30-metre setback permitted in Ontario, Canada, under the Aggregate 

Resources Act, a standard incapable of containing flyrock debris under real-world blasting conditions 

and one that exposes the public to foreseeable and preventable harm from flyrock and other blast-related 

adverse effects: 

• 2 miles (3,219 metres) from any site with 100 or more residential homes, quarries are 

prohibited (Tippecanoe County, Indiana)
56

  

• 3,000 metres from a residential, commercial, or industrial area (Nigeria)
57

 

• >2,000 metres from lakes and rivers (Muskoka Lakes, Ontario)
58

 

• 5,000 feet (1,524 metres) quarries, rock crushers, gravel pits, cryptocurrency mining, 

landfills, adult entertainment and methadone clinics not permitted within this distance 

of a residence, school, church and other uses that include various public facilities that 

serve the community’s health, education, and public welfare needs (DeKalb County, 

Tennessee) (Page, 2024).  

• 5,000 feet (1,524 metres) quarries, rock crushers, and gravel pits not permitted within 

this distance of sensitive land uses and protects the inhabitants from uses of property 

detrimental or likely to be detrimental to their health, safety, and welfare (Grundy 

County, Tennessee)
59

 

• >1,000 metres from a residential or sensitive land use, boundary of a Settlement Area or 

Waterfront designation (Algonquin Highlands, Ontario, Canada)
60

 

• 1,000 metres minimum buffer distance from existing or proposed residential 

development where blasting is involved (Newfoundland and Labrador, Canada)
61

 

• 1,000 metres from the planned maximum extent of quarry operations to any sensitive 

use (Tasmania, Australia)
62

 

• One-half mile (805 metres) from any residential zone (Palm Springs, California)
63

  

• 800 metres separation between blasting and offsite structures (Nova Scotia, Canada)
64

  

• 600 metres minimum from residential, commercial, and mixed-use (Quebec, Canada)
65

 

• 600 metres from any drinking water supply well (New Brunswick, Canada)
66

 

 
56  Rogers Group, Inc. v. Tippecanoe County, 52 N.E. 3d 848 (2016), https://case-law.vlex.com/vid/rogers-grp-inc-v-887446794  
57  https://www.nesrea.gov.ng/wp-content/uploads/2020/02/Quarrying_and__Blasting_Operations.pdf?form=MG0AV3 
58  Township of Muskoka Lakes, Official Plan (As Approved on November 20, 2023), p. 193, available at 

https://www.muskokalakes.ca/media/sojljfxz/tml-op-as-approved-on-nov-20-2023.pdf. On March 13, 2026, the Ontario Land 

Tribunal (OLT), Case OLT-24-000035, dismissed the aggregate industry appeals (including Miller Paving and Lippa appeal) that 

sought to weaken the 2,000-metre minimum separation distance between new pits/quarries and Muskoka Lakes. Paragraph [63] 
confirms that the appeal failed because it did not meet the legal requirements of s. 17(37.1). As a result, the Township’s Official Plan 

— including the 2,000-metre setback for aggregate operations — remained fully in effect. 
59  Tinsley Properties, LLC v. Grundy County, No. M2022-01562-COA-R3-CV, Tenn: Court of Appeals, 2023, 

https://law.justia.com/cases/tennessee/court-of-appeals/2024/?page=2 
60  https://www.algonquinhighlands.ca/municipal-services/planning/official-plan/ 
61  Department of Municipal and Provincial Affairs, 1996, City Sand and Gravel Limited v. Newfoundland (Municipal and Provincial 

Affairs), 2007 NLCA 51 (CanLII), <https://canlii.ca/t/1sfnv>, retrieved on 2025-01-06. Leave to appeal to the Supreme Court of 

Canada denied. City Sand and Gravel Limited and O.D. Holdings Limited v. Her Majesty the Queen in Right of Newfoundland, as 

represented by The Honourable Minister of Municipal and Provincial Affairs, 2008 CanLII 1399 (SCC), <https://canlii.ca/t/1vgkt>, 
retrieved on 2025-01-06  

62  Tasmania EPA Quarry Code of Practice, 3rd Ed Edition, May, 2017, p. 10. 

https://epa.tas.gov.au/Documents/Quarry%20Code%20of%20Practice%20May%202017%20-%20web.pdf   
63  City of Palm Springs Zoning Code § 93.23.03 B. https://ecode360.com/43605872#43605868  
64  The NSE Pit and Quarry Guidelines (1999) stipulated setbacks to prevent structural and environmental damage as well as the 

requirements for pre-blast surveys, blast monitoring, and blast designs. 
https://novascotia.ca/nse/issues/docs/Pit_and_Quarry_Guidelines.pdf  

65  “11. The operating site of a new quarry must be located at a minimum distance of 600 m from any dwelling, unless the dwelling is 

owned or rented to the owner or operator of the quarry.” 10. It is prohibited to establish a new…quarry, the operating site of which is 
located in a territory zoned by the municipal authorities for residential, commercial or mixed purposes (commercial residential0. It is 

also prohibited to establish a new quarry less than 600 m from such territory…”. 

https://www.legisquebec.gouv.qc.ca/en/document/cr/q-2,%20r.%207  
66  Rock Quarry Siting Standards. Effective August 2012. https://www2.gnb.ca/content/dam/gnb/Departments/env/pdf/Air-

Lair/RockQuarrySitingStandards.pdf  
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• 500 metres minimum separation distance from sensitive land use (Timmins, Ontario, 

Canada)
67

 

• 500-metre radius from blast site treated as onsite danger zone (Dangers due to blasting 

projectiles) (India)
68

 

• 1,500 feet (457 metres) from any pit where a mining operation is taking place and any 

equipment used in the processing of rock and gravel, any asphalt plant, or other 

industrial uses operated in conjunction with the mine or quarry shall be located at least 

1,500 feet (457 metres) from any property line (Guilford County, North Carolina).
69

 

The wide range of minimum setbacks and separation distances adopted internationally reflects the 

application of the Precautionary Principle, which holds that where activities pose a plausible risk of 

serious or irreversible harm, the absence of full scientific certainty cannot justify delaying protective 

measures.
70

 Given the inherent unpredictability of flyrock, the documented reach of real-world incidents, 

and the systemic underreporting of blast-related events, precautionary setbacks and separation distances 

are not only justified but necessary to prevent catastrophic outcomes. Ontario’s 30-metre setback is not a 

protective or precautionary standard. It is incapable of containing flyrock debris, contradicts empirical 

evidence from global jurisdictions, and fails to meet even the most basic land-use compatibility 

expectations for high-risk industrial blasting. 

 

Reliability of Theoretical Blast Design Predictions 

Blast design predictions are often treated as reliable indicators of maximum projection distances, 

yet real-world evidence shows that these models can fail by extremely wide margins. The June 3, 2013 

incident at the Coleraine quarry in Saint-Joseph-de-Coleraine demonstrates the scale of this 

unpredictability. Although the blast was engineered to limit projections to 289 metres, flyrock travelled 

approximately 1,000 metres — an exceedance of 711 metres, or 346% beyond the predicted maximum. 

This magnitude of error shows that blast design calculations, while technically structured, cannot 

consistently account for human error, atmospheric or geological variability, explosive behaviour, or 

secondary effects such as cutoffs, gas venting, or unexpected rock mass failure. 

In another case, blasting expert James Ludwiczak testified that the expected travel distance of 

flyrock from the December 19, 1983 blast at the Hobet surface mine in West Virginia was 300 feet (91.44 

metres). But he could not account for the actual travel distance of 1,115 feet (340 metres), an exceedance 

of 815 feet (248 metres), or 272% beyond the predicted maximum. 

Based on the information given...[Ludwiczak]…stated that we would expect flyrock to be 

propelled about 300 feet [91.44 metres….He was not able to account for the flyrock actually 

travelling 1115 feet [340 metres], but “guessed” that it may have resulted from a wet hole or 

crack in the strata or an upheaval of the rock [p. 1814].
71

 

These exceedances are not anomalies but representative of a broader pattern in which theoretical 

models fail to capture real-world blast behaviour. 

 

Karstic Environments and Elevated Flyrock Risk 

Blasting in a karstic environment further increases the unpredictability of flyrock. Karst bedrock 

contains voids, conduits, enlarged fractures, and highly variable rock-mass strength, all of which 

undermine the assumptions that blast-design models rely upon—consistent burden, predictable 

confinement, and uniform energy distribution. When explosive gases encounter cavities or weakened 

 
67  City of Timmins Zoning By-law 2011-7100, as amended. https://timmins.civicweb.net/filepro/documents/238/?preview=13810  
68  “As per Directorate General of Mines Safety circular n. – DGMS (SOMA)/(Tech) Cir. No. 2 of 2003 Dt. 31/01/2003 (Annexure ll), 

on subject of Dangers due to blasting projectiles, all places within the radius of 500 m from the place of firing to be treated as danger 
zone and accordingly, all person in danger zone to take protection in substantially built shelter at the time of blasting.” “The 

regulations for danger zone (500 m) prescribed by Directorate of Mines…have to be complied with compulsorily and necessary 

measures should be taken to minimize the impact on environment.”  
69  Guilford County. (2020). Unified Development Ordinance, Article 5: Development Standards for Mining Uses (§ 5.18). 

https://online.encodeplus.com/regs/guilfordcounty-nc-udo/doc-viewer.aspx?secid=89#secid-89  
70  See Castonguay Blasting Ltd. v. Ontario (Environment), 2013 SCC 52, at para. 20; see also 114957 Canada Ltée (Spraytech, Société 

d’arrosage) v. Hudson (Town), 2001 SCC 40, at paras. 30–32, affirming that environmental decision-making must anticipate and 

prevent harm even in the absence of full scientific certainty, consistent with the Precautionary Principle. 
71  Secretary of Labor, Mine Safety and Health Administration (MSHA) v. Hobet Mining & Construction Company, Nov 6, 1985, 

Docket No. WEVA 84-209, A.C. No. 46-04670-03520. On December 19, 1983, Bart Lay, a mine employee, was struck by flyrock at 

a distance of 1,115 feet (340 metres) from the blast, and sustained serious injuries and is paralyzed from the chest down. 
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zones, they vent along these paths of least resistance, producing sudden face bursts, cratering, or 

long-range ejections of rock in all directions. Industry guidance identifies geological structures, weak 

zones, and discontinuities as primary mechanisms for flyrock generation, confirming that irregular or 

voided geology such as karst materially increases flyrock risk.  

In such environments, maximum projection distances cannot be reliably predicted, and 

exceedances become more likely, reinforcing the need for conservative setbacks and precautionary 

land-use planning. Because karstic bedrock is widespread across Southern Ontario—including along the 

Niagara Escarpment, the Guelph and Amabel formations, and parts of Caledon—quarry operations in 

these regions face an inherently elevated risk of unpredictable blast behaviour, making conservative 

setbacks and precautionary land-use planning not only prudent but necessary. 

 

Downwind Sensitive Receptors and Atmospheric Transport 

Also of concern are downwind sensitive receptors such as Cataract and Forks-of-the-Credit 

Provincial Park. The valley-channelled landscape characteristics along the Credit River experiences 

frequent seasonal wind gusts capable of uprooting and downing trees, branches, and loose outdoor 

materials. Because these communities lie directly downwind of the proposed blasting location, the same 

channelled winds that accelerate wind through the valley also increase the offsite transport of airborne 

blast-related materials. Under these conditions, the movement of flyrock fragments, dust (PM₂.₅ and 

PM₁₀), and toxic blasting fumes (NOx and CO) is significantly increased, reinforcing the need for 

conservative setbacks, separation distances, and precautionary land-use planning. 

For land-use planning and regulatory decision-making, this level of uncertainty has direct 

implications. Setbacks, compatibility assessments, and risk evaluations that rely on predicted maximum 

projection distances assume that design envelopes reflect actual containment capability. Both the Forage 

Frontenac and Hobet flyrock exceedances demonstrate that this assumption is not defensible. When 

real-world blast behaviour can exceed engineered limits by more than three times, theoretical design 

predictions cannot be relied upon to protect residential, non-residential, agricultural, or ecological land 

uses and their users. 

 

Permanent Setbacks and Separation Distances as the Only Effective Mitigation Measures 

The inherent unpredictability of blast behaviour—demonstrated by the 346% exceedance in 

Forage Frontenac (2019)
72

 — underscores a fundamental reality for land-use planning and regulatory 

decision-making: permanent onsite setbacks (excavation limits) and offsite separation distances are the 

only mitigation measures that remain effective regardless of how a blast actually performs in the field and 

regardless of the surrounding population density, existing and projected. Operational controls such as 

stemming, burden, timing, explosive selection, and quality-assurance protocols can reduce risk under 

ideal conditions, but they cannot eliminate the variability introduced by human error, atmospheric and 

geological conditions, or secondary effects such as cutoffs, collar blowouts, or gas venting. When 

real-world flyrock distances can exceed engineered predictions by several hundred metres, no procedural 

safeguard can compensate for an inaccurate design envelope. 

Permanent setbacks and separation distances operate differently. They do not depend on the 

accuracy of theoretical blast design predictions or on the assumption that a blast will behave as modelled. 

Instead, they establish fixed spatial buffers that remain protective even when a blast deviates dramatically 

from its engineered parameters. These buffers provide a durable, predictable, and enforceable means of 

protecting residential, non-residential, agricultural, and ecological land uses — and the people and 

species who rely on them — from uncontrolled flyrock, airblast, ground vibration, or other blast-related 

impacts. Mandatory minimum setbacks and separation distances are therefore the only effective 

mitigation measures capable of preventing flyrock debris from damaging property or injuring, disabling 

or killing human and non-human life forms, both on-site and off-site (Halcrow China Limited, 2002, p. 

182),
73

 and of ensuring permanent land use compatibility. 

 

 
72  Director of Criminal and Penal Prosecutions v. Forage Frontenac (1995) Inc., 2019 QCCQ 11 (CanLII), 

< https://canlii.ca/t/hwwrm >, retrieved on 2026-03-05 
73  Halcrow China Limited. Study on methods and supervision of rock breaking operations and provision of temporary protective 

barriers and associated measures (GEO Report No. 260). Geotechnical Engineering Office, Civil Engineering and Development 
Department, Government of the Hong Kong Special Administrative Region, 2002, p. 182. 

https://www.cedd.gov.hk/filemanager/eng/content_475/er260links.pdf   
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Absence of an Automatic Right to Compensation 

There is no automatic right to compensation in Ontario when flyrock damages the environment, 

personal or real property, or injures, disables, or kills human or non-human life forms. Compensation is 

not guaranteed under the Environmental Protection Act, the Aggregate Resources Act or any other 

statute; affected individuals must pursue civil litigation and prove liability, causation, and damages, even 

though blasting is subject to strict liability.
74

 Environmental harm often has no compensable claimant at 

all. Because after-the-fact remedies are uncertain, inaccessible, time-consuming, costly to pursue or 

unavailable, land-use planning cannot rely on post-incident compensation to protect residents, property, 

or ecosystems. This further reinforces the necessity of permanent setbacks and separation distances as 

the only reliable means of preventing irreversible harm from flyrock debris or other blast-related impacts. 

 

11. LIMITATIONS OF THIS STUDY 

 

This study relies on documented flyrock incidents drawn from news reports, regulatory 

investigations, academic publications, and court records. Due to the lack of a standardized definition of 

flyrock, systemic underreporting, non-disclosure agreements, and jurisdictional inconsistencies in 

reporting requirements, the available dataset represents only a fraction of actual occurrences. Reported 

distances may also be conservative, as many incidents lack precise measurement or rely on estimates. 

Despite these limitations, the dataset is sufficiently large, diverse, and geographically distributed to reveal 

consistent patterns in flyrock behaviour. These limitations underscore the need for mandatory reporting, 

standardized definitions, and evidence-based setbacks and separation distances that reflect the full 

spectrum of real-world blast outcomes. 

 

12. CONCLUSION 

 

Blasting operations in quarry environments present systemic risks that extend far beyond the 

boundaries of extraction sites. Flyrock, misfires, premature blasts, and secondary blasting are not isolated 

anomalies but persistent and unavoidable hazards that compromise public safety, ecological resilience, 

and land use compatibility. The absence of standardized definitions, combined with chronic 

underreporting, concealment and regulatory omission, obscures the true extent of these risks and further 

erodes public confidence in oversight systems. These patterns of failure are consistent with the Swiss 

Cheese Model, in which multiple latent and active weaknesses across technical, operational, regulatory, 

and planning systems align to permit hazardous outcomes. This paper contributes to the literature by 

providing a hazard-based definition of flyrock, presenting a comprehensive quantitative analysis of 

incident distances, and demonstrating the inadequacy of existing regulatory assumptions and setbacks, 

along with the inadequacy of formula-based flyrock throw calculations under assumed static conditions. 

Quantitative analysis of 156 flyrock incidents shows that 96% reached distances up to 1,000–1,099 

metres, confirming that a scientifically defensible excavation limit (onsite setback) of 1,000 metres is 

required to contain the majority of events. Ontario’s 30-metre setback is therefore demonstrably 

incapable of containing real-world flyrock behaviour. Secondary blasting, though routine, magnifies 

cumulative exposure and remains excluded from blast design reports and impact assessments. Misfires, 

the most common explosives incident, are similarly untracked in Ontario’s regulatory framework, despite 

their contribution to injury, property damage, and environmental degradation. Moreover, the full 

spectrum of potential cumulative blast-related impacts (e.g., dust, toxic fumes, airblast, noise, ground 

vibrations and flyrock debris, emotional distress and related nuisances) extends far beyond a 1,000-metre 

radius (Coalition for Responsible Environmental Aggregate Mining, 2024),
75

 further demonstrating the 

inadequacy of current regulatory assumptions. 

 
74  It took the James family eight years from August 22, 2007, when blasting at the Miller Braeside Quarry launched flyrock debris that 

damaged their house and vehicle, to August 30, 2015, when the matter was finally resolved in their favour by the Ontario Superior 

Court of Justice. James v Miller Group Inc., 2015 ONSC 4628 (CanLII), <https://canlii.ca/t/gk4n3>, retrieved on 2026-03-05. 
75  The Coalition for Responsible Environmental Aggregate Mining (CREAM) conducted a survey in Williamson County, Texas, from 

March to June 2024. The results indicate that 97% of the 177 respondents reported adverse impacts on their property, air quality, and 

overall quality of life, and reside within a radius of approximately 0.5 to 2 miles (805 to 3,219 metres) of quarry boundaries. Several 

respondents also reported that they were not informed of nearby quarrying activities or blast-related impacts by realtors or vendors 
prior to purchasing their property, a disclosure failure that, in Ontario, Canada, would constitute a violation of the Trust in Real 

Estate Services Act, administered by the Real Estate Council of Ontario (RECO). Coalition for Responsible Environmental 
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From a land-use compatibility perspective, increasing residential and non-residential density 

within the flyrock hazard zone amplifies exposure, because each blast affects a larger number of people 

and structures. This risk is intensified by mobile or transient receptors—hikers, joggers, motorists, 

cyclists, pedestrians, delivery vehicles, school buses, and agricultural equipment—who routinely travel 

through the hazard zone without the protection of fixed-location setbacks and separation distances. 

Land-use planning decisions therefore cannot rely on formula-based throw-distance predictions or 

proponent assurances, but must be grounded in empirical evidence and precautionary safeguards. 

Addressing these gaps requires transparent reporting, independent oversight, and scientifically 

defensible safeguards. Mandatory inclusion of secondary blast scenarios, cumulative risk modelling, and 

permanent land use compatibility provisions are essential to align quarry operations with public safety, 

ecological integrity, and community livability, consistent with contemporary expectations for healthy, 

resilient, and sustainable communities. Decision-makers at the municipal and provincial levels must 

adopt hazard-based definitions, require comprehensive incident reporting, and implement permanent 

separation distances that reflect real-world blast behaviour. 

Without rigorous oversight and transparent reporting, blasting operations will continue to 

undermine the long-term health, safety, and viability of the communities and ecosystems they border, 

leaving flyrock as a persistent and unmitigated hazard. This risk is magnified by Ontario’s 

intergenerational licensing regime, in which aggregate licences have no expiry date, no periodic reviews, 

and no mechanism for updating safety standards. As a result, the hazards documented in this paper are 

inherited by future residents, councils, and generations who had no role in approving the original licence. 

This raises a fundamental issue of intergenerational equity, which requires present-day land-use 

decisions to avoid imposing irreversible or disproportionate burdens on those who come after us 

(Sustainability Directory, 2025). Under the Municipal Act (2001), Ontario municipalities have the 

authority to regulate flyrock, along with other contaminants, under the Environmental Protection Act 

(1990), and to address adverse effects or nuisances associated with aggregate extraction.
76

 This statutory 

authority, reinforced by empirical evidence, confirms that municipalities have both the duty and the 

means to safeguard communities from the full spectrum of blasting hazards. This responsibility is further 

aligned with Ontario’s consumer-protection framework, including mandatory disclosure of material facts 

under the Trust in Real Estate Services Act, 2002 (TRESA), administered by the Real Estate Council of 

Ontario (RECO), which requires real estate professionals and property owners to disclose any condition 

that may affect the value, use, enjoyment, or safety of a property—recognizing blasting-related hazards, 

and even proposed quarry (or pit) operations, as material risks that must be disclosed to prospective 

purchasers and tenants. 

Future research should prioritize standardized reporting systems, longitudinal monitoring of blast 

impacts, and the development of cumulative-effects models that integrate environmental, social, and 

safety outcomes. Recognizing and regulating flyrock as an inherent hazard in land-use policies is essential 

to ensuring that quarry operations coexist safely with surrounding communities and achieve permanent 

land-use compatibility. Doing so reduces conflict without having to engage in costly and time-consuming 

municipal and ratepayer opposition and litigation in response to every aggregate extraction application 

(Sevelka, 2023b), and supports the long-term resilience and sustainability of the communities these 

operations inevitably affect. Such regulatory action is fully consistent with the Precautionary Principle, 

which requires proactive measures when activities pose plausible risks of serious or irreversible harm. 

Ultimately, acknowledging the true scale of flyrock risk—and planning for it with scientifically 

defensible setbacks and separation distances, transparent reporting, and density-sensitive land-use 

policies—is essential to ensuring that quarry operations do not outgrow the safety of the communities 

that surround them. Protecting present and future generations of residents from preventable harm is not 

only a technical obligation but an ethical one, and it must guide all decisions involving blasting near 

human and ecological receptors. 

 

  

 
Aggregate Mining (CREAM). (2024, May 17). Better neighbors: Aggregate production operations in Williamson County. Greater 

Edwards Aquifer Alliance. https://aquiferalliance.org/wp-content/uploads/2025/08/Better-Neighbors-APOs-in-Williamson-

County_final.pdf  
76  Under the Ontario Municipal Act, 2001, municipalities have broad powers to pass bylaws (subject to certain limits) on matters such 

as health, safety and well-being of the municipality, and to protect persons and property. 
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ABSTRACT 

 

Environmental, Social and Governance (ESG) requirements are increasingly incorporated into 

Foreign Direct Investment (FDI) agreements; however, their environmental sustainability effects in 

emerging markets remain insufficiently understood. This study examines the extent to which ESG 

measures integrated through FDI are associated with quantifiable environmental sustainability 

outcomes in Kenyan firms, using the Knowledge-Attitude-Practice (KAP) framework. A mixed-

methods design collected data from 150 portfolio firms and 63 fund managers in the manufacturing, 

agribusiness and infrastructure sectors. Findings indicate that the alignment of ESG safeguards with 

FDI requirements is associated with improved environmental awareness and planning. After FDI 

funding, 94.6% of firms became aware of their greenhouse gas (GHG) emissions and 73.3% developed 

emission-reduction plans. Environmental and Social Action Plans (ESAPs) were reported to be 

beneficial by 97.4% of firms, with 70.1% reporting more than 50% improvement in safety measures. 

In addition, 75.3% of firms adopted energy-efficient machinery, 73.3% reduced fossil-fuel use, and 

85.1% improved waste recycling. However, only 20.0% reported improved water efficiency and only 

23.3% adopted renewable energy solutions. The KAP framework helps explain how institutional ESG 

demands are associated with measurable environmental outcomes. The study contributes to ESG and 

global-investment research by connecting institutional requirements with reported sustainability 

gains in FDI-backed firms. 

 

Keywords: ESG (Environmental, Social and Governance); Foreign Direct Investment; Knowledge-

Attitude-Practice; Emission reduction; Sustainable investment; Corporate sustainability 
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1. INTRODUCTION     

 

Environmental, Social and Governance (ESG) safeguards are increasingly incorporated into 

Foreign Direct Investment (FDI) contracts. However, whether these requirements lead to meaningful 

operational change or mainly symbolic compliance in firms operating in emerging markets remains 

widely disputed (Kolk & Rivera-Santos, 2018). FDI can introduce advanced management practices 

(Olabisi & Wei, 2025), yet firms may also adopt ESG safeguards symbolically without deeper managerial 

change (Loko & Schiehll, 2025). This concern is particularly important in sub-Saharan Africa, where 

regulatory effectiveness is uneven (Chawarura et al., 2025). ESG compliance mechanisms are important 

drivers of sustainable development in developing countries seeking FDI. In this study, FDI refers to 

foreign capital invested in Kenyan portfolio firms, while DFI refers to Development Finance 

Institutions, that may provide or channel ESG-linked investment through private-equity and 

development-finance structures. Accordingly, the study focuses on FDI-backed firms receiving ESG-

linked investment through DFI/private-equity channels. Development Finance Institutions (DFIs) and 

global investment funds increasingly mandate ESG integration to mitigate non-financial risks and 

enhance long-term value growth (OECD, 2022). 

Kenya is an important investment hub in East Africa and received an average of USD 1.3 billion 

annually from 2015 to 2022 in agribusiness, manufacturing, energy and infrastructure (UNCTAD, 2023). 

These sectors face ESG risks such as environmental degradation and labour-rights concerns, which are 

addressed through contractual tools such as ESAPs and Environmental and Social Due Diligence 

(ESDD) (Jiang et al., 2025; World Bank, 2021). However, the effectiveness of these safeguards depends 

on their internalisation by portfolio firms. A gap persists between formal ESG requirements and internal 

practice. While 87% of African private-equity fund managers’ report conducting ESG assessments, only 

46% have systems to track ESG key performance indicators (KPIs) (KPMG, 2023). Many firms treat ESG 

as a compliance checklist rather than a strategic tool (IFC, 2021). In Kenya, this challenge is intensified 

by inconsistent leadership commitment and weak regulatory enforcement (Kotsantoni & Serafeim, 2019). 

While evidence suggests that ESG-aligned FDI may enhance sustainability (Mahna et al., 2025; 

Zakari et al., 2025), three gaps persist. First, many studies on aggregate national data rather than firm-

level performance indicators. Second, the behavioural mechanisms through which ESG obligations 

become daily organisational practice remain insufficiently theorised. Third, few studies have used the 

KAP model to quantify ESG implementation in sub-Saharan Africa. Existing literature has not 

sufficiently examined how the KAP model interacts with detailed environmental sustainability metrics, 

such as pollution control, emission reduction and resource efficiency, in FDI-backed firms. This study 

addresses that gap through a behaviourally informed, metric-based analysis of how KAP dimensions are 

associated with environmental sustainability improvements in FDI-backed firms and how governance 

mechanisms moderate the shift from awareness to measurable impact. 

Therefore, this study evaluates how ESG requirements incorporated within FDI contracts are 

associated with quantifiable environmental outcomes in FDI-backed firms in Kenya using the KAP 

model. The research questions are: (1) To what extent does ESG-oriented FDI advance institutional 

knowledge of environmental duties? (2) How does managerial attitude towards ESG link the shift from 

knowledge to practice? (3) What quantifiable environmental outcomes are attributable to ESG 

operationalisation in FDI-backed firms? 

 

2. LITERATURE REVIEW 

 

2.1 FDI, ESG Integration and Sustainability Results in Africa and Developing Markets 

Recent studies have highlighted sustainable FDI supported by ESG practices and robust 

frameworks linking environmental conservation with economic growth (Liu et al., 2025). A study 

covering 53 African countries found that FDI inflows become environmentally beneficial only when 

combined with adequate regulation and sustainable financing standards (Zakari et al., 2025). Ren et al. 

(2024) similarly suggest that ESG-compliant FDI can reduce environmental impacts, whereas traditional 

low-quality FDI can worsen environmental outcomes. Ouédraogo and Tchoketch-Kouamé (2024) 

reported that environmental outcomes improve where institutional quality is high; otherwise, FDI may 

weaken sustainable development. In Kenya, updated regulatory structures may therefore contribute to 

institutional quality and ESG integration.  

https://doi.org/10.33002/jpg060103


ISSN 2564-212X | Journal of Policy & Governance |06(01) June 2026  

https://doi.org/10.33002/jpg060103      
 

 
68 

Peter Newton Stower, Bessy Eva Kathambi, Evans Ligare Chimoita 

 

2.2 Company-Level Environmental Gains from ESG  

Recent studies have suggested that ESG incorporation can lead to quantifiable environmental 

gains at the firm level. In Kenya, embracing ESG is associated with reduced environmental impacts and 

enhanced sustainability reporting in energy and manufacturing sectors (Muriuki & Were, 2025). 

Similarly, Ouédraogo and Tchoketch-Kouamé (2024) reported that Sub-Saharan Africa firms with 

stronger ESG performance achieved better waste management and reduced carbon intensity under strong 

investor monitoring. ESG performance is also associated with reduced emission intensity (Sampene et 

al., 2024). In addition, ESG incorporation is linked to operational adjustments and the adoption of green 

innovations that contribute to reduced environmental impacts (Zhang et al., 2024). 

Although this study examines recent data from 2024 to 2025, it is situated within a broader body 

of literature on FDI and environmental management. Key contributions on environmental governance 

and business performance (Porter & Linde, 1995), FDI and the pollution haven theory (Zarsky, 1999), as 

well as compliance with local and international guidelines (Christmann & Taylor, 2001) which provided 

a theoretical foundation to understand how foreign investor requirements influence firm-level 

environmental practices. This study expands that mainstream of literature through the application of the 

KAP model in quantifying sustainability benefits in a relatively unexplored context. 

 

 2.3 Corporate and Institutional Quality as Key Moderators  

The translation of ESG commitments into environmental progress is significantly enabled by 

governance and institutional quality (Ouédraogo & Tchoketch-Kouamé, 2024). With low institutional 

capacity and weak supervision, FDI can unintentionally worsen environmental impacts (Akomea & Bedi, 

2022). In contrast, Egbetokun et al. (2021) argued that FDI is more likely to align with environmental 

objectives in markets with functional governance. In Kenya, Muriuki and Were (2025) found that ESG 

requirements alone are inadequate unless supported by governance systems such as formal compliance 

committees, oversight boards and external institutional support. Investor engagement and transparency 

can further strengthen ESG effectiveness.  

 

2.4 Linking Environmental Sustainability Gains to ESG Incorporation  

Given the mixed evidence and the importance of moderating factors, a model that connects 

institutional environment, governance and firm-level behaviour is required. The KAP model offers a 

useful behavioural lens by linking knowledge, attitude and practice within institutional and governance 

contexts (Moussa & Osei, 2023). Quantifying environmental progress requires measurable indicators such 

as waste-recycling rates, resource efficiency and emissions intensity, rather than reliance only on ESG 

reporting ratings (Zhang et al., 2024). For FDI-backed companies, this requires combining measurable 

operational data, KAP survey evidence and qualitative insight into institutional and governance 

limitations (Wang & Liu, 2023).  

 

2.5 Conceptual Framework 

The KAP model was adopted in this study to evaluate how ESG incorporation in FDI-backed 

firms receiving ESG-linked DFI/private-equity funding in Kenya is operationalised into quantifiable 

environmental sustainability advances. This model defines ESG implementation as an interactive and 

sequential process. The construct definitions and theoretical justification are as follows: 

a) Knowledge: This refers to the level of awareness of ESG responsibilities and related tools such 

as ESAPs and ESDD. It is grounded in decision-making literature, which states that awareness 

precedes intention and, ultimately, action (Ajzen, 1991; Khan et al., 2016). 

b) Attitude: This refers to how ESG is perceived as a strategic enabler rather than merely a 

compliance requirement. Research by Ioannou and Serafeim (2015) supports the view that a 

strong sustainability reputation enhances firms’ commitment to the integration of ESG tools.   

c) Practice: This refers to visible and measurable behaviours implemented during ESG execution, 

such as the integration of KPIs, compliance with legal requirements, milestone tracking and the 

integration of ESG personnel into operations. This dimension operationalises performance into 

quantifiable outcomes, consistent with the evidence-based KAP approach (Flammer & Bansal, 

2017; Marquis & Qian, 2014).  
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Figure 1 illustrates the relationship between ESG knowledge, managerial attitude, ESG practices 

and environmental sustainability gains in an FDI-backed company ESG-linked DFI/private-equity 

funding.  

 

 

 

 

       

      Moderators  

 

 

 

Figure 1: Conceptual Framework 

 

 

3. MATERIALS AND METHODOLOGY  

 

The study applied a mixed-methods concurrent triangulation design by combining quantitative 

portfolio-firm survey data with fund-manager evidence to capture both measurable ESG trends and 

contextual validation. In this study, pre-FDI refers to the 12 months immediately before the initial 

disbursement of FDI funding to the portfolio firm, while post-FDI refers to the 12 months after 

completion of the first full year of ESG regulatory reporting under the FDI agreement. All portfolio firms 

sampled had secured FDI inflows for at least 18 months at the time of data collection to ensure an 

adequate post-FDI rollout period. 

The target population was 150 portfolio companies operating in Kenya under FDI-backed private-

equity funds, specifically within and around Nairobi County (Figure 2). A census approach was used for 

the 150 portfolio firms to minimise sampling bias. All 150 firms were engaged and a 100% response rate 

was achieved. In addition, 63 fund managers were invited to participate to triangulate and validate the 

data (Singhania & Saini, 2023) and 58 questionnaires were returned, achieving a response rate of 92.1%. 

The fund-manager responses were used to cross-check portfolio-firm reports on ESG awareness, ESAP 

implementation, KPI monitoring and post-investment environmental practices. Where firm responses 

indicated substantial post-FDI change, fund-manager responses were used as corroborating evidence to 

reduce single-respondent bias and strengthen interpretation of reported changes. 

Questionnaires were developed for project managers and ESG focal persons. Data were collected 

from March to June 2024 using Kobo Toolbox. The University of Nairobi Research Ethics Committee 

provided ethical clearance, and informed consent was obtained from all participants. Questionnaires were 

organised into four sections: company characteristics, knowledge of ESG, attitudes towards ESG and 

ESG practices. Questions were adapted from existing IFC Performance Standards and previous studies. 

Knowledge questions evaluated awareness of ESG policies and tools. Attitude questions evaluated 

perceptions of ESG benefits. Practice questions examined the integration of environmental KPIs, waste 

management systems and climate-risk mitigation. A five-point Likert scale was used for practice and 

perception questions, where 1 represented strong disagreement and 5 represented strong agreement. A 

pilot study of five FDI-backed firms informed fine-tuning of question sequence and clarity. Cronbach’s 

alpha was 0.81, indicating satisfactory internal consistency. 

The research examined pre-FDI environmental initiatives using self-reported retrospective data 

provided by key informants, who were asked to recall their firm’s status prior to FDI inflows. This 

method is commonly adopted in FDI and ESG studies when baseline data are unavailable. However, 

retrospective recall can introduce recall bias and respondents may overstate improvement. To reduce this 

risk, pre-FDI questions were framed around recorded events and cross-checked with fund-manager 

responses. Therefore, the results should be interpreted as reported change rather than directly measured 

longitudinal change. 

Statistical Package for the Social Sciences (SPSS) version 26 was used to analyse quantitative data. 

Descriptive statistics characterised KAP patterns. Chi-square tests were used to examine associations 

between categorical ESG awareness and performance indicators. Binary logistic regression was used 

where the outcome was dichotomous, such as the presence or absence of an ESG training policy. Ordinal 

ESG Knowledge 

Managerial Attitude 

ESG practices/ 

Implementation 

Governance Structures 

Incentive Mechanisms 

Contextual Factors 
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logistic regression was used where the dependent variable had ordered response categories, such as 

perceived ESAP benefits. PLS-SEM was used to test the hypothesised KAP pathways linking ESG 

knowledge, managerial attitude, ESG practice and sustainability outcomes, and to assess the moderating 

influence of governance structures. 

 

4. RESULTS  

 

This section outlines the findings of this study in accordance with the KAP framework. The 

findings are organized into ESG knowledge, management attitudes towards ESG implementation, 

sustainability practices adopted after investment inflow, and statistical results of comparative analysis. 

Descriptive statistics were presented first, followed by inferential analysis like chi-square tests, ordinal 

logistic regression and PLS-SEM.  

 

4.1 ESG Knowledge 

 

4.1.1 Greenhouse Gas Monitoring 

While assessing the influence of FDI on environmental awareness, respondents were asked 

whether they were aware of their companies’ greenhouse gas (GHG) emissions prior to receiving foreign 

investment. Only 2.7% reported to have been aware before FDI inflow, whereas 94.6% stated that such 

awareness emerged after FDI was introduced. A further 2.7% reported a continued lack of awareness as 

presented in figure 2.  

 

 

Figure 2: Monitoring of Greenhouse Gas (GHG) Emissions 

 

Data presented in table 1 was used to draw figure 2. 

 

Table 1: Monitoring of Greenhouse Gas (GHG) Emission 

Awareness Status Percentage 

Before FDI 2.7 

Lack of Awareness 2.7 

After FDI 94.6 

 

4.1.2 Greenhouse Gas Reduction Plans 

Firms were asked the phase when they had developed GHG reduction plans. Results showed that 

73.3% of firms reported to have developed GHG reduction plans after FDI investment, 5.3% reported to 

have developed reduction plans before investment. However, 21.3% were not aware of any GHG emission 

reduction plans within their firms. A chi-square test revealed a statistically significant association 

2.7
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94.6
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between the availability of emission-reduction plans and knowledge of GHG emissions (χ² = 10.407, df 

= 4, 0.034). The results of GHG reduction plans are presented in figure 3. 

 

 

Figure 3: Awareness of GHG Reduction Plans by the Company 

 

Data presented in table 2 was used to draw figure 3. 

 

Table 2: Awareness of GHG Reduction Plans by the Company 

Awareness Status Percentage 

Before FDI 5.3 

Lack of Awareness 21.3 

After FDI 73.3 

 

4.2 ESG Attitude 

 

4.2.1 Attitude Towards EHS Policies 

EHS policies outline a framework used to manage environmental and occupational risks in an 

organization. The mean score increased from 2.64 (SD = 1.42) pre-FDI to 3.09 (SD = 1.02) post-FDI. 

The proportion of firms rating EHS policies as “poor” decreased from 38% pre-FDI to 9.3% post-FDI, 

while those rating the policies as “excellent” increased from 5% pre-FDI to 49.3% post-FDI. The results 

of the perceived quality of EHS policies pre- and post-FDI are presented in figure 4. 

Data presented in table 3 was used to draw figure 4. 

 

Table 3: Attitudes towards EHS Policies Pre- and Post-FDI 

Pre-FDI Perceived EHS 

Quality 

Percentage Post-FDI Perceived EHS 

Quality 

Percentage 

Poor  38 Poor  9.3 

Average 51 Average 22.1 

Above Average 5 Above Average 19.3 

Excellent 6 Excellent 49.3 
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Figure 4: Attitudes towards EHS Policies Pre- and Post-FDI 

 

4.2.2 Attitude on Waste Management Systems 

On the perceived perspective on waste management systems and FDI, firm managers were 

requested to assess the efficiency of waste management systems within their firms. The mean score 

increased from 1.81 (SD = 0.82) pre-FDI to 2.89 (SD = 0.79) post-FDI. The percentage of firms rating 

waste management as “poor” decreased from 37.1% pre-FDI to 4.7% post-FDI, while those rating it as 

“above average” increased from 4.7% to 51.7%. Results of attitude on waste management during pre-and 

post-FDI are presented in figure 5. 

Data presented in table 4 was used to draw figure 5. 

 

Table 4: Attitude on Waste Management Systems 

Pre-FDI Perceived Waste 

Management Quality 

Percentage Post-FDI Perceived Waste 

Management Quality 

Percentage 

Poor  37.1 Poor  4.7 

Average 51.2 Average 22.4 

Above Average 4.7 Above Average 51.7 

Excellent 7.0 Excellent 21.2 
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Figure 5: Attitude on Waste Management Systems 

 

4.3 ESG Practice and Environmental Sustainability 

 

4.3.1 Benefits of ESAP in Managing E&S Impacts  

ESAPs are mainly adopted by investors in solving environmental and social risks identified within 

organizations. Firm managers were requested to reveal the impact of implementing ESAPs and 68.7% of 

firms reported ESAPs to be very beneficial, 28.7% considered them partially beneficial, and 2.6% reported 

no benefit. The results of Benefits of ESAP in Managing E&S impacts have been presented in figure 6. 

Data presented in table 5 was used to draw figure 6. 

 

Table 5: Recorded Gains of ESAP in Addressing E&S Gaps 

Perceived Benefit Level Percentage 

No Benefit 2.6 

Yes, but partially 28.7 

Yes, very beneficial 68.7 
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Figure 6: Recorded Gains of ESAP in Addressing E&S Gaps 

 

To determine the efficacy of implementing the ESAP, respondents were asked to rate their 

perceived improvement in E&S incidents in relation to quantifiable improvements. Among firms 

reporting “greatly improved” safety indicators, 70.1% recorded improvements above 50%, while those 

reporting “slightly improved” outcomes were concentrated mainly in the 11-50% bands. Table 6 shows 

the results of alignment between perceived and reported gains E&S incidents and measurable 

improvement in firms. 

 

Table 6: E&S Incidents and Measurable Improvement    

Change in 

Incidents 

0-5% 6-10% 11-20% 21-50% Above 51% 

Greatly 

Improved 

0% (0) 2.6% (2) 3.9% (3) 23.4% (18) 70.1% (54) 

Slightly 

improved 

2.9% (2) 18.8% (13) 36.2% (25) 34.8% (24) 7.2% (5) 

Not improved  50% (1) 0% (0) 0% (0) 50% (1) 0% (0) 

 

4.3.2 GHG Mitigation Plans Adopted 

Firm managers were requested to outline measures used to mitigate GHG emission after FDI 

inflow 75.3% reported to have shifted to energy-efficient machinery and lighting systems, 73.3% reported 

to have reduced fossil-fuel consumption, 34.7% reported to have introduced logistics-efficiency 

improvements, and 23.3% reported to have adopted renewable-energy solutions. The results of GHG 

mitigation plans adopted by firms are presented in figure 7.  

Data presented in table 7 was used to draw figure 7. 

 

Table 7: GHG Plans Adopted 

GHG Plans Adopted Percentage of Respondents 

Use of renewable energy 23.3% 

Adoption of efficient company logistics 34.7% 

Reduced fossil-fuel consumption 73.3% 

Changed to energy-efficient machinery and 

lighting 

75.3% 

Note: N = 150 portfolio companies. Multiple responses were allowed; therefore, percentages do not sum 

to 100%.  
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Figure 7: GHG Plans Adopted 

 

4.3.3 Water Efficiency Measures 

Water efficiency measures were evaluated to ascertain the extent to which firms have embraced 

sustainable measures after FDI inflow. 75.3% of firms reported no change in water-use efficiency post-

FDI, 4.7% reported to have already installed water efficiency measures before investment, and 20.0% 

acknowledged improvements after FDI investment (mean = 1.43, SD = 0.79). A chi-square analysis 

revealed no statistically significant association between sector and investment in water efficiency (χ² = 

29.53, df = 38, p = 0.836). The results of water efficiency measures being adopted by firms is presented 

in figure 8. 

 

 

Figure 8: Investment in Water Use Measures 

 

Data presented in table 8 was used to draw figure 8. 

 

Table 8: Investment in Water Use Measures 

Water Use Efficiency After FDI Percentage 

No Change 75.3 

Yes, before investment 4.7 

Yes, after investment 20.0 
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4.3.4 Waste Recycling Measures and FDI 

Figure 9 shows how respondents were able to notice improvement in their companies' waste 

recycling measures at post-FDI. The results point to a strongly positive trend with a large majority 

reported notable improvements in waste recycling post-FDI, 9.5% observed such efforts prior to 

investment, and 5.4% stated that no notable recycling efforts were in place (mean = 2.8, SD = 0.52). A 

chi-square test revealed a statistically significant association between the timing of E&S policy 

development and the adoption of waste-recycling procedures (χ² = 9.043, df = 2, p = 0.011).  

 

 

Figure 9: Waste Recycling Measures Post-FDI 

 

Data presented in table 9 was used to draw figure 9. 

 

Table 9: Waste Recycling Measures Post-FDI 

Waste Recycling Measures Post-FDI Percentage 

No Change 5.4 

Yes, before investment 9.5 

Yes, after investment 85.1 

 

4.3.5 Health and Safety and FDI 

Health and safety performance was examined to establish if integration of ESG and FDI inflow 

were linked to advances in occupational safety results at the firm level. Firm managers were interviewed 

on the level of change in health and safety incidents after implementing ESG safeguards and the findings 

were cross-tabulation against reported improvement level of performance improvement. Among firms 

that greatly improved, 70.5% reported performance improvements above 50%, and 23.1% reported 

improvements in the 21-50% band. Among firms that reported to have slightly improved, 36.2% reported 

improvements in the 11-20% band and 34.8% reported improvements of the 21-50% band. Among firms 

that reported not to have improved, 33.3% were with the 0-5% range and 33.3% in the 21-50% band. 

Generally, 40.0% of all firms reported to have achieved improvements of over 50, and 28.7% reported 

improvements of the 21-50% band. Table 10 presents the cross-tabulation results of perceived change in 

health and safety incidents against reported percentage change in performance. 

 

4.4 Inferential Analysis  

 

4.4.1 Greenhouse Gas Emission Monitoring and ESG Training Policy 

Binary logistic regression was used to analyze the relationship between GHG and the probability 

of firms developing a policy that is dedicated to EHS training. It is evident that firms which began 
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monitoring after investment showed higher, but statistically non-significant association with the odds of 

having an ESG training policy (OR = 1.30, 95% CI: 0.06-10.57, p = 0.824). Table 11 presents the binary 

logistic regression results for GHG emissions monitoring and ESG training policy among firms. 

 

Table 10: H&S Pre-FDI vs. post-FDI 

Change 0-5% 6-10% 11-20% 21- 50% Above 50% Total 

Greatly Improved 0% 2.6% 3.8% 23.1% 70.5% 100% 

Slightly improved 2.9% 18.8% 36.2% 34.8% 7.2% 100% 

Not improved 33.3% 33.3% 0% 33.3% 0% 100% 

Total 2.0% 10.6% 18.7% 28.7% 40.0% 100% 

 

Table 11: ESG Training Policy Based on GHG Monitoring 

Variable Estimate β Std. Error Z value p-value OR 95% CI for OR 

Intercept- No 

Monitoring 

1.099 1.155 0.951 0.341 3.00 [0.38-60.55] 

Yes, before 

investment 

~0.000 1.633 0.000 1.000 1.00 [0.03-34.43] 

Yes, after 

investment 

0.261 1.173 0.223 0.824 1.30 [0.06-10.57] 

Note: Dependent variable: presence of an ESG training policy. Reference category: no GHG monitoring. 

The post-FDI monitoring effect is not statistically significant. 

 

4.4.2 Environmental Policy and ESAP Benefits 

An ordinal logistic regression was used to assess the effect of environmental policy (before and 

after FDI) on the perceived benefits of the ESAP. Environmental policies before FDI indicated a large 

negative linear association with the importance of ESAP (OR=0.23, 95% CI: 0.07 – 0.74, p=0.013), 

implying that companies with more robust guidelines viewed the ESAP to be of less benefit. Quadratic 

(Q) and Cubic (C) conditions pre-FDI procedures were insignificant. However, environmental policies 

after FDI indicated large positive linear association (OR=4.80, 95% CI: 1.52 – 16.21, p=0.009), implying 

that companies with more robust guidelines viewed the ESAP to be of more benefit. This model 

accounted for a limited portion of variance (McFadden's Pseudo R² = 0.074, Residual Deviance = 197.99, 

AIC = 213.99). Results of environmental policy and ESAP benefits ordinal logistic regression are 

presented in table 12. 

 

Table 12: Ordinal Logistic Regression of Environmental Policy Timing and Perceived ESAP Benefits 

Predictor OR 95% CI  Std. Error T value p-value 

Before 

Linear (L) 0.23 0.07 – 0.74 0.59 -2.46 0.013 * 

Quadratic (Q) 0.61 0.09 – 3.24 0.86 -0.58 0.561 

Cubic (C) 4.21 0.39 – 40.00 1.10 1.30 0.192 

After  

Linear (L) 4.80 1.52 – 16.21 0.60 2.62 0.009 ** 

Quadratic (Q) 0.42 0.16 – 1.06 0.48 -1.81 0.070 + 

Cubic (C) 1.35 0.50 – 3.60 0.49 0.61 0.539 

Thresholds 

No Yes, but 

partially 

- - 0.63 -5.84 

Yes, but partially Yes, very 

beneficial 

- - 0.41 -1.72 

Model Fit Statistics: McFadden's Pseudo R²=0.074 

 

The McFadden’s Pseudo R² value indicates modest explanatory power, suggesting that other firm-

level factors may also influence perceived ESAP benefits. 
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4.4.3 PLS-SEM Results 

PLS-SEM was used to determine hypothesized pathways between KAP dimensions and 

sustainability results within the KAP framework. ESG knowledge had a significant positive relationship 

influence on ESG attitude (β = 0.54, p < 0.001), ESG attitude had a significant positive relationship on 

ESG practice (β = 0.61, p < 0.001), while ESG practice significantly improved environmental 

sustainability results (β = 0.48, p < 0.01). Governance had a statistically significant moderating effect on 

the attitude-practice pathway (β = 0.32, p < 0.05). Results showed that the model-fit indices were within 

recommended thresholds (SRMR = 0.068, NFI = 0.91), indicating good overall model fit. Table 13 

presents the PLS-SEM results.  

 

Table 13: PLS-SEM results 

Hypothesis relationship Path coefficient (β) p-value Decision 

ESG knowledge with ESG 

attitude 

0.54 0.001 Supported  

ESG attitude with ESG practice 0.61 0.001 Supported  

ESG practice with sustainability 

results 

0.48 0.01 Supported  

Governance and Attitude with 

practice 

0.32 0.05 Supported  

 

 

5. DISCUSSION  

 

5.1 The Catalytic Effect of FDI on Environmental Awareness and Planning 

The findings suggest that FDI-backed ESG requirements are associated with increased 

environmental awareness among portfolio firms. The substantial increase in reported awareness from the 

pre- to post-FDI period indicates that investor-driven ESG standards may play an important role in 

strengthening environmental awareness. The persistently low proportion of firms that remained unaware 

suggests that ESG due-diligence requirements are reaching most portfolio firms, although the study 

design does not allow a definitive causal claim. This interpretation is consistent with Eccles et al. (2007, 

2014), who argued that external governance pressures can help overcome institutional resistance to 

environmental management. The results further suggest that capacity-building initiatives and 

environmental-awareness activities should be incorporated into investment contracts to mainstream 

environmental awareness across all organisational (Eccles et al., 2014). 

The statistically significant p-value (p = 0.034), which is below the conventional threshold of 0.05, 

indicates that the observed relationship between GHG awareness and the adoption of emission-reduction 

plans is unlikely to have occurred by chance. Nevertheless, respondents who lacked awareness of 

mitigation strategies despite FDI exposure point to a noteworthy organisational communication gap. 

This indicates that although FDI-backed ESG requirements may raise awareness at the company level, 

internal rollout of specific mitigation measures may remain insufficient. ESG-related information can 

therefore remain fragmented across departments and fail to reach operational levels effectively (Grewal 

et al., 2016). The significant association between GHG awareness and the adoption of reduction plans 

supports the argument that FDI can shape sustainability knowledge within organisations (Doytch & 

Utcum, 2006). However, the finding that more than one-fifth of respondents lacked knowledge of 

emission-reduction practices highlights an internal communication gap that should be addressed. 

Therefore, FDI-backed initiatives should be closely integrated with emission-reduction targets, internal 

capacity-building programmes and regulatory reporting duties. 

The increase in the mean score for attitudes towards EHS policies highlights a noticeable 

improvement in the perceived adequacy and effectiveness of EHS frameworks after FDI funding. This 

higher mean suggests that investor-driven ESG standards may be raising the baseline standard of EHS 

policy quality across portfolio companies rather than benefiting only top-performing firms. The lower 

post-FDI standard deviation also suggests greater convergence in perceived EHS quality. These results 

are consistent with Demena and van Bergeijk (2017), who reported that ESG-linked FDI tends to improve 

organisational oversight mechanisms and encourage structured environmental and safety management 
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systems. Investors often establish compliance criteria and sustainable-practice guidelines that improve 

corporate environmental governance (Zeng et al., 2012).  

The increase in the mean score for perceptions of waste-management systems indicates substantial 

improvement after investment inflow. The reduction in standard deviation is particularly important 

because the pre-FDI values suggest that attitudes were widely divergent, with some companies scoring 

poorly on waste management and others performing relatively well. The post-FDI values suggest that 

investor-driven ESG standards generated a convergence effect by moving many companies towards a 

more common level of waste-management efficiency. This finding is consistent with institutional theory 

and highlights the role of FDI as a stimulus for environmental infrastructure, particularly when 

combined with robust ESG enforcement (Demena & van Bergeijk, 2017). 

The findings on the adoption of GHG mitigation measures reveal a clear hierarchy based on 

investment cost and recovery period. Energy-efficient machinery, improved lighting systems and reduced 

fossil-fuel consumption were the most widely adopted interventions, probably because they have shorter 

payback periods and moderate financial requirements. Logistics-efficiency improvements fall within a 

mid-level category because they require operational adjustments and supply-chain coordination. 

Renewable-energy solutions were least adopted, probably because of higher initial costs, slower cost 

recovery and uncertainty around grid connection and tariff structures. This pattern suggests that firms 

may be responding to immediate FDI oversight pressures rather than implementing holistic 

environmental reform. 

 

5.2 ESAPs as Effective Risk Management Instruments   

The alignment between the perceived value of ESAPs and measurable environmental performance 

indicators is noteworthy. The results indicate that 93.5% of firms achieved reported improvement of at 

least 21%, suggesting close alignment between subjective assessments of ESAP effectiveness and reported 

quantitative outcomes. This suggests that ESAPs serve both as compliance instruments and practical 

tools for mitigating risks. Firms that reported slight improvement were concentrated mainly in the 11-

20% and 21-50% bands, indicating that even modest perceived progress may align with recorded 

performance improvements. The very small proportion of firms reporting no benefit suggests that ESAPs 

may generate some tangible value for most implementing firms. ESAPs appear to support improved E&S 

outcomes by providing institutional support systems and structured E&S risk-response mechanisms 

(Park & Jang, 2021). Embedding ESAPs within governance frameworks may also promote a stronger 

sustainability culture. Similarly, Ronalter et al. (2023) found that firms implementing Environmental 

Management Systems (EMS) tend to deliver stronger ESG outcomes. Formalised E&S programmes can 

yield both economic and environmental benefits by stimulating active risk management and 

strengthening institutional sustainability (Zhou et al., 2023). 

The statistically significant result (p < 0.05) for waste-recycling measures and FDI supports the 

association between E&S policy timing and waste-recycling implementation. The high mean score and 

low standard deviation indicate a meaningful and relatively consistent pattern across participating firms. 

The high adoption rate of recycling improvements implies that waste recycling may be a relatively low-

cost and visible ESG initiative that firms can roll out quickly to demonstrate compliance. Companies 

reporting no significant recycling efforts are likely to face systemic barriers, such as limited access to 

recycling facilities, weak segregation systems or industrial locations without reliable collection services. 

The association between E&S policy timing and waste-recycling adoption suggests that 

institutionalisation of these policies can influence pro-environmental practice. The findings are 

consistent with circular-economy principles emphasising waste reduction and material recovery 

(Kirchherr et al., 2017). Development partners should continue to include recycling standards in ESG 

frameworks, while governments should support adoption through tax incentives and improved waste-

separation infrastructure. 

 

5.3 Sectoral and Domain-Specific Variations in ESG Impact 

The non-significant result (p > 0.05) indicates that the observed inter-sectoral differences in water 

conservation cannot be distinguished from random variation. While statistically insignificant, this 

finding is informative because it suggests that investments in water conservation may not be strongly 

influenced by industry-specific risks or compliance demands. Instead, water-management decisions may 

be driven more by internal firm priorities than by external pressures. The comparatively low mean score 
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further indicates that water-resource management remains overlooked under existing ESG structures. 

This is concerning because agriculture and manufacturing, both represented in this study, are water-

dependent sectors in Kenya’s semi-arid context. Slight improvements in water management after FDI 

suggest that existing ESG evaluation procedures may underemphasise water. As a result, water-resource 

management remains a neglected element of ESG implementation in Kenya. To address this gap, 

regulators should enforce mandatory water-audit protocols in ESMS for sectors with high water use (Xu 

et al., 2022), include water-efficiency targets in ESIAs (Sarkar & Singh, 2020), and integrate industrial 

water-management capacity building into ESG agendas (Jenkins & Yakovleva, 2006).  

 

5.4 The Governance Moderation Effect  

The wide confidence interval associated with GHG emission monitoring and ESG training policies 

in the post-FDI group reflects a high degree of uncertainty and likely explains the lack of statistical 

significance despite the observed odds ratio. Because the interval crosses 1.0, the estimate is imprecise, 

potentially due to small cell sizes within some comparison groups. Consequently, while an association 

may exist, the available evidence is insufficient to confirm it with statistical confidence. Importantly, the 

non-significant result highlights a possible dissociation between GHG monitoring and ESG training 

implementation. Although the odds ratio suggests that firms tracking their emissions are 30% more likely 

to have an ESG training policy than firms not tracking emissions, this effect is small and statistically 

non-significant. This finding is consistent with symbolic compliance, whereby firms adopt monitoring 

practices as compliance routines without embedding them into staff capacity-building (Kotsantonis & 

Serafeim, 2019). 

The findings relating environmental policies and perceived ESAP benefits reveal a notable reversal 

effect. The odds ratio for pre-FDI environmental policies implies that firms with environmental policies 

were 77% less likely to perceive ESAPs as highly important than firms without such policies. In contrast, 

the odds ratio for post-FDI environmental policies indicates that firms developing comprehensive 

environmental policies after funding were 380% more likely to perceive ESAPs as very important. This 

suggests that ESAPs function as institutional support mechanisms for firms building ESG systems from 

the beginning. Conversely, firms with pre-existing environmental systems may view ESAPs as offering 

limited additional value or duplicating existing systems. However, the relatively low McFadden’s Pseudo 

R² value (0.074) indicates that the model explains only a modest proportion of variation in perceived 

ESAP effectiveness, so other factors such as firm size, sector and specific ESG requirements may also 

influence how ESAPs are viewed and used. 

The findings on health and safety improvements associated with FDI indicate positive reported 

outcomes across many portfolio firms. Among firms reporting greatly improved safety performance, 

93.3% achieved at least 21% quantifiable progress, while more than two-thirds recorded improvements 

above 50%. These results suggest that FDI-backed ESG requirements are associated with meaningful 

health and safety improvements in many portfolio firms. However, the distribution of benefits was 

uneven. Among firms reporting slight improvement, performance outcomes were distributed across 

several improvement bands, suggesting that subjective perceptions of improvement may not always 

correspond exactly with recorded performance results. This underscores the need for supervisory 

regulation and H&S standards connected to ESG reporting guidelines (Kolk, 2016). 

 

5.5 Theoretical Contributions to the KAP Literature 

This study makes a theoretical contribution by applying the KAP framework both as a research 

tool and as an analytical model for understanding how ESG is operationalised. The results support the 

broad KAP logic in which knowledge informs attitudes and attitudes enable practice, while also 

highlighting the role of governance as a moderator. The odds-ratio findings suggest that post-FDI policy 

improvements can enhance ESAP benefits, but also that the KAP structure is not purely linear. Firms 

with knowledge and supportive attitudes may still fail to implement practices when institutional 

frameworks are weak, while firms with stronger governance may realise practice improvements even 

where initial awareness is limited. 

 

5.6 Practical Implications for Investment and Policy Makers 

These findings have several practical implications. The substantial increase in awareness suggests 

that investor-mandated ESG assessment can work, but the knowledge-practice gap indicates that 
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assessments should be combined with structured training rather than treated only as compliance tools. 

Strong ESAP implementation suggests that DFIs should continue enforcing these instruments, especially 

in sectors and firms with limited environmental-management infrastructure. The weaker findings for 

renewable energy and sustainable water use indicate that existing ESG structures need strengthening in 

these areas, possibly through mandatory performance targets and specialist support. Institutional 

weaknesses exposed by the training-policy analysis confirm that ESG obligations should explicitly 

require staff capacity building, internal governance committees and incorporation of ESG KPIs into 

operational decision-making. 

 

6. CONCLUSION AND RECOMMENDATIONS 

 

This study developed and evaluated an action-based diffusion model to explain how ESG 

integration in FDI contracts is associated with environmental sustainability outcomes in emerging 

markets. The results show that ESG-aligned FDI is associated with improved environmental awareness 

and organisational practice. After investment inflow, 94.6% of portfolio firms had information on their 

GHG emissions and 73.3% developed mechanisms to lower their carbon emissions. ESAPs were widely 

used as ESG risk-management mechanisms in addressing E&S impacts, employee, safety, waste reduction 

and recycling enhancement. Firms that adopted ESG monitoring mechanisms reported higher 

compliance with circular-economy principles and improved safety outcomes. However, only 23.3% of 

firms had adopted renewable-energy sources and 75.3% had no sustainable water-use practices, indicating 

that ESG frameworks alone do not fully catalyse resource-management reforms. These findings suggest 

that ESG-compliant FDI has substantial potential to support Kenya’s environmental sustainability, but 

achieving this requires measurable KPIs, strong governance and comprehensive institutional integration. 

The study also highlights the benefits of an integrated approach to ESG implementation in FDI-

backed firms by combining governance, investor monitoring and structured oversight instruments. 

When ESG is embedded into both policy and day-to-day operations, investors may help improve 

environmental sustainability and support low-carbon development. However, these gains are most likely 

where investment conditions are accompanied by measurable KPIs, staff training and internal 

accountability mechanisms. However, the study encountered several limitations. First, the comparison 

between pre-FDI and post-FDI conditions relied on respondents’ retrospective assessments, which may 

be affected by recall bias and social-desirability bias. Second, the cross-sectional and non-experimental 

nature of the study limits the ability to establish causal relationships or assess long-term changes in 

sustainability performance. Third, the sample focused only on FDI-backed private-equity portfolio firms 

operating within and around Nairobi County, weakening external validity. In addition, data were not 

independently verified against external records, and detailed performance indicators for water efficiency 

and renewable-energy adoption were not obtained. Lastly, because the design relied on data collected at 

one point in time, the durability of the reported sustainability outcomes remains uncertain.  

However, the findings provide valuable insights into the environmental sustainability outcomes 

associated with ESG integration in FDI-backed firms. Investors should strengthen ESG monitoring 

systems, align capital-allocation decisions with environmental objectives and provide company-specific 

training. Portfolio managers should incorporate ESG considerations into strategic decision-making, 

establish process-oriented KPIs, and strengthen staff capacity in risk assessment, data management and 

sustainability reporting. Policymakers should promote transparent reporting of ESG milestones, develop 

sector-specific ESG standards and implement formal ESG governance structures before investment. 

Future research should target a wider geographical scope beyond Nairobi County to strengthen 

external validity. Longitudinal studies should also be undertaken to track the long-term effects of ESG 

practices. Finally, further research should investigate the effectiveness of ESG incorporation across 

different African emerging markets and examine the impact of firm-level governance systems on 

sustainability outcomes. 

 

7. REFERENCES 

 

Ajzen, I. (1991). The theory of planned behavior. Organizational Behavior and Human Decision 

Processes, 50(2), 179-211. https://doi.org/10.1016/0749-5978(91)90020-T  

https://doi.org/10.33002/jpg060103
https://doi.org/10.1016/0749-5978(91)90020-T


ISSN 2564-212X | Journal of Policy & Governance |06(01) June 2026  

https://doi.org/10.33002/jpg060103      
 

 
82 

Peter Newton Stower, Bessy Eva Kathambi, Evans Ligare Chimoita 

Akomea, S., & Bedi, R. (2022). Institutional quality and environmental outcomes in African FDI-backed 

firms. Environmental Economics and Policy Studies, 24(3), 987–1006. 

https://doi.org/10.1007/s10018-021-00345-6 

Chawarura, W. I., Sibanda, M., & Mamvura, K. (2025). An assessment of the roles of government, 

regulators, and investors in ESG implementation in South Africa: A scoping review. 

Administrative Sciences, 15(6), 220.  https://doi.org/10.3390/admsci15060220  

Christmann, P., & Taylor, G. (2001). Globalization and the environment: Determinants of firm self-

regulation in China. Journal of International Business Studies, 32(3), 439-458. 

https://doi.org/10.1057/palgrave.jibs.8490976  

Demena, B. A., & Van Bergeijk, P. A. G. (2017). FDI and productivity: A meta-analysis. World 

Development, 96, 333–349. https://doi.org/10.1016/j.worlddev.2017.03.021  

Doytch, N., & Uctum, M. (2016). Globalization and the environment: The role of Foreign Direct 

Investment. International Review of Economics & Finance, 43, 383–393. 

https://doi.org/10.1016/j.iref.2016.01.003  

Eccles, R. G., Newquist, S. C., & Schatz, R. (2007). Reputation and its risks. Harvard Business 

Review, 85(2), 104. Retrieved from https://hbr.org/2007/02/reputation-and-its-risks  

Eccles, R.G., Ioannou, I., & Serafeim, G. (2014). The impact of corporate sustainability on organizational 

processes and performance. Management Science, 60(11), 2835–2857. 

https://doi.org/10.1287/mnsc.2014.1984 

Egbetokun, A. A., Adeyemi, O. A., & Nwokoye, I. (2021). Corporate governance and ESG adoption in 

African FDI-receiving firms. Journal of African Business, 22(4), 523–543. 

https://doi.org/10.1080/15228916.2021.1910123 

Flammer, C., and Bansal, P. (2017). Does a long-term orientation create value? Evidence from a regression 

discontinuity. Strategic Management Journal, 38(9), 1827–1847. https://doi.org/10.1002/smj.2629 

Grewal, J., Serafeim, G., & Yoon, A. (2016). Shareholder activism on sustainability issues. Organization 

& Environment, 29(4), 378–407. https://doi.org/10.1177/1086026616659077  

International Finance Corporation (IFC) (2021). Beyond the Balance Sheet: IFC’s ESG Integration in 

Africa. Retrived from: https://www.ifcbeyondthebalancesheet.org/?utm_source=chatgpt.com 

Ioannou, I., & Serafeim, G. (2015). The impact of corporate social responsibility on investment 

recommendations: Analysts’ perceptions and shifting institutional logics. Strategic Management 

Journal, 36(7), 1053–1081. https://doi.org/10.1002/smj.2268 

Jenkins, H., & Yakovleva, N. (2006). Corporate social responsibility in the mining industry: Exploring 

trends in social and environmental disclosure. Journal of Cleaner Production, 14(3-4), 271-284. 

https://doi.org/10.1016/j.jclepro.2005.05.004  

Jiang, K., Zhang, J., Zhou, M., & Zhou, Z. (2025). ESG disagreement and corporate debt maturity: 

evidence from China. Financial Innovation, 11, 32. https://doi.org/10.1186/s40854-024-00724-1 

Khan, M., Serafeim, G., & Yoon, A. (2016). Corporate sustainability: First evidence on materiality. The 

Accounting Review, 91(6), 1697–1724. https://doi.org/10.2308/accr-51383 

Kirchherr, J., Reike, D., & Hekkert, M. (2017). Conceptualizing the circular economy: An analysis of 114 

definitions. Resources, Conservation and Recycling, 127, 221–232. 

https://doi.org/10.1016/j.resconrec.2017.09.005 

Kolk, A. (2016). The social responsibility of international business: From ethics and the environment to 

CSR and sustainable development. Journal of World Business, 51(1), 23-34. 

https://doi.org/10.1016/j.jwb.2015.08.010 

Kolk, A., & Rivera-Santos, M. (2018). The state of research on Africa in business and management: 

Insights from a systematic review of key international journals. Business & Society, 57(3), 415–

436. https://doi.org/10.1177/00076503166291  

Kotsantonis, S., & Serafeim, G. (2019). Four Things No One Will Tell You About ESG Data. Journal of 

Applied Corporate Finance, 31(2), 50–58. https://doi.org/10.1111/jacf.12346 

KPMG (2023). ESG Metrics in Private Equity. Retrieved from: 

https://kpmg.com/dp/en/home/insights/2023/06/esg-metrics-in-private-equity.html 

Liu, Z., Yang, B., Andreosso-O’Callaghan, B., & Zhang, X. (2025). Does Corporate ESG Performance 

Influence Carbon Emissions? Sustainability, 17(17), 7575. https://doi.org/10.3390/su17177575   

Loko, A. G. S., & Schiehll, E. (2025). ESG Policy–Practice Decoupling: A Measurement Framework and 

Empirical Validation. Sustainability, 17(3), 1203. https://doi.org/10.3390/su17031203  

https://doi.org/10.33002/jpg060103
https://doi.org/10.1007/s10018-021-00345-6
https://doi.org/10.3390/admsci15060220
https://doi.org/10.1057/palgrave.jibs.8490976
https://doi.org/10.1016/j.worlddev.2017.03.021
https://doi.org/10.1016/j.iref.2016.01.003
https://hbr.org/2007/02/reputation-and-its-risks
https://doi.org/10.1287/mnsc.2014.1984
https://doi.org/10.1080/15228916.2021.1910123
https://doi.org/10.1002/smj.2629
https://doi.org/10.1177/1086026616659077
https://www.ifcbeyondthebalancesheet.org/?utm_source=chatgpt.com
https://doi.org/10.1002/smj.2268
https://doi.org/10.1016/j.jclepro.2005.05.004
https://doi.org/10.1186/s40854-024-00724-1
https://doi.org/10.2308/accr-51383
https://doi.org/10.1016/j.resconrec.2017.09.005
https://doi.org/10.1016/j.jwb.2015.08.010
https://doi.org/10.1177/0007650316629129
https://doi.org/10.1111/jacf.12346
https://kpmg.com/dp/en/home/insights/2023/06/esg-metrics-in-private-equity.html
https://doi.org/10.3390/su17177575
https://doi.org/10.3390/su17031203


ISSN 2564-212X | Journal of Policy & Governance |06(01) June 2026  

https://doi.org/10.33002/jpg060103      
 

 
83 

Peter Newton Stower, Bessy Eva Kathambi, Evans Ligare Chimoita 

Mahna, T., Jain, S., & Yadav, S. S. (2025). Relationship Between Pillars of Sustainability and Foreign 

Direct Investment Inflows: Evidence from Emerging Economies. International Journal of Finance 

& Economics, 30(3), 3044-3063. https://doi.org/10.1002/ijfe.3057  

Marquis, C., & Qian, C. (2014). Corporate social responsibility reporting in China: Symbol or substance? 

Organization Science, 25(1), 127–148. https://doi.org/10.1287/orsc.2013.0846 

Moussa, H., & Osei, K. (2023). Green innovation, FDI flows, and environmental quality in Sub-Saharan 

Africa. Journal of African Economies, 32(4), 450–470. https://doi.org/10.1093/jae/ejac021 

Olabisi, N., & Wei, Y. (2025). Designing effective policy to achieve sustainable development impact of 

FDI: The case of Sub-Saharan Africa. Journal of International Business Policy, 8(1), 33–52. 

https://doi.org/10.1057/s42214-024-00203-5   

OECD (Organisation for Economic Co-operation and Development) (2022). Business Insights on 

Emerging Markets 2022. OECD Emerging Markets Network, OECD Development Centre, Paris. 

Retrieved from: http://www.oecd.org/dev/oecdemnet.htm   

Ouédraogo, I., & Tchoketch-Kouamé, K. (2024). Institutional quality and the environmental impact of 

FDI in Sub-Saharan Africa. Journal of Cleaner Production, 415, 137970. 

https://doi.org/10.1016/j.jclepro.2023.137970  

Park, S. R., & Jang, J. Y. (2021). The impact of ESG management on investment decision: Institutional 

investors’ perceptions of country-specific ESG criteria. International Journal of Financial Studies, 

9(3), 48. https://doi.org/10.3390/ijfs9030048 

Porter, M. E., & Linde, C. V. D. (1995). Toward a new conception of the environment-competitiveness 

relationship. Journal of Economic Perspectives, 9(4), 97-118. https://doi.org/10.1257/jep.9.4.97  

Ren, M., Zhou, J., Si, J., Wang, G., & Guo, C. (2024). The impact of ESG performance on green innovation 

among traditional energy enterprises - Evidence from listed companies in 

China. Sustainability, 16(9), 3542. https://doi.org/10.3390/su16093542  

Ronalter, L. M., Bernardo, M., & Romaní, J. M. (2023). Quality and environmental management systems 

as business tools to enhance ESG performance: a cross-regional empirical study. Environment, 

Development and Sustainability, 25(9), 9067-9109. https://doi.org/10.1007/s10668-022-02425-0 

Sampene, A. K., Li, C., Wiredu, J., Agyeman, F. O., & Brenya, R. (2024). Examining the nexus between 

social cognition, biospheric values, moral norms, corporate environmental responsibility and pro-

environmental behaviour. Does environmental knowledge matter? Current Psychology, 43(7), 

6549-6569. https://doi.org/10.1007/s12144-023-04832-6   

Sarkar, A., & Singh, R. K. (2020). Water management practices in industry: An emerging concern for 

sustainable development. Journal of Cleaner Production, 264, 121599. 

https://doi.org/10.1016/j.jclepro.2020.121599  

Singhania, M., & Saini, N. (2023). Institutional framework of ESG disclosures: comparative analysis of 

developed and developing countries. Journal of Sustainable Finance & Investment, 13(1), 516-559. 

https://doi.org/10.1080/20430795.2021.1964810  

UNCTAD (United Nations Conference on Trade and Development) (2023). World Investment Report 

2023: Investing in Sustainable Recovery. UNCTAD. Retrieved from: 

https://unctad.org/publication/world-investment-report-2023  

Wang, Y., & Liu, J. (2023). Corporate sustainability, governance, and environmental performance: 

Evidence from FDI-backed firms in Asia. Sustainability Accounting, Management and Policy 

Journal, 14(2), 345–369. https://doi.org/10.1108/SAMPJ-08-2022-0167 

World Bank (2021). ESG Frameworks in Investment Agreements: A Global Perspective. World Bank 

Publications. Retrieved from: https://doi.org/10.1596/978-1-4648-1675-0 

Xu, Z., Dai, Y., & Liu, W. (2022). Does environmental audit help to improve water quality? Evidence 

from the China National Environmental Monitoring Centre. Science of The Total 

Environment, 823, 153485. https://doi.org/10.1016/j.scitotenv.2022.153485 

Zakari, A., Le, T., & Nepal, R. (2025). Sectoral FDI and environmental sustainability in Africa: the role 

of sustainable investment. Empirical Economics, 69, 1821–1850. https://doi.org/10.1007/s00181-

025-02813-1   

Zeng, S. X., Xu, X. D., Yin, H. T., & Tam, C. M. (2012). Factors that drive Chinese listed companies in 

voluntary disclosure of environmental information. Journal of Business Ethics, 109(3), 309–321. 

https://doi.org/10.1007/s10551-011-1129-x  

https://doi.org/10.33002/jpg060103
https://doi.org/10.1002/ijfe.3057
https://doi.org/10.1287/orsc.2013.0846
https://doi.org/10.1093/jae/ejac021
https://doi.org/10.1057/s42214-024-00203-5
http://www.oecd.org/dev/oecdemnet.htm
https://doi.org/10.1016/j.jclepro.2023.137970
https://doi.org/10.3390/ijfs9030048
https://doi.org/10.1257/jep.9.4.97
https://doi.org/10.3390/su16093542
https://doi.org/10.1007/s10668-022-02425-0
https://doi.org/10.1007/s12144-023-04832-6
https://doi.org/10.1016/j.jclepro.2020.121599
https://doi.org/10.1080/20430795.2021.1964810
https://unctad.org/publication/world-investment-report-2023
https://doi.org/10.1108/SAMPJ-08-2022-0167
https://doi.org/10.1596/978-1-4648-1675-0
https://doi.org/10.1016/j.scitotenv.2022.153485
https://doi.org/10.1007/s00181-025-02813-1
https://doi.org/10.1007/s00181-025-02813-1
https://doi.org/10.1007/s10551-011-1129-x


ISSN 2564-212X | Journal of Policy & Governance |06(01) June 2026  

https://doi.org/10.33002/jpg060103      
 

 
84 

Peter Newton Stower, Bessy Eva Kathambi, Evans Ligare Chimoita 

Zhang, H., Lai, J., & Jie, S. (2024). Quantity and quality: The impact of environmental, social, and 

governance (ESG) performance on corporate green innovation. Journal of Environmental 

Management, 354, 120272. https://doi.org/10.1016/j.jenvman.2024.120272  

Zhang, L., Chen, Y., & Wang, H. (2024). ESG disclosure, green innovation, and carbon performance: 

Evidence from emerging markets. Journal of Cleaner Production, 420, 137566. 

https://doi.org/10.1016/j.jclepro.2023.137566 

Zhou, S., Rashid, M. H. U., Mohd. Zobair, S. A., Sobhani, F. A., & Siddik, A. B. (2023). Does ESG impact 

firms’ sustainability performance? The mediating effect of innovation 

performance. Sustainability, 15(6), 5586. https://doi.org/10.3390/su15065586 

 

https://doi.org/10.33002/jpg060103
https://doi.org/10.1016/j.jenvman.2024.120272
https://doi.org/10.1016/j.jclepro.2023.137566
https://doi.org/10.3390/su15065586


ISSN 2564-212X | Journal of Policy & Governance |06(01) June 2026  

https://doi.org/10.33002/jpg060103      
 

 
85 

Peter Newton Stower, Bessy Eva Kathambi, Evans Ligare Chimoita 

APPENDICES 

 

Appendix I: Questionnaire for Fund Managers  

 

ENVIRONMENTAL AND SOCIAL QUESTIONS FOR FUND MANAGERS 

RESEARCH QUESTIONNAIRE 

 

SECTION A: INTRODUCTION 

 

I PETER NEWTON STOWER, a student at Nairobi University, Department of Earth and Climate 

Sciences, Faculty of Science & Technology, I`m pursuing my PhD in Environmental Governance and 

Management. My research topic is “Integration of Environmental Social and Governance Safeguards by 

Foreign Direct Investment entities for Environmental Sustainability in Kenya”. Your participation is 

completely voluntary, and you do not need to answer any questions you do not want to.  

 

The questionnaire is estimated to take roughly 30 minutes to fill in. The information collected will be 

confidential and used for academic purposes only and will be FULLY CONFIDENTIAL. The collated 

date from your organization will be added to those of other similar organizations and analyzed together.  

 

Qno:        

Date: Location 

Name of organization 

Name of Interviewee:  Designation:  

 

SECTION B: ORGANIZATIONAL SET-UP 

 

Background information 

 

1. How many years has your organization been active in Kenya? ___________________ 

2. How many companies have you invested in, in Kenya?_________________________ 

3. Which DFIs have invested in your fund? 

1. African Development Bank (AfDB)    

2. International Finance Cooperation (IFC)   

3. British International Investment (BII)   

4. Danish Investment Fund (IFU)    

5. Norwegian Fund (Norfund)     

6. Dutch investment Fund (FMO)    

7. Belgian Investment Company     

8. Blink investment company      

9. French Investment Fund (Propaco)    

10. Finish Investment fund (Finfund)    

11. STOA infra and Energy investment     

12. Swedish Investment Fund (Swedfund)   

13. German Investment Corporation (DEG/KfW)  

14. Austrian Development Bank (OeEB)    

15. Others________________________ 

4. What type of investment instrument does your organization use: 

1. Debt     

2. Equity    

3. Mezzanine facility  

4. Other________________________ 
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5. Is there an E&S responsible person to address E&S issues in your organization at the following 

levels  

1. Board level (Partner/ Director)   Yes  No  

2. Senior Management level    Yes  No

  

3. Operation level (E&S officer)    Yes  No  

6. Has your institution developed and implemented an Environmental and Social Management 

System (ESMS)
1
 

1. Yes         

2. No, in progress (please elaborate on implementation)  

_______________________________________________________________ 

3. No (please indicate reason)      

______________________________ 

 

Governance Safeguards 

 

1. When responding to the following statements about Governance Safeguards, kindly use a scale 

of 1 to 5. Use 1 for strongly disagree, 2 for disagree, 3 for moderately agree, 4 to represent agree, 

and 5 for strongly agree  

Statements 1 2 3 4 5 

Our institution has an E&S policy approved by the Board      

Our institution has an exclusion list compatible to the European      

Development Finance Institutions list of Excluded Activities      

Our organization has an investment committee      

The Investment committee reviews E&S submissions      

Our institution has an E&S training program/policy integrated into the 

organization’s capacity building program 

     

All investment/front office staff, supported by E&S Coordinator, are expected to 

address any E&S risk as part of their standard processing of transactions 

     

We have designated staff to deal with any E&S issues arising in the context of 

transactions 

     

We have consultants that we use for addressing E&S issues       

7. How does your organization assess suitability of a potential investment through an E&S lens? 

___________________________________________________________ 

 

 

SECTION C: INVESTMENT PROCESS (DEAL FLOW) 

 

1. What does the risk analysis in Environmental and Social Due Diligence (ESDD) involve?  

1. Desk review of client documentation (i.e., permits etc.)   

2. Site visits performed by E&S advisor or investment team   

3. Impact assessment by a third party       

4. Other, please specify: ______________________________________________ 

2. How does your organization assess E&S risk of a potential investment? 

_____________________________________________________________________ 

_____________________________________________________________________ 

3. Does your organization require that all investment stages must have an E&S input? 

1. Yes      

2. No      

 
1  ESMS is a set of policies, procedures, tools and internal capacity to identify and manage an institution's exposure to the 

environmental and social risks of its clients, investees or stakeholders. 
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4. If yes, which stages 

1. Initial screening 
2
       

2. Preliminary Investment Appraisal Memorandum
3
    

3. Final Investment Appraisal Memorandum
4
    

5. Does your institutional policy define what must be included as E&S submission in the various 

stages of deal screening? 

1. Yes      

2. No      

6. If No above, how does your organization avoid omission of key E&S risks in an E&S due 

diligence summary? 

_____________________________________________________________________ 

_____________________________________________________________________ 

7. When responding to the following statements about Environmental and Social Safeguards, 

kindly use a scale of 1 to 5. Use 1 for strongly disagree, 2 for disagree, 3 for moderately agree, 4 

to represent agree, and 5 for strongly agree 

Statements 1 2 3 4 5 

Our IC has an E&S specialist to review E&S submissions for potential deals      

Our organization categorizes deals according to E&S risks      

Our policy defines E&S process for high-risk deals vis a vi-low risk      

Our IC has turned down a deal on E&S Grounds      

Our policy requires Environmental and Social Due Diligence (ESDD) to be 

carried out for all deals to analyze risk 

     

8. Please provide an example of a case where your IC has turned down a deal on E&S grounds? 

_________________________________________________________________________________

_________________________________________________________ 

 

 

SECTION D: INVESTEE AGREEMENTS 

 

Social Safeguards 

1. When responding to the following statements about Social Safeguards, kindly use a scale of 1 to 

5. Use 1 for strongly disagree, 2 for disagree, 3 for moderately agree, 4 to represent agree, and 5 

for strongly agree 

Statements 1 2 3 4 5 

Our organization requires ES clauses and DD findings to be included in 

transaction/legal agreements in every investment 

     

The E&S resource is involved in developing E&S documents in the 

transaction/legal documents 

     

Our E&S inclusions in the transaction/legal documents require that the 

investee company adopt the E&S requirements at board level 

     

Our E&S requirements provide remedies if the investee fails to meet E&S 

requirements in the legal document 

     

Our E&S requirements in the transaction documents require the E&S 

resource of the investee company to be part of the board meetings 

     

 
2  Initial screening: This is the first step of deal screening where the deal team presents the deal, it is peer reviewed within the 

organization to see it meets investment criteria. 
3  Preliminary Investment Appraisal Memorandum: Deal is subjected to internal review where financials and E&S risk is assessed by 

partners, directors etc. 
4  Final Investment Appraisal Memorandum: Deal is subjected to investment committee for screening to assesses if it`s E&S risks and 

financial meet the criteria and threshold for investment.  
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Our organization peg disbursements on E&S milestones to ensure that the 

investee company is incentivized to follow through on commitments made 

before investments 

     

Key performance indicators (KPIs) for senior management include 

achieving E&S milestones and other E&S performance targets as part of their 

Key Performance Indicators 

     

 

2. What remedies are considered if the investee fails to meet E&S requirements in the legal 

document? 

1. Fines and penalties    

2. Accelerating debt repayment    

3. Shares claw back    

4. Accelerate exit      

5. Others ________________________ 

3. How are E&S issues discussed at the board level if the E&S resource of the investee company to 

be part of the board meetings 

_____________________________________________________________________ 

_____________________________________________________________________ 

4. How does your organization encourage investee management and board to meet E&S 

requirements of your organization? 

1. Performance bonuses  Yes   No  

2. ESOP
5
    Yes  No  

3. Interest reduction   Yes  No  

4. Business support facilities  Yes  No  

5. Others_________________________ 

 

 

 

SECTION E: INVESTMENT MANAGEMENT 

 

1. Does your organization require all investee  

2. companies to have an E&S responsible person during the investment period? 

1. Yes    

2. No    

3. If yes, which ones: 

1. Hire E&S officer for all investments whether high or low-risk.  

2. Hire E&S for medium to high-risk investments and for low-risk investments upscale an 

internal resource        

3. Use of consultants to support on E&S matters    

4. If No above, how does your organization ensure E&S issues are being addressed  

__________________________________________________________________ 

5. How does your organization monitor active portfolios? 

1. Quarterly visits        

2. Reporting (monthly/quarterly/biannual/Annual)    

3. Board meetings        

4. E&S committee meetings       

5. External consultants         

6. Request for statutory audit/inspection reports 

6. Does your organization require companies to report regularly on E&S issues? 

1. Yes          

2. No          

7. If Yes, what form of reporting mechanisms are there?  

1. Periodic reports) Monthly report      

 
5  ESOP is an employee benefit plan that enables employees to own part or all of the company they work for 
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2. Incident reports         

3. Third party report (Statutory, internal audits etc.)    

4. Other ____________________________________________ 

8. How frequent is the reporting required for the above?  

1. Periodic reports (Monthly, quarterly, annual etc.)     

2. Incident reports         

3. Third party report (Statutory, internal audits etc.)    

4. Other ____________________________________________ 

9. If yes, which of the following areas are included in the report? 

1. Environmental and Social Risk Assessment and Management  

o Development of company E&S policies and procedures    

o Up to date E&S audits, inspections, permits, licenses    

o Others__________________________________ 

2. Labour and working conditions. 

o Health and Safety (Incidents, safety compliance, safety trainings etc.)    

o Terms and conditions of employment      

o Compliance to labour laws of the country      

o Grievance collection and redress mechanisms     

o Others__________________________________ 

3. Resource Efficiency and Pollution Prevention 

o Waste generation and management      

o Greenhouse gas emissions       

o Environmental incidents i.e., spills, excessive emissions  

  

o Waste recycled.        

  

o Compliance to environmental laws (permits, licenses, audits etc.)  

o Water usage and energy consumption      

o Others__________________________________ 

4. Community Health Safety and Security  

o Security incidents (external)       

o Grievances from the community      

  

o Road accidents       

  

o Government department`s warnings/sanctions/penalties or suits 

   

o Negative media publicity      

  

5. Land acquisition 

o Details of economic displacement of residents      

o Details of physical displacement of residents     

6. Impact on biodiversity and natural resource management 

o Details of the biodiversity and natural resource affected  

  

o Details on the scale of impact      

  

o Details on the level of impact      

  

7. Impact on Indigenous Peoples 

o The key social, economic and cultural characteristics     

o The impact of the project interventions     

  

o Impact mitigation of project interventions      

8. Protection Cultural Heritage and Diversity  
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o Identification of various Cultural Heritage and Diversity   

o Impact of the project on the Cultural Heritage and Diversity   

o Impact mitigation of project interventions      

10. Do you have interventions in your organization to help investee companies meet E&S 

requirements? 

1. Yes          

2. No          

11. If yes, how? 

1. Incentives         

2. Provide assistance using business support facilities.    

3. Provide training opportunities for your investee companies.   

4. Contract third parties to provide consultancy services.    

 

 

 

SECTION F: PERFORMANCE DURING INVESTMENT PERIOD 

 

1. Could you provide copies of annual reports from your portfolio company depicting the changes 

that have been brought about by your investment into the company? 

1. Yes      

2. No      

Please fill out your assessment of the changes that best describe most of the companies you have invested 

in 

Safeguard Performance before 

investment on a scale of 1 

to 5 

Performance During and 

or after investment on a 

scale of 1 to 5 

Comment 

2. Environmental, Health 

Safety and Social 

policies  

Poor  Poor   

Average  Average  

Above average  Above average  

Excellent  Excellent  

3. Environmental, Health 

and Safety permits and 

licenses where 

applicable i.e. 

• EIA license, Noise 

permit, Water 

abstraction 

permits, 

Workplace 

registration, 

Effluent license, 

Others 

Poor   

Poor 

  

Average  Average  

Above average  Above average  

Excellent  Excellent  

4. Waste management 

systems (Liquid and 

Solid Waste) 

Poor  Poor   

Average  Average  

Above average  Above average  

Excellent  Excellent  

5. Compliance to 

acceptable emission 

levels  

Poor  Poor   

Average  Average  

Above average  Above average  

Excellent  Excellent  

6. Provision of PPE for 

employees  

Poor  Poor   

Average  Average  

Above average  Above average  

Excellent  Excellent  
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Safeguard Performance before 

investment on a scale of 1 

to 5 

Performance During and 

or after investment on a 

scale of 1 to 5 

Comment 

7. Compliance to 

Statutory audits  

• Occupational 

Safety and Health  

• Energy audits 

• Environmental 

audits 

 

Poor 

  

Poor 

  

Average  Average  

Above average  Above average  

Excellent  Excellent  

8. Management of 

accidents and incidents 

in the work premises   

 

Poor  Poor   

Average  Average  

Above average  Above average  

Excellent  Excellent  

Average  Average  

Above average  Above average  

Excellent  Excellent  

9. Adherence to legal 

minimum wage 

provisions 

Poor  Poor   

Average  Average  

Above average  Above average  

Excellent  Excellent  

10. Company policies 

• HR policy 

• Health and Safety 

Policy 

• Sexual harassment 

policy  

• Energy policy 

Poor  Poor   

Average  Average  

Above average  Above average  

Excellent  Excellent  

11. Grievance management Poor  Poor   

Average  Average  

Above average  Above average  

Excellent  Excellent  

12. Stakeholder 

engagement  

Poor  Poor   

Average  Average  

Above average  Above average  

Excellent  Excellent  

13. Investment in 

employee welfare 

facilities  

Poor  Poor   

Average  Average  

Above average  Above average  

Excellent  Excellent  
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Appendix II: Questionnaire for Portfolio Companies 

 

ENVIRONMENTAL AND SOCIAL QUESTIONS FOR PORTFOLIO COMPANIES 

RESEARCH QUESTIONNAIRE 

 

 

SECTION A: INTRODUCTION 

 

I PETER NEWTON STOWER a student at Nairobi University, Department of Earth and Climate 

Sciences, Faculty of Science & Technology, I`m pursuing my PhD in Environmental Governance and 

Management. My research topic is “Integration of Environmental Social and Governance Safeguards by 

Foreign Direct Investment entities for Environmental Sustainability in Kenya”. Your participation is 

completely voluntary, and you do not need to answer any questions you do not want to.  

 

The questionnaire is estimated to take roughly 30 minutes to fill in. The information collected will be 

confidential and used for academic purposes only and will be FULLY CONFIDENTIAL. The collated 

date from your organization will be added to those of other similar organizations and analyzed together.  

 

Qno:        

Date: Location 

Name of organization 

Name of Interviewee:  Designation:   

 

 

 

SECTION B: ORGANIZATIONAL SET-UP 

 

Background Information  

1. What sector is your company in: 

1. Manufacturing     

2. Agriculture      

3. Retail and distribution    

4. Financial sector     

5. Renewable energy     

6. Other_________________ 

2. How many years has your company been active in Kenya?________________________ 

 

3. How many employees are there in your company? _____________________________ 

 

Governance Safeguards 

4. Does your company have a board of directors? 

1. Yes     

2. No     

5. If yes, when was it set up for the 1st time?  

1. Before investment   

2. After investment   

3. In the process of being set up 

6. Does the board have ESG as board agenda item? 

1. Yes     

2. No     

7. If yes, when was it started?  

1. Before investment   
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2. After investment   

3. In the process of being set up  

8. When responding to the following statements about E&S issues, kindly use a scale of 1 to 5. Use 1 

for strongly disagree, 2 for disagree, 3 for moderately agree, 4 to represent agree, and 5 for strongly 

agree  

Statements 1 2 3 4 5 

There is an E&S responsible person to address E&S issues in our 

organization at the board level (Partner/ Director) 

     

There is an E&S responsible person to address E&S issues at the senior 

management level 

     

In our organization, the E&S officer addresses E&S issues at the mid-level 

management  

     

In our company, the E&S resource sits in the board       

Our institution has an E&S policy approved by the management      

Our institution has developed and implemented an Environmental and 

Social Management System 

     

Our institution has an E&S training program/policy integrated into the 

organization’s capacity building program 

     

9. When was having an E&S responsible person addressing E&S issues in your organization 

started?  

1. Board level (Partner/ Director)   

• Before investment    

• After investment     

• In the process of being set up   

2. Senior Management level 

• Before investment    

• After investment     

• In the process of being set up   

3. Mid-level management  

• Before investment    

• After investment     

• In the process of being set up   

 

 

 

SECTION C: MANAGEMENT PROCESSES 

 

1. What has been the major change in the company since acquiring the funds from an FDI? 

1. E&S performance   

o Dropped     

o Not improved    

o Slightly improved   

o Greatly improved.    

2. Financial performance  

o Dropped     

o Not improved    

o Slightly improved   

o Greatly improved.    

2. What percentage of your revenues goes to E&S implementation?  

1. No budgetary allocation   

2. 1- 10%     

3. 10- 20%    

4. 20% to 30%    

5. More than 30%   
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3. When responding to the following statements about management processes, kindly use a scale of 1 

to 5. Use 1 for strongly disagree, 2 for disagree, 3 for moderately agree, 4 to represent agree, and 5 

for strongly agree  

Statements 1 2 3 4 5 

In our organization there are milestones to incentivize E&S implementation      

Our organization encourages the management to meet the company’s E&S 

obligations through Performance bonuses 

     

ESOP is also used to encourage the management to meet the company’s E&S 

obligations 

     

Salary raise is also used to encourage the management to meet the company’s E&S 

obligations 

     

Our organization also uses promotions to encourage the management to meet the 

company’s E&S obligations 

     

KPIs for senior management include achieving E&S milestones and other E&S 

performance targets as part of their performance reviews 

     

 

 

 

 

SECTION D: INVESTOR REQUIREMENTS  

 

Social Safeguards 

1. Does the investor provide support in addressing E&S issues in the company?  

1. Yes     

2. No     

2. If yes, how 

Yes No 

1. Board discussions    

2. Provide training     

3. Monitoring visits.    

4. Additional financing    

5. 3
rd

 Party audits      

6. Others ________ 

3. When responding to the following statements about social safeguards, kindly use a scale of 1 to 5. 

Use 1 for strongly disagree, 2 for disagree, 3 for moderately agree, 4 to represent agree, and 5 for 

strongly agree 

 Statements 1 2 3 4 5 

An ESDD was carried out in our company before investment in to the organization      

An ESAP document was developed highlighting environmental and social gaps to 

be addressed 

     

The legal documents provide remedies for the fund if the company fails to meet 

E&S requirements in the legal document 

     

The developed ESAP was beneficial to the company in addressing E&S issues      

There is a list of activities that our investor prohibits our company from 

undertaking 

     

After investment, the company changed the grievance collection and redress 

mechanisms for both internal and external stakeholders 

     

The company’s gender ratio has improved post investment      

 

4. Has the terms and conditions of employment for workers changed post DFI? 

Dropped      

Not improved     

Slightly improved    
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Greatly improved.     

5. Has the compliance to labour laws changed in your company since investment? 

a. Dropped      

b. Not improved     

c. Slightly improved    

d. Greatly improved.     

6. By what percentage has the company’s gender ratio improved post investment?  

1. 0-5% 

2. 6 -10%      

3. 10-20%     

4. 20-50%     

5. 50 and above     

7. What level of E&S risk has your investor categorized your company? 

1. High Risk     

2. Medium High Risk   

3. Medium Risk    

4. Low Risk    

5. Other     

______________________________________________________________ 

 

Environmental Safeguards 

1. Which activities has your investor prohibited your company from undertaking? 

2. Items under the EDFI exclusion list     

  

3. Activities that lead to irreversible environmental degradation.    

4. Investing with individuals under the UN sanctions list    

5. Others__________________________________________________ 

2. Is your company required to report? 

1. Health and safety incidents.     Yes   No

  

2. Environmental incidents    Yes   No  

3. Litigation incidents     Yes   No

  

4. Labour incidents     Yes   No

  

5. Negative media publicity    Yes   No  

3. How do you report to your investors?  

1. Periodic reports) Monthly report  Yes   No  

2. Incident reports     Yes   No  

3. Third party report (Statutory, audits, etc.)  Yes   No

  

4. Other____________________________________________________   

    

4. When responding to the following statements about Environmental Safeguards, kindly use a scale 

of 1 to 5. Use 1 for strongly disagree, 2 for disagree, 3 for moderately agree, 4 to represent agree, and 

5 for strongly agree 

Statements 1 2 3 4 5 

The company has developed E&S policies post investment      

The company has monitored greenhouse gas emissions after investment      

The company has set emission reduction plans after investment      

The company has invested in waste recycling measures following investment      

The company has invested in water use efficiency after investment      

5. Has health and safety incidents changed since investment? 

1. Worsened      

2. Not improved     
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3. Slightly improved    

4. Greatly improved.     

If so, by what percentage 

1. 6 -10%      

2. 10-20%     

3. 20-50%     

4. 50 and above     

6. Have government agencies compliance departments warnings/sanctions/penalties or suits changed 

post FDI investment? 

1. Worsened      

2. Not improved     

3. Slightly improved    

4. Greatly improved.     

7. What does the company’s emission reduction plans include? 

1. Use of renewable energy         

2. Reduction of fossil fuel consumption     

  

3. Changing to energy efficient machinery and lighting   

  

4. Efficiency company logistics i.e. reducing number of trips, car pooling  

5. Others_____________________________________________________  

Please provide specific examples in which the company has invested in water use efficiency. 

__________________________________________________________ 

 

 

Please fill out your assessment of the changes that best describe you company`s E&S performance before 

and after the FDI investment 

 

Safeguard Performance before 

investment on a scale of 

1 to 5 

Performance During 

and or after investment 

on a scale of 1 to 5 

Comment 

14. Environmental, 

Health Safety and 

Social policies  

Poor  Poor   

Average  Average  

Above average  Above average  

Excellent  Excellent  

15. Environmental, 

Health and Safety 

permits and licenses 

where applicable i.e. 

• EIA license, 

Noise permit, 

Water 

abstraction 

permits, 

Workplace 

registration, 

Effluent license, 

Others 

Poor  Poor   

Average  Average  

Above average  Above average  

Excellent  Excellent  

16. Waste management 

systems (Liquid and 

Solid Waste) 

Poor  Poor   

Average  Average  

Above average  Above average  

Excellent  Excellent  

17. Compliance to 

acceptable emission 

levels  

Poor  Poor   

Average  Average  

Above average  Above average  
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Safeguard Performance before 

investment on a scale of 

1 to 5 

Performance During 

and or after investment 

on a scale of 1 to 5 

Comment 

Excellent  Excellent  

18. Provision of PPE for 

employees  

Poor  Poor   

Average  Average  

Above average  Above average  

Excellent  Excellent  

19. Compliance to 

Statutory audits  

• Occupational 

Safety and 

Health  

• Energy audits 

• Environmental 

audits 

 

Poor  Poor   

Average  Average  

Above average  Above average  

Excellent  Excellent  

20. Management of 

accidents and 

incidents in the work 

premises   

 

Poor  Poor   

Average  Average  

Above average  Above average  

Excellent  Excellent  

Average  Average  

Above average  Above average  

Excellent  Excellent  

21. Adherence to legal 

minimum wage 

provisions 

Poor  Poor   

Average  Average  

Above average  Above average  

Excellent  Excellent  

22. Company policies 

• HR policy 

• Health and 

Safety Policy 

• Sexual 

harassment 

policy  

• Energy policy 

Poor  Poor   

Average  Average  

Above average  Above average  

Excellent  Excellent  

23. Grievance 

management 

Poor  Poor   

Average  Average  

Above average  Above average  

Excellent  Excellent  

24. Stakeholder 

engagement  

Poor  Poor   

Average  Average  

Above average  Above average  

Excellent  Excellent  

25. Investment in 

employee welfare 

facilities  

Poor  Poor   

 Average  Average   

 Above average  Above average   

 Excellent  Excellent   
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INFORMATION AND CONSENT FORM FROM RESPONDENTS  

(Non-Indigenous Respondents) 
*This form was translated into local language for the respondents* 

 

Title of the Research: Evaluation of the Environmental Sustainability Gains 

from ESG Integration in FDI-Backed Firms in Kenya: A KAP-Based Analysis   
 

                                                      

Principal Researcher: 

 

Peter Newton Stower, 

Department of Earth and Climate Sciences,  

University of Nairobi,  

P. O. Box 30197 - 00100,  

Nairobi, Kenya.  

 

Research Supervisor 1: Bessy Eva Katha, 

Department of Earth and Climate Sciences, 

University of Nairobi,  

P. O. Box 30197 - 00100,  

Nairobi, Kenya.  

 

 

Research Supervisor 2: Evans Ligare Chimoita, 

Department of Agricultural Economics, 

University of Nairobi,  

P. O. Box 30197 - 00100,  

Nairobi, Kenya.  

 

 
A) INFORMATION TO PARTICIPANTS 

 
 

1. Objectives of the research 

The objectives of this study were to evaluates how ESG requirements incorporated within FDI contracts are 

associated with quantifiable environmental outcomes in FDI-backed firms in Kenya using the KAP model. 

 

2. Participation in research 

The researcher will ask you several pertinent questions. This interview will be recorded in written form and 

should last about 50-60 minutes. The location and timing of the interview will be determined by you, depending 

on your availability and convenience. 

 

3. Risks and disadvantages 

There is no particular risk involved in this project. You may, however, refuse to answer any question at any 

time or even terminate the interview. 

 

4. Advantanges and benefits 

You will receive intangible benefits even if you refuse to answer some questions or decide to terminate the 

interview. You will also contribute to a better understanding of how ESG integration in FDI-backed firms 
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influences environmental sustainability outcomes and will help inform future policy, investment, and corporate 

sustainability practices in Kenya.  

 

5. Confidentiality 

Personal information you give us will be kept confidential. No information identifying you in any way will be 

published. In addition, each participant in the research will be assigned a code and only the researcher will know 

your identity.  

 

6. Right of withdrawal 

Your participation in this project is entirely voluntary and you can at any time withdraw from the research on 

simple verbal notice and without having to justify your decision, without consequence to you. If you decide to 

opt out of the research, please contact the researcher at the telephone number or email listed below. At your 

request, all information concerning you can also be destroyed. However, after the outbreak of the publishing 

process, it is impossible to destroy the analyses and results on the data collected. 

 

 

B) CONSENT 

 
Declaration of the participant 

 I understand that I can take some time to think before agreeing or not to participate in the research. 

 I can ask the research team questions and ask for satisfactory answers. 

 I understand that by participating in this research project, I do not relinquish any of my rights, including 

my right to terminate the interview at any time. 

 I have read this information and consent form and agree to participate in the research project. 

 I agree that the interviews be recorded in written form by the researcher: Yes (   ) No (   ) 
 

Signature of the participant : ___________________   Date : ____________________ 

 

Surname : ________________________________ First name : ________________________________ 

 

Researcher engagement 

 

I explained to the participant the conditions for participation in the research project. I answered to the best of 

my knowledge the questions asked and I made sure of the participant's understanding. I, along with the research 

team, agree to abide by what was agreed to in this information and consent form. 

 

 

Signature of the researcher :                                             Date : 23-03-2025 

 

Surname:                                                                                 First name:  

 

 Should you have any questions regarding this study, or to withdraw from the research, please contact 

Peter Newton Stower by e-mail nywtonstower@gmail.com   

 

 If you have any concerns about your rights or about the responsibilities of researchers concerning your 

participation in this project, you can contact the Deputy Registrar (Postgraduate Studies), Nairobi 

University, Nairobi by email pg@uonbi.ac.ke 
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