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ABSTRACT 

	[bookmark: _Hlk215774165]Aims: the present study aims to assess the effectiveness of mitigation strategies adopted by both farmers and government institutions regarding Human-Wildlife Conflict (HWC) in the agricultural sector of Kannur district.
Methodology: A total of 150 farmers (75 each from the Aralam Farm and Kottiyoor Range) who had experienced economic losses due to HWC were surveyed using a semi-structured interview schedule. The Index Method was used to calculate the perceived effectiveness of different mitigation measures, based on a five-point rating scale given by the farmers.
Results: The study found that Farmers prioritize measures that offer immediate, short-term relief (scare devices) and physical exclusion (fences/trenches). The lowest rating went to night guarding (Index 35.25), reflecting the operational unsustainability and extreme human cost (sleep deprivation, risk of injury) associated with this method. Coming to the Effectiveness of Government-Adopted Mitigation Measures, the highest ratings are for the physical exclusion barriers (Solar Fences, EPTs), confirming the belief that structural prevention is the most effective approach. The most significant failure is the compensation scheme, which received the lowest score (Index 28.5). This failure is systemic, as payments are often delayed and inadequate (covering only a fraction of the actual loss), which ultimately undermines public trust and tolerance for conservation. the farmers' priorities when selecting a human-wildlife conflict mitigation scheme are overwhelmingly focused on economic viability and proven success. Regarding the mitigating measures' economic evaluation Farmers think their investment in self-defense measures is not financially beneficial (Index 29.5) and have an "Extreme Loss Perception" (Index 98.75). The most vulnerable marginal farmers, who comprise 84% of the population, perceive the expense of high-quality measures as prohibitive (Index 20.75).
Conclusion: The study highlights the urgent need for a more scientific, transparent, and farmer-centric compensation framework to mitigate the socioeconomic burden of HWC and promote sustainable coexistence between humans and wildlife.
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[bookmark: _Hlk215775819]1. INTRODUCTION 

The World-Wide Fund for Nature defines human-wildlife conflict (HWC) as "any interaction between humans and wildlife that results in negative impacts on the human social, economic or cultural life, on the conservation of wildlife populations, or the environment" (WWF, 2005). In Kerala, reports of Human-Wildlife Conflict (HWC) events are increasing. Frequent encounters with wildlife have the greatest impact on agrarian households residing at the edges of forests (Hridya and Meena, 2024). 8017 human-wildlife conflict occurrences were recorded in Kerala between 2022 and 2023, according to the Forest Statistics (Kerala Forest Department) of 2023. Additionally, between 2022 and 2023, Kerala suffered an economic loss of 1044.82 lakh rupees due to human-animal conflicts, and 88 human deaths were recorded in the state. According to the "Kerala Rules for Payment of compensation to victims of wild animals 1980," the Kerala Forest Department compensates victims of attacks by wild animals. The victims received a total of ₹1044.82 lakhs during 2022–2023. During this time, crop destruction and property loss were most common in the Northern Circle and Kannur Division. Kerala became the first state in the nation to designate man-animal conflict a state-specific catastrophe in response to several animal attack deaths and growing outrage over them (The Indian Express, 2024). The detrimental effects on human livelihoods and animal conservation initiatives are the root cause of the issue of economic loss brought on by human-wildlife conflict. It includes situations in which wildlife harms livestock, property, or crops, resulting in monetary losses for farmers, communities, and governments. The financial burden is further increased by costs associated with mitigating actions like erecting fences or making up for losses. It is difficult to strike a balance between the demands of animal conservation and the financial interests of the people impacted by these disputes The Kannur Forest division is divided into three forest divisions: Kannavam, Thaliparamba, and Kottiyur. According to discussions with the forest range officers of these ranges,and the Forest statistics (2021) the Kottiyur forest range and the Aralam farm tribal restored area in the Aralam wildlife sanctuary have the highest levels of economic loss and human-animal conflict. Conflicts involving animals have increased recently in the Kannur region, where agriculture either directly or indirectly supports people's lives. Evaluating the effectiveness of mitigation measures undertaken by both farmers and Government against HWC in the area's agriculture sector is essential because this is a major issue in Kannur district and throughout Kerala.This persistent economic threat, coupled with the noted institutional inadequacy of financial mitigation tools like compensation schemes (which were rated as the least effective government measure), underscores the critical importance of effective, on-the-ground interventions. This section, therefore, moves beyond damage assessment to evaluate the strategic and practical success of both grassroots and institutional interventions. The evaluation encompasses both the low-cost, traditional methods employed by farmers (such as scare devices and physical barriers) and the high-cost, infrastructural measures implemented by government agencies (including Elephant Proof Trenches and Solar Power Fences). By assessing the perceived effectiveness of these measures against the backdrop of rising conflict, the study aims to identify intervention strategies that are not only technologically sound but also economically feasible and operationally sustainable for the local community. 
2. material and methods 

The study was conducted in Kannur District, Kerala. According to the Forest Statistics of 2023, the Northern Circle and Kannur Division saw the largest number of crop damage and property loss during this period.The Kannur Forest Division and a portion of the Aralam Wildlife Sanctuary were located in the Kannur District. The Kannur Forest Division was divided into three ranges: Kannavam, Kottiyur, and Thaliparamba. The 7,000 acres of Aralam farm were surrounded by rivulets and the Aralam Wildlife Sanctuary. After detailed discussion with various stakeholders of Human-Wildlife Conflict, it was found that the Kottiyur forest range and the Aralam farm tribal rehabilitated area in Aralam Wildlife Sanctuary had the highest levels of economic loss and human-wildlife conflict. Approximately 1,618 farmer households out of 3,500 farmer households were negatively affected by the Human-Wildlife Conflict in Aralam. According to the forest department, a total of ₹50.28 crore economic loss was reported in the last year (Administrative Officer Aralam Farm), and 2,800 farmer households out of 5,000 farmer households were negatively affected in Kottiyoor (Divisional Forest Officer Kannur). Hence, these two areas were purposively selected for the study.Respondents included farmers who suffered economic losses due to Human-Wildlife Conflict. Seventy-five farmers were randomly selected from both the Aralam farm area and the Kottiyoor forest ranges, making the total sample size 150 in the study. Primary data was collected from the selected 150 farmers using an exploratory design based on the semi-structured interview schedule and the secondary data was collected from various sources, including the forest department, the state department of agriculture, research studies (2013-2023), and other published sources. The data for the study were collected during the period from September 2024 to September 2025. The effectiveness of different mitigation measures was graded using the index method. This method transforms raw scores from a subjective 5-point rating scale into a normalized index out of 10. Opinions were collected using a five-point rating system (ranging from strongly agree to strongly disagree). Values were assigned from 1 to 5, where 1 represented the most unfavourable opinion and 5 represented the most positive opinion. The index for each statement was calculated as:
Index for the statement = (Total score obtained for the statement / Maximum obtained score for the statement) * 100
Interpretation Ranges
The calculated Index was then classified into the following descriptive ranges to grade the effectiveness or importance
Chart 1: 
	Index Percentage Range
	Interpretation (Effectiveness/Importance)

	85.00 – 100.00
	Highly Effective (or Highest Importance)

	75.00 – 84.99
	Effective (or High Importance)

	60.00 – 74.99
	Moderately Effective (or Moderate Importance)

	40.00 – 59.99
	Ineffective (or Low Importance)

	0.00 – 39.99
	Highly Ineffective (or Very Low Importance)



3. results and discussion

3.1 Effectiveness of farmer-adopted mitigation measures

Farmer-adopted measures generally comprised low-cost, immediate deterrents. The effectiveness scores, interpreted using the established index ranges, revealed a paradox: high initial satisfaction often masked long-term ecological and human sustainability issues.



Table 1 Effectiveness of farmer-adopted mitigation measures 

	Statement
	Mean (xˉ)
	SD (σ)
	Index
	Interpretation

	[bookmark: _Hlk213753601]Using scare devices (firecrackers, noise, lights) has been helpful.
	4.57
	0.73
	89.25
	Highly effective

	[bookmark: _Hlk213753654]Installing fences (electric/barbed/net) has reduced crop damage.
	4.4
	1.05
	85
	Highly effective

	Creating buffer zones using boundary trenches has been useful.
	3.85
	0.82
	71.25
	Moderately effective

	Use of bio-repellents or organic deterrents is effective.
	3.71
	0.96
	67.75
	Moderately effective

	Planting buffer crops or non-palatable species has been successful.
	3.69
	0.91
	67.25
	Moderately effective

	Forming farmer groups to monitor wildlife activity has helped.
	2.99
	1.02
	49.75
	Ineffective

	[bookmark: _Hlk213753684]Changing cropping pattern has reduced risk of wildlife raids.
	2.86
	0.91
	46.5
	Ineffective

	Guarding the field during night hours is effective.
	2.41
	0.83
	35.25
	Highly ineffective 


Source: Primary data
The assessment of mitigation strategies adopted by farmers showed a preference for immediate, sensory-based interventions, despite clear flaws in their long-term effectiveness. The strategy of Using scare devices (firecrackers, noise, lights) achieved the highest rating, deemed Highly effective with an Index of 89.25. This high consensus reflected the immediate psychological comfort and instantaneous short-term displacement provided by acute sensory stimuli upon detecting an incursion. However, the discussion cautioned that this perceived success was often temporary, as animals, particularly intelligent species like elephants were quickly adapted or habituated to regular, non-threatening noises and lights. Similarly, installing fences (electric/barbed/net) was also rated Highly effective (Index 85.00). Critically, this measure showed the largest Standard Deviation (1.05), which indicated widely inconsistent real-world success across the sample. The study attributed this variability directly to poor maintenance, inconsistent funding, and structural failures that allowed animals to breach the barrier over time. Conversely, measures requiring unsustainable human effort were severely penalized. Guarding the field during night hours received a critically low Index of 35.25, classifying it as Highly ineffective. This low score strongly condemned the method's operational unsustainability, confirming that the need for constant vigilance resulted in severe sleep deprivation, long-term health problems, and direct exposure to hazardous wildlife.
Furthermore, attempts to alter core agricultural practices were largely rejected: Changing cropping pattern (Index 46.50) was rated Ineffective. This failure was driven by economic determinism, as switching to less palatable crops imposed a certain and large opportunity cost, forcing farmers to prioritize higher-value, high-risk crops to maintain their fundamental economic output. Measures that relied on collective social action, such as Forming farmer groups (Index 49.75), also proved Ineffective, often dissolving due to issues like trust deficits and the inability to ensure fair distribution of labor and cost burdens.
3.2 Effectiveness of different government and institutional mitigation measures

Table 2 Effectiveness of different government and institutional mitigation measures

	Statement
	Mean (xˉ)
	SD (σ)
	Index 
	Interpretation

	[bookmark: _Hlk213753789]Installation of solar-powered fencing by govt. Schemes
	4.88
	0.47
	97
	Highly effective

	Installation of elephant proof trenches by govt. Schemes
	4.84
	0.52
	96
	Highly effective

	Installation of Crash guard rope fences by govt. Schemes
	4.73
	0.56
	93.25
	Highly effective

	Installation of elephant proof walls by govt. Schemes
	4.64
	0.53
	91
	Highly effective

	Deployment of rapid response teams for conflict zones
	4.63
	0.62
	90.75
	Highly effective

	Timely wildlife rescue/intervention by Forest Department
	4.06
	0.73
	76.5
	Effective

	Translocation of problematic animal
	4.04
	0.59
	76
	Effective

	Awareness and training programs for HWC mitigation
	4.03
	0.61
	75.75
	Effective

	Support for eco-tourism and alternative livelihoods
	4.02
	0.72
	75.5
	Effective

	Subsidies for fencing or protective structures
	3.9
	0.9
	72.5
	Moderately effective

	Use of mobile alerts or community WhatsApp groups helps in prevention.
	3.95
	0.63
	73.75
	Moderately effective

	Mobile-based wildlife alert systems by Forest Department
	3.44
	0.87
	61
	Moderately effective

	Insurance schemes for crop and livestock loss
	3.38
	0.9
	59.5
	Ineffective

	Radio collaring elephants and early warning
	3.01
	0.97
	50.25
	Ineffective

	Use of drones for scaring
	2.89
	0.83
	47.25
	Ineffective

	[bookmark: _Hlk213753840]Government compensation for wildlife-induced crop loss
	2.14
	0.69
	28.5
	Highly Ineffective


Source: Primary data

The evaluation of government and institutional mitigation measures highlighted a strong perception that physical barriers and immediate crisis response were the most successful approaches, while financial support systems were viewed as a profound failure. Physical barriers and crisis management interventions designed for physical exclusion received the highest possible ratings. The installation of solar-powered fencing (index 97.00) and installation of elephant proof trenches (index 96.00) were deemed highly effective by farmers, as they acted as essential psychological deterrents and structural barriers. Similarly, the deployment of rapid response teams (index 90.75) was also rated highly effective for its role in crisis management and maintaining community trust. Even other structural solutions, such as the installation of crash guard rope fences (index 93.25) and elephant proof walls (index 91), were placed in the highest tier of effectiveness. Failure of financial mechanisms conversely, mechanisms intended to foster social tolerance through financial support performed dismally, confirming a systemic institutional failure. Government compensation for wildlife-induced crop loss received the lowest score across the entire study (index 28.50), classifying it as highly ineffective. This was due to severe dissatisfaction among claimants who reported that payments were typically inadequate (covering only a fraction of the actual loss) and delayed, with non-transparent and cumbersome claiming processes, which actively undermined community tolerance towards wildlife. Likewise, insurance schemes for crop and livestock loss (index 59.50) were rated as borderline ineffective, failing due to low participation and poor implementation. Low-rated technological measures other advanced technological or supportive measures, such as radio collaring elephants and early warning (index 50.25) and the use of drones for scaring (index 47.25), were perceived as ineffective. This lower rating likely reflected issues with the reliable deployment, maintenance, and visibility of these technologies in the field compared to the immediate, tangible protection offered by physical fences and trenches.

3.3 Most important factors

The factors prioritized by farmers underscore a demand for practical, economically viable solutions that include accountability for inevitable losses.

[bookmark: _Hlk213754064]Table 3 Most important factors when choosing a conflict mitigation scheme 
	Statement
	Index
	Interpretation

	Low startup cost
	98.25
	Highest Importance

	Proven effectiveness
	97.75
	Highest Importance

	Fair level of compensation
	93.25
	Highest Importance

	Low labour effort
	93.00
	Highest Importance


Source: Primary data
The extreme priority given to Low startup cost (Index 98.25) and Proven effectiveness (Index 97.75) confirms that financial barriers and technical unreliability are the two primary obstacles to adoption. Crucially, the high value placed on a Fair level of compensation (Index 93.25) stands in sharp contrast to the low effectiveness of the current compensation system (Index 28.50). This signals a strong, unmet demand for reform, emphasizing that equitable financial management of losses is non-negotiable for long-term HWC coexistence efforts.

3.4 Economic Assessment of Mitigation Efforts

The table provides a strong consensus among farmers that human-wildlife conflict (hwc) poses a chronic, worsening, and financially unsustainable burden on their livelihoods, despite current mitigation and compensation efforts. The results are highly polarized, with extreme agreement on the severity of the loss contrasted sharply by extreme dissatisfaction with the methods used to manage that loss.

Table 4 Economic Assessment of Mitigation 

	Statement
	Mean 
	SD 
	Index 
	Interpretation

	Wildlife conflict has caused significant annual income loss.
	4.95
	0.81
	98.75
	Very Positive / Highest (Extreme Loss Perception)

	Losses due to wildlife conflict are less now compared to five years ago.
	1.34
	0.82
	8.5
	Very Negative / Least (Losses are Worse/Chronic)

	The mitigation strategies I adopted have helped reduce my financial losses.
	2.1
	0.84
	27.5
	Negative / Low Importance

	Income stability has improved after adopting government-advised measures.
	2.51
	1.14
	37.75
	Negative / Low Importance

	Government compensation received has been adequate compared to the actual loss.
	2.14
	0.69
	28.5
	Negative / Low Importance

	Investment in mitigation measures (e.g., fencing, guards, repellents) is financially worthwhile.
	2.18
	0.68
	29.5
	Negative / Low Importance

	Cost of installing and maintaining fences or repellents is affordable for small/marginal farmers.
	1.83
	0.58
	20.75
	Negative / Low Importance (Approaching Very Negative)


Source: Primary data
The economic assessment of mitigation efforts reveals a profound and chronic financial crisis for farmers, despite current strategies. Farmers reported near-universal agreement that wildlife conflict has caused significant annual income loss (Index 98.75), indicating an extreme and worsening perception of financial danger, as they also strongly disagreed that losses due to wildlife conflict are less now compared to five years ago (Index 8.50). This chronic threat is exacerbated by the highly prohibitive cost of self-defense, with the affordability of mitigation measures for small/marginal farmers receiving a critically low score (Index 20.75). Compounding this financial barrier is a deep lack of faith in support mechanisms: farmers strongly disagreed that their own investment in mitigation measures... is financially worthwhile (Index 29.50) or that the Government compensation received has been adequate compared to the actual loss (Index 28.50). This collective negative perception confirms that financial mitigation tools are institutionally ineffective and actively undermine long-term stability. Coconut is the most severely affected commodity, with the greatest number of growers affected (150), the largest area damaged (11.1 Ha cultivated, 8.9 Ha affected), and the most devastating financial loss (₹3,946,670), mostly from elephants, monkeys, and wild boars throughout all three crop stages. With 132 producers reporting the second-highest financial loss of ₹783,060, rubber is primarily damaged in the early and mature phases by elephants.

4. Conclusion

The study concluded that the success of Human-Wildlife Conflict (HWC) mitigation hinges on overcoming economic and institutional failures, despite the existence of effective technologies. Farmers highly valued large-scale physical barriers like Solar-Powered Fencing and Elephant Proof Trenches implemented by the government, along with quick Rapid Response Teams, as effective physical and crisis management tools. In contrast, low-cost farmer-led efforts such as Guarding the field at night were deemed highly ineffective due to their operational unsustainability. The greatest barrier to long-term success is the catastrophic failure of the financial system: Government compensation for crop loss received the lowest score, confirming a systemic institutional failure where inadequate and delayed payments actively destroy community tolerance. Farmers overwhelmingly prioritize Low startup cost and Proven effectiveness, confirming that high initial investment makes effective self-defense inaccessible for the most vulnerable groups. Therefore, achieving coexistence requires immediately correcting the compensation failure and guaranteeing sustained maintenance of physical barriers, as this is the only way to meet the clear and unmet demand for Fair level of compensation necessary to uphold social tolerance.
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