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ABSTRACT 

	The retail markets in ECOWAS are still characterized by periodic stockout shortages and disparate access to necessary goods, and such forces are often exacerbated when trade corridors are confronted with higher costs, longer delays, and increased insecurity. In addition, the current body of evidence often considers logistics frictions and security disruptions as distinct forces, thereby creating a research gap in the manner by which insecurity might alter the magnitude of the logistics cost effect on retail product availability. This research, therefore, investigates the moderating force of security shocks on the logistics cost-product availability relationship in ECOWAS from 1980 to 2024. Using an annual balanced panel dataset of 15 member countries (Benin, Burkina Faso, Cabo Verde, Cote d'Ivoire, The Gambia, Ghana, Guinea, Guinea-Bissau, Liberia, Mali, Niger, Nigeria, Senegal, Sierra Leone, and Togo), with indicators sourced from the World Bank, the Uppsala Conflict Data Program (UCDP), and the National Consortium for the Study of Terrorism and Responses to Terrorism (START), the research estimates two-way fixed effects moderation models with a dynamic extension, conducts Hausman specification tests, investigates cross-sectional dependence via the Pesaran CD test, and reports Driscoll-Kraay dependence-robust standard errors. The findings indicate that logistics cost is negatively related to product availability (beta = -0.0233, p = 0.009), and security shocks and the interaction term are statistically insignificant (p = 0.6335 and 0.7843). Consistent with this, the interaction estimate indicates that security shocks do not significantly change the magnitude of the logistics cost effect on product availability in the baseline specification. The research concludes that reducing logistics frictions is paramount in improving availability, and it suggests reducing corridor and border delays, enhancing warehousing and market surveillance, and safeguarding vital trade routes
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1. INTRODUCTION 

Logistics cost in retail supply chain refers to the cost and time implications of transport costs, fuel costs, border and checkpoint delays, warehousing, and inventory, as well as other frictions that increase the cost of moving goods from suppliers to retailers and then to consumers (Safaeimanesh & Jenkins, 2021). On the other hand, product availability refers to the degree to which retailers can stock necessary and desired products in sufficient variety, with acceptable lead times, and with few stockouts, so that customers can access what they need, and this is often affected by corridor performance and supply chain connectivity constraints (Tsantis, 2023). Furthermore, Security shocks mean sudden safety conditions that deteriorate due to conflict escalation, terrorism events, violent disruptions, and corridor risks, which limit mobility, increase uncertainty, and drive risk premiums along supply routes, and these have tangible effects on markets and welfare (Asongu et al., 2021). The relationship between these variables is useful because high logistics costs can lower the rate of replenishments and reduce the retail assortment, while insecurity can amplify delays, divert routes, and boost informal costs that further limit availability (Bensassi et al., 2019). In environments where trade facilitation is still unbalanced, the relationship between logistics frictions and insecurity can influence how quickly shortages materialize and how long they persist (Safaeimanesh & Jenkins, 2021).
The retail markets in West Africa remain prone to intervals of product shortages and the lack of equal access to products, and these forces are sometimes more extreme when the insecurity escalates and it becomes dangerous or difficult to move around. Previous evidence indicates that conflict can negatively affect productive sectors and the ability to earn a living, which in turn affects the continuity of supply and the ability to access food and other basic necessities (Adelaja & George, 2019). Other studies also indicate that violent conflict and food insecurity are interlinked through displacement, restrictions of market access, and the failure of the normal trading system, indicating that retail supply can decline even when demand is high (Bruck & d'Errico, 2019; Nkemgha et al. 2023). However, the existing gap in the literature is that most studies consider logistics frictions and insecurity as distinct drivers rather than modeling insecurity as a variable that alters the slope of the logistics cost effect on retail supply availability, particularly in the long-run regional panels where cross-country differences and common factors can be accounted for (Shemyakina, 2022; Tsantis, 2023). Additionally, the empirical literature on terrorism and instability in Africa tends to be focused on macro-level outcomes, leaving a gap in the evidence on how insecurity is related to the operational costs of moving products to retail markets (Asongu et al., 2021).
A more nuanced understanding of this relationship is important because of the ways in which retailers and distributors may react to insecurity by shortening routes, reducing the size of shipments, changing suppliers, and using informal routes more frequently, and these changes may affect the relationship between logistics cost pressures and actual product availability. Research on informal and cross-border trade suggests that these routes can facilitate access to products, but they can also increase vulnerability to enforcement uncertainty, route closure, and corridor disruption, which suggests that insecurity can affect both the cost and availability of supply in ways that standard logistics metrics may not fully account for (Bensassi et al., 2019). Similarly, trade facilitation initiatives can improve procedural and transport ease of doing business, but benefits may be differential when security risks affect route decisions, schedules, and market access, suggesting that a moderation approach is necessary for understanding policy impacts (Safaeimanesh & Jenkins, 2021). Research on shipping and logistics systems further indicates that route dependence and network susceptibility can increase vulnerability to disruptions, which suggests that insecurity can increase the effective impact of logistics costs on availability rather than simply being an additional constraint (Tsantis, 2023). This research paper therefore examined whether security shocks moderate the relationship between logistics costs and product availability among ECOWAS countries between 1980 and 2024.

2.	LITERATURE REVIEW
The idea of logistics cost in retail supply, as presented in trade logistics benchmarking and corridor performance by Arvis et al. (2023), and in disruption cost evidence by Tran et al. (2024), presents logistics cost as the total cost of money and time associated with freight costs, fuel risk, border and checkpoint delays, warehousing and inventory, and reliability losses that increase the cost and unpredictability of the delivered unit. Product availability, as presented in retail operations and supply chain disruption models by Ovezmyradov (2022) and Alessandria et al. (2023), refers to the capacity of retailers to provide on-shelf availability with low stockout rates, acceptable variety, and on-time delivery, so that consumers can access necessary and desirable products. Security shocks, as presented in conflict and food systems mapping by Dowd et al. (2024) and in conflict and food insecurity evidence by Brueck and d'Errico (2019) and Shemyakina (2022), refer to sudden shocks in safety conditions that increase route insecurity, increase uncertainty, and reduce mobility, which then spills over into markets as a result of disrupted transport, fragmented trade, and increased informal and formal transaction costs. These ideas are strongly interrelated because insecurity in corridors can increase a specific logistics cost shock into a broader operational constraint by adding risk premia, detours, and time variance, and this slope-changing logic is consistent with how terrorism is considered as a trade cost factor in African trade delay evidence by Nkemgha et al. (2023), while informal trading mode shifts under barriers, which becomes more probable when formal routes are expensive or insecure, is demonstrated in border evidence by Bensassi et al. (2019).
Economically, the logistics cost to product availability relationship can be modeled as an inventory and lead-time risk function in which stockouts increase as delivered cost and delivery uncertainty increase, and this is why retail operations research and macro supply chain analysis together predict a negative availability response to logistics cost shocks. In Ovezmyradov (2022), and more generally in the shortage and stockout logic formalized in Alessandria et al. (2023), longer and more uncertain lead times increase the demand for safety stock and boost holding costs, so credit, storage, and working capital-constrained retailers will cut order frequency, narrow their assortment, or accept stockouts. Furthermore, as fixed ordering and coordination costs increase during disruptions, the optimal ordering policy moves towards less frequent, larger, and fewer orders, which can further degrade shelf gaps for high-turnover products, and this is consistent with resilience studies that highlight stockpiling, multi-sourcing, and flexible contracting as responses that decrease stockout risk but require country-specific resources and capacity to govern, as synthesized in Guo et al. (2025). The implication of these authors is that logistics cost is more than a price-like friction and also a reliability friction, and that availability will be worst where buffers are weakest and uncertainty is greatest.
Security shocks then appear as a moderator because they can raise both the mean level and the variance of corridor frictions, and it is the variance channel that can steepen the logistics cost effect on availability rather than just lowering availability. In Dowd et al. (2024), in Shemyakina (2022), and in Brueck and d'Errico (2019), the food security and conflict literature highlights that conflict has multiple channels such as transport disruption, market access constraints, and institutional degradation, which means that the same increase in logistics costs can have different effects on availability depending on the level of insecurity intensity and modality. In Nkemgha et al. (2023), terrorism is linked to trade delay and is similar to an additional trade cost factor, and this complements the ECOWAS trade cost evidence by Beke (2022) that procedural and transport frictions are key to regional trade performance, which is important because lower trade performance typically means lower replenishment flows into retail systems. In Bensassi et al. (2019), the higher the barriers, the more there will be a tendency towards informal trade modes, and in the presence of insecurity, such tendencies may become more vulnerable as routes may be closed suddenly and the uncertainty of enforcement may increase, so that the overall availability effect may deteriorate even if informality helps in access. The common thread that runs through these studies is that insecurity alters the effective mapping of logistics frictions into actual supply, so that a moderation design is economically well-founded. 
2.1	Econometric Foundations of the Study Models
The usual starting point for macro panels would be the two-way unobserved effects model, where country-specific time-invariant variables and common year effects are controlled for by fixed effects, as per the panel data model specification developed in Wooldridge (2010) and Baltagi (2021). The basic model specification would relate product availability to logistics cost pressure, security shocks, and their interaction, using mean-centering to facilitate the interpretation of interaction terms as per Aiken and West (1991). In this study, the model choice between fixed and random effects, the specification test framework would be grounded in Hausman (1978) and are specified as follows:
(1) Two-way fixed effects moderation model

Where is product availability in country at time , is logistics cost pressure, is the security shock, captures the moderation effect, is a vector of control variables, is the intercept, denotes country fixed effects, denotes time fixed effects, and is the idiosyncratic error term.
Since retail availability adjusts with frictions, a dynamic extension introduces a lagged dependent variable to account for persistence, as in the dynamic panel logic commonly applied in panel econometrics, such as the specification-testing view of dynamic panels in Arellano and Bond (1991).
(2) Dynamic two-way fixed effects moderation model

Where is the one-period lag of product availability, measures persistence in availability, is the dynamic error term, and all other variables and parameters are as defined in Equation (1).
To account for possible endogeneity of logistics cost pressure, the instrumental variables approach suggests a two-stage least squares method, where the interaction term is instrumented with the interaction of the instrument and the security shock term, as in the IV design advice in Angrist and Pischke (2009) and the general IV discussion in Wooldridge (2010).
(3) Pesaran cross-sectional dependence diagnostic (conceptual form)
 
Where is the number of cross-sectional units (countries), is the number of time periods, and is the sample correlation between the residuals for countries and .
(4) Driscoll-Kraay variance estimator (conceptual statement)
 
Where is the estimated parameter vector, is a kernel weight function, and is the estimated autocovariance matrix at lag , producing a HAC-style variance estimator robust to both temporal and cross-sectional dependence.
To permit nonlinear insecurity regimes, the panel threshold method employs Hansen (1999), where the marginal effect of logistics costs varies below and above an estimated security threshold. For heterogeneity in the distribution of availability, a quantile panel method follows Koenker (2004). If cross-border spillovers are of prime interest, a spatial Durbin panel model follows LeSage and Pace (2009), adding spatial lags of the dependent variable and covariates.
coefficient vector for controls.

2.2	Conceptual framework 
Logistics cost pressure, based on trade logistics systems and costs of disruption discussed by Arvis et al. (2023) and Tran et al. (2024), lowers product availability due to increased delivered costs, longer lead times, and increased lead-time variance, which cumulatively increase stockout risk as highlighted by Ovezmyradov (2022) and Alessandria et al. (2023). Security shocks, based on conflict and food systems mapping by Dowd et al. (2024) and conflict-food insecurity pathways discussed by Shemyakina (2022) and Brueck and d'Errico (2019), impact product availability directly by limiting market access and trade and transport flows. In addition, security shocks also interact the relationship between logistics cost pressure and product availability by raising corridor risk premia, rerouting, and uncertainty, which further exacerbates the negative marginal effect of logistics costs on availability. This reasoning is supported by terrorism-as-trade-cost evidence by Nkemgha et al. (2023) and barrier-driven mode choice towards informality in Bensassi et al. (2019).

2. METHODOLOGY
The study focuses on the Economic Community of West African States (ECOWAS), comprising Benin, Burkina Faso, Cabo Verde, Cote d'Ivoire, The Gambia, Ghana, Guinea, Guinea-Bissau, Liberia, Mali, Niger, Nigeria, Senegal, Sierra Leone, and Togo, using annual observations from 1980 to 2024 structured as a balanced country-year panel. Data on product availability and macroeconomic controls sourced from the World Bank, while data on conflict events comes from the Uppsala Conflict Data Program (UCDP) and data on terrorism incidents sourced from the National Consortium for the Study of Terrorism and Responses to Terrorism (START). All data is harmonized to the country-year level, using a consistent set of country codes and year definitions, and reviewed for consistency before estimation of the model; where necessary, variables are converted to a comparable index or rate form and then stacked into a balanced panel.
Security shocks are created as a composite indicator that captures sudden changes in the safety environment due to conflict escalation and terrorism activity. More specifically, annual conflict intensity data from UCDP and annual terrorism incidence data from START are first converted to comparable country-year indicators (such as event numbers or intensity scores), then normalized within the panel to eliminate unit differences, and finally combined into a single composite security shock index. To facilitate interpretation of interaction effects and mitigate multicollinearity, the composite security shock index is mean-normalized, and the moderation term is specified as the interaction between mean-normalized logistics cost and mean-normalized security shocks.
The baseline specification estimates the effect of logistics costs on product availability and tests whether security shocks moderate this relationship using a two-way fixed effects framework that controls for time-invariant country heterogeneity and common year shocks:


where and denote country and year fixed effects, and includes GDP per capita, exchange rate, population, and food supply proxies. Due to the potential for product availability to adjust slowly to shocks, a dynamic extension includes a one-period lag of the dependent variable to account for persistence and adjustment costs. Model specification between fixed and random effects is evaluated using Hausman specification tests, while cross-sectional dependence is tested using the Pesaran CD test. Because of the evidence of dependence, the results report Driscoll-Kraay standard errors to provide inference robust to general forms of spatial and temporal correlation in macro panels.
To account for the possibility that a linear interaction may not detect moderation even if insecurity is important, the approach also suggests nonlinear extensions. Insecurity can be modeled through regime changes (for example, when corridor risk exceeds a critical threshold) or through asymmetric responses (where availability changes precipitously during high-risk episodes but remains stable during low-risk periods), which a linear slope interaction may not detect. Accordingly, the empirical approach discusses threshold-style dynamics in which the slope of the logistics costs marginally differs below and above a security threshold estimated from the data, and it suggests distributional tests (such as quantile-style reasoning) in which the moderation effect may be stronger in low-availability regimes. These nonlinear considerations provide an interpretation framework for why the linear interaction term may be statistically insignificant even if security shocks are operationally important.
Preprocessing steps are implemented in a transparent manner to improve reproducibility: (i) assemble raw data from the World Bank, UCDP, and START; (ii) aggregate to country-year observations; (iii) standardize and mean-center the primary indices (logistics cost and security shocks) before interaction construction; (iv) merge with control variables; (v) impose a balanced panel structure across the 15 ECOWAS member states from 1980-2024; and (vi) estimate the baseline and robustness models with appropriate diagnostics and dependence-robust inference.

3. results

4.1	Trends of Product Availability, Logistics cost and Security Stock within the 	review years
Figure 1 illustrates the long-run patterns of co-movements of the variables of interest in ECOWAS and helps frame the estimation of the logistics cost pressure and product availability relationship in the context of security shocks. Retailer product availability increases from the early 1980s to 2024, growing from very low levels to almost the maximum level of the index by the end of the sample period, indicating a gradual improvement in retail replenishment capabilities and market reach over time. Logistics cost pressure, however, traces a different pattern, which increases dramatically in the early 1980s and stays at a high level through most of the late 1980s and 1990s, but then falls significantly from the early 2000s to a low point around 2009-2011, a period that can be associated with a relaxation of cost pressure that could accompany the noted improvements in availability. Starting from around 2013, logistics cost pressure again increases, with a strong pickup in the late 2010s and a visible peak around 2022, but then easing in 2023-2024, indicating a re-emergence of cost and delay pressures that could negatively affect availability outcomes or slow down improvement efforts, especially when risks of corridor threats increase. The combined conflict or terrorism shock series remains close to zero in the ECOWAS average, indicating that security shocks are more of an episodic and country-specific phenomenon, such that averaging over the region dampens the variation, although this does not affect the relevance of the variable to the analysis because the moderation effect is derived from the intra-country variation over time, such that in years when country-specific escalation of insecurity occurs, the marginal effect of logistics cost pressure on product availability could become more negative even if the regional average shock seems small.

Figure 1: Product Availability, Logistics cost and security stock trends
[bookmark: _GoBack]
Source: Word Bank (n.d.); Uppsala Conflict Data Program. (n.d.). and National Consortium for the Study of Terrorism and Responses to Terrorism (START). (n.d.).

4.2	Baseline fixed effects regression (two-way FE)
As shown in Table 1, logistics cost pressure is statistically significantly negatively related to product availability (Coefficient = -0.023331, p = 0.0090), indicating that a higher logistics cost pressure is associated with lower product availability. Table 1 also indicates that security shocks are statistically insignificant (Coefficient = -0.068293, p = 0.6335) and the interaction term is statistically insignificant (Coefficient = 0.001113, p = 0.7843), suggesting that the moderation effect is not supported in the baseline FE model. Table 1 further indicates that inflation is statistically significant and positively related (Coefficient = 0.076765, p = 0.0358), GDP per capita is statistically significant and negatively related (Coefficient = -0.001570, p = 0.0008), and the exchange rate is statistically insignificant (Coefficient = 0.0000745, p = 0.4274). Additionally, the baseline FE results form a very strong basis for interpretation since they control for both country and year fixed effects.

Table 1: Two-way fixed effects moderation model 
	Variable
	Coefficient
	Std. Error
	t-Statistic
	p-value

	C
	60.72521
	0.710328
	85.48898
	0.0000

	LOGISTICSCOST_C
	-0.023331
	0.008899
	-2.621661
	0.0090

	SECURITYSHOCK_C
	-0.068293
	0.143164
	-0.477028
	0.6335

	INTERACTION_LC_SEC
	0.001113
	0.004065
	0.273857
	0.7843

	INFLATION_CPI_PCT
	0.076765
	0.036481
	2.104245
	0.0358

	EXCHANGERATE_LCU_PER_USD
	0.0000745
	0.0000938
	0.794206
	0.4274

	GDPPC_CONST2010_USD
	-0.001570
	0.000467
	-3.359166
	0.0008


Note: PRODUCTAVAILABILITYINDEX - Product availability index; LOGISTICSCOST_C - Logistics cost pressure index (mean-centered); SECURITYSHOCK_C - Security shock index (mean-centered); INTERACTION_LC_SEC - LOGISTICSCOST_C x SECURITYSHOCK_C (interaction term); INFLATION_CPI_PCT - Inflation rate (CPI, %); EXCHANGERATE_LCU_PER_USD - Exchange rate (LCU per USD); GDPPC_CONST2010_USD - GDP per capita (constant 2010 USD).

4.3	Random effects comparator (two-way RE)
As indicated in Table 2, the cost pressure of logistics is still statistically significant and negative in two-way random effects (Coefficient = -0.258904, p = 0.0000), which further enhances the reliability of the finding that the negative relationship between logistics cost and product availability is robust. Table 2 also indicates that security shocks (Coefficient = -0.220596, p = 0.5304) and the interaction term (Coefficient = -0.005012, p = 0.5850) are still statistically insignificant, which further supports that there is no evidence of moderation. Table 2 also indicates that the exchange rate is statistically significant and positive (Coefficient = 0.002021, p = 0.0000) and GDP per capita is statistically significant and positive (Coefficient = 0.031244, p = 0.0000), while inflation is statistically insignificant (Coefficient = 0.216876, p = 0.2006). In addition, Table 2 further confirms Table 1 by indicating that the effect of logistics cost is consistently negative.

Table 2: Two-way random effects moderation model 
	Variable
	Coefficient
	Std. Error
	t-Statistic
	p-value

	C
	24.01065
	17.65818
	1.359747
	0.1744

	LOGISTICSCOST_C
	-0.258904
	0.059059
	-4.383803
	0.0000

	SECURITYSHOCK_C
	-0.220596
	0.351452
	-0.627672
	0.5304

	INTERACTION_LC_SEC
	-0.005012
	0.009175
	-0.546295
	0.5850

	INFLATION_CPI_PCT
	0.216876
	0.169275
	1.281204
	0.2006

	EXCHANGERATE_LCU_PER_USD
	0.002021
	0.000328
	6.153498
	0.0000

	GDPPC_CONST2010_USD
	0.031244
	0.003891
	8.030434
	0.0000


Source: Eview9 output

4.4	Hausman test (FE vs RE)
The Hausman test results are reported in Table 3, and the cross-section random test is statistically significant (Chi-Sq. = 13.9482, df = 6, p = 0.0301), whereas the period random test is statistically insignificant (Chi-Sq. = 8.2147, df = 6, p = 0.2231). The joint two-way test is also statistically significant, as reported in Table 3 (Chi-Sq. = 15.6729, df = 6, p = 0.0157). Furthermore, the above findings will be used for the fixed effects model in the main discussion, while maintaining the random effects model as a point of comparison.

Table 3: Correlated random effects Hausman test
	Test summary
	Chi-Sq. Statistic
	df
	p-value

	Cross-section random
	13.9482
	6
	0.0301

	Period random
	8.2147
	6
	0.2231

	Cross-section and period random
	15.6729
	6
	0.0157


Source: Eview9 output
4.5	Pesaran cross-sectional dependence test
The Pesaran cross-sectional dependence test statistic is reported in Table 4 as 4.5807 with p = 0.000005, which provides strong evidence of cross-sectional dependence among countries. Further, from Table 4, it is supported that dependence robust inference should be included in the robustness checks for the macro panel.
Table 4: Pesaran cross-sectional dependence (CD)
	Test
	Statistic
	p-value

	Pesaran CD
	4.5807
	0.000005



4.6	Driscoll-Kraay robustness (dependence-robust inference)
Table 5 presents the Driscoll-Kraay robustness test results for the two-way FE model. From Table 5, it is clear that the negative logistics cost effect is still statistically significant under Driscoll-Kraay inference (Coefficient = -0.023331, DK p = 0.0215), while security shocks are still statistically insignificant (Coefficient = -0.068293, DK p = 0.6695), and the interaction term is still statistically insignificant (Coefficient = 0.001113, DK p = 0.8000). From Table 5, it is also clear that GDP per capita is still statistically significant and negative (Coefficient = -0.001570, DK p = 0.0023), while inflation is now marginal (Coefficient = 0.076765, DK p = 0.0616), and exchange rate is still statistically insignificant (Coefficient = 0.0000745, DK p = 0.4652). In addition, from Table 5, it is clear that there is a robust confirmation that the negative logistics cost-product availability effect is the key supported relationship, while the moderation channel is still unsupported.

Table 5: Two-way FE with Driscoll-Kraay standard errors (robustness)
	Variable
	Coefficient
	DK Std. Error
	DK t-Statistic
	DK p-value

	LOGISTICSCOST_C
	-0.023331
	0.010120
	-2.3053
	0.0215

	SECURITYSHOCK_C
	-0.068293
	0.159870
	-0.4272
	0.6695

	INTERACTION_LC_SEC
	0.001113
	0.004392
	0.2535
	0.8000

	INFLATION_CPI_PCT
	0.076765
	0.041005
	1.8725
	0.0616

	EXCHANGERATE_LCU_PER_USD
	0.0000745
	0.0001020
	0.7307
	0.4652

	GDPPC_CONST2010_USD
	-0.001570
	0.000512
	-3.0664
	0.0023


Source: Eview9 output

4.7	DISCUSSION OF FINDINGS
The baseline two-way fixed effects estimate result indicate that logistics frictions are an important constraint on retail supply outcomes in the ECOWAS region. In particular, logistics cost is statistically significant and negatively associated with product availability (beta = -0.0233, p = 0.009), indicating that stronger corridor and border cost and delay pressures are associated with lower availability levels. This finding is consistent with the empirical observation in the ECOWAS corridor literature that transport market structures, border procedures, and corridor frictions drive the cost and reliability of goods movement, which in turn affects the regularity of product delivery to markets (Bove et al., 2018). It is also consistent with the West African corridor literature, which suggests that lower border barriers and better corridor performance enhance cross-border goods movement and market access, hence facilitating more stable replenishment flows and less stockouts (Lebrand, 2021).
The finding of the study from Figure 1 is an important descriptive background for these findings. Product availability increases from the early 1980s to 2024, suggesting that there have been improvements in replenishment capacities and market access over time, while logistics cost pressure has followed a more turbulent trajectory: high in the 1980s-1990s, reduced in the 2009-2011 period, and increasing again from around 2013 with a clear peak in 2022, before easing in 2023-2024. This trend pattern is consistent with the regression findings: periods of eased logistics pressure are associated with stronger availability gains, while renewed logistics stress may plausibly dampen further improvements. In this regard, the trends and the fixed effects estimates confirm each other by suggesting that logistics frictions are a constant drag on availability progress over time.
By contrast, the security shock and interaction terms fail to demonstrate statistical significance in the linear moderation model (security shock p = 0.6335; interaction p = 0.7843). Although the theoretical implication suggests that insecurity can heighten route risks, add informal payments, or necessitate detours that can deteriorate the effective impact of logistics frictions, Figure 1 already suggests a first-order reason why the moderation effect might be difficult to identify at the regional average level: the conflict-terrorism shock series is near zero in the ECOWAS average, implying that security shocks are country-specific and episodic rather than a region-wide common trend. This is important because a linear interaction requires sustained variation within countries that corresponds with changes in corridor frictions to detect a slope change in a macro panel. A second reason is that insecurity can cause nonlinear, threshold-type disruptions rather than a smooth, proportional amplification of the logistics effect. Recent research on geopolitical risk and supply chains illustrates that instability can cause sudden discontinuities, in which systems function normally until risk surpasses a critical threshold and then suddenly becomes abrupt (Chang et al., 2025). Similarly, insecurity in ECOWAS may be most significant in high-intensity instances that cause route closures, drastic scheduling adjustments, or insurance withdrawal, which a linear interaction term may not be able to capture.
Furthermore, another explanation is that market agents could adjust in a manner that partially stabilizes the availability even as the rise in insecurity occurs, weakening the observed interaction effect. Empirical evidence from studies of supply chain fragility suggests that companies tend to adjust to conflict-driven risks through rerouting, substitution, and inventory adjustments that could mitigate end outcomes even as underlying costs increase (Sarwar & Rye, 2025). In a similar manner, research on the ECOWAS corridor suggests that route choice, trucking market structures, and practices can influence the manner in which goods continue to flow despite constraints, suggesting that adaptation can weaken the observed slope change even if security risks are of operational concern (Bove et al., 2018; Lebrand, 2021).
In any case, the finding of the study clearly support that logistics frictions are persistently related to reduced product availability, and this is evident both in the regression coefficients and in the long-run patterns evident in Figure 1. However, the fact that the interaction term is not significant suggests that the moderation relationship may be better characterized through nonlinear and threshold models of dynamics and adaptation mechanisms, rather than through a linear amplification effect over the entire 1980-2024 period, which is consistent with contemporary conflict-related supply chain fragility evidence (Chang et al., 2025; Sarwar & Rye, 2025) and ECOWAS corridor performance evidence (Lebrand, 2021; Bove et al., 2018).

4. Conclusion

This paper investigated whether security shocks alter the relationship between logistics cost pressure and retail product availability in ECOWAS countries during the period 1980 to 2024. The results used a structured macro-panel methodology that controlled for unobserved country heterogeneity and time shocks, and further extended the baseline model by adding persistence, specification tests, and dependence-robust robustness tests to improve inference in a regional context where spillovers and shared shocks are anticipated. In general, this paper shows that logistics frictions are a key constraint on retail supply chain performance and that continued efforts to enhance corridor efficiency, trade facilitation, and the reliability of goods transport are essential for maintaining availability. However, the moderating effect of security shocks is not confirmed in the baseline linear interaction model, indicating that insecurity could affect retail availability through other channels, such as nonlinear effects or threshold models that require further modeling beyond a single interaction slope. In terms of policy implications, it appears that logistics bottleneck-relieving policies are likely to have broad availability gains, while security-oriented policies may be most effective in protecting critical corridors, reducing uncertainty, and avoiding escalatory shocks that could destabilize supply chains even if cost pressures are being mitigated.

5.2	Recommendations
From the conclusion of this study, it is recommended that member states of ECOWAS should focus on continuous reduction of logistics frictions by enhancing corridor performance through enhanced maintenance of transport infrastructure, simplified border and checkpoint controls, and enhanced collaboration between port, customs, and road authorities. In addition, it is recommended that governments and regional institutions should facilitate distribution efficiency by developing warehousing and inventory support infrastructure, encouraging route flexibility and supplier diversification among distributors, and enhancing market information systems that monitor delays and inventory status to facilitate quick operational actions.

5.3	Policy Implications
ECOWAS policy must focus on reducing the frictions in the corridors and borders by enhancing the compliance with ETLS, harmonising the customs and inspection processes, and minimising the checkpoint and clearance time to ensure that replenishment will be quicker and stockouts will be less common. Meanwhile, security interventions must aim at safeguarding the most significant trade routes and enhancing the continuity planning of corridors (early warning, coordinated response, and safe passage arrangements) to ensure that the flow of goods does not fluctuate during episodic disruptions, although insecurity may not always alter the logistics-availability relationship in a linear specification.
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