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Abstract
The pastoralist households in Kenya’s arid and semi-arid lands are increasingly vulnerable to recurrent droughts and climate variability, which deteriorates livestock-based livelihoods and compromise food security. . The index-based livestock insurance has been promoted as an adaptation tool to absorb this risk by households, paying out based on satellite-derived vegetation indices as opposed to measuring losses made at the household level. This paper examines the role of index-based livestock insurance in enhancing household food security among pastoralist, focusing   on Hadado Sub-County in Wajir, Kenya. ‘The primary data was collected from 286 randomly selected pastoralist households using a semi-structured questionnaire.  The Propensity to Score Matching was used to evaluate the effect of using index-based livestock insurance on household food security.  The findings show that the presence of IBLI strongly corresponded with a decreased dependency on less preferred foods (p < 0.05), which implies that IBLI has a protective effect on diet in case of droughts. Nevertheless, there were no statistically significant differences in the frequency of run-out of food in insured and non-insured households nor in missing meals. The qualitative evidence showed that IBLI Bonds payouts helped the households to survive bouts of livestock distressive sales, as well as buy food but basis risk, and the low absorptiveness of financial literacy imposed effective constraints on maximizing benefit. This evidence suggests that, with food security impacts, IBLI can be used to maintain food quality in drought-prone pastoral societies, where other factors (financial skills training, market connectivity and emergency aid) might be necessary to supplement the intervention.
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1. Introduction
The Arid and semi-arid lands (ASALs) occupy about 89 per cent of the total land cover in Kenya and inhabit about 30 per cent of Kenya population whose livelihood largely depend on livestock [6]. Pastoralism is also an economic and cultural pillar of these regions with livestock playing a key role in the provision of food and income as well as a store of wealth. However, recurrent droughts, erratic rainfall pattern and increasing climate variability have heightened the vulnerability of pastoral communities resulting to massive livestock losses, income shocks and food insecurity [16].  This natural cycle of vulnerability has deepened poverty and recovery between climatic events in hard and thus, leaving pastoralists with diminishing capacity to invest in future resilience.
The pastoralists have been using traditional coping mechanism such as herd mobility, social networks and sale of assets to mitigate the effect of climate change with varying level of effectiveness and sustainability.  This has necessitated the adoption of innovative risk management strategies among which Index-Based Livestock Insurance (IBLI) has emerged as a promising tool to cushion pastoralist against climate- induce shocks. Unlike traditional insurance, IBLI relies on satellite-based normalized difference vegetation index (NDVI) data to estimate the existence of forage and makes a payment when forage conditions reach an unacceptable level [4]. The aim of IBLI is to mitigate the effects of drought which causes livestock deaths and also provide income to pastoral households to secure food during times of an emergency. While IBLI has been piloted and scaled in several pastoral regions of Kenya, its role in enhancing household food security among pastoralist remains insufficiently examined, particularly in highly vulnerable areas such as Hadado Sub-County in Wajir County. 

Food insecurity is a perennial challenge in Kenya’s arid and semi-arid lands (ASALs), where more than 70 percent of the population experiences moderate to severe levels of food insecurity during drought periods [8]. Humanitarian interventions only relieve the problem, not a long- term solution. Market and individual solutions like IBLI can potentially be a game changer as it offers households the ability to be proactive in their risk management [34]. IBLI has the potential to support the pillars of food security which are availability, access, utilization, and stability as it facilitates the purchase of food by households when productivity of livestock declines [34, 35].

Despite encouraging outcomes from pilot interventions in Marsabit and other northern counties, empirical evaluations of IBLI's impact on food security remain limited, particularly in localized areas such as Hadado [36]. Earlier studies have primarily concentrated on broader outcomes, such as poverty reduction or asset retention [11], while IBLI's direct influence on food security indicators including dietary diversity, consumption levels, and periods of hunger has received comparatively less attention. For instance, some studies have demonstrated IBLI’s effectiveness in reducing livestock mortality and stabilizing income [4, 9, 30], but offered limited insights into how these benefits translate into household-level food security outcomes. This gap underscores the need for context-specific research that explicitly links IBLI participation to nutrition and consumption measures. The present study addresses this gap by examining the effect of IBLI on household dietary diversity, skipped meals, and reliance on less preferred foods in Hadado Sub-County.

Moreover, the predictors of IBLI among pastoral communities are becoming more and more important in determining program results. It has been empirically shown that socio-economic factors including income, education and household size play a significant role in defining adoption decisions [33]. The demographic variables such as gender and age of the head of the household are also critical, and different populations have a dissimilar risk perception [15]. Access to the extension services, physical access to markets, and belief in insurance providers are also institutional factors that further define uptake [12]. Besides that, there are behavioral and psychological conditions including financial literacy, previous encounters with climate shocks, and the views on basis risk that influence willingness to enroll [29, 32]. These determinants should be understood to enhance the uptake of IBLI and to make it effective in protecting food security among pastoralists.
Second, current IBLI studies have focused primarily on macro- or asset-level measures, e.g., livestock mortality and income stabilization [4], but have lacked concern on consumption and nutrition outcomes, e.g., household dietary diversity scores (HDDS) or the number of food-insecure months. Third, not many studies have been conducted on a mixed-methodological approach combining both quantitative and qualitative data to help in capturing the not just statistical implications of IBLI but the lived experiences and perceptions of beneficiaries. These approaches are required to reveal how the insurance payments are being used in practice and what it promises more broadly about the strength of the households. Lastly, operational challenges on basis risk and behavioral responses which are operational aspects have been given minimal focus in the literature and they determine the degree to which insurance is helping in improving food access. This project thus bridges these gaps by using a mixed-methods approach to evaluate the role of IBLI in household food security, in addition to evaluating factors that determine adoption and barriers to implementation in the context of Hadado Sub-County.
Most of the recent studies have highlighted the promise of index insurance in contributing to climate adaptation and resilience in pastoral systems. A study by [9] show that IBLI uptake by pastoralists in Kenya is linked to decreases in livestock mortality and faster recovery after drought. These effects, however, are usually mediated by household level characteristics and local quality of implementation. Despite IBLI enhances economic resilience, its impacts on food security are contingent upon the use of payouts, particularly in buying food or keeping productive animals [4]. Furthermore, a study in Isiolo County found that insured households experienced fewer hunger months and better dietary quality during drought, citing a direct link between insurance and food consumption [14].Similarly, a study by [15] determined a positive correlation between IBLI and dietary diversity for women-headed households, citing the gendered nature of food security gains.

A study conducted in Ethiopia found that households covered with weather-based insurance were less likely to reduce food consumption during the times of crop failures [1]. The households that had insurance coverage in the drought-stricken areas of Southern Ethiopia were more likely to have stable diets even during lean seasons [17]. In Kenya, a significant challenge for index insurance, was investigated by [13], who determined that discrepancies between satellite indices and ground truth discouraged enrollment and created mistrust within communities. This was also noted by [12] who recommended community-driven index calibration and feedback mechanisms in real time to improve payout efficacy. Finally, [10] noted that bundling IBLI with nutrition education and savings programs can add to its usefulness for food security outcomes. From the above review, it’s evident that studies have not directly liked the IBLI with household food security among pastoralist. In addition, there is limited information on the role of IBLI in enhancing food security among pastoralist in ASALs regions of Kenya. The current study fills this gap by employing econometric model to evaluate the effect of IBLI on food security outcomes among pastoralist in Hadado Sub-County, Kenya.   
 2.0 Theoretical Framework
The theoretical background of the given research is in two different, yet interconnected paradigms Asset-Based Livelihood Framework (ABLF) and Risk Management Theory. Cumulatively, these paradigms will give a wide light through which the role in the Index-Based Livestock Insurance (IBLI) can be seen in the household level food security of pastoralists in Hadado Sub-County, Kenya. The analysis of how IBLI as a risk reduction measure and an asset-maintenance strategy would shape the role of insurance programs in vulnerable agro-ecological landscapes, whereby climate variability poses the greatest risk to livelihoods.
2.1 Asset-Based Livelihood Framework (ABLF)
The Asset-Based Livelihoods Framework (ABLF) is based on the Sustainable Livelihoods Approach [18, 19] that asserts that the resilience of a household in withstanding and reconstructing aftershocks are dependent on its command and access to several creatures of capital the most obvious being physical cash and human capital. In the pastoralist context that Hadado currently occupies; livestock is the most important possession of the household, it is the principal source of household income, a means of wealth storage, communal and cultural anchor of family and societal networks [2].
In this model, the preservation of the household assets takes precedence in maintenance of food security. IBLI helps protect the livestock by mitigating the distress sales that result in poor prices in case of a drought. Insurance releases payouts when satellite-measured vegetation cover reaches the set limit releasing timely cash to enable households to buy food, fulfill basic requirements, and ensure proper nutrition as well as maintenance of breeding stock that can be used in the future [5]. Such protection is to ensure that short-term survival does not compromise long-term sustainability of livelihood.
Asset-Based Livelihood Framework also explains, how IBLI complements various household capitals. It is able to retain physical capital through milk and meat production by enabling the retention of animals. Liquidity during climatic stress complements financial capital because households can avoid selling assets or cutting down on food consumption because they do not need additional liquidity. The same way, stable food availability has a positive impact on human capital through its contribution to nutrition, health and labor productivity [3].
The the model observes that by averting loss of productive property, IBLI breaks the negative cycle of asset loss, poverty and chronically food insecure households that is likely to occur due to the shocks caused by climate [24]. In ASALs regions of Kenya, this not only makes IBLI a financial product but a strategic intervention in enhancement of resilience and preservation of sustainable livelihoods.

2.2 Risk Management Theory
In this study, the Risk Management Theory (RMT) was applied to demonstrate how people and households identify, plan and act in response to the risks in an effort to reduce vulnerability [25, 26]. These resiliencies are ones that have long been provided by pastoral peoples in the form of coping strategy herd diversification, mobility and social reciprocity. These systems are however becoming inefficient with increasing frequency and severity of droughts in ASALs regions in Kenya in association with climate changes [27].
Formal ex-ante risk transfer mechanisms in the form of insurance are essential innovations in this conceptual framework by virtue of the fact that the innovations must be embraced and embraced in totality. The mechanisms allow the households to believe that they expect the shocks and can manage them because the burdens will be sold to a third party say an insurer or development partner. IBLI qualifies as such a tenet, in that it provides systematized insurances against climatic risk, through insurance payouts based on satellite-derived vegetation indices. The predictable and timely remuneration will enable IBLI to reduce uncertainty and this factor can enable pastoral households to stabilize income and even the consumption during drought periods [28].
The RMT is concerned with the psychological aspect of uncertainty other than the economic one. The understanding that help will come in case they are shocked can be utilized in reducing the level of stress and this can pave way to better decision making even before the shock sets in [29]. Such forms of protection enable households to consume lower amounts of protecting coping, such as selling productive assets, or consuming less than they would consume and instead investing in more resilient coping, such as Building resilience to resist shocks. IBLI is not only a safety net in terms of finances, it is a behavior change agent too that transforms households into reactionary crisis-response to proactive, risk-planning. Through this transition, resilience of households is boosted and benefits of food security programmes on a long-term basis increased in the pastoral drought prone areas.

2.3 Connecting Theory to Food Security Indicators
Assets Based Livelihood Framework (ABLF) and Risk Management Theory is a conceptually balanced approach to explaining both livelihood and vulnerability issues and both theories provide an effective conceptual model of how Index-Based Livestock Insurance (IBLI) can enhance household food security. However, the mechanisms differ: whereas the ABLF prioritizes the protection and preservation of livelihood assets primarily the livestock as a means of sustaining food security [18, 19], Risk Management Theory is concerned with risk transfer and income stabilization as a mode of coping with the adverse effects of climate shocks [25, 26]. The ABLF is aimed at protecting domestic livelihood assets, including livestock as the foundation of long-term household welfare and food security [18, 19]. In contrast, Risk Management Theory insists on the necessity to possess stable and predictable streams of incomes in preparing the homes against the adverse impact of the climate-based shocks [25, 26]. Collectively, the frameworks will offer an overall picture of how IBLI will enhance food security performance through concurrent protective resources of productive assets and delivering timely financial monies to ensure the household can enjoy food when Crisis hits. The food security indicators applied in the current study are tripled. The first one is the Household Dietary Diversity Score (HDDS) that is used to measure food consumption and the quality of nutrition [23]. The second indicator is the count of food-insecure months that a household has undergone, which indicates seasonal changes in the availability of food and the degree to which a household has to resort to coping strategies [23]. The third indicator is the number of times livestock products, including milk and meat, were consumed, which acts as a stabilizer of the diet and availability of necessary protein sources [24]. These indicators are directly linked to the theoretical mechanisms discussed above. Households enrolled in IBLI are likely to experience higher HDDS, as insurance payouts provide the financial flexibility to purchase a more diverse range of foods [23]. Similarly, insured households are expected to face fewer months of food insecurity, since timely payouts during drought periods reduce the need to exhaust food reserves or endure extended periods without adequate consumption. Moreover, the consumption of livestock products tends to be more stable among IBLI beneficiaries, as insurance reduces the pressure to sell animals at distress prices during acute food shortages. Instead, households can retain their livestock and sell them later at more favorable market prices, thereby ensuring consistent access to milk and meat throughout the year [24].
2.4 Empirical Support for Theoretical Linkages
The theoretical linkages expressed in this framework have a substantial empirical support. As an example, [9] used a household survey and econometric analysis to show that IBLI involvement in Northern Kenya has led to a substantial decrease in the occurrence of distress sales of livestock and contributed to the maintenance of milk production-both of which are especially useful in child nutrition and household resilience. In a corresponding study, [16] applied propensity score matching (PSM) to compare insured households in Marsabit County and found that they demonstrated greater dietary diversity and fewer hunger periods, highlighting the direct role played by IBLI with food access in times of droughts.
Likewise, [14] adopted a difference-in-differences (DiD) design and offered additional information that households that had access to IBLI also reported lower rates of meal skipping and that they maintained higher meat and milk intake during lean periods.. Their research also highlighted the psychological benefits of insurance, particularly its role in reinforcing household confidence and forward planning. Adding a gendered perspective, [15] employed a mixed-methods design combining household survey data with focus group discussions, and demonstrated that women-headed households were especially responsive to IBLI payouts. These households often prioritized food purchases, reflecting enhanced decision-making autonomy and aligning with the ABLF’s emphasis on social capital and intra-household agency.
Nonetheless, not all findings are uniformly positive. [13] Conducted a cross-sectional econometric analysis that highlighted the challenge of basis risk—the discrepancy between index-triggered payouts and actual household losses. When households experience real losses but do not receive compensation due to index calibration flaws, trust in the insurance scheme is eroded. This weakens IBLI’s role in stabilizing food security outcomes and emphasizes the need for continual improvements in the design and calibration of index-based insurance products.

2.5 Synthesis and Theoretical Expectations

In synthesizing the insights from the Asset-Based Livelihood Framework and Risk Management Theory, this study posits that IBLI contributes to improved food security in Hadado through three interrelated pathways. First, through the income effect, households with IBLI are expected to exhibit improved dietary diversity, as payouts increase their ability to purchase diverse food items. Second, through the stability effect, insured households are anticipated to experience fewer food-insecure months because timely cash injections during droughts allow them to maintain consistent food supplies. Third, through the asset effect, households are expected to sustain more regular consumption of livestock products because they are not forced to sell or slaughter their animals during crises.

These propositions inform the development of the study’s hypotheses and guide the selection of appropriate outcome measures. The theoretical framework not only outlines the mechanisms through which IBLI is expected to impact household food security but also supports the practical relevance of insurance interventions in enhancing resilience among pastoralist populations. The dual function of IBLI as a strategy for risk transfer and a safeguard for productive assets stands at the core of this study’s conceptual approach and empirical inquiry.

3. Research Methodology
3.1 Location of the Study
The research took place in Hadado Sub-County, Wajir County, Kenya (around 1,000 km²), situated in Agro-Ecological Zone VI and having arid and semi-arid climates. The region exists at about 1.7500° N latitude and 40.0500° E longitude and records 200–400 mm rainfall each year, temperatures ranging between 21°C (June–September) and 36°C (February–March) (GoK, 2012). Rainfall varies wildly, Apr averaging 68 mm and Jun just 1 mm. Hadado is bounded by Mandera County in the north, Isiolo and Marsabit in the west, Garissa in the south, and Somalia in the east. The sub-county was selected because it heavily depends on pastoralism and IBLI adoption (Murphy et al., 2017)
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Figure 1: Map of Hadado sub-County

3.2 Research Design
This paper adopted quasi-experimental study design and the study was observational; Propensity Score Matching (PSM) was used to determine the Average Treatment Effect (ATT). The IBLI beneficiaries (treatment group) were matched to those who were not beneficiaries (control group) but shared similar observable characteristics with the PSM approach thereby minimizing selection bias related to the non-random uptake of insurance [9].  Another design that was used in the study was a convergent parallel mixed-methods, to measure the impact of IBLI on pastoralists’ livelihood. The design enabled the concomitant collection of both qualitative and quantitative data that were then combined to form a more detailed and multifaceted image of the impact of the intervention under focus.

3.3 Population and Sampling
The risk population was the whole pastoralist community in the Hadado Sub-County. By utilizing population data obtained from the records at the county level, the sampling frame was established. Cluster random sampling method was employed since the pastoralists had a scattered mode of settlement. The study purposively targeted pastoralist households among the seven areas in the sub-County of Hadado: Ardhi Bogol, Hadado North, Kuta North, Kuta South, Lag Bogol, Hadado South, and Msajida. The household served as the sample units. The sample size of 286 households was calculated using Yamane's (1973) formula at the 95% level of confidence and 5% margin of error. Respondents were classified as insured and non-insured and individuals then compared at the livelihood outcomes level.

Where:
· n is the sample size,
· N is the population size, and
· e is the error of sampling.
Plugging in values:

This gives a sample size of n = 286 pastoralists. The table below shows the sample size of pastoralists’ distribution.

[bookmark: _Toc205651583]Table 1: Sample Size of the Pastoralists in Hadado sub-County
	Location (cluster)
	Number of pastoralists
	Sample size

	Ardhi Bogol	
	210
	60

	Hadado North
	185
	53

	Hadado South
	146
	42

	Lag Bogol
	124
	35

	Kuta South
	120
	34

	Kuta North
	115
	33

	Msajida
	100
	29

	Total
	1000
	286
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3.3 Data Collection Procedure 
Well- semi-structured questionnaires were used in this study to gather primary data in 286 pastoralist households. Both the IBLI beneficiaries and non-beneficiaries were used in the sample; it was done in stratified random sampling to bring out the representation of sub-groupings. Some of the information gathered by the questionnaire included demographic data, including age, gender and the level of education; livestock keeping; the primary source of household incomes and participation in the Index-Based Livestock Insurance (IBLI) project Food security measures were assessed using three indicators; Household Dietary Diversity Score (HDDS), the number of food insecure months and frequency of milk and meat intake during droughts [23, 24]. The qualitative data were used to supplement the quantitative data, and Focus Group Discussions (FGDs) and Key Informant Interviews (KIIs) were used to gather that information. These methods provided more in-depth information about the household perception of the IBLI program, particularly in its implications on food accessibility and stressor resistance due to climate [12, 15].

3.4 Data Analysis
3.4.1 Statistical Analysis Propensity Score Matching (PSM).
The Household Dietary Diversity Score (HDDS) was one of the main indicators of food security in the household to represent how much of the food items consumed by the household members throughout a one-point recall period are household food items; in this paper, the proportion of foods consumed by the household members was estimated by approximating the proportion of the household food items consumed in this period [23]. The use of other indicators such as number of months of food insecurity, frequency of milk and meat during droughts also sequestered sequestration of seasonality and stability in protein intakes.
Propensity Score Matching (PSM) was used to assess the impact of IBLI membership on the following food security outcomes. A logistic regression equation was estimated to derive propensity scores where IBLI participation was the dependent variable (with 1 = yes and 0 = no). The propensity score equation is:
p(X)=1+e(α+βX)e(α+βX)​
where:
· (
· 
· 
· .
Once propensity scores have been computed nearest neighbor matching with replacement and caliper 0.1 was used to match treatment and control units. The ATT was obtained as:


Where:
· () is the outcome for the treatment group,
· () is the outcome for the control group,
· (D = 1) indicates the treatment group.
Selection bias is a common concern when applying Propensity Score Matching (PSM), as it primarily accounts for observable characteristics while unobserved heterogeneity may still influence both treatment assignment and outcomes. To address this issue, the study implemented several measures. First, careful selection of covariates such as household size, age, education, income, and gender was guided by both theory and prior empirical studies to minimize omitted variable bias [9, 33]. Second, balance diagnostics, including standardized bias tests and variance ratios, were conducted to confirm that matched treatment and control groups were statistically comparable after matching.

Nonetheless, PSM cannot fully eliminate bias arising from unobserved factors. To strengthen the robustness of the results, future extensions of this work could employ Endogenous Switching Regression (ESR), which allows simultaneous estimation of the selection equation and outcome equations while correcting for self-selection based on unobservable. ESR has been widely recommended in impact evaluation studies where treatment assignment is non-random and influenced by both observable and latent characteristics [30]. Running an ESR model alongside PSM would provide a robustness check to determine whether the results converge, thereby increasing confidence in the reliability of the findings.
Although ESR was not implemented in this analysis due to data and resource limitations, the current study acknowledges this as a methodological limitation and recommends the application of ESR in future research to control for potential selection bias from unobserved variables
3.4.2 Covariate Balance Diagnostics
The balance of covariates is evaluated after matching by t-tests, variance or standardized percentage bias. All covariates had bias < 20%. Variance ratios were [0.62-1.62] and p-values were > 0.05, which demonstrated adequate balance.

Table 2: Covariate Balance Test after Matching
	Variable
	Treated Mean
	Control Mean
	% Bias
	t
	p-value
	V(T)/V(C)

	Gender
	1.3971
	1.3676
	5.9
	0.35
	0.727
	1.03

	AgeYears
	3.2353
	3.4853
	-14.4
	-0.81
	0.419
	0.98

	Years of schooling
	2.0882
	2.0882
	0.0
	0.00
	1.000
	1.04

	Household Size
	6.6765
	6.3529
	10.3
	0.60
	0.550
	0.96

	Monthly Income
	3.1324
	3.1765
	-3.2
	-0.19
	0.852
	1.15




3.4.3 PSM Sensitivity and Overall Balance
The Pseudo R² was used to assess the sensitivity of the models, while the bias statistics and chi-square test were also employed. The PSM model showed little difference between groups, with the low Pseudo R² and LR chi-square confirming this.

Table 3: Overall Balance and Sensitivity Diagnostics
	Statistic
	Value

	Pseudo R²
	0.006

	LR χ²
	1.06

	p-value
	0.958

	Mean Bias (%)
	6.8

	Median Bias (%)
	5.9

	B-statistic (%)
	17.6

	R
	0.99

	% Var Outside Bounds
	0



3.4.4 Other Statistical Diagnostics
To validate the robustness of the regression model and ensure data assumptions were met, diagnostic tests were performed on key food security outcome regressions.
3.4.4.1 Normality Test
The Shapiro-Wilk test confirmed that residuals followed a normal distribution (p > 0.05), validating the use of OLS for ATT estimation.

Table 4: Shapiro–Wilk Normality Test for ATT (OLS) Overall Residuals
	Model / Residuals
	N
	Shapiro–Wilk W
	p-value
	Decision (α = .05)

	ATT (OLS) – Overall residuals
	240
	0.983
	.114
	Fail to reject normality



Shapiro-Wilk normality test was used to determine whether the residuals of ATT (OLS) model followed a normal distribution. The resulting test statistic was W = 0.983 and the p-value was .114 which exceeded the conventional significance of alpha =.05. Because of that the null hypothesis of normality was not rejected. This observation indicates that the residuals were in a decent way normally distributed. The normality of residuals is a crucial assumption in the validity of the Ordinary Least Squares (OLS) regression assuring that the estimation outcomes of the ATT are valid and appropriate to be used in interpretation efforts.

3.4.4.2 Multicollinearity Test
Variance Inflation Factors (VIF) were calculated to test for multicollinearity among covariates.

Table 5: Variance Inflation Factor (VIF) Results
	Variable
	VIF
	Tolerance (1/VIF)

	Household Size
	1.22
	0.8205

	Monthly Income
	1.35
	0.7407

	Education Level
	1.47
	0.6803

	Age Group
	1.61
	0.6211

	Gender
	1.12
	0.8929

	Mean VIF
	1.35
	



Table 5 shows the results of Variance Inflation Factor (VIF) to verify as to whether there is multicollinearity between the independent variables. VIFs all are between 1.12 and 1.61 and the mean VIF is 1.35. Because these values are far below the commonly accepted criteria of 10 (and even the more agreeable 5), the outcomes show that multicollinearity is not an issue in this model. The level of corresponding tolerance values (0.6211-0.8929) also proves that there are no collinearity issues. As such the independent variables can be added to the regression with confidence without any form of efficiency lost in the estimation.

C. Heteroscedasticity Test
Breusch-Pagan test was used to assess heteroscedasticity in regression residuals.




Table 6: Breusch-Pagan Heteroscedasticity Test
	Test
	Value

	Chi² Statistic
	1.57

	df
	5

	p-value
	0.192



Table 6 shows the BreuschPagan tests of assessing the heteroskedastic presence in the regression model. The test yielded a Chi statistic of 1.57 with 5 degrees of freedom and a p- value of 0.192. The p-value was larger than the conventional significance level of 0.05 and as such the null hypothesis of homoscedasticity was not rejected. This shows that the apparatus of error in the model has equal variance and a non-issue of heteroscedasticity is involved. Due to this, estimates of the regression had efficiency as well as being unbiased thus the relationship offered more confidence in the explanations and descriptions of the results of statistical tests and conclusions.

4. Results and Discussion
4.1 Descriptive Statistics
Table 7 presents descriptive statistics for household size. On average, respondents reported 7.19 household members (SD = 3.16), with a minimum of 2 and a maximum of 12 members. This variation reflects the large and close-knit family structures characteristic of pastoralist households. Household size is an important determinant of food security, as larger households may benefit from pooled labor resources while simultaneously facing higher consumption needs, which can increase vulnerability to shocks. This dual effect has also been observed in pastoral regions of Northern Kenya, where household size enhances resilience through labor mobilization but exacerbates per capita resource constraints during droughts [6, 7].
Table 7: Descriptive Statistics for Household Size (N = 286)
	Variable
	Mean
	SD
	Min
	Max

	Household Size
	7.19
	3.16
	2
	12


Note. SD = Standard deviation.
4.2 IBLI Uptake
Table 8 shows that only 23.78% of households in Hadado Sub-County had enrolled in IBLI, while 76.22% had not. This low uptake highlights significant barriers to adoption, including limited awareness, affordability challenges, mistrust, and poor accessibility of services [12]. Similar trends have been documented in other arid and semi-arid regions, where basis risk—defined as a mismatch between index-based payouts and actual household losses—has undermined confidence in the insurance product and discouraged enrollment [13].
Table 8: IBLI Uptake Among Respondents (N = 286)
	IBLI Participation
	Frequency
	Percent (%)

	No
	218
	76.22

	Yes
	68
	23.78

	Total
	286
	100.00


The low enrollment rate underscores the urgent need for policy actions aimed at improving coverage. Recommended interventions include targeted awareness campaigns, premium subsidies, and integration with livelihood-support programs to increase accessibility and uptake [15].
4.3 Food Security Indicators
Food security was measured using three indicators: the Household Dietary Diversity Score (HDDS), the number of food-insecure months, and the frequency of milk and meat consumption. Table 9 provides the descriptive statistics for these indicators.
Table 9: Descriptive Statistics for Food Security Indicators (N = 286)
	Indicator
	Mean
	SD
	Min
	Max

	HDDS (0–12 scale)
	5.87
	1.72
	2
	10

	Food-insecure months
	3.41
	1.12
	0
	6

	aLivestock products/week
	2.97
	1.45
	0
	7


Note. HDDS = Household Dietary Diversity Score.
These measures are consistent with [21, 22], which recommend dietary diversity, seasonal food availability, and animal-source food consumption as reliable indicators of household food security.

4.4 Food Security Outcomes and IBLI Uptake
To evaluate the effects of Index-Based Livestock Insurance (IBLI) on household food security, propensity score matching (PSM) was used to estimate the Average Treatment Effect on the Treated (ATT). Three food security indicators food run-out frequency, skipped meals, and use of less-preferred foods were analyzed. These indicators are drawn from the Household Food Insecurity Access Scale (HFIAS), which captures household-level experiences of food access. It is important to note that these indicators differ from the conceptual categories of food security (chronic, transitory, break-even, and food secure) defined by FAO [24]. While FAO categories provide broad classifications, the HFIAS indicators employed here offer more granular and empirically measurable outcomes relevant to household consumption behavior during drought [23].
Table 10: ATT estimates for food-security outcomes (PSM)
	Outcome (scale/interpretation)
	Sample
	Treated Mean
	Control Mean
	Difference (ATT)
	Std. Error
	t

	Food run-out 
	Unmatched
	1.53
	1.55
	−0.016
	0.069
	0.24

	
	Matched
	1.53
	1.49
	0.044
	0.097
	0.46

	Skipped meals 
	Unmatched
	1.50
	1.55
	−0.046
	0.069
	0.66

	
	Matched
	1.50
	1.53
	−0.029
	0.097
	0.30

	Use of less-preferred foods 
	Unmatched
	1.44
	1.36
	0.083
	0.067
	1.24

	
	Matched
	1.44
	1.24
	0.206
	0.088
	2.33*



*p < .05.

The ATT results indicate that IBLI participation had mixed impacts on household food security outcomes. With respect to food run-out, the estimates were not statistically significant, suggesting that participation in the insurance scheme did not reduce the likelihood of households exhausting their food stocks during drought periods. This outcome may be attributed to the fact that insurance payouts were either too small or not released in time to buffer against acute shortages, thereby forcing households to continue relying on alternative coping strategies [30]. Similarly, the results for skipped meals were also statistically insignificant. This finding implies that IBLI, on its own, was insufficient to prevent households from resorting to the extreme coping strategy of missing meals. It therefore reinforces the view that insurance interventions must be complemented with other short-term safety nets such as emergency cash transfers or food aid to effectively address immediate food access challenges during severe drought cycles [31].
By contrast, a statistically significant effect was observed in the case of reliance on less-preferred foods. Households participating in IBLI were 0.206 points better off on this indicator compared to their non-insured counterparts (p < .05), indicating that insurance payouts allowed them to sustain a higher-quality diet and avoid resorting to inferior food substitutes. This finding is consistent with previous empirical evidence that insurance mechanisms are more effective in preserving dietary quality than in securing overall food quantity [32]. Collectively, these results suggest that while IBLI does not necessarily prevent households from running out of food or skipping meals, it plays an important role in supporting dietary diversity and quality, thereby contributing positively to household food security.



4.5 Probit Model for Covariate Estimation
A probit regression model was estimated to identify determinants of IBLI uptake. Results are presented in Table 11.

Table 11: Probit regression for probability of IBLI uptake
	Predictor
	Coefficient (β)
	SE
	z
	p

	Gender (male = 1)
	−0.082
	0.165
	−0.50
	0.618

	Age (years)
	−0.021
	0.013
	−1.62
	0.105

	Years of schooling
	−0.018
	0.056
	−0.32
	0.749

	Household size (persons)
	−0.043
	0.026
	−1.65
	0.098

	Monthly income (log/units)
	0.057
	0.058
	0.98
	0.329

	Constant
	−0.184
	0.389
	−0.47
	0.638


Model summary: N = 286; Pseudo R² = 0.021; Log-likelihood = −153.10; χ²(5) = 6.72, p = 0.243.

The probit results in Table 11 reveal that household size was negatively associated with IBLI participation (β = −0.043, p = 0.098), suggesting that larger households may face resource constraints that limit their ability to invest in premiums. Age of the household head was also negatively associated with uptake (β = −0.021, p = 0.105), indicating that older respondents may be more risk-averse or reliant on traditional coping mechanisms. Years of schooling and monthly income were not significant predictors, contradicting expectations that higher education or income necessarily increase adoption. This pattern highlights the importance of structural and behavioral barriers, such as limited trust, concerns about basis risk, and information asymmetries, which can suppress insurance demand regardless of socioeconomic status [33].

The probit model estimates indicate that only a small proportion of the variation in the uptake of IBLI can be explained by observable household characteristics (E.g., age, education, income, and household size) as indicated by the small Pseudo R2 of 0.021 and the non-significant overall model fit (χ² = 6.72, p = 0.243). Such low explanatory power indicates that the choices to adopt are highly influenced by the unobservable variables, such as product reliability perceptions, previous experiences with drought, cultural beliefs and community values [13]. It gives the significance of incorporating behavioral, trust, and contextual variables in the future analysis in order to get a better understanding of insurance demands.
5. Conclusion and Policy Recommendations 
5.1 Conclusion
The objective of the paper was to analyze how Index-Based Livestock Insurance (IBLI) can help reduce food security among pastoralist households in the region of Hadado Sub-County, in Wajir County, using Propensity Score Matching (PSM). The findings indicate that IBLI had varied outcomes. On the one hand, the insurance did not generate statistically significant differences in the acute food insecurity measures such as the incidence of food run-out or missed meals. This shows that there is a possibility that IBLI may not be sufficient in assuring households with sufficient and timely resources to buffer against severe food crises during drought. On the other hand, the results showed that the quality of diet had the positive and significant outcome of IBLI as the insured household was less likely to use less-preferred food. This means that the program may not be able to avoid short term hunger completely but of great importance to protect the consumption pattern of the household and the maintenance of dietary diversity during climatic shocks.
Overall, the findings suggest that IBLI is more helpful to improve food security through keeping the diet quality intact and allowing the food to be consumed with ease as opposed to preventing the acute food crises. Although the adoption of the program is quite low limiting its potential, the evidence indicates that the program can be an addition of value to household resilience in the medium term through enhancing risk management.
5.2 Policy Recommendations
There are a number of policy and practice implications in the findings of this study. First, because IBLI does not eliminate food run-outs or meal skipping, a period based safety net of emergency food support or cash transfer programs should be considered alongside the scheme to ensure that immediate issues regarding access to food are resolved during droughts. Second, the high value of IBLI on the quality of diet implies that program designs must enhance this protective value, such as by providing timely and sufficient payouts that households can spend on dietary variety. Third, the relatively low level of uptake observed in Hadado highlights the importance of reducing barriers to participation. This can be achieved by improving accessibility of insurance services in remote areas and by building trust through community engagement and transparency in payout processes. Finally, because the findings suggest that larger households were less likely to enroll in IBLI, targeted support mechanisms—such as premium subsidies or flexible payment schedules—could help ease the resource constraints faced by these households and encourage greater participation.
By aligning program design with these insights, policymakers and development actors can strengthen the role of IBLI in safeguarding household food security and enhancing resilience in pastoralist communities.
5.3 Limitations and Future Research Directions
This study was constrained by the cross-sectional design and limited sample size, which restricts causal inference beyond the measured outcomes. Future studies should employ panel data or randomized control trials to assess long-term impacts. Moreover, qualitative methods could uncover the behavioral and social drivers of IBLI uptake and usage. Expanding the model to incorporate unobservable characteristics would also improve estimation accuracy.
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