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Abstract 

Livestock production continues to serve as a critical foundation for livelihoods and economic 

resilience in the arid and semi-arid lands (ASALs) of northern Kenya, where pastoralism remains the 

dominant livelihood strategy. In the rangeland ecosystems of Turkana and West Pokot counties, the 

sustainability of pastoral systems is vital for the socio-economic well-being of local communities. 

However, these systems face increasing pressure from recurrent droughts and climate variability, 

which severely threaten forage availability and livestock productivity. These challenges underscore 

the urgent need for innovative and scalable risk management approaches. This study examines the 

effectiveness of Index-Based Livestock Insurance (IBLI) as a tool for supporting sustainable 

rangeland-based pastoral systems in northern Kenya. Specifically, it assesses the empirical impact of 

IBLI adoption using the Enhanced Vegetation Index (EVI) as a proxy for forage availability. Employing 

a Difference-in-Differences (DID) approach with fixed effects, we analyze panel data derived from 

high-resolution MODIS-NASA satellite imagery spanning the years 2003 to 2021. The analysis 

focuses on determining the causal effects of IBLI adoption on rangeland health and pastoralist 

resilience in Turkana and West Pokot. Our findings indicate that IBLI adoption is associated with a 

statistically significant improvement in rangeland conditions, estimated at approximately 4%. 

Additional DID analyses suggest that this improvement is driven by enhanced forage sustenance, 

which itself shows a positive effect in the range of 3% to 4%. These results highlight the dual role of 

IBLI as both a household-level financial risk buffer and an enabler of ecological stability in pastoral 

systems. Overall, the study provides robust empirical evidence supporting the role of IBLI as an 

effective climate risk mitigation strategy. It contributes to the growing body of knowledge on 

sustainable pastoralism in ASALs and offers timely, policy-relevant insights for the expansion of IBLI 

programs across other drought-prone regions of Sub-Saharan Africa. By fostering both economic and 

ecological resilience, IBLI represents a promising pathway for strengthening the adaptive capacity of 

pastoralist communities in the face of escalating climate risks. 

Keywords: livestock production; IBLI; EVI; NDVI; difference-in-differences (DID) 

 

Introduction 

Agriculture continues to serve as a primary source of livelihood for millions globally, 

particularly within pastoral communities residing in arid and semi-arid lands (ASALs) [1]. In these 

regions, where alternative economic opportunities are often limited due to harsh climatic and 

environmental conditions, agricultural activities provide not only sustenance but also economic 

stability. Among the various agricultural subsectors, livestock production stands out as a pivotal 
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contributor, accounting for more than half of global agricultural output [2]. This underscores the 

strategic importance of livestock systems in supporting rural economies and enhancing household 

resilience. 

Investing in livestock development is therefore not only critical for driving economic growth but 

also for achieving broader social and developmental goals. Livestock production contributes directly 

to poverty alleviation by generating income, providing employment, and improving food and 

nutritional security. In line with the United Nations Sustainable Development Goals (SDGs), 

especially those related to ending poverty (SDG 1), achieving zero hunger (SDG 2), and promoting 

sustainable economic growth (SDG 8), the promotion of sustainable livestock systems is of 

paramount importance [2]. 

As Moyo and Swanepoel [3] note, livestock rearing is indispensable to the livelihoods of people 

living in rangelands across developing countries. It ensures access to essential dietary proteins, 

supports a dignified standard of living, and, when managed appropriately, contributes to 

environmental sustainability. Beyond its direct consumption value, livestock also supplies a wide 

array of by-products that fuel local industries. Banda et al. [4] emphasize that animals provide raw 

materials such as hides, skins, bones, and manure, which support sectors ranging from leather and 

fertilizer production to artisanal crafts.  

In the rangelands of northern Kenya, pastoral systems play an indispensable role in supporting 

local livelihoods by providing both food and income [5]. These systems not only underpin household 

subsistence but also contribute significantly to the broader rural economy through their integration 

into agricultural value chains. As Herrero et al. [6] argue pastoralism constitutes a critical livelihood 

strategy, particularly in arid and semi-arid regions, offering employment opportunities across 

various nodes of livestock production, processing, and marketing. Moreover, livestock assets serve 

as a vital source of economic security and social capital, especially for women and marginalized 

populations in developing countries, where access to alternative income-generating opportunities 

may be limited. Despite their socioeconomic importance, a range of environmental stressors 

increasingly threatens pastoral systems in northern Kenya and similar regions across Sub-Saharan 

Africa. Chief among these are climate variability, recurrent droughts, and other extreme weather 

events, which have intensified in frequency and severity over recent decades [7,8]. These climatic 

pressures not only reduce pasture availability and water access but also exacerbate vulnerabilities to 

food insecurity and heighten the risk of resource-based conflicts among pastoral communities. In 

countries such as Kenya and Ethiopia, where pastoralism forms the backbone of rural livelihoods in 

arid and semi-arid lands (ASALs), ensuring the sustainability and resilience of pastoral systems is 

therefore both a developmental and humanitarian imperative. 

Droughts represent a significant and recurrent threat to pastoral production systems, 

particularly in arid and semi-arid regions such as the rangelands of Northern Kenya [9]. These 

climatic shocks severely disrupt livelihoods dependent on livestock by reducing forage availability, 

increasing mortality rates, and exacerbating food insecurity. In response to these challenges, 

pastoralist communities have historically relied on informal risk management strategies, such as 

increased mobility and intensified nomadism. However, these traditional coping mechanisms have 

proven largely inadequate in the face of increasingly frequent and severe drought events [10–12]. 

Attempts to introduce formal financial instruments, such as indemnity-based or conventional 

livestock insurance, have also been largely unsuccessful in these contexts. These schemes have 

suffered from persistent market failures, including high administrative and transaction costs, 

asymmetric information leading to adverse selection, and moral hazard problems, rendering them 

unsustainable in low-income, mobile pastoral settings [13–15]. 

In light of these shortcomings, an innovative alternative—Index-Based Livestock Insurance 

(IBLI)—was introduced in 2010. The IBLI program was developed through a partnership between 

international organizations, the Government of Kenya, and academic institutions with the aim of 

offering a viable, scalable drought-risk solution tailored to pastoralist needs in the region [16]. Unlike 

conventional insurance models that require on-the-ground verification of losses, IBLI leverages 
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remote sensing technologies to monitor vegetation conditions via the Normalized Difference 

Vegetation Index (NDVI), a satellite-derived indicator of forage availability. Payouts are triggered 

when vegetation indices fall below predetermined thresholds, thereby signaling the onset of drought-

related stress [17]. This design helps reduce costs, improves transparency, and mitigates some of the 

information asymmetries that plague conventional schemes. 

Although there is a growing body of literature advocating for the promotion of sustainable 

pastoral systems and climate-resilient livelihoods in dryland areas, there remains a notable gap in 

empirical research specifically examining the impact of IBLI on pastoral systems. To address this 

knowledge deficit, this study evaluates the effects of IBLI implementation on pastoral livelihoods in 

Northern Kenya. Using a difference-in-differences (DID) estimation strategy with fixed effects, we 

compare pastoral outcomes in Turkana County—where IBLI has been operationalized—with those 

in the neighboring West Pokot County, which has not adopted the program. This approach allows 

us to isolate the impact of IBLI while controlling for unobserved, time-invariant heterogeneity 

between the counties. The remainder of this paper is structured as follows: Section 2 presents a 

conceptual and theoretical framework for Index-Based Livestock Insurance (IBLI).Section 3 reviews 

existing empirical studies related to IBLI and its socio-economic impacts. Section 4 describes the 

study area, data sources, and methodology employed. Section 5 presents the empirical findings. 

Section 6 discusses the limitations of the study and outlines areas for future research. Section 7 

concludes with a synthesis of findings and their implications for policy and practice.  

2. Theoretical Framework of Index-Based Livestock Insurance (IBLI) 

Index-Based Livestock Insurance (IBLI) represents a novel approach to agricultural risk 

management, specifically tailored to the needs of pastoralist communities vulnerable to climate-

induced shocks. Developed as a means to mitigate the adverse impacts of droughts on livestock-

dependent livelihoods, IBLI has been implemented since 2010 in the arid and semi-arid rangelands 

of northern Kenya [18]. 

Unlike traditional indemnity-based insurance, which requires field-based assessment and 

verification of individual claims, IBLI employs a parametric model wherein payouts are triggered by 

deviations in a remotely sensed environmental index. In this case, the insurance product uses the 

Normalized Difference Vegetation Index (NDVI)—a satellite-derived measure of vegetation 

greenness—as a proxy for forage availability [15,19–21]. This design allows for rapid, objective, and 

cost-effective loss assessment across large, remote areas. 

The theoretical foundation of IBLI rests on a well-documented relationship between forage 

availability and livestock mortality in pastoral production systems [22]. In dryland regions, livestock 

survival is highly dependent on access to adequate grazing resources. NDVI effectively captures the 

dynamics of forage conditions, making it a suitable index for estimating drought-induced losses. Low 

NDVI values, which indicate reduced vegetation greenness, are typically associated with increased 

livestock mortality. Conversely, periods of higher NDVI reflect sufficient forage, supporting herd 

health and survival [11,12,16,23]. 

IBLI operates through a threshold-based payout structure. For instance, when NDVI values fall 

below a predefined minimum threshold (e.g., 15%), indicating extreme forage scarcity, and the 

policyholder receives the minimum insurance payout. As vegetation, conditions deteriorate 

further—approaching a higher loss threshold (e.g., 60%)—the payout increases proportionally. This 

relationship between NDVI levels and payout amounts is illustrated schematically in Figure 1. 

While IBLI is not without limitations—most notably the presence of basis risk, wherein actual 

losses may not correspond to the index signal—it offers several advantages over conventional 

insurance products. By relying on objective, remotely sensed indicators rather than subjective loss 

assessments, IBLI effectively addresses key barriers to insurance uptake in rural settings. These 

include high transaction costs, information asymmetries, adverse selection, and moral hazard 

[10,16,19,21]. As such, IBLI presents a scalable and innovative tool for climate risk management 

among vulnerable pastoralist populations.  
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Figure 1. Hypothetical illustration of IBLI: Adopted from Gebrekidan et al. [17]. 

3. Prior Study and Research Hypothesis  

• Despite growing interest in Index-Based Livestock Insurance (IBLI) as a risk management tool 

for pastoral communities, there remains a notable gap in the literature concerning its impacts at 

the county or broader administrative levels. The majority of empirical studies focus primarily 

on household-level outcomes or the unit-area of insurance, offering limited insights into how 

IBLI shapes systemic change across entire pastoral systems.  

Household-level studies provide robust evidence that IBLI can significantly alter pastoralist 

behavior and outcomes. For instance, Matsuda et al. [24], using household survey data, find that IBLI 

encourages a transition away from informal, often inefficient risk-coping strategies—such as distress 

sales of livestock or reliance on social networks—toward more reliable, market-based mechanisms 

for managing drought-related risks. Ikegami et al. [25] report similar findings and again by Matsuda 

et al. [24], who show that IBLI coverage is positively associated with asset accumulation, suggesting 

improved long-term resilience. 

Timu et al. [26] further extend this evidence by demonstrating that IBLI improves household 

food security, with particularly strong effects observed among female-headed households. 

Gallenstein et al. [27] highlight that insured households are more likely to access formal credit and 

participate in high-risk, high-return investment opportunities—activities typically avoided due to 

the high exposure to climate-related shocks. Additionally, IBLI appears to mitigate the fear of 

covariate losses, which often drive premature and distress-induced livestock sales. By reducing this 

fear, IBLI helps pastoralists maintain their herds during periods of climatic stress, contributing to the 

sustainability of their livelihoods (see also [20]).  

Jensen et al. [28] provide further evidence of the positive welfare effects of IBLI, noting 

improvements in both health and economic well-being among insured pastoralists. Gebrekidan [17] 

finds a positive correlation between IBLI coverage and poultry ownership, interpreting this as a 

behavioral adaptation to downside basis risk—the risk that losses are incurred but the insurance is 

not triggered. Poultry, being less susceptible to drought, may serve as a buffer in such situations, 

offering an additional layer of household resilience. 

The literature also points to potential limitations and unintended consequences. Bulte and 

Haagsma [29], for example, describe the welfare impacts of IBLI as “ambiguous,” warning that 

insurance could inadvertently reinforce inefficiencies such as overstocking, which may further 

degrade already fragile rangeland ecosystems. Similarly, Carter et al. [30] contend that the effects of 

remote-sensing-based insurance schemes on livestock production are mixed and, in many cases, 

inconclusive. Takahashi et al. [31] find no statistically significant impact of IBLI on the use of informal 
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risk-sharing mechanisms, suggesting that traditional social networks may remain resilient or 

indispensable, regardless of insurance uptake. 

Other studies examine the differential effects of IBLI on household consumption and resilience. 

Carter et al. [32] report that uninsured households consume fewer meals than their insured 

counterparts, indicating a direct welfare benefit of IBLI during times of shock. Likewise, Cisse et al. 

[33] provide evidence that IBLI contributes to enhancing the overall resilience of pastoralist 

communities. 

Gebrekidan [17] also documents a positive influence of IBLI on household saving behavior. 

According to the study, insurance allows pastoralists to avoid distress sales by enabling them to 

retain their livestock until market prices are more favorable. This strategic timing of sales increases 

income potential and facilitates both consumption and cash savings, thereby strengthening long-term 

economic stability. 

Taken together, the existing body of research underscores the significant promise of IBLI as a 

mechanism for improving household-level outcomes in pastoral communities. However, the 

predominant focus on micro-level impacts leaves open critical questions about how these individual-

level changes aggregate to influence broader pastoral systems, including county-level development, 

natural resource management, and institutional dynamics. A more integrated, multi-scalar research 

approach is needed to assess the systemic effects of IBLI and to inform policy interventions that aim 

to support climate resilience and sustainable pastoralism at scale. 

By focusing on Turkana and West Pokot counties, this study contributes to the literature by 

analyzing the county-level effects of Index-Based Livestock Insurance (IBLI) on pastoral systems in 

the rangelands of northern Kenya. Specifically, we test the null hypothesis that IBLI has no effect on 

pastoral systems, using the Enhanced Vegetation Index (EVI) Being open-access rangelands, reliable 

data on livestock production is unavailable. The nomadic lifestyle makes it difficult to maintain 

formal records of production. On the other hand, data based on herders’ recollection of production 

events may be inaccurate due to their limited ability to remember every detail from years ago. The 

rationale here is that if sustainable forage consumption is established in these open-access 

rangelands, livestock production will improve. as a proxy for pastoral systems. However, the 

findings presented in the subsequent sections lead us to reject this hypothesis, suggesting that IBLI 

does enhance pastoral systems in these rangelands of northern Kenya.  

4. Research Settings and Methodology 

4.1. Study Area 

The rangelands of northern Kenya are among the economically distressed regions of the country 

[35]. This study focuses on two neighboring counties within these rangelands: Turkana and West 

Pokot. Rain-fed pastoral systems are the primary economic activity in both counties, making livestock 

a central livelihood resource and a critical asset for poor communities in these areas [36–39].  

However, overdependence on rain-fed livestock production exposes these counties to climate 

variability, which can negatively affect livelihoods and lead to food insecurity [40]. Additionally, 

resource-use-induced conflicts occasionally arise, further disrupting economic activities—

particularly pastoral systems [16,41]. 

To enhance the sustainability of pastoral systems, agricultural risk management tools have been 

introduced among pastoral communities in these rangelands. The most prominent of these is Index-

Based Livestock Insurance (IBLI), which was introduced in 2010. Since its introduction, more than 

90% of pastoralists with IBLI coverage have been enrolled in the Kenya Livestock Insurance Program 

(KLIP)—a highly subsidized program. To date, over 300,000 cattle equivalents (worth approximately 

USD 145 million) have benefited from the IBLI program [42]. Figure 2 shows the study counties of 

Turkana and West Pokot. 
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Figure 2. Turkana and West Pokot counties, adopted from: Opiyo et al. [41]. 

4.2. Methodology 

4.2.1. Benchmark Model-Difference-in- Differences (DID) Model 

The introduction of index-based livestock insurance (IBLI) in 2010 provides an opportunity to 

use it as a quasi-natural experiment to test its effects on pastoral systems in the rangelands of northern 

Kenya, using a difference-in-differences (DID) model. The DID models are well-suited for policy or 

program evaluation, as they represent a quasi-experimental design that helps researchers assess 

causal relationships in situations where Randomized Controlled Trials (RCTs) are not feasible for 

various reasons including high cost of implementing them [43]. 

These econometric models, commonly referred to as DID models, compare two sets of groups: 

the treated group (which was subjected to the policy) and the control or untreated group (which was 

not). DID models primarily compare within-group variations between the treated and untreated 

groups over time [44–46]. 

The robustness of DID model results depends on several key indicators, as proposed by 

Huntington-Klein [44]. For unbiased DID estimation, it is important to ensure there is no reason to 

expect a sudden change in the control group during the treatment period. According to Huntington-

Klein [44], other crucial assumptions for DID models include strong similarities between the treated 

and control groups and the presence of similar pre-treatment trends in the dependent variable for 

both groups—known as the parallel trends assumption. 

By enabling a comparison of pre- and post-policy intervention outcomes for both the treated and 

control groups, DID models help address issues of endogeneity and time-invariant differences 

between the two groups [47]. 

The IBLI program was implemented in 2010 [16]. In this study, Turkana County serves as the 

treatment entity (i.e., the county where the IBLI program was implemented), while Pokot West 
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County serves as the control entity (i.e., the county where the IBLI program was not implemented). 

Equation (1) represents the benchmark DID model for this study: 

𝑌𝑖𝑡 = 𝛽0 + 𝛽1𝑃𝑜𝑙𝑖𝑐𝑦𝑖𝑡 + 𝛽2𝐶𝑜𝑛𝑡𝑟𝑜𝑙𝑠𝑖𝑡 + 𝜂𝑡 + 𝛾𝑖 + 𝜀𝑖𝑡 (1) 
Where i refers to the country and t indicates the year. The dependent variable 𝑌𝑖𝑡 stands for 

‘pastoral systems’, which is proxied by the logarithm of the Enhanced Vegetation Index (EVI), an indicator 

of forage availability—denoted as evi_log in Table 1. The policy variable, which corresponds to our 

coefficient of interest (β₁), is a dummy variable indicating the IBLI program. It is the interaction 

between the policy dummy variable (with IBLI or treated) and the time dummy variable (after the 

year 2010, or post).Since Turkana County has an active IBLI program, Treat = 1; otherwise, Treat = 0. 

Similarly, Post = 1 when t is after the year 2010 (the year of IBLI program implementation); otherwise, 

Post = 0. Controls refer to a set of control variables, 𝜂𝑡 represents time fixed effects, 𝛾𝑖   represents 

country fixed effects, and 𝜺𝒊𝒕 is the random disturbance term. The key coefficient in equation (1) is 

β₁, representing the effect of the IBLI program/policy. It reflects the impact of Index-Based Livestock 

Insurance (IBLI) on pastoral systems in the rangelands (Turkana and West Pokot counties) of 

northern Kenya. Statistically, if β₁ > 0 and is significant, then the IBLI program enhances livestock 

production in the rangelands of northern Kenya. 

Table 1. Descriptive statistics. 

Variables N Mean St. Dev. Min Max 

precip 931 654.046 446.453 84.172 2,371.706 

evi 931 9.554 4.634 3.081 21.732 

evi_log 931 2.133 0.509 1.125 3.079 

precip_log 931 6.233 0.739 4.433 7.771 

precip_lag 930 6.232 0.739 4.433 7.771 

evi_lag 930 2.132 0.509 1.125 3.079 

4.2.2. Testing the Parallel Trends Assumption 

Satisfying the parallel trends assumption before the policy intervention for the experimental and 

control groups is critical to obtaining unbiased results. This means the validity of the Difference-in-

Differences (DID) estimation depends on passing the parallel trends assumption test [48]. To meet 

this condition in this research, the trends in pastoral systems in Turkana County (with the IBLI 

program) and West Pokot County (without the IBLI program) should be consistent before the policy 

(IBLI) implementation. To test this assumption, this study conducts a test for the parallel trends 

assumption. 

Researchers typically use two approaches to test the parallel trends assumption in DID models: 

graphical and statistical [49]. This research adopts the statistical approach. In this approach, an 

interaction term between the time dummy variable (before treatment) and the treatment group is 

included in a fixed-effects regression. If we fail to reject the coefficient of the ‘before treatment’ 

interaction term at the 5% significance level, the parallel trends test is considered to have passed [50]. 

Following Riveros-Gavilanes [51], equation (2) represents the statistical approach to testing this study 

parallel trends assumption:  

𝑌𝑖𝑡 = 𝜆𝑡 + 𝜓𝑖 + 𝛼(𝐷𝑖𝑡𝑝𝑟𝑒 ∗ 𝑇𝑖𝑡) + 𝜏(𝐷𝑖𝑡𝑝𝑜𝑠𝑡 ∗ 𝑇𝑖𝑡) + 𝜷′𝑿 + 𝜀𝑖𝑡 (2) 
In equation (2), i denote the county (or county/unit) and t the year. The outcome or dependent 

variable, Yit, represents logathimic of enhanced vegetation index (EVI), a proxy for pastoral systems. 

The term λt captures year fixed effects to account for time-varying shocks common across units, while 

ψi  accounts for unit (county) fixed effects to control for time-invariant heterogeneity across counties. 

The terms 𝐷𝑖𝑡𝑝𝑟𝑒 and 𝐷𝑖𝑡𝑝𝑜𝑠𝑡 represent the dummy variables which identify the pretreatment 
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and post treatment, respectively, while 𝑇𝑖𝑡 is a treatment dummy that identify whether or not unit i 

has ever received treatment. 

Equation (2) includes the coefficient of interest α, which measures the difference in pre-policy 

slopes between treated counties (i.e., Turkana County with the operational IBLI program) and control 

counties (i.e., West Pokot County without the program), relative to the baseline year 2010—the year 

the IBLI program was implemented. The coefficient τ captures the effect of the policy in the post-

treatment period. The model also includes a vector of covariates X and 𝜺𝒊𝒕  is the idiosyncratic error 

term. 

The primary objective of equation (2) is to test for differential pre-treatment trends between the 

treated and control groups. Following Riveros-Gavilanes (2023) [51], this is formally tested using the 

null hypothesis 𝑯𝟎: 𝜶 =0. Failure to reject this null hypothesis indicates that the treated and control 

groups were following parallel trends prior to the policy intervention, thus supporting the validity 

of the parallel trends assumption necessary for causal interpretation of a difference-in-differences 

(DiD) framework. 

4.2.3. Placebo Test 

In Difference-in-Differences (DID) models, the implementation of policy interventions other 

than the intervention of interest may introduce bias into the estimated treatment effects [52]. To test 

whether this is the case, we employ a placebo test. This method originally derived from the field of 

medicine—where a placebo refers to an ineffective treatment used to measure the efficacy of a drug—

has been adapted in economics as a robustness check to strengthen causal inferences [53]. 

In the context of DID, a placebo test involves assigning a fictitious or “fake” treatment to a group 

that was not actually treated and estimating the policy effect. If the estimated treatment effect from 

this placebo group is statistically significant, it suggests that the observed effects in the actual analysis 

may be driven by other unobserved factors, thus undermining the credibility of the original findings. 

In this study, which evaluates the impact of the Index-Based Livestock Insurance (IBLI) program in 

the rangelands of Northern Kenya, potential sources of confounding influence may include other 

agricultural risk mitigation interventions. By implementing a placebo test with a fictitious treatment 

unrelated to the IBLI program, we can assess whether such external factors are biasing our results. A 

statistically significant coefficient on the placebo treatment would indicate a failed test and raise 

concerns about the reliability of the estimated policy effect of the actual IBLI intervention. 

4.2.4. Data 

This paper evaluates the impact of the Index-Based Livestock Insurance (IBLI) program on 

pastoral systems in the rangelands of northern Kenya, using a difference-in-differences (DID) 

approach. Introduced in Turkana County in 2010, the IBLI program serves as a quasi-natural policy 

intervention, with neighboring West Pokot County—where the program was not implemented—

serving as the control group. 

The analysis draws on panel data from 2003 to 2021, sourced from MODIS-NASA remote 

sensing products. Two primary variables are examined: precipitation, a key driver of forage growth 

in rangelands of tropical regions, and the Enhanced Vegetation Index (EVI), which is used as a proxy 

for forage availability and, by extension, pastoral systems. While both the EVI and the Normalized 

Difference Vegetation Index (NDVI) indicate vegetation health, EVI is preferred for its ability to 

minimize the effects of soil and atmospheric interference. 

Table 1 presents summary statistics for the dataset, including transformed variables—such as 

logarithmic and lagged forms—used in the empirical analysis.  

  

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 6 February 2026 doi:10.20944/preprints202602.0545.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202602.0545.v1
http://creativecommons.org/licenses/by/4.0/


 9 of 17 

 

5. Results and Discussions 

To address potential selection bias, we adopt a difference-in-differences (DID) model with fixed 

effects as our benchmark specification. This methodology is consistently applied across all 

subsequent regression models in the study. Control variable(s) are included in all regressions to 

account for observable heterogeneity. 

Table 2 presents the results of the benchmark DID regression. Columns (1) presents estimates 

without controlling for fixed effects, while Column (2) incorporates both county and year fixed 

effects. The primary specification of interest is shown in Column (2), which also reports standard 

errors clustered at the county level to account for potential within-county correlations not eliminated 

by the DID differencing.  

The DID estimates in Column (2) indicate that the Index-Based Livestock Insurance (IBLI) 

program exerts a statistically significant positive effect on pastoral systems in Turkana County, a 

rangeland region in northern Kenya. Specifically, participation in IBLI is associated with an 

approximate 4.1% improvement in pastoral system outcomes, significant at the 1% level. These 

findings suggest that IBLI serves as an effective mechanism for agricultural risk mitigation and 

resilience enhancement in pastoral regions. 

Table 2. Benchmark Difference-in-differences regression. 

 (1) (2) 

 Dependent variable: Enhanced Vegetation Index (EVI) 

DID Model 

(IBLI effect) 
0.041* 0.041*** 

 (0.024) (0.000) 

Precipitation 0.552*** 0.552*** 

 (0.015) (0.001) 

Precipitation_1 −0.063*** −0.063 

 (0.015) (0.027) 

Num.Obs. 930 930 

R2 0.604 0.883 

R2 Adj. 0.594 0.881 

R2 Within  0.604 

R2 Within Adj.  0.603 

AIC −606.4 −568.4 

BIC −587.1 −457.2 

RMSE 0.17 0.17 

Std.Errors  by: County name 

FE:county 

name 
 X 

FE: year  X 

* p < 0.1, ** p < 0.05, *** p < 0.01 
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5.1. Robustness Test Based on Parallel Trend and Placebo Tests 

5.1.1. Results of Parallel Trend Test 

One of the most critical assumptions for obtaining reliable estimates in Difference-in-Differences 

(DID) models is that the treatment and control groups follow parallel trends prior to the policy 

implementation, a condition commonly referred to as the parallel trends assumption. To assess this 

assumption, we estimated Equation (2) using a fixed effects method, following the approach outlined 

by Riveros-Gavilanes (2023) [51].  

The results, as shown in Table 3, reveal that the coefficient for the pre-treatment period is 

statistically insignificant. This lack of significance reinforces the validity of the parallel trends 

assumption, aligning with the criteria established by Riveros-Gavilanes [51]. As a result, this finding 

strengthens the robustness of the benchmark DID estimates presented in Table 2.  

Table 3. Results of parallel trends assumption. 

 (1) 

 
Dependent variable: EVI (Pastoral 

systems) 

Pre-treatment period −0.036 

 (0.055) 

Post-treatment period 0.010 

 (0.053) 

Precipitation 0.552*** 

 (0.015) 

Precipitation_1  −0.063*** 

 (0.015) 

Num.Obs. 930 

R2 0.883 

R2 Adj. 0.880 

* p < 0.1, ** p < 0.05, *** p < 0.01 

5.1.2. Results of Placebo Test 

Another key assumption of DID models is the uniqueness of the policy intervention, meaning 

that the IBLI program should be the primary driver of changes in pastoral systems in northern 

Kenya’s rangelands during the study period. To test this assumption, we introduce two placebo (or 

“fake”) treatment years—2004 and 2008—when the IBLI program had not yet been implemented. 

The results, shown in Table 4, reveal that the DID estimates for both placebo years are not 

statistically significant. This lack of significant effects supports the robustness of our main DID 

findings (reported in Table 2), suggesting that no other concurrent policies influenced pastoral 

systems in Turkana County during the study period. These placebo tests, therefore, reinforce the 

causal interpretation of the IBLI program’s impact on pastoral systems in northern Kenya’s 

rangelands. 

Table 4. Results of Placebo test. 

 (1) (2) 

 Dependent variable: EVI (Pastoral systems) 
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 (1) (2) 

‘Fake’ 

treatment 1 
−0.042  

 (0.038)  

Precipitation 0.553*** 0.554*** 

 (0.015) (0.015) 

Precipitation_1 −0.063*** −0.061*** 

 (0.015) (0.015) 

‘Fake’ 

treatment 2 
 0.071 

  (0.053) 

Num.Obs. 930 930 

R2 0.603 0.603 

R2 Adj. 0.594 0.594 

* p < 0.1, ** p < 0.05, *** p < 0.01 

 

5.2. Mechanism Analysis 

While the preceding analysis demonstrates that the IBLI program has a statistically significant 

effect on pastoral systems in the rangelands of Turkana County, northern Kenya, it does not clarify 

the specific mechanisms through which these effects are realized. In other words, the analysis does 

not yet explain how IBLI, as an agricultural risk mitigation program, enhances pastoral systems. 

To investigate the transmission channels of the IBLI policy, we adopt the methodological 

approach outlined by Wen & Liu [56] and Y. Liu et al. [57]. Specifically, we estimate the regression 

equations (3) and (4), where 𝑀𝑖𝑡  represents a set of intermediary (or mediating) variables that 

potentially capture the pathways through which the IBLI program affects pastoral systems. These 

variables may include factors such as investments in veterinary services, access to feed, household 

consumption smoothing, and herd management strategies. 

In this context, equation (4) incorporates an interaction term between the IBLI policy 

implementation and the intermediary variable. The coefficient   𝛽1 on this interaction term is of 

primary interest, as it reveals how the IBLI policy operates. Specifically, it indicates whether and how 

the intermediary variable mediates the relationship between policy implementation and pastoral 

systems in these rangelands.  

𝑀𝑖𝑡 = 𝜎0 + 𝜎1(𝐷𝐼𝐷)𝑃𝑜𝑙𝑖𝑐𝑦𝑖𝑡 + 𝜎2𝐶𝑜𝑛𝑡𝑟𝑜𝑙𝑠𝑖𝑡 + 𝜂𝑡 + 𝛾𝑖 + 𝜀𝑖𝑡 (3) 

 

𝑃𝑎𝑠𝑡𝑜𝑟𝑎𝑙_𝑆𝑦𝑠𝑡𝑒𝑚𝑠𝑖𝑡

= 𝛽0 + 𝛽1𝐷𝐼𝐷. 𝑀𝑖𝑡 + 𝛽𝑛𝐶𝑜𝑛𝑡𝑟𝑜𝑙𝑠𝑖𝑡 + 𝜂𝑡 + 𝛾𝑖

+ 𝜀𝑖𝑡 

(4) 

Table 5 reports the regression results based on Equation (3). Columns (1) and (2) present 

estimates from difference-in-differences (DID) models with fixed effects. The key results are shown 

in Column (2), where standard errors are clustered at the county level to account for within-county 

correlation and to improve the robustness of the estimates. Using the lagged Enhanced Vegetation 

Index (EVI) as the dependent variable—serving as a proxy for pasture conditions from the previous 

season that were not overgrazed—the estimated impact of the Index-Based Livestock Insurance 

(IBLI) policy indicates a 3.6% increase, statistically significant at the 5% level. This finding suggests 

that the IBLI policy may possess an inherent optimizing effect that promotes forage sustainability 
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and strengthens the resilience of pastoral systems in these rangelands. A plausible mechanism is that 

IBLI provides incentives for pastoralists to manage herd sizes more efficiently and reduce excessive 

nomadic movements, thereby fostering more sustainable herding practices.  

Table 5. Policy mechanism test 1. 

 (1)  (2) 

 
Dependent variable: EVI_1 (proxy for forage 

sustainability) 

DID (IBLI 

program/policy) 
0.036  0.036** 

 (0.025)  (0.001) 

Precipitation −0.040***  −0.040 

 (0.015)  (0.029) 

Precipitation_1 0.547***  0.547*** 

 (0.015)  (0.008) 

Num.Obs. 930  930 

R2 0.880  0.880 

R2 Adj. 0.877  0.877 

Std.Errors -  by: County name 

FE: County name X  X 

FE: year X  X 

* p < 0.1, ** p < 0.05, *** p < 0.01 

Table 6 reports additional results from the mechanism analysis, examining the interaction 

between the Index-Based Livestock Insurance (IBLI) program—estimated using a difference-in-

differences (DID) specification—and the one-year lag of the Enhanced Vegetation Index (EVI), which 

serves as a proxy for forage sustenance (i.e., residual forage from previous seasons that was not 

grazed). This interaction is considered a plausible channel through which the IBLI program 

influences livestock production in the rangelands of northern Kenya. The key findings, presented in 

column (2) with standard errors clustered at the county level, indicate that the interaction term 

between the DID estimator and the lagged EVI is positive and statistically significant. Specifically, 

the estimated coefficient of approximately 2.5%, significant at the 5% level, suggests that the IBLI 

program enhances pastoral productivity partly by sustaining forage availability over time.  

Table 6. IBLI policy mechanism test 2. 

 (1) (2) 

 

 
Dependent: EVI (Pastoral 

systems) 

DID x EVI_1 0.025** 0.025** 
 (0.012) (0.012) 

Precipitation 0.553*** 0.553*** 
 (0.015) (0.015) 

Precipitation_1 −0.069*** −0.069*** 
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 (1) (2) 
 (0.015) (0.015) 

Num.Obs. 930 930 

R2 0.883 0.604 

R2 Adj. 0.881 0.595 

Std.Errors - by: County name 

FE: County name X X 

FE: year X X 

6. Study limitation and Future Study 

This study utilizes county-level MODIS-NASA panel data from 2003 to 2021. A limitation of 

cross-county analyses like this is the risk of overlooking localized dynamics that are essential for 

accurately assessing the phenomena under investigation. Furthermore, the scope of index-based 

livestock insurance (IBLI) presents a constraint, as the program currently operates only in Kenya and 

Ethiopia. However, this limitation is expected to diminish over time as more countries adopt IBLI 

programs, offering future researchers broader opportunities for analysis. In terms of geographic 

scope, this study focuses on two counties within the rangelands of northern Kenya. Future research 

could expand this analysis by including additional counties in the region or by replicating the study 

in Ethiopia, thereby improving generalizability and providing valuable comparative insights.  

7. Conclusion and Policy Recommendation 

As the world grapples with the escalating challenges posed by climate change, there is an urgent 

need to strengthen efforts to ensure food security and promote sustainable economic development. 

Extensive research indicates that arid lands, or rangelands, are particularly vulnerable, with 

communities in these regions employing various strategies to sustain their livelihoods. Since 2010, 

northern Kenya’s rangelands have benefited from the Index-Based Livestock Insurance (IBLI) 

program, designed primarily to support livestock systems in these vulnerable areas. 

Using a difference-in-differences (DID) model with fixed effects and analyzing panel data from 

2003 to 2023, sourced from MODIS-NASA; we assessed the impact of the IBLI program on pastoral 

systems in northern Kenya’s rangelands and investigated the mechanisms driving this impact. The 

key findings of the study are (a) The IBLI program has a significant positive effect on pastoral systems 

in arid lands/rangelands, with an estimated increase of 4.0%, statistically significant at the 5% level. 

These results are robust, confirmed by the parallel trends assumption test. Additionally, the 

robustness of the main DID regression results (Table 2) is supported by a placebo test, which verifies 

that IBLI was the sole policy influencing pastoral systems in Turkana County, where the program 

was implemented, and (b) The program’s impact primarily operates through the sustenance of forage 

availability. Based on these empirical findings, the study recommends the following policies: 

1. Governments, in partnership with the private sector and research institutions, should scale up 

the IBLI program to rangelands across the Horn of Africa that currently lack this insurance 

scheme. This expansion will enhance pastoral systems and improve food security throughout 

the region. 

2. Given the evidence that IBLI effectively mitigates rangeland degradation, policymakers should 

promote the program as a sustainable strategy to preserve rangelands and support their role as 

carbon sinks. 
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