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Abstract: This study examined the integration of hybrid supply chain infrastructure and its influence on
income generation in Nigeria. The study was motivated by the limited income outcomes associated with
fragmented infrastructure systems and the need to understand how informal trade networks, physical
systems, digital platforms and value-chain linkages interact to support economic opportunities. An ex-
post facto research design was adopted using secondary data obtained from relevant national and
international databases. Structural Equation Modelling (SEM) was employed to examine the relationships
between the selected dimensions of hybrid supply chain infrastructure and income generation, while
education, financial inclusion, urbanization, trade openness and secondary school enrolment were
incorporated as complementary factors. The findings revealed that the model explained approximately
94.7% of the variation in income generation, indicating a strong explanatory capacity. Informal trade
networks, value-chain linkages and education recorded significant negative effects on income generation,
while financial inclusion, urbanization and trade openness exerted significant positive effects. However,
digital platforms, physical infrastructure and secondary school enrolment did not have statistically
significant effects within the estimated model. The study therefore concludes that infrastructure
development alone does not automatically translate into improved income outcomes. Rather, income
generation depends on the effective coordination of physical, digital, relational and value-chain systems
alongside supportive financial, educational, urban and trade conditions. The study recommends an
integrated policy approach that upgrades informal economic activities, strengthens domestic value-chain
linkages, expands financial inclusion, improves skills alignment and promotes productive urbanization
and trade diversification.

Keywords: hybrid supply chain infrastructure, informal trade networks, digital platforms, value-chain
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INTRODUCTION

Income generation is a fundamental component of economic development because it determines the
capacity of individuals, households and enterprises to participate in productive activities, meet basic needs
and improve their standard of living. In developing economies, the ability to generate and sustain income
is closely associated with access to productive resources, markets, infrastructure, technology and efficient
systems for the movement and exchange of goods and services. Income-generating activities therefore
depend not only on the availability of economic resources but also on the efficiency of the systems through
which producers, traders, suppliers and consumers are connected (ILO, 2020). In Nigeria, however,
persistent infrastructure deficiencies, weak market connectivity, high transaction costs and limited access
to productive opportunities continue to constrain the expansion of economic activities and the earning
capacity of households and enterprises. The World Bank (2024) reports that poor connectivity, market
segmentation and high transportation costs limit the ability of firms and farms to access wider markets
and expand their operations. These conditions highlight the importance of examining the role of integrated
supply chain infrastructure in expanding income-generating opportunities in Nigeria.

Successive Nigerian governments have introduced various policies and programmes aimed at improving
infrastructure, agricultural productivity, transportation, business competitiveness and digital connectivity.
These interventions include infrastructure development initiatives, transport and agricultural reforms,
business-environment reforms, and programmes promoting digital financial inclusion (World Bank,
2022). However, their impacts on income generation have been constrained by implementation gaps,
policy inconsistency, inadequate maintenance, institutional weaknesses and limited coordination across
infrastructure and value-chain systems. The existence of individual infrastructure interventions has not
necessarily translated into an integrated supply chain system capable of consistently connecting producers,
traders and consumers to markets and income opportunities.

Supply chains provide an important mechanism through which productive resources and market
opportunities are connected. Supply chain infrastructure encompasses the physical and digital systems,
networks and facilities that facilitate the production, movement, storage, exchange and delivery of goods
and services. Transportation networks, energy systems, warehouses, telecommunications infrastructure
and digital platforms collectively determine the efficiency with which economic activities can be
coordinated across locations and market participants. Supply chain integration refers to the extent to which
organizations and other supply-chain actors coordinate their processes, resources, information and
relationships with suppliers, customers and other partners (Flynn, Huo, & Zhao, 2010; Frohlich &
Westbrook, 2001). Integration can improve information sharing, coordination, responsiveness and
resource utilization, thereby reducing transaction costs and improving operational and financial outcomes
(Rai, Patnayakuni, & Seth, 2006). Thus, the efficiency of supply chains may have implications that extend
beyond organizational performance to the broader capacity of economic actors to participate in markets
and generate income.
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The importance of supply chain integration is particularly relevant in developing economies, where
fragmented infrastructure and market systems can restrict the movement of goods, information and
financial resources. Frohlich and Westbrook (2001) demonstrate that broader integration with suppliers
and customers is associated with improved organizational performance, while Flynn et al. (2010) establish
that supply chain integration can enhance performance through the coordination of internal and external
processes. Similarly, Rai et al. (2006) show that digitally enabled supply chain integration capabilities can
generate operational and revenue benefits when information technology resources are effectively
integrated into supply-chain processes. These studies establish the value of integration but largely examine
its implications at the organizational or firm level. Less attention has been given to how an integrated
supply chain infrastructure can influence income generation among a wider range of economic actors,
particularly within developing-country contexts characterized by substantial informal economic activity.

Nigeria presents a particularly important setting for such an investigation because its economic system
combines formal enterprises with extensive informal trading networks, physical distribution systems,
emerging digital platforms and diverse value chains. Informal trade networks facilitate sourcing,
distribution, information exchange and market access for numerous micro and small enterprises. Physical
infrastructure, including roads, transportation networks, electricity, warehouses and logistics facilities,
supports the movement, storage and processing of goods. Digital platforms increasingly complement these
conventional systems by connecting sellers, buyers, suppliers and service providers across geographical
boundaries. Value-chain linkages, meanwhile, connect producers to processors, distributors, retailers and
consumers, creating opportunities for value addition and market participation. The simultaneous operation
of these systems suggests that the economic benefits of infrastructure may depend increasingly on their
integration and complementarity, rather than on the performance of individual infrastructure components
in isolation.

Physical infrastructure remains a critical foundation for income-generating activities because most
economic transactions ultimately require the movement, storage, processing or delivery of goods and
services. Poor road networks, unreliable electricity, inadequate storage facilities and inefficient logistics
systems increase operating and transaction costs and can reduce business profitability. These constraints
are particularly significant for small-scale producers and traders, whose limited financial capacity makes
them more vulnerable to high transportation, energy and distribution costs. The World Bank (2024)
identifies connectivity and infrastructure constraints as important factors affecting the productivity and
market access of Nigerian firms and farms. Similarly, inadequate infrastructure has been identified as a
persistent constraint to productive activity and competitiveness in many developing economies (OECD,
2021). Consequently, improving physical infrastructure can strengthen the foundation upon which other
forms of supply chain integration operate.

At the same time, digital infrastructure has created new possibilities for improving market connectivity
and income generation. Digital platforms can facilitate information exchange, electronic transactions,
customer identification, supplier coordination and access to geographically dispersed markets. Rai et al.
(2006) argue that the value of information technology in supply chains is enhanced when technological
capabilities are integrated with supply-chain processes and relationships. Digitalization can therefore
complement physical distribution systems by improving the speed and quality of information flows. In

3


https://www.eajournals.org/

European Journal of Logistics, Purchasing and Supply Chain Management,14 No.3, pp.1-25, 2026
Print ISSN: 2054-0930 (Print)

Online ISSN: 2054-0949 (Online)

Website: https://www.eajournals.org/

Publication of the European Centre for Research Training and Development-UK
Nigeria, the increasing adoption of mobile technologies, electronic payments and online platforms has
created additional channels through which businesses can market products, communicate with customers
and conduct transactions. However, the economic benefits of digitalization depend partly on the
availability of complementary physical infrastructure and the ability of businesses to participate
effectively in wider supply-chain networks.

Informal trade networks constitute another important component of Nigeria's supply chain environment.
Informal businesses often rely on interpersonal relationships, social networks and established trading
arrangements to access suppliers, customers, finance and market information. Although informality can
be associated with limited access to formal finance, technology and institutional support, informal
networks can also provide flexible mechanisms for economic participation and livelihood generation.
Their significance suggests that supply chain integration in Nigeria cannot be adequately understood
through formal organizational relationships alone. Integrating informal networks with physical
infrastructure, digital platforms and value-chain systems may provide opportunities for informal
businesses to access wider markets, improve coordination and increase the value generated from their
activities.

Value-chain integration provides an additional pathway through which supply chain infrastructure can
contribute to income generation. Strong linkages among producers, processors, distributors, retailers and
consumers can improve access to inputs, information, technology and markets while facilitating
specialization and value addition. When producers and small businesses are better connected to
downstream markets, they may be able to reduce market uncertainty, improve product quality and capture
greater value from their activities. Supply chain integration research supports the view that coordination
across supply-chain boundaries can generate benefits beyond individual organizational processes (Flynn
etal., 2010; Baisa et al., 2025). In the Nigerian context, integrating value-chain relationships with physical
and digital infrastructure may therefore improve the capacity of economic actors to participate in
productive and commercially viable activities.

Despite the growing literature on supply chain integration, important gaps remain. EXisting studies have
predominantly examined supply chain integration in relation to organizational performance, operational
efficiency, competitive advantage and financial performance (Frohlich & Westbrook, 2001; Flynn et al.,
2010; Rai et al., 2006). Recent evidence also indicates that research in emerging and developing
economies continues to focus substantially on firm-level and operational outcomes (Baisa et al., 2025).
Moreover, studies commonly examine individual dimensions of infrastructure or integration separately,
with limited attention to the combined role of physical infrastructure, digital platforms, informal trade
networks and value-chain linkages. This fragmented treatment may be inadequate for countries such as
Nigeria, where formal and informal economic systems coexist and where digital technologies increasingly
interact with traditional trading and physical distribution networks.

The limited integration of these dimensions creates a conceptual and empirical gap in understanding how
hybrid supply chain infrastructure contributes to income generation. An enterprise may have access to
digital platforms but remain constrained by poor transportation infrastructure; similarly, a producer may
have access to physical markets but be unable to capture greater value because of weak information
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systems or limited value-chain linkages. These relationships suggest that the economic contribution of
supply chain infrastructure may arise from the interaction and complementarity among different forms of
infrastructure rather than from individual components alone. A hybrid perspective is therefore necessary
to capture the realities of Nigeria's supply chain environment and its implications for income-generating
activities.

Against this background, this study examines the integration of hybrid supply chain infrastructure and
income generation in Nigeria. Specifically, it investigates the extent to which informal trade networks,
physical systems, digital platforms and value-chain linkages contribute to income generation. Structural
Equation Modelling (SEM) is employed to examine the relationships among these constructs and
determine their respective contributions to income-generation outcomes. By integrating physical, digital,
informal and value-chain dimensions within a single analytical framework, the study extends existing
supply chain integration literature beyond conventional firm-level performance outcomes. The study
further provides empirical evidence that can support policymakers, supply-chain practitioners and
development stakeholders in designing integrated infrastructure and market-connectivity strategies
capable of expanding productive opportunities and improving income generation in Nigeria.

LITERATURE REVIEW

The literature increasingly recognizes that supply chain integration is multidimensional. Integration is not
achieved simply by establishing relationships between buyers and suppliers; it requires coordination of
physical flows, information flows, financial transactions and business processes. Baisa et al. (2025), in a
systematic review of empirical studies from emerging and developing economies, found that supplier,
internal and customer integration remain the dominant dimensions used in the supply chain integration
literature. However, the authors also observed continuing inconsistency in the supply chain integration—
performance relationship, suggesting that context, measurement and the configuration of integration
mechanisms matter. Akinlolu and Muktar (2020) investigated the income-generation potential embedded
in Nigeria’s informal trade systems. The study responds to the research gap of insufficient exploration of
how informal trade networks function within hybrid supply chain structures, and particularly how the
integration of digital platforms could enhance their income-earning capacity.

Similarly, Flynn et al. (2010) conceptualized supply chain integration around internal, supplier and
customer integration and demonstrated that integration is associated with improved operational and
business performance. Their argument is particularly relevant to developing economies, where fragmented
production and distribution systems can increase transaction costs and limit access to markets.

Hybrid Supply Chain Infrastructure

The hybrid supply chain infrastructure in this study is thus not a one-size-fits-all approach. Rather, it is a
contextual framework that integrates physical systems, informal systems, digital platforms and value
chains. It provides a foundation for inclusive supply chains that can adapt to Nigeria’s uneven economic
landscape while promoting income generation. The hybrid supply chain infrastructure integrates the
following:
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The Physical Infrastructure:

The physical infrastructure model emphasizes the role of transport networks, energy supply, warehousing,
and logistics hubs in facilitating the movement and preservation of goods. However, its effectiveness is
often hindered by Nigeria’s underdeveloped rural roads, inconsistent electricity supply, and port
congestion, which limit access to markets and increase costs (World Bank, 2020). The physical
infrastructure model reduces poverty and enhances income by lowering transportation and logistics costs,
improving market accessibility, and reducing post-harvest losses through efficient movement and storage
of goods. When transport networks, energy supply, warehousing, and logistics hubs function effectively,
producers especially farmers and small enterprises can reach larger and more profitable markets, thereby
increasing sales revenue and stabilizing household incomes (World Bank, 2020). Improved infrastructure
also stimulates employment creation in construction, logistics, and manufacturing, further expanding
income-generating opportunities.

Value Chain

The value chain model highlights the importance of linking producers, processors, distributors, and
consumers in ways that maximize efficiency, reduce waste, and ensure fair returns across all stages of
production (Porter, 1990; Kaplinsky & Morris, 2001). The value chain model enhances income by
ensuring that value is added at each stage of production, from input supply to processing, distribution, and
final consumption. This leads to higher profit margins, improved productivity, and job creation along
different stages of the chain, which collectively contribute to more inclusive income distribution (FAQ,
2020; OECD, 2021).

Informal Trade Network

The informal trade network model acknowledges the vast, decentralized systems of trade and logistics led
by smallholder farmers, market women, street vendors, and informal transporters. These actors operate
outside formal structures but serve as the backbone of local commerce, especially in rural and peri-urban
areas (Meagher, 2013). These networks provide flexible income opportunities, especially for rural and
peri-urban populations, through small-scale trading, transportation, and local distribution activities.
Because they are highly adaptive and locally embedded, they ensure continuous economic activity even
in environments where formal infrastructure is weak, thereby maintaining household income flows
(Meagher, 2013).

Digital Platforms

The digital platforms captures emerging technologies such as mobile money, e-commerce platforms, agri-
tech solutions that are increasingly reshaping how goods and services are transacted. In areas with limited
physical infrastructure, these digital systems offer alternative channels for market access, transaction
efficiency, and real-time supply chain visibility (Ivanov et al., 2019; GSMA, 2022). The digital platforms
model enhances income by expanding market access, improving transaction efficiency, and lowering
information asymmetry between producers and consumers. Mobile money systems, e-commerce
platforms, and agri-tech solutions enable small businesses and farmers to participate in wider markets
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without requiring extensive physical infrastructure. These technologies also improve financial inclusion,
enable faster payments, and support real-time coordination within supply chains, which increases
productivity and income generation capacity, particularly in underserved rural areas (Ivanov et al., 2019;
GSMA, 2022).

Income Generation

Income generation is defined in this study as the capacity of individuals and communities to earn and
sustain financial returns from productive economic activities. It includes income from formal
employment, informal trade, entrepreneurship, self-employment, and micro-enterprises. In Nigeria, a
majority of the population derives their livelihood from informal and semi-formal activities such as small-
scale farming, petty trading, artisanal manufacturing, and transport services (ILO, 2020). These income
sources are often fragile, poorly remunerated, and disconnected from structured market systems.

The study views income generation not only as a means of survival but as a driver of development and
economic resilience. It is intricately linked to supply chain performance: access to reliable logistics,
storage, credit, and digital marketing tools can significantly enhance the income-earning potential of small
producers and traders. Moreover, inclusion in integrated value chains enables them to move beyond
subsistence-level earnings by tapping into higher-value markets, improving quality, and reducing waste.

Income generation is thus conceptualized as both a direct and indirect outcome of efficient supply chain
infrastructure. Directly, it is enhanced by reduced costs and better access to markets; indirectly, it is
influenced by the overall improvement in productivity, coordination, and information flow that a hybrid
supply chain model enables. As a result, income generation acts also as a dependent variable in the
pathway between supply chain integration.

Value Chain
Linkages
Physical
Infrastructur
e

Digital
Platforms

Hybrid
Informal Supply
Systems Chain Income
Infrastructure Generation

Fig 1: Conceptual Framework

The framework recognizes that income generation is not achieved through isolated infrastructure
investments but through the coordinated interaction of informal systems, digital platforms, value chain
linkages and physical infrastructure. By integrating these dimensions, the framework enhances the
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efficiency of production, distribution, and market access, thereby creating economic opportunities that
improve household welfare.

THEORETICAL FOUNDATION

The theoretical foundation provides the conceptual and analytical foundations for understanding how
supply chain infrastructure influences income generation.

The human capital theory emphasizes that education, skills, and access to knowledge-enhancing
infrastructure enable individuals and firms within hybrid supply chains to effectively leverage resources,
participate in value chains, and increase income (Becker, 1964; Schultz, 1961; World Bank, 2020).

The network theory explains that informal networks and social capital help traders access information and
resources, and when integrated into hybrid supply chains, they expand income-generating opportunities
(Granovetter, 1985; Uzzi, 1997; OECD, 2021).

The modernization theory emphasizes that adoption of modern infrastructure, technologies, and
institutions through hybrid supply chains boosts economic productivity and enhances income-generation
potential (Rostow, 1960; Todaro & Smith, 2015; World Bank, 2023).

METHODOLOGY
Research Design

The study adopted an ex-post facto research design based on secondary data to examine the relationship
between the integration of hybrid supply chain infrastructure and income generation in Nigeria. The design
was considered appropriate because the study relied on historical and already-existing data obtained from
recognized national and international databases rather than generating primary data from respondents. The
use of an ex-post facto design also makes it possible to examine relationships among variables whose
values have already occurred and cannot be manipulated. The study employed a quantitative research
approach using secondary data. The quantitative approach was appropriate because the research variables
were operationalized using measurable indicators obtained from established statistical databases. The data
were subjected to statistical analysis to determine the direction, magnitude and significance of the
relationships between the explanatory variables and income generation.

Data Sources

For the purpose of this work, secondary data was sourced and used. Secondary data is the data that has
already been previously collected, readily available from other sources and may be published or
unpublished. This study employed the use of annual data sourced from World Bank development
indicators (WDI) for all the variables from 1990-2023. The World Bank Development Indicators (WDI)
database is selected due to its consistency, comparability, and extensive coverage of macroeconomic and
development indicators relevant to Nigeria.


https://www.eajournals.org/

European Journal of Logistics, Purchasing and Supply Chain Management,14 No.3, pp.1-25, 2026
Print ISSN: 2054-0930 (Print)
Online ISSN: 2054-0949 (Online)

Website: https://www.eajournals.org/

Publication of the European Centre for Research Training and Development-UK
Empirical Model Specification

Income generation through hybrid supply chains in Nigeria is mediated by human capital, social networks,
and resilience theory, with policy frameworks critically shaping their effectiveness.

The theoretical model can be denoted as:

Income = f(InformalNetwork, ValueChain, Physicallnfrastructure, DigitalPlatform, Education,
SocialCapital, LabourMarketPolicies, Industrialization, AgriculturalProductivity, IncomeRedistribution)
3.1)

This model examines the relationship between key components of the hybrid supply chain infrastructure
(informal trade networks, digital platforms, physical systems and value chains) and income generation
among informal and small-scale actors in Nigeria. Equation 3.1 is modified to suit the income model for
this study and is given as:

Functional Form:
INC = f(ITN;, VCi, Pl;, DP;, EDU;, SOCi, MOD;, Controls;) (3.2)
Where:

INC: Income- Proxy by Gross National Income (GNI) per capita (current US$) used as a proxy for average
income per person.

ITN: Informal Trade Network- Proxy by self employed (% of total employment)
VC: Value Chain Integration-Proxy by Manufacturing value added (% of GDP)
PI: Physical Infrastructure- Proxy by access to electricity (% of total population)
DP: Digital Platforms- Proxy by Internet Users (% of population)

EDU: Education-Proxy by Years of Schooling

SOC: Social Capital-Proxy by Financial Inclusion Rate (% of adults with bank account and mobile money
access)

MOD: Modernization- Proxy by Urban Population Growth (% of total population)
Controlsi: Access to Electricity and Trade Openness

i Error term.
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Econometric Specification:

PSi=p0 + BLITNit+ B2VCit+ B3Plit+ B4DP it + BSEDU it + B6SOC it +B7MODit + yXit + €it
(3.3)

Where:

B1- B7 = measure the marginal effects of each hybrid system component on income.
Xit = is the matrix of control variables with coefficient vector vy.

€it= Error Term

Measurement Model

The SEM framework is implemented primarily as a structural system model using observed
macroeconomic indicators as proxies for their respective conceptual constructs. Each construct such as
Informal Trade Networks, Value Chain Integration, Physical Infrastructure, Digital Platforms and Income
is measured using a single, theoretically justified indicator derived from secondary data sources. As a
result, the analysis does not rely on multiple observed indicators per construct, but rather treats the
variables as observed composites, consistent with macro-level SEM applications in development
economics.

Formally, the general measurement relationships for exogenous construct may be expressed as:
Xi =08+ 0 (3.4)

For endogenous construct:
Yi=am+tE (3.5)

Where:

x; andy; represents observed indicators,

Ax and Ay are loading matrices, and

A and € capture measurement errors.

However, given the use of single-indicator constructs, these relationships are implicitly embedded within
the structural model rather than estimated separately through confirmatory factor analysis.

b. Structural Model

The structural model specifies the hypothesized causal relationships among the endogenous and
exogenous constructs and is expressed as:
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n=Bn+T¢+ (3.6)

Where:
n is the vector of endogenous variables (Poverty status and Income)
B represents relationships among endogenous constructs,
I" represents the effects of exogenous variables on endogenous constructs,
& denotes exogenous variables, and
C is the vector of structural disturbances.
C. The SEM General Model
The general model can be stated as:

Yie = BYy +I'Xie + it (3-7)

Where:

Y;.= vector of endogenous variables

Y, —(PS“) 3.8

X;:= vector of exogenous variables (ITN, VC, PI, DP, EDU, SOC, MOD, Controls)
B = matrix of relationships among endogenous variables

I' = matrix of effects of exogenous variables on endogenous variables

;= vector of structural disturbances

Estimation and Evaluation Criteria

The analysis involved data screening, SEM estimation and evaluation of the estimated model. Prior to
estimation, the secondary dataset was examined for missing observations, outliers, multicollinearity and
distributional properties to ensure the suitability of the data for analysis. The structural model was
estimated using Maximum Likelihood Estimation (MLE), with path coefficients used to determine the
direction, magnitude and statistical significance of the relationships between informal trade networks,
physical systems, digital platforms, value-chain linkages and income generation. Where applicable, direct,
indirect and total effects were examined to provide further insight into the relationships among the study
constructs.
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The adequacy of the estimated model was evaluated using established SEM goodness-of-fit criteria,
including the Comparative Fit Index (CFI), Tucker-Lewis Index (TLI), Root Mean Square Error of
Approximation (RMSEA), Standardized Root Mean Square Residual (SRMR) and chi-square statistics.
The significance of estimated path coefficients was assessed at the 1%, 5% and 10% levels, while
standardized coefficients were used to compare the relative strength of the relationships. The explanatory
power of the model was assessed using the coefficient of determination (R2). Multicollinearity was
examined using the Variance Inflation Factor (VIF), while bootstrapping and sensitivity checks were used,
where appropriate, to assess the stability and robustness of the estimates. The overall assessment combined
statistical evidence, model-fit criteria and theoretical consistency in determining the suitability of the
model for interpretation.

Test of Hypothesis and Decision Rule

The hypothesis was tested using the structural path coefficient generated from the Structural Equation
Model (SEM). The direction and magnitude of the standardized path coefficient were used to determine
the nature and strength of the relationship between hybrid supply chain infrastructure integration and
income generation, while the corresponding p-value was used to determine statistical significance. The
null hypothesis was rejected where the p-value was less than 0.05 and not rejected where the p-value was
greater than or equal to 0.05.

Ho: Hybrid supply chain infrastructure integration has no significant effect on income generation in
Nigeria.

Ha: Hybrid supply chain infrastructure integration has a significant effect on income generation in Nigeria.
DATA ANALYSIS AND RESULT

This analysis extends to the aim which examines the influence of integrating informal trade networks,
value chain integration, physical infrastructure (access to electricity), digital platforms, education (literacy
rate and secondary school enrollment), social capital (financial inclusion), and modernization (urban
population growth) on income generation in Nigeria, proxied by Gross National Income (GNI) per capita
utilizing OLS for diagnostics and SEM for structural relationships, with bootstrapping for robustness. The
dataset spans 1980-2022 gotten from World Bank.

Descriptive Statistics and Preliminary Diagnostics

Means from SEM: ITN (87.85%), high informal reliance; VC (12.15%), low manufacturing; DP (11.51%),
digital gap; EDU (57.75%), moderate literacy; SOC (38.41%), limited inclusion; MOD (4.33%), steady
urbanization; TOP (50.04%), moderate openness; SSE (34.12%), low enrollment; AE (48.07%),
infrastructure deficit. Data screening showed potential non-normality in DP, mitigated by bootstrapping.
Correlations in DP-MOD was -0.983 indicated multicollinearity, addressed in SEM.

Multicollinearity Assessment
Variance Inflation Factors (VIF) was computed to assess multicollinearity among regressors.
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Table 1: Multicollinearity

Predictor B (Unstd.) Std. Error Beta (Std.) T Sig. Tolerance VIF

Constant 29580.697 14408.859 - 2.053 0.051 - -

ITN -426.146  161.585 -1.046 -2.637 0.014 0.014 71.429
VC -54.670  23.935 -0.336 -2.284 0.032 0.102 9.804
DP 9.025 30.419 0.160 0.297 0.769 0.006 166.667
EDU -22.434  9.881 -0.141 -2.2700.032 0.583 1.715

SOC 63.232 21.156 0.566 2.989 0.006 0.062 16.129
MOD 1666.799 620.364 1.043 2.687 0.0130.013 76.923
TOP 15.307 6.483 0.237 2.361 0.0270.222 4.505
SSE 2.983 15.878 0.037 0.188 0.853 0.053 18.868

AE 7.709 13.492 0.087 0.571 0.573 0.092 10.870

Significant predictors: ITN (negative, contrary to a priori), VC (negative), EDU (negative), SOC
(positive), MOD (positive), TOP (positive). High VIFs in DP with value of 166.667 confirm
multicollinearity, warranting SEM. Collinearity diagnostics show condition indices up to 179.529, with
variance proportions indicating issues.
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Model Fit and Goodness-of-Fit (SEM)

Table 2: Model Fit Indices
Fit Index Value Threshold Assessment
Chi-square (CMIN) 0.000 p=>0.05 Excellent
CMIN/DF 0.000 <3.00 Excellent
CFlI 1.000 >0.95 Excellent
TLI 1.000 >0.95 Excellent
IFI 1.000 >0.95 Excellent
NFI 1.000 =>0.90 Excellent
RMSEA 0.000 <0.05 Excellent
PCLOSE 1.000 >0.05 Excellent
AIC 180.000 Lowver is better Preferred
ECVI 5.455  Lower is better Preferred

The model fit indices indicate that the specified structural equation model exhibits excellent overall fit.
All incremental and comparative indices (CFI, TLI, IFI, and NFI) exceed the recommended thresholds,
while absolute fit measures such as RMSEA approach zero, confirming minimal approximation error.
Information criteria (AIC and ECVI) further support the efficiency and stability of the model relative to
alternative specifications. The results confirm that the hypothesized model adequately represents the
observed data and is suitable for hypothesis testing and policy interpretation.

Regression and SEM Results

SEM used maximum likelihood with 5,000 bootstraps. Table 3 shows regression weights.
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Table 3: SEM Regression Weights (Unstandardized and Standardized)

Path Estimate (Unstd.) S.E. CR. P Std. Estimate
INC — ITN -426.146 137.800 -3.093 0.002 -1.046
INC «— VC -54.670 20.412 -2.678 0.007 -0.336
INC «—DP 9.025 25.941 0.348 0.728 0.160
INC «— EDU -22.434 8.426 -2.662 0.008 -0.141
INC «+— SOC 63.232 18.042 3.505 *** 0.566
INC «— MOD 1666.799 529.048 3.151 0.002 1.043
INC «— TOP 15.307 5.529 2.768 0.006 0.237
INC «— SSE  2.983 13.541 0.220 0.826 0.037
INC— AE 7.709 11.506 0.670 0.503 0.087

Table 3 presents the unstandardized and standardized regression estimates for the income generation
model, with gross national income (GNI) per capita serving as the proxy for income in Nigeria. The results
reveal substantial heterogeneity in the effects of supply chain components and control variables on income
outcomes, reflecting the structural complexities of the Nigerian economy.
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Figure 2: SEM Diagram
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Informal Trade Networks (ITN)

The coefficient for informal trade networks is negative and statistically significant (B = —426.146; p =
.002), with a large standardized effect (—1.046). This indicates that a higher share of self-employment
within total employment is associated with lower average income levels in Nigeria.

This result underscores the reality that informality in Nigeria is largely poverty-driven rather than
opportunity-driven. While informal activities provide short-term survival, they are typically characterized
by low productivity, limited capital accumulation, and income volatility. This finding aligns with the
Lewis dual-sector theory, which suggests that surplus labor is absorbed into low-productivity informal
activities when structural transformation is incomplete (Lewis, 1954). Empirical studies on Nigeria
similarly document the income-limiting nature of informal employment (Fox & Sohnesen, 2016; NBS,
2023).

Value Chain Integration (VC)

Value chain integration, proxied by manufacturing value added, exhibits a negative and significant effect
on income ( = —54.670; p = .007). Although counterintuitive, this finding reflects Nigeria’s industrial
structure, where manufacturing growth has been largely capital-intensive and weakly linked to
employment creation.

From a theoretical perspective, Kaldorian growth theory argues that industrialization raises incomes only
when strong backward and forward linkages exist. In Nigeria, import dependence, low domestic input
utilization, and limited SME participation weaken these linkages, thereby muting income gains for the
broader population (UNIDO, 2020).

C. Digital Platforms (DP)

Digital platforms show a positive but statistically insignificant relationship with income (f = 9.025; p =
.728). This suggests that, although digital connectivity has the potential to enhance income, its effects
remain uneven across Nigeria.

This outcome reflects persistent digital divides related to income, education, and geography. While digital
platforms benefit urban and skilled populations, limited rural access, high data costs, and low digital
literacy constrain their income-generating capacity at the national level. This finding is consistent with
digital inclusion theory, which emphasizes that technology alone does not guarantee income growth
without complementary human capital and institutional support (Aker & Mbiti, 2010).

Education (EDU)

Education exhibits a negative and statistically significant coefficient (B = —22.434; p = .008). Although
contrary to classical human capital theory, this result reflects the mismatch between educational
attainment and labor market opportunities in Nigeria.
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High graduate unemployment and underemployment imply that additional years of schooling do not
automatically translate into higher incomes. Instead, education without commensurate job creation may
increase competition for limited formal-sector positions, suppressing wages and income outcomes. Similar
findings have been reported in Nigeria and other developing economies experiencing jobless growth
(World Bank, 2021).

Social Capital / Financial Inclusion (SOC)

Social capital, proxied by financial inclusion, displays a positive and highly significant effect on income
(B=63.232; p <.001), with a strong standardized coefficient (0.566). This indicates that access to formal
financial services substantially enhances income levels in Nigeria.

Financial inclusion improves income by easing access to credit, facilitating savings, and supporting
small-scale entrepreneurship. This finding aligns with financial intermediation theory and extensive
empirical literature linking financial inclusion to income growth and poverty reduction in developing
economies (Demirglc-Kunt et al., 2018).

Modernization / Urbanization (MOD)

Modernization, proxied by urban population growth, exerts a large positive and statistically significant
effect on income (f = 1666.799; p = .002), with a standardized coefficient of 1.043. This highlights the
strong income advantages associated with urban-based economic activities in Nigeria.

This result is consistent with the Harris—Todaro migration model, which suggests that expected income
differentials drive rural-urban migration. In Nigeria, urban areas offer better access to markets,
infrastructure, and diversified employment opportunities, resulting in higher income levels for urban
households.

Trade Openness (TOP)

Trade openness has a positive and significant effect on income (B = 15.307; p =.006). This indicates that
increased integration into global trade enhances income through expanded markets, technology transfer,
and efficiency gains.

However, the modest magnitude of the coefficient suggests that the income benefits of trade in Nigeria
are constrained by export concentration in primary commodities and limited domestic value addition.

Secondary School Enrollment (SSE) and Access to Electricity (AE)

Both secondary school enroliment and access to electricity exhibit positive but statistically insignificant
effects on income. These results suggest that, while education access and electricity are important, their
income effects depend on complementary factors such as job availability, reliability of power supply, and
skills relevance.

18


https://www.eajournals.org/

European Journal of Logistics, Purchasing and Supply Chain Management,14 No.3, pp.1-25, 2026
Print ISSN: 2054-0930 (Print)
Online ISSN: 2054-0949 (Online)

Website: https://www.eajournals.org/

Publication of the European Centre for Research Training and Development-UK
The findings indicate that income generation in Nigeria is driven more by structural transformation,
financial inclusion, and urban-based modernization than by informality or isolated industrial growth. The
negative effects of informality and weak value-chain integration highlight the need for policies that shift
economic activity toward higher-productivity sectors, strengthen domestic linkages, and expand access to
finance.

Evaluation of Research Hypothesis

Ho: Hybrid supply chain infrastructure integration has no significant effect on income generation in
Nigeria.

Ha: Hybrid supply chain infrastructure integration has a significant effect on income generation in Nigeria.

Table 4: OLS Model Summary

Model R R Square Adjusted R Square Std. Error of Estimate

1 0.973 0.947 0.927 201.761

The model accounts for 94.7% of variance in income, suggesting strong explanatory power.

Table 5: ANOVA Results

Model Sum of Squares df Mean Square F Sig.

Regression 17302377.682 9 1922486.409 47.227 0.000
Residual 976979.410 24 40707.475
Total 18279357.092 33

F-statistic (47.227, p<0.001) indicates significance.

(Ho vs. Hi): Ho posits no significant influence of integration on income generation. Results reject Ho
(F=47.227, p<0.001; SEM paths significant for ITN, VC, EDU, SOC, MOD, TOP).ITN's negative effect
(-426.146, p=-1.046, p=0.002) implies higher self-employment reduces average income, diverging from
a priori but consistent with literature on low-productivity informality in developing economies (La Porta
& Shleifer, 2014). In Nigeria, informal workers earn 40% less than formal counterparts due to limited
scale (NBS, 2023; Oyebade, 2020).

VC (-54.670, PB=-0.336, p=0.007) negatively impacts, possibly reflecting Nigeria's extractive
manufacturing focus, which crowds out inclusive growth (UNIDO, 2021). EDU (-22.434, p=-0.141,
p=0.008) negative suggests literacy alone insufficient without quality; misalignment with human capital
theory but echoes Nigeria's education-job mismatch (Adebayo, 2019).
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Positive effects: SOC (63.232, =0.566, p<0.001) aligns with social capital enhancing access to finance
(Coleman, 1988); financial inclusion in Nigeria boosts SME income by 15% (CBN, 2022). MOD
(1666.799, p=1.043, p=0.002) supports urbanization driving income via services; Nigeria's urban shift
adds $50 billion annually (PwC, 2023). TOP (15.307, p=0.237, p=0.006) promotes income through trade
(Sachs & Warner, 1995), though oil bias limits benefits (Sala-i-Martin & Subramanian, 2003).

Non-significant: DP, SSE, AE suggest contextual barriers like digital literacy gaps (Okunola, 2022).
Findings highlight integration's potential for income but reveals needs for policy to address informality
and education quality in Nigeria.

DISCUSSION OF FINDINGS

The study focused on examining how the integration of key supply chain infrastructure elements in
particular informal trade networks (ITN, proxied by self-employment as a percentage of total
employment), value chain integration (VC, proxied by manufacturing value added as a percentage of
GDP), physical infrastructure (Pl or AE, proxied by access to electricity as a percentage of the population),
and digital platforms (DP, proxied by internet users as a percentage of the population)along with education
(EDU, literacy rate), social capital (SOC, financial inclusion), modernization (MOD, urban population
growth), and controls (trade openness TOP and secondary school enrollment SSE) influences income
generation in Nigeria. Income here is measured by Gross National Income (GNI) per capita (current US$),
serving as a proxy for average income levels per person. The model demonstrated a strong overall fit (R2
= 0.947, meaning it explains about 95% of the variation in income levels), with the ANOVA test
confirming statistical significance (F = 47.227, p < 0.001). This indicates the selected variables
collectively provide a robust explanation of income dynamics in the Nigerian context.

The Structural Equation Modeling (SEM) results highlight the following statistically significant
relationships: Informal Trade Network (ITN): Negative impact (f = -1.046, p = 0.002).This suggests that
a higher share of self-employment (reflecting heavy reliance on the informal sector) is associated with
lower average income per capita. In Nigeria, where informal employment remains dominant (around 92—
93% as of recent 20242025 data from NBS and ILO reports), much of this work is low-productivity,
survivalist, and lacks scale, social protection, or access to credit/markets. This finding aligns with global
literature (La Porta & Shleifer, 2014) showing informal sectors in developing economies often trap
workers in low-wage cycles, suppressing national average incomes despite providing livelihoods.

Value Chain Integration (VC) reveals a negative impact (p = -0.336, p = 0.007).Higher manufacturing
value added (as a proxy for value chain depth) correlates with lower GNI per capita. This may reflect
Nigeria's oil-dependent economy, where manufacturing contributes modestly (12% of GDP) and is often
capital-intensive or import-reliant, failing to create broad-based jobs or inclusive growth (UNIDO, 2021).
It highlights structural challenges in linking value chains to widespread income gains.

Education (EDU) shows a negative impact (f = -0.141, p = 0.008), higher literacy rates appear linked to
lower income per capita here, a counterintuitive result possibly due to education-job mismatches, where
many educated Nigerians face underemployment or emigration (“brain drain™). This echoes Nigeria-
specific evidence of skills gaps and high youth unemployment despite rising literacy (Adebayo, 2019).
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Social Capital (SOC) shows a strong positive impact (f = 0.566, p < 0.001), this implies that Financial
inclusion (e.g., access to bank accounts, mobile money) significantly boosts average income. This
underscores how SOC enables credit, savings, entrepreneurship, and remittances key drivers in Nigeria,
where mobile money has lifted household incomes by 7-15% in recent years (GSMA, 2021; CBN, 2022).

Modernization (MOD) depicts a strong positive impact (B = 1.043, p = 0.002) showing that Urban
population growth strongly enhances income per capita, reflecting agglomeration economies, better job
opportunities in services, and economic diversification in cities (Duranton, 2015; Glaeser, 2011). Nigeria's
rapid urbanization (3.4-4.3% annual growth) drives this, though unmanaged growth risks inequality.

Trade Openness (TOP) reveals a positive impact (B = 0.237, p = 0.006) which implies that greater trade
exposure supports income growth through exports and competition, though benefits are limited by oil
dominance (Dollar & Kraay, 2004; Adeleye et al., 2022).

Non-significant variables (e.g., DP, PIl, SSE) suggest contextual barriers like digital literacy gaps,
electricity deficits (~61% access in 2023), and enrollment mismatches limit their income contributions.
The strong model fit confirms that supply chain integration influences income generation, but the mixed
and often negative effects from informality (ITN) and manufacturing (VC) highlight structural challenges
in Nigeria's economy. High informality and oil-biased value chains suppress average incomes, while
education alone fails to translate into gains due to mismatches.

Positive drivers’ financial inclusion (SOC), urbanization (MOD), and trade openness (TOP) point to
pathways for inclusive growth: expanding access to finance empowers informal actors, urbanization
fosters agglomeration and jobs, and trade integration boosts productivity.

These findings reject the null hypothesis (Hoz) of no significant influence, emphasizing that while
integration holds potential, Nigeria's context (high informality 92-93%, moderate GNI per capita $1,700—
2,100 recent, inequality Gini 34-35) requires targeted policies to shift informality toward productivity,
diversify manufacturing, and align education with jobs. This supports hybrid supply chains with strong
policy support for sustainable income growth.

CONCLUSION

The study therefore concludes that hybrid supply chain infrastructure has considerable potential to support
income generation in Nigeria, but this potential can only be realized when infrastructure development is
combined with financial inclusion, productive value addition, relevant skills, effective market integration
and supportive institutional policies. The rejection of the null hypothesis confirms that the broader supply
chain and socioeconomic factors incorporated in the model significantly influence income-generation
outcomes. The challenge for Nigeria is consequently not simply to expand infrastructure, but to ensure
that different infrastructure components and economic systems work together to create productive and
sustainable income opportunities.

21


https://www.eajournals.org/

European Journal of Logistics, Purchasing and Supply Chain Management,14 No.3, pp.1-25, 2026
Print ISSN: 2054-0930 (Print)
Online ISSN: 2054-0949 (Online)

Website: https://www.eajournals.org/

Publication of the European Centre for Research Training and Development-UK

POLICY RECOMMENDATIONS
Based on the findings, the study makes the following recommendations:

Government should develop policies that facilitate the gradual integration of informal traders and self-
employed workers into formal supply chains through simplified registration, affordable credit, business
development services, social protection and access to organized markets. The objective should not be to
eliminate informal activities but to improve their productivity and income-generating capacity.

Policies should promote stronger linkages between agriculture, manufacturing, processing, distribution
and retail activities. Incentives for local sourcing, domestic processing and SME participation should be
strengthened to ensure that value added generates wider employment and income opportunities rather than
remaining concentrated in a few capital-intensive sectors.

Educational institutions should place greater emphasis on technical, vocational, entrepreneurial, digital
and supply chain-related skills. Stronger collaboration between educational institutions and industry can
help reduce the mismatch between educational qualifications and available employment opportunities.

Financial institutions and policymakers should expand affordable banking, mobile money, credit and
savings services, particularly for small businesses and informal economic actors. Financial inclusion can
provide the working capital required to participate more effectively in supply chains and convert market
opportunities into higher incomes.

Given the positive effect of modernization, government should link urban development with
transportation, electricity, markets, housing, logistics facilities and employment-generating activities.
Planned urban development can strengthen agglomeration benefits while reducing the negative
consequences of uncontrolled urban expansion.

Government should avoid implementing physical infrastructure, digitalization, financial inclusion and
market-development initiatives as isolated programmes. Instead, these interventions should be
coordinated within an integrated framework that connects physical systems, digital platforms, informal
trade networks and value-chain linkages. This would improve the likelihood that infrastructure investment
translates into sustained and inclusive income generation.

CONTRIBUTION TO KNOWLEDGE

The study extends the supply chain integration literature by bringing together informal trade networks,
physical infrastructure, digital platforms and value-chain linkages within a single analytical framework
for understanding income generation in Nigeria.

Existing supply chain integration studies have largely focused on organizational outcomes such as
operational efficiency, competitiveness and financial performance. This study extends the literature by
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examining income generation as a broader socioeconomic outcome of supply chain infrastructure
integration.

The study provides empirical evidence on how different supply chain and socioeconomic factors influence
income generation within the Nigerian context. The findings demonstrate that the effects of supply chain-
related factors are not uniformly positive, highlighting the importance of contextual conditions.

The significant negative relationship between informal trade networks and income generation contributes
to the understanding of the limitations of informality. It shows that while informal activities provide
livelihoods, their dominance may constrain productivity and average income when they are not connected
to productive formal systems, finance and wider markets.

The application of Structural Equation Modelling (SEM) to examine the combined influence of hybrid
supply chain infrastructure and socioeconomic factors provides a methodological framework for analyzing
complex relationships among interconnected supply chain variables using secondary data.
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