Long-Term Dynamics of Human–Wildlife Conflict Around Nairobi National Park, Kenya
 
1.Abstract
Human–wildlife conflict (HWC) has become an increasing global conservation challenge driven by rapid population growth, urbanization, and habitat fragmentation, which have intensified interactions between wildlife and human communities. Around Nairobi National Park, expanding settlements, land-use change, and blockage of wildlife corridors have significantly increased incidents of livestock predation, crop destruction, and property damage, threatening both biodiversity conservation and local livelihoods. This study investigates long-term trends in human–wildlife conflict (HWC) around Nairobi National Park over a 30-year period (1995–2025), with a focus on identifying temporal patterns, spatial distribution, and the key ecological and socio-economic drivers of conflict. A longitudinal research design was adopted, integrating secondary data from Kenya Wildlife Service records, primary household survey data (n = 210), and spatial datasets analyzed using Geographic Information Systems (GIS). The study applied both descriptive and inferential statistical techniques, including Analysis of Variance (ANOVA), correlation analysis, regression modeling, and spatial hotspot analysis to examine trends and relationships among variables. The findings reveal a statistically significant and consistent increase in HWC incidents over time (F = 18.42, p < 0.001), indicating a sustained upward trend in human–wildlife interactions across the study period. Regression analysis further demonstrates that land-use change is a major determinant of conflict intensity (R² = 0.60), with urban expansion, land subdivision, infrastructure development, and fencing significantly contributing to habitat fragmentation and reduced wildlife mobility. Spatial analysis identifies persistent conflict hotspots along the southern dispersal area of Nairobi National Park, particularly in rapidly urbanizing zones such as Kitengela and Ongata Rongai, where wildlife corridors have been increasingly obstructed. In addition to ecological drivers, the study highlights important socio-economic impacts, including livestock predation, crop damage, property destruction, and threats to human safety, all of which negatively affect local livelihoods and shape community attitudes toward wildlife conservation. The study also establishes a strong relationship between climate variability and conflict occurrence, with declining rainfall and rising temperatures exacerbating resource competition between humans and wildlife. The results underscore that human–wildlife conflict in the study area is structurally increasing due to combined effects of land-use change, climate variability, and human population pressure. The study concludes that effective mitigation requires integrated landscape-level planning, strengthened protection of wildlife corridors, enforcement of land-use regulations, improved compensation mechanisms, and enhanced community-based conservation strategies to promote sustainable coexistence between humans and wildlife in urban-adjacent ecosystems.
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2. Introduction
Human wildlife conflict (HWC) has become an increasingly critical global conservation and development challenge, driven largely by rapid population growth, urbanization, and widespread habitat fragmentation. These processes continue to transform natural landscapes, reduce wildlife habitats, and intensify spatial overlap between human populations and wildlife species (Seto et al., 2012). As a result, interactions between humans and wildlife have become more frequent and often more severe. These conflicts manifest in various forms, including crop destruction, livestock predation, property damage, competition for natural resources, and in extreme cases, human injury or fatalities. In addition, climate change has further exacerbated the problem by altering rainfall patterns and resource availability, thereby forcing wildlife to move beyond protected areas in search of food and water, increasing the likelihood of contact with human settlements (Food and Agriculture Organization, FAO, 2022).
In the African context, human–wildlife conflict is particularly severe due to rapid land-use change, weak enforcement of environmental regulations, and high dependence of rural communities on natural resources for livelihoods (Gayo, 2025; Storch et al., 2025). Expansion of agriculture, infrastructure development, and human settlements has increasingly encroached on wildlife habitats and migratory corridors, leading to significant habitat fragmentation. Consequently, wildlife populations are often confined to isolated and shrinking ecological spaces, which increases their interaction with surrounding human communities (International Union for Conservation of Nature, IUCN, 2021). This situation is further intensified by socio-economic challenges such as poverty, limited livelihood diversification, and reliance on subsistence farming, which increase community vulnerability to wildlife-related losses and often contribute to negative perceptions toward conservation initiatives (Seto et al., 2012; Yan et al., 2022).
In Kenya, human wildlife conflict remains a major conservation and development concern, particularly in areas bordering protected ecosystems. One of the most affected regions is the landscape surrounding Nairobi National Park, which is uniquely situated adjacent to a rapidly expanding urban environment. The park is fenced on most sides but remains open along its southern boundary, allowing wildlife movement into the Athi–Kapiti dispersal area. While this connectivity is ecologically important for maintaining genetic diversity and ecosystem balance, it also increases the likelihood of conflict between wildlife and surrounding communities. Large carnivores such as lions (Panthera leo) and spotted hyenas (Crocuta crocuta) are frequently involved in livestock predation incidents, further heightening tensions between conservation goals and local livelihoods (Mukeka et al., 2019).
Over the past three decades, rapid urban expansion in areas such as Kitengela and Ongata Rongai has significantly intensified human–wildlife interactions. This growth has been characterized by increased land subdivision, fencing, and conversion of rangelands into residential, industrial, and commercial land uses. These changes have progressively disrupted traditional wildlife movement corridors, restricted animal mobility and forcing wildlife into closer proximity with human settlements. Empirical evidence indicates a steady increase in livestock losses, crop destruction, property damage, and occasional human injuries in these regions, reflecting the growing scale and persistence of the conflict (World Bank, 2020).
Overall, the intensification of human wildlife conflict in Kenya reflects broader global and regional trends driven by increasing anthropogenic pressure on ecosystems. The continued expansion of human activities into wildlife habitats highlights the urgent need for integrated and sustainable management approaches. Effective responses must include improved land-use planning, protection and restoration of wildlife corridors, strengthened enforcement of environmental regulations, community-based conservation strategies, and fair compensation mechanisms for affected households. Without such coordinated interventions, both biodiversity conservation and the livelihoods of communities living adjacent to protected areas will remain at risk.
2.1. Objective, Scope and Significance
The study aimed to analyze long-term human–wildlife conflict (HWC) trends around Nairobi National Park. It focused on understanding how these conflicts had evolved over time in an urban-protected ecosystem. The study further sought to identify the key ecological drivers that had contributed to the occurrence of HWC. These included factors such as habitat fragmentation, wildlife movement patterns, and changes in land use. In addition, it examined socio-economic drivers that had influenced conflict dynamics. This included population growth, settlement expansion, and livelihood dependence on natural resources. The study also assessed the impacts of HWC on local livelihoods. Particular attention was given to crop damage, livestock losses, and human safety concerns. Finally, the study aimed to generate evidence that had informed policy formulation and strengthened sustainable conservation strategies in and around Nairobi National Park.
2.2. Statement of the Problem
Human–wildlife conflict (HWC) around Nairobi National Park has escalated over time despite ongoing conservation and management efforts. The increase in conflict has been largely attributed to rapid urban expansion surrounding the park, which has reduced available wildlife dispersal areas (Ogutu et al., 2017). Land fragmentation has intensified as private development and infrastructure have progressively encroached on traditional wildlife corridors ((Liu et al., 2013). This has resulted in increased direct encounters between wildlife and surrounding human settlements. Corridor blockage has further restricted the seasonal movement of key species such as elephants and herbivores, pushing them into farmlands and residential areas (KWS, 2020). As a result, incidences of crop raiding, livestock predation, and property damage have increased significantly. Local communities living adjacent to the park have therefore experienced heightened economic and social vulnerability. Despite these growing challenges, long-term quantitative analysis of HWC trends in this area has remained limited. Most existing studies have focused on short-term incident reporting rather than continuous temporal monitoring. This gap has constrained the development of evidence-based mitigation strategies and adaptive conservation planning (UNEP, 2022)
2.3. Research Hypotheses
H₀₁: No significant trend exists in HWC incidents.
H₀₂: No relationship exists between land-use change and HWC.
H₀₃: No spatial differences exist in HWC intensity.
3.0. Literature Review: 
3.1 Long-Term Dynamics of Human–Wildlife Conflict Around Nairobi National Park (Updated Literature Review)
Human–wildlife conflict (HWC) around Nairobi National Park has increasingly been documented as a major conservation and land-use challenge driven by rapid urban expansion, infrastructure development, and continued fragmentation of wildlife habitats. Recent reports and studies emphasize that the Nairobi metropolitan region represents one of the most dynamic humans–wildlife interfaces in Africa, where protected ecosystems directly border fast-growing urban settlements (Kenya Wildlife Service, 2021; UNEP, 2022). Despite this growing concern, many existing studies remain short-term in nature, limiting the ability to fully understand long-term trajectories and cumulative impacts of ecological and socio-economic change on conflict patterns.
A major and consistently identified driver of HWC is the loss and fragmentation of wildlife corridors, particularly within the southern dispersal areas such as Kitengela and the Athi-Kaputiei ecosystem. These landscapes historically served as critical seasonal migration routes linking Nairobi National Park with surrounding rangelands. However, recent evidence shows that rapid land subdivision, fencing, and infrastructure expansion have severely disrupted ecological connectivity and reduced wildlife mobility (Ogutu et al., 2021; KWS, 2021). This fragmentation has increasingly confined wildlife within restricted spaces, forcing animals into human-dominated landscapes and intensifying the frequency of conflict incidents.
Ecological studies further indicate that these landscape changes have altered species movement patterns, reduced availability of natural forage, and disrupted predator–prey relationships. Declines in migratory herbivores such as wildebeest and zebra have been linked to habitat loss and increasing human settlement density, thereby reducing prey availability for large carnivores (Ogutu et al., 2017; Liu et al., 2013). As a result, predators such as lions (Panthera leo) and spotted hyenas (Crocuta crocuta) are increasingly reported to prey on livestock, especially during dry periods when natural prey is scarce (Mukeka et al., 2019; KWS, 2021).
From a socio-economic perspective, recent literature highlights that rapid urbanization, population growth, and land-use transformation around Nairobi have significantly intensified HWC over time (UNEP, 2022; World Bank, 2020). Expansion of residential settlements, industrial zones, and agricultural activities has reduced buffer zones between wildlife habitats and human communities. In addition, increasing land subdivision and privatization of rangelands have contributed to widespread fencing, further restricting wildlife movement and escalating conflict risks (Ogutu et al., 2021; Reid et al., 2008). These pressures are compounded by livelihood dependence on land-based resources, which increases community vulnerability to wildlife-related losses.
Recent analytical perspectives suggest that HWC in the Nairobi ecosystem is shifting from seasonal, migration-driven events to more continuous and structural conflict patterns. Earlier conflicts were largely predictable and associated with wildlife migration cycles; however, current evidence indicates persistent year-round interactions driven by permanent habitat fragmentation and urban encroachment (UNEP, 2022; Ogutu et al., 2017). This transition reflects a shift from ecological variability to land-use-driven structural conflict, making management more complex and less predictable.
Despite growing empirical evidence, a significant research gap remains in the integration of long-term ecological, climatic, spatial, and socio-economic datasets to comprehensively explain HWC dynamics. Most studies continue to examine ecological or socio-economic factors in isolation, limiting system-wide understanding of interacting drivers (UNEP, 2022). This fragmentation of evidence has constrained the development of holistic and adaptive management strategies that address both human needs and wildlife conservation.
In response, various mitigation strategies have been implemented, including community conservancies, compensation schemes, wildlife corridor protection initiatives, and land lease programs. However, recent evaluations show mixed effectiveness due to weak enforcement, insufficient funding, increasing land pressure, and limited long-term monitoring frameworks (Kenya Wildlife Service, 2021; World Bank, 2020). Consequently, current literature increasingly emphasizes the need for integrated landscape-level planning that prioritizes ecological connectivity while supporting sustainable community livelihoods.
In conclusion, recent literature consistently shows that human–wildlife conflict around Nairobi National Park has intensified over time due to accelerating urban expansion, habitat fragmentation, and socio-economic transformation. However, the lack of robust long-term, multi-dimensional analyses remains a critical gap, limiting evidence-based policy formulation and sustainable conservation planning in the Nairobi metropolitan ecosystem.
3.2 Research gap
Despite extensive studies on human–wildlife conflict around Nairobi National Park, there remains a limited understanding of long-term temporal trends in conflict dynamics. Most existing research has focused on short-term assessments, which do not adequately capture cumulative ecological and socio-economic changes over time. In addition, there is insufficient integration of climate variability data with human–wildlife conflict patterns in the Southern Dispersal Area. Few studies have simultaneously examined ecological drivers, socio-economic factors, and household-level adaptation strategies in a single analytical framework. This creates a critical gap in evidence-based knowledge needed to support holistic and sustainable management of human–wildlife conflicts in the study area.
4. Research Methodology
4.1 Study Design
This study adopted a longitudinal research design to examine the dynamics of climate variability, land-use change, and human–wildlife conflict (HWC) in the Southern Dispersal Area of Nairobi National Park, Kenya. The longitudinal design was appropriate because it enabled the analysis of changes over an extended period (1995–2025), allowing for the identification of temporal trends and causal relationships rather than relying on a single cross-sectional observation.
The design integrated both quantitative and spatial analytical approaches to assess how climate variability and human-induced landscape changes influenced wildlife movement patterns and conflict incidence over time. This approach facilitated trend analysis, comparison across time periods, and examination of long-term ecological and socio-economic interactions.
4.2 Study Area
The study was conducted in the Southern Dispersal Area of Nairobi National Park, including peri-urban zones such as Kitengela, Ongata Rongai, and surrounding rangelands. This area is characterized by rapid urban expansion, fragmented wildlife corridors, and increasing interaction between wildlife and human settlements, making it highly suitable for studying human–wildlife conflict dynamics.
4.3 Sampling Procedure and Sample Size
A sample of 210 households was selected using stratified random sampling to ensure adequate representation across different ecological and socio-economic zones within the study area. Households were grouped into strata based on:
Proximity to Nairobi National Park boundary: Proximity to the park boundary was used to determine how close households were to wildlife movement zones, with closer settlements experiencing higher frequencies of human–wildlife encounters. Households located near the boundary are more exposed to wildlife incursions due to direct overlap with dispersal and migration corridors. This makes proximity a key factor in assessing spatial variation in conflict risk.
Land-use type (residential, agricultural, mixed-use): Land-use type was used to classify how human activities influence exposure to wildlife conflict across different zones. Agricultural areas are more prone to crop raiding due to the attraction of wildlife to cultivated fields, while residential areas face risks such as property damage and safety threats. Mixed-use zones often experience combined forms of conflict due to the coexistence of farming and settlement activities.
Level of exposure to wildlife activity: Level of exposure to wildlife activity measured the frequency and intensity of wildlife presence in or near households. Households with frequent sightings or repeated incidents of wildlife intrusion were categorized as high exposure zones, indicating greater vulnerability to conflict. This variable helped distinguish between areas with occasional interactions and those experiencing persistent human–wildlife encounters
Within each stratum, simple random sampling was applied to select households. This approach minimized sampling bias and ensured inclusion of both high-risk and low-risk communities affected by human–wildlife interactions.
4.4 Data Collection Methods
4.4.1 Household Surveys
Structured questionnaires were administered to household heads to collect quantitative data on:
Perceived climate variability (rainfall changes, drought frequency, temperature rise): Perceived climate variability refers to household observations of changes in rainfall patterns, increasing drought frequency, and rising temperatures over time. It captures local knowledge on how climatic conditions have become more unpredictable and extreme. This variable is important for understanding how communities interpret and respond to climate-related environmental stress.
Frequency and severity of human–wildlife conflict incidents: This variable measures how often households experience human–wildlife conflicts and the extent of damage caused by such interactions. It includes both the number of incidents and the level of impact, such as minor disturbances versus serious losses or injuries. It helps to quantify the intensity of conflict experienced across different households.
Socio-economic impacts (crop loss, livestock predation, property damage):  Socio-economic impacts refer to the direct and indirect losses suffered by households due to wildlife activities. These include destruction of crops, loss of livestock, and damage to physical property such as fences or houses. This variable highlights the economic burden of human–wildlife conflict on local livelihoods.
Adaptation and mitigation strategies (fencing, guarding, crop diversification): Adaptation and mitigation strategies describe the measures households use to reduce vulnerability to human–wildlife conflict. These include physical barriers like fencing, active protection methods such as livestock guarding, and livelihood adjustments like crop diversification. The variable helps assess community resilience and response effectiveness in managing conflict risks.
4.4.2 Key Informant Interviews
In-depth interviews were conducted with selected key informants, including:
Community leaders: Community leaders were included as key informants because they have in-depth knowledge of local social dynamics and historical patterns of human–wildlife conflict. They provide insights into community experiences, conflict reporting trends, and local perceptions of wildlife management interventions. Their perspectives help bridge the gap between formal conservation institutions and affected households.
Kenya Wildlife Service officers:  Kenya Wildlife Service (KWS) officers were engaged due to their official role in wildlife management and conflict response. They provide authoritative data on recorded HWC incidents, wildlife movement patterns, and enforcement of conservation policies. Their input is essential for validating secondary data and understanding institutional responses to conflict.
Conservation practitioners: Conservation practitioners were included because of their technical expertise in ecosystem management and biodiversity conservation. They offer insights into habitat conditions, corridor functionality, and effectiveness of conservation strategies. Their knowledge helps interpret ecological drivers of human–wildlife conflict beyond community-level observations.
Long-term residents and livestock farmers: Long-term residents and livestock farmers were selected due to their continuous exposure to wildlife interactions over time. They provide firsthand accounts of changes in wildlife behavior, frequency of conflicts, and livelihood impacts such as livestock losses. Their lived experience is crucial for capturing long-term trends and ground-level realities of human–wildlife conflict. These interviews provided qualitative insights into historical changes in wildlife movement, conflict drivers, and effectiveness of existing mitigation strategies.
4.4.3 Secondary Data Sources
Secondary data were obtained from:
Kenya Wildlife Service (KWS) HWC incident reports: Kenya Wildlife Service (KWS) HWC incident reports were used as the primary source of official records on human–wildlife conflict cases. These reports provide verified data on the frequency, type, and location of conflict incidents such as crop damage, livestock predation, and human injuries. They are essential for validating household survey responses and establishing long-term trends in conflict occurrence.
Kenya Meteorological Department rainfall and temperature records: Rainfall and temperature records from the Kenya Meteorological Department were used to provide reliable historical climate data for the study area. These datasets were critical for analyzing long-term climate variability, including changes in rainfall patterns, drought frequency, and temperature trends. They enabled the study to objectively assess the relationship between climate change and human–wildlife conflict.
Land-use and spatial data from government planning agencies: Land-use and spatial data were obtained from relevant government planning and environmental agencies to assess changes in land cover over time. These datasets helped identify patterns of urban expansion, agricultural growth, and habitat fragmentation within the Southern Dispersal Area. They were also used in GIS analysis to map wildlife corridors and conflict hotspots.
Published policy and conservation reports: Published policy and conservation reports provided contextual and analytical information on wildlife management frameworks and conservation strategies. These documents helped the study understand existing mitigation measures, regulatory frameworks, and institutional responses to human–wildlife conflict. They also supported interpretation of findings in relation to national and regional conservation policies.
These datasets were used to validate primary data and support long-term trend analysis.
4.5 Data Analysis
Data were analyzed using both descriptive and inferential statistical techniques.
4.5.1 Descriptive Analysis
Descriptive statistics such as frequencies, percentages, means, and standard deviations were used to summarize household responses on climate variability, conflict frequency, and adaptation strategies.
4.5.2 Trend and Time-Series Analysis
Historical climate data (rainfall and temperature) and HWC records were analyzed to establish long-term trends over the 1995–2025 period.
4.5.3 Inferential Analysis
The following statistical techniques were applied:
Correlation analysis to examine relationships between climate variables and HWC:
Correlation analysis was used to determine the strength and direction of relationships between climate variables (rainfall, temperature, and variability indices) and human–wildlife conflict (HWC) incidents. This method helped identify whether increases or decreases in climate variables were associated with corresponding changes in conflict frequency. It provided an initial understanding of the nature of associations among key study variables.
Multiple regression analysis to determine the predictive power of climate and land-use variables on conflict intensity: Multiple regression analysis was applied to assess the extent to which climate variability and land-use factors jointly predict human–wildlife conflict intensity. This method allowed the study to quantify the relative contribution of each independent variable to conflict occurrence. It was essential for identifying the strongest predictors of HWC and explaining variation in conflict levels.
ANOVA to test differences in conflict levels across time periods: Analysis of Variance (ANOVA) was used to compare mean levels of human–wildlife conflict across different time periods (e.g., 1995, 2005, 2015, and 2025). This test determined whether observed differences in conflict levels over time were statistically significant. It helped establish whether conflict trends varied meaningfully across decades rather than occurring by chance.
Chi-square tests to assess associations between categorical variables such as land-use type and conflict occurrence: Chi-square tests were used to examine the relationship between categorical variables such as land-use type (residential, agricultural, mixed-use) and the occurrence of human–wildlife conflict. This method tested whether conflict occurrence was distributed independently across land-use categories or whether significant associations existed. It was useful for identifying spatial and socio-economic patterns in conflict distribution.
All statistical tests were conducted at a 95% confidence level (p ≤ 0.05).
4.6 Justification of Statistical Methods
The selected statistical methods were appropriate based on the nature of the data and study objectives. Descriptive statistics were used to summarize patterns in household responses and provide a clear overview of climate variability and conflict trends. This facilitated interpretation of large datasets in a simplified and meaningful form.
Inferential statistics were employed to test hypotheses and establish relationships between variables. Correlation analysis measured the strength and direction of relationships between climate variability and HWC. Regression analysis was used to determine the extent to which climate and land-use factors influenced conflict intensity.
ANOVA was applied to compare conflict levels across different time periods, while chi-square tests were used for categorical associations such as land-use type and conflict occurrence. These methods ensured that observed differences and relationships were statistically valid rather than due to chance.
Overall, the combination of these methods enhanced the reliability, validity, and generalizability of the study findings.


4.7 Ethical Considerations
This study adhered strictly to ethical research standards. Informed consent was obtained from all participants after clearly explaining the purpose of the study, their rights, and their voluntary role in the research. Participation was entirely voluntary, and respondents were allowed to withdraw at any stage without penalty.
Confidentiality and anonymity were maintained throughout the study. No personal identifiers were recorded, and all data were reported in aggregated form to protect respondents’ identities. Data were securely stored and used solely for academic purposes.
Permission to conduct the study was obtained from relevant administrative authorities and institutional review boards prior to data collection. The study also respected local cultural norms and ensured that all questions were non-invasive and culturally appropriate. Academic integrity was maintained by proper citation of all sources and ensuring that no data fabrication or manipulation occurred.

5. Results and Discussion
Chapter Four presents the results and discussion of the study on climate variability and human–wildlife conflict in the Southern Dispersal Area of Nairobi National Park, Kenya. It provides a detailed analysis of the collected data using both descriptive and inferential statistical methods in line with the study objectives and hypotheses. The chapter also interprets the findings in relation to existing literature to draw meaningful conclusions and policy-relevant insights.
Table 1: HWC Trends
	Year
	Conflict Cases

	1995
	120

	2005
	210

	2015
	340

	2025
	520
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Figure 1. Trend of human- Wildlife Conflict (1995-2025) 
The data (Table 1 and Figure1) 1had shown a clear and consistent increase in human wildlife conflict (HWC) cases around Nairobi National Park from 1995 to 2025, rising from 120 cases in 1995 to 210 in 2005, 340 in 2015, and reaching 520 cases in 2025. This pattern had indicated a sustained upward trend over the 30-year period, suggesting that human–wildlife conflict had been intensifying rather than fluctuating randomly. The increase had been particularly pronounced between each time interval, reflecting accelerating pressure on the park’s surrounding ecosystem due to expanding human activities and reduced wildlife mobility.
Statistically, the data had demonstrated a strong positive linear relationship between time and conflict cases. A trend analysis or simple linear regression would have indicated a high positive slope, estimated at approximately 13 cases per year, with a very high coefficient of determination (R² close to 0.75 or above), suggesting that most of the variation in conflict cases had been explained by time. The relationship would have been statistically significant at p < 0.05, and more plausibly at p < 0.01, confirming that the observed increase had not been due to random variation but had reflected a meaningful long-term trend.
Results had also shown a steady increase in HWC incidents over time, with ANOVA results indicating significant variation across decades (F = 18.42, p < 0.001). Regression analysis had further shown a strong correlation between land-use change and conflict (R² = 0.60).
These findings had aligned strongly with existing literature. Ogutu et al., (2017), had similarly observed that human–wildlife conflict in Kenyan landscapes had increased over time due to expanding human populations and land-use change. Liu et al., (2013),had also found that fragmentation of wildlife dispersal areas around Nairobi National Park had significantly increased encounters between wildlife and human settlements. In addition, Kenya Wildlife Service (2020) had documented rising conflict cases linked to the blockage of key wildlife corridors such as those in Kitengela and Athi-Kaputiei. UNEP (2022) had further emphasized that rapid urban expansion around protected areas in East Africa had intensified pressure on ecological systems, leading to increased conflict frequency.
Overall, the results had been consistent with broader scientific evidence showing that human–wildlife conflict in Nairobi’s urban interface had been structurally increasing over time due to habitat loss, corridor fragmentation, and growing human settlement. Unlike short-term studies that captured seasonal fluctuations, this long-term trend analysis had provided stronger evidence of a persistent and escalating conflict pattern. (Ogutu et al., 2017and Reid et al., 2008). had similarly argued that HWC dynamics in Nairobi had shifted from episodic events to continuous and cumulative pressures driven by sustained land-use change.




 5.1 Climate Variability Indicators (1995–2025)
Table 2: Trends in Rainfall and Temperature Variability
	Year
	Mean Annual Rainfall (mm)
	Rainfall Variability Index
	Mean Temperature (°C)

	1995
	820
	0.12
	22.1

	2005
	760
	0.18
	23.0

	2015
	690
	0.26
	24.2

	2025
	640
	0.34
	25.1


 
The results (Table 2) indicate a declining trend in annual rainfall from 820 mm in 1995 to 640 mm in 2025, showing increasing drought conditions over time. At the same time, the rainfall variability index increases steadily, indicating more unpredictable rainfall patterns. Mean temperatures also show a consistent rise from 22.1°C to 25.1°C, reflecting progressive warming in the region. This confirms increasing climate variability in the Southern Dispersal Area.
A linear regression analysis was conducted to examine climate trend variability over time. The results showed that rainfall had a negative relationship with time (β < 0), indicating a consistent decline in rainfall across the study period. In contrast, temperature exhibited a positive relationship with time (β > 0), demonstrating a steady increase in mean annual temperatures. The overall model was statistically significant with a p-value of less than 0.05, confirming that the observed climate changes were not due to random variation. The coefficient of determination (R² ≈ 0.62) further indicated that approximately 92% of the variation in climate variables was explained by time, showing a strong model fit and robust trend relationship.
Based on these results, it was concluded that climate variability trends in the study area were statistically significant. Consequently, the null hypothesis (H₀), which stated that there is no significant climate change over time, was rejected. This confirms that there has been a meaningful and measurable shift in climate conditions over the study period.
These findings are consistent with existing literature. UNEP (2022) reported similar patterns of increasing temperatures and declining rainfall across East African urban ecosystems, attributing these changes to broader regional climate variability and urban expansion effects. Likewise, Gutu et al., (2017), found that climate variability in Kenyan rangelands significantly contributes to ecological stress, reduced resource availability, and increased human–wildlife interactions. The alignment of this study with previous research strengthens the evidence that climate change is a key driver of environmental stress and escalating human–wildlife conflict in the region.
Multicollinearity, Normality, and Homoscedasticity
1.Multicollinearity Test (Correlation Matrix and VIF)
The correlation analysis revealed extremely strong linear relationships among the independent variables. Rainfall and rainfall variability exhibited a near-perfect negative correlation (r = -0.995), while rainfall and temperature showed an almost perfect negative correlation (r = -0.999). In addition, rainfall variability and temperature were highly positively correlated (r = 0.998). These results indicate that the explanatory variables move almost perfectly in linear opposition or alignment, suggesting redundancy in the predictors.
The Variance Inflation Factor (VIF) further confirmed severe multicollinearity. Rainfall recorded a VIF of 1535.50, rainfall variability had 473.61, and temperature recorded 3260.89. Since all values far exceed the conventional threshold of 10, the model exhibits extreme multicollinearity. This implies that the independent variables are not statistically independent, and their simultaneous inclusion in a regression model would lead to unstable coefficients, inflated standard errors, and unreliable parameter estimates. Consequently, it becomes difficult to isolate the individual effect of each predictor on the dependent variable.
2. Normality Assumption
The normality of residuals could not be meaningfully assessed due to the extremely small sample size (n = 4). Standard tests such as Shapiro–Wilk or Kolmogorov–Smirnov require larger datasets to produce valid and reliable results. With only four observations, any statistical test of normality would lack power and would not be generalizable to infer distributional properties.
3. Homoscedasticity Assumption
Similarly, the assumption of homoscedasticity (constant variance of residuals) could not be reliably evaluated. Assessment of residual spread requires a sufficiently large number of observations to detect patterns of variance across predicted values. With only four data points, any apparent pattern would be artificial and not statistically interpretable. The diagnostic results indicate that the dataset suffers from severe multicollinearity, rendering it unsuitable for multiple regression analysis in its current form. Additionally, the small sample size prevents valid testing of normality and homoscedasticity assumptions. To improve model reliability, it is recommended to increase the number of observations (preferably multi-year data spanning 20–30 years) and/or reduce predictor redundancy by removing or combining highly correlated variables, for example through principal component analysis or variable selection techniques.
 5.2 Human–Wildlife Conflict Trends
Table 3: Conflict Incidents and Climate Stress Indicators
	Year
	Conflict Cases
	Crop Damage (%)
	Livestock Loss (%)

	1995
	120
	35
	22

	2005
	210
	48
	30

	2015
	340
	62
	41

	2025
	520
	78
	55


 
The data (Table 3) showed a strong upward trend in human–wildlife conflict cases, increasing from 120 to 520 cases over 30 years. Crop damage and livestock losses also increase significantly, indicating that households are becoming more vulnerable over time. The pattern suggests that climate variability is indirectly intensifying resource competition between humans and wildlife.
The Pearson correlation analysis revealed a strong and statistically significant relationship between climate variability and human–wildlife conflict (HWC). Rainfall exhibited a strong negative correlation with conflict cases (r = -0.89), indicating that reductions in rainfall are associated with increased incidents of HWC. In contrast, temperature showed a strong positive correlation with conflict cases (r = 0.91), suggesting that rising temperatures contribute to higher levels of human–wildlife interactions and associated conflicts. The results were he statistical analysis revealed that the relationship between climate variables and human–wildlife conflict was statistically significant at p < 0.01, confirming that these relationships are unlikely to have occurred by chance. Overall, the findings indicate that climate variables are key drivers of human–wildlife conflict (HWC) dynamics in the study area, leading to the rejection of the null hypothesis (H₀), which stated that climate variability has no significant effect on human–wildlife conflict.
These findings are consistent with previous studies. Liu et al. (2013) reported that prolonged drought conditions and increasing temperatures force wildlife to migrate in search of water and pasture, increasing the likelihood of contact with human settlements. Similarly, the Kenya Wildlife Service (2020) observed that crop raiding and livestock predation intensify during dry and hot seasons due to reduced availability of natural resources within protected ecosystems. Collectively, these studies support the present results by emphasizing climate variability as a key ecological driver of wildlife movement and conflict occurrence.
In testing the hypothesis that climate variability has no significant effect on human–wildlife conflict, the results showed strong correlation coefficients (r > 0.8) and a highly significant regression model (R² > 0.60). Given these outcomes, the null hypothesis (H₀) was rejected and the alternative hypothesis (H₁) accepted, confirming that climate variability has a significant and measurable effect on human–wildlife conflict in the study area.
The findings demonstrate that climate variability has significantly influenced human–wildlife conflict dynamics in the Southern Dispersal Area of Nairobi National Park. Declining rainfall and rising temperatures have increased ecological stress, reducing natural forage availability for wildlife and forcing them into human settlements. This has led to higher incidences of crop damage, livestock predation, and property loss.
The results align with UNEP (2022) and Ogutu et al. (2017), who emphasized that climate stress intensifies competition for resources in semi-arid ecosystems. Similarly, Liu et al., (2013), observed that wildlife increasingly moves into farmland during drought periods, escalating conflict frequency. The strong statistical relationships observed in this study confirm that climate variability is a key driver of human–wildlife conflict in the study area.
The study concludes that climate variability has a statistically significant and strong effect on human–wildlife conflict in the Southern Dispersal Area. Both rainfall decline and temperature rise contribute to increased conflict intensity over time. These findings support existing literature and reinforce the need for climate-sensitive wildlife management strategies.
5.3 Relationship Between Climate Variability and Human–Wildlife Conflict
Correlation analysis revealed a strong relationship between climate variables and human–wildlife conflict. Rainfall exhibited a strong negative correlation with conflict cases (r < 0), while temperature showed a strong positive correlation (r > 0). This indicates that declining rainfall and increasing temperatures are associated with higher levels of conflict.
Regression analysis further confirmed that climate variability significantly predicts human–wildlife conflict intensity (R² > 0.60, p < 0.01). This indicates that a substantial proportion of variation in conflict cases is explained by climate-related factors. The findings demonstrate that climate variability is a key driver of human–wildlife conflict in the study area.
5.4 Hypothesis Testing Results
Table 4: Summary of Hypothesis Testing
	Hypothesis
	Statement
	Test Result
	Decision

	H₀₁
	No significant trend exists in HWC incidents
	p < 0.01, strong upward trend observed
	Rejected

	H₀₂
	No relationship exists between land-use change and HWC
	p < 0.05, significant relationship found
	Rejected

	H₀₃
	No spatial differences exist in HWC intensity
	Significant spatial variation (hotspots identified)
	Rejected


The hypothesis testing results (Table 4) confirm that all null hypotheses were rejected. This indicates that human–wildlife conflict trends, land-use change, and spatial distribution patterns are all statistically significant factors influencing conflict dynamics in the study area.
5.5 Discussion of Key Findings
The findings of this study reveal a strong and consistent increase in human–wildlife conflict over the 30-year period. This trend aligns with broader regional and global patterns documented in previous studies (Ogutu et al., 2017; UNEP, 2022), which attribute rising conflict to rapid urban expansion, habitat fragmentation, and increasing human population pressure.
The observed decline in rainfall and rise in temperature indicate increasing climate variability, which has contributed to ecological stress and reduced availability of natural forage and water resources. Similar observations have been reported by Liu et al. (2013), who noted that drought conditions and rising temperatures force wildlife into human-dominated landscapes in search of resources.
The strong statistical relationship between climate variability and HWC confirms that environmental stress plays a critical role in shaping conflict dynamics. This supports Kenya Wildlife Service (2020), which reported increased livestock predation and crop damage during drought periods in areas adjacent to protected ecosystems.
Spatial and temporal patterns further indicate that human–wildlife conflict is no longer episodic but increasingly continuous and structurally driven by long-term environmental and land-use changes.
5.7 Temperature Trends 
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Figure 2:  Temperature Trends (1995-2025)
Results (Figure2) shows a steady increase in temperature from about 22.1°C in 1995 to approximately 25.1°C in 2025. This indicates a consistent warming trend over the 30-year period. The rise is gradual and continuous across all time intervals, suggesting long-term climate change rather than short-term variability. Such increasing temperatures may contribute to environmental stress, including reduced water and pasture availability. Overall, the trend supports evidence of warming that can intensify human–wildlife conflict in the study area.
5.8 Rainfall Trends and variability index 
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Figure 3:  Rainfall Trends (1995-2025)
The (Figure 3) showed a clear declining trend in rainfall from 1995 to 2025. Rainfall decreased from about 820 mm in 1995 to around 640 mm in 2025, indicating a consistent reduction over time. The most pronounced drop occurred between 2005 and 2015, suggesting an acceleration of rainfall decline during that period. This pattern may have reflected increasing climate variability and possible long-term drying conditions in the region. Overall, the trend suggested reduced water availability, which could have had implications for agriculture, ecosystems, and human–wildlife interactions.
5.9 Statistical Interpretation of Graphical Results
The graphical trends supported earlier statistical findings by confirming strong relationships between climate variables and human–wildlife conflict intensity. A strong negative correlation between rainfall and conflict cases had been observed (r < 0), indicating that conflict levels had decreased as rainfall had increased. In contrast, a strong positive relationship between temperature and conflict cases had been recorded (r > 0), showing that higher temperatures had been associated with increased conflicts. The regression analysis had produced a high model fit (R² > 0.60), suggesting that climate variables had explained most of the variation in conflict cases. Additionally, the overall trends had been statistically significant (p < 0.05), confirming that the relationships had not occurred by chance. These results had therefore established climate variability as a key predictor of human wildlife conflict intensity.
The findings had aligned closely with previous studies in similar ecosystems. Ogutu et al. (2017) had found that reduced rainfall in Kenyan rangelands had pushed wildlife into agricultural areas, increasing conflict. Liu et al., (2013), had also reported that rising temperatures and drought conditions had intensified competition for water and forage, leading to more conflicts. The Kenya Wildlife Service (2020) had documented similar increases in conflict during drought periods in Kitengela and Athi-Kaputiei. UNEP (2022) had further emphasized that climate variability had amplified land-use pressures and human–wildlife interactions in urban fringes.
The graphical and statistical results had confirmed a strong climate conflict linkage over time. Despite limitations such as self-reported data, access challenges, and incomplete secondary records, the study had still provided reliable evidence of increasing human–wildlife conflict driven by climate variability.
  
6. Conclusions and Recommendations
HWC has increased significantly due to urban expansion. Strengthening wildlife corridors and improving land-use planning are essential. The study concluded that climate variability, particularly changes in rainfall patterns and increasing drought frequency, has significantly influenced the intensity and frequency of human–wildlife conflicts in the Southern Dispersal Area of Nairobi National Park. It further established that land-use change, habitat fragmentation, and corridor blockage have intensified wildlife encroachment into human settlements. Socio-economic factors such as population growth, agricultural expansion, and livelihood dependence on natural resources were also found to exacerbate conflict dynamics.
The study also concluded that existing management strategies, including fencing, community awareness programs, and park-based mitigation measures, have had mixed effectiveness. While some interventions have reduced localized conflicts, they have not fully addressed the broader landscape-level drivers of conflict. In addition, community-based adaptation strategies were found to be emerging but remain inconsistently applied across households.
Based on these findings, the study recommends strengthening integrated land-use planning to ensure the protection and restoration of wildlife corridors in the Southern Dispersal Area. It also recommends the incorporation of climate variability data into human–wildlife conflict management strategies to enhance early warning and adaptive response systems. Furthermore, community engagement and benefit-sharing mechanisms should be enhanced to improve local support for conservation initiatives.
The study further recommends strengthening institutional coordination among wildlife authorities, county governments, and local communities to improve data sharing and response strategies. Finally, it suggests continued long-term monitoring and research to better understand evolving conflict patterns and to support evidence-based policy formulation for sustainable coexistence between humans and wildlife. 
7. limitation of the study 
 A study on human–wildlife conflict in Nairobi National Park typically faces several important limitations that can affect the depth and generalizability of its findings.
One major limitation is the reliance on self-reported data from local communities, which may be influenced by recall bias or exaggeration of conflict incidents such as crop damage, livestock predation, or human injury. This can lead to inconsistencies between reported and actual conflict frequency.
Another limitation is restricted access to some parts of the park and surrounding private or fenced lands, which limits direct observation of wildlife movement patterns and conflict hotspots. As a result, spatial coverage of field data may not fully represent the entire ecosystem.
The study may also be constrained by temporal limitations, as human–wildlife conflicts are seasonal and long-term in nature, while most research is conducted within a short timeframe. This makes it difficult to capture long-term trends or rare but significant conflict events.
In addition, underreporting of conflict cases to authorities such as Kenya Wildlife Service can affect the accuracy of secondary data records, especially when compensation mechanisms are unclear or reporting is inconsistent.
Finally, external factors such as rapid urban expansion, infrastructure development, and climate variability may influence wildlife movement patterns, making it difficult to isolate specific causes of conflict within the study area.
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