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Abstract

This chapter examines how infrastructure, information accessibility, and quality standards jointly influence
producer and consumer outcomes within agricultural value chains in developing economies. Drawing on the
Global Value Chain (GVC) governance framework and price transmission theory, it argues that market
fragmentation in low-income countries is perpetuated by weak institutional governance, persistent
information asymmetries, and exclusionary standards regimes that constrain market access and efficiency.
To empirically evaluate these relationships, the study employs a comprehensive econometric approach,
integrating Johansen cointegration, Vector Error Correction Models (VECM), Nonlinear Autoregressive
Distributed Lag (NARDL), fixed-effects OLS regression, Propensity Score Matching (PSM), and Heckman
selection models, implemented using R (v4.3) and IBM SPSS (v27). The findings provide compelling
evidence of the central role of integrated market governance. First, road infrastructure emerges as the
strongest determinant of farm-gate prices (f = 0.312), exerting a greater influence than market information,
quality standards, or contractual arrangements. Second, captive governance structures impose a substantial
welfare burden, with consumers paying approximately 38% higher prices than under competitive market
systems due to asymmetric price transmission. Third, when infrastructure development, information access,
and inclusive standards operate synergistically within an integrated governance framework, smallholder
market participation increases from 22% to 74%, generating a causal farm-gate price premium of 36%. The
chapter concludes that fragmented, isolated interventions are insufficient. Sustainable transformation of
developing food systems requires coordinated investments in rural infrastructure, transparent information
systems, inclusive quality standards, and governance arrangements that simultaneously protect smallholder
producers and enhance consumer welfare.
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1. Introduction

Food insecurity remains one of the most urgent and complex development challenges of the twenty-first
century. Despite remarkable advances in agricultural productivity and technological innovation over recent
decades, an estimated 733 million people still suffer from chronic hunger, while more than 2.3 billion
experience moderate or severe food insecurity (FAO et al., 2024). These troubling figures persist not simply
because of inadequate food production but because of deep-seated structural inefficiencies embedded within
agricultural markets and food value chains across low- and middle-income countries (LMICs). This paradox,
where abundance coexists with deprivation, highlights a more fundamental systemic failure: the inability of
fragmented markets and weak value chain governance structures to convert agricultural production into
reliable, affordable, and equitable food access for consumers while simultaneously ensuring fair and
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remunerative returns for the smallholder farmers who form the backbone of agricultural economies in Sub-
Saharan Africa, South Asia, and Latin America (World Bank, 2007; FAO, 2020; HLPE, 2017).

Over the past three decades, both academic scholarship and policy thinking on food systems have undergone
a significant conceptual shift. Earlier analyses of agricultural development in developing economies focused
predominantly on supply-side constraints, emphasizing the availability of production inputs, the
dissemination of improved seed varieties, and the expansion of cultivated land (Timmer, 1997). However,
as the limitations of this production-centric paradigm became increasingly evident, research attention
gradually expanded to encompass the institutional and market environments through which agricultural
products are exchanged, processed, and distributed. This transition reflected the growing recognition that
productivity gains are frequently undermined by downstream inefficiencies, including high post-harvest
losses, exploitative intermediation, weak price discovery mechanisms, and inadequate processing, storage,
and transportation infrastructure (Reardon & Timmer, 2007; Barrett, 2008). Consequently, market
integration, commonly defined as the extent to which geographically or vertically separated markets share
information and efficiently transmit competitive price signals throughout the supply chain, has emerged as
a central concept in both theoretical and empirical research (Fackler & Goodwin, 2001; Goletti & Babu,
1994).

Market integration, however, is far more than a technical manifestation of price co-movement. It is
fundamentally a social, institutional, and governance outcome shaped by the organizational arrangements
that regulate interactions among actors throughout the value chain. The Global Value Chain (GVC)
framework developed by Gereffi et al. (2005) provides a robust analytical lens for understanding how
governance structures, coordination mechanisms, and power asymmetries shape the distribution of value,
risk, and opportunities for upgrading across agri-food systems. Within this framework, governance refers to
the non-market coordination of economic activities through mechanisms such as quality and process
standards, contractual arrangements, allocation of production tasks, and systems of compliance monitoring.
Governance structures exist along a continuum ranging from arm’s-length market transactions to fully
vertically integrated systems, with modular, relational, and captive governance representing intermediate
forms (Gereffi et al., 2005). In many developing-country agricultural value chains, captive and relational
governance arrangements predominate, embedding smallholder farmers in asymmetric dependency
relationships with traders, processors, exporters, and retailers that systematically weaken their bargaining
power and reduce their share of the final consumer price (Humphrey & Schmitz, 2002; Ponte & Gibbon,
2005).

Three interrelated structural pillars, namely physical infrastructure, market information systems, and quality
standards, are widely recognized as the principal determinants of market integration and value chain
performance (Reardon et al., 2009; World Bank, 2007). Physical infrastructure, including rural road
networks, storage facilities, cold-chain systems, and energy access, determines the efficiency with which
agricultural products are moved, stored, and preserved from farm to market. The quality and density of
transport infrastructure directly influence transaction costs, price spreads between production zones and
urban markets, and the magnitude of post-harvest losses (Jacoby, 2000; Teravaninthorn & Raballand, 2009).
In regions characterized by inadequate rural connectivity, agricultural markets remain spatially fragmented,
preventing the efficient arbitrage processes that would otherwise facilitate price convergence across locations
(Gollin & Rogerson, 2014). Moreover, insufficient storage capacity often forces smallholders into distress
sales immediately after harvest, when market prices are seasonally lowest, thereby perpetuating low farm-
gate returns and limiting reinvestment in productive assets (Stephens & Barrett, 2011).

Market information systems constitute the second critical pillar underpinning market integration. In any
market economy, information serves as the primary coordinating mechanism, and the quality, accessibility,
and symmetry of information significantly influence the terms under which market transactions occur.
Information asymmetries, where traders and intermediaries possess superior knowledge regarding prices,
quality attributes, and demand conditions relative to producers, are pervasive features of agricultural markets
in developing economies. These asymmetries provide a mechanism through which intermediaries capture
disproportionate rents and extract a larger share of the final consumer value (Stiglitz, 2002; Fafchamps &
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Hill, 2008). The rapid expansion of mobile telephony and digital market platforms across Sub-Saharan Africa
and South Asia generated considerable optimism that information and communication technologies (ICTs)
could democratize access to market information and reduce informational rents (Jensen, 2007). Nevertheless,
empirical evidence suggests that the impacts of ICT-enabled market information systems are often
heterogeneous and highly context-specific, with several studies reporting more modest effects than initially
anticipated (Aker, 2010; Muto & Yamano, 2009; Svensson & Yanagizawa, 2009). The persistence of
information asymmetries demonstrates that technological innovation alone, without complementary
investments in education, infrastructure, and institutional capacity, is insufficient to create genuinely
transparent and inclusive agricultural markets.

Quality and safety standards represent the third and increasingly influential pillar of contemporary value
chain governance. Standards define the institutional conditions for market participation by specifying
minimum requirements relating to product characteristics such as size, appearance, moisture content,
pesticide residues, traceability, and food safety certification (Henson & Reardon, 2005). Over the past three
decades, the globalization and modernization of food systems have been accompanied by a rapid
proliferation of both public and private standards, driven by increasing consumer demand for quality
assurance, the expansion of modern retail systems, and more stringent regulatory requirements in high-
income markets (Reardon & Timmer, 2007; Dolan & Humphrey, 2000). While compliance with standards
can facilitate market upgrading and entry into premium-value segments, it also imposes substantial
compliance costs that fall disproportionately on resource-constrained smallholder producers (Minten et al.,
2009; Maertens & Swinnen, 2009). In the absence of affordable certification systems, technical support, and
collective mechanisms for sharing compliance costs, standards risk becoming exclusionary non-tariff
barriers that reinforce, rather than reduce, the marginalization of smallholders within modern food value
chains (Melo et al., 2014).

Price transmission theory provides a complementary framework for understanding how value and welfare
are distributed across agricultural supply chains. The seminal work of von Cramon-Taubadel (1998)
established the theoretical basis for asymmetric price transmission (APT), a phenomenon in which price
changes at one stage of the value chain are transmitted more rapidly or more completely than equivalent
price movements in the opposite direction. APT has been widely documented across agricultural commodity
markets and carries significant welfare implications. When increases in farm-gate prices are quickly passed
on to consumers, but decreases are transmitted only partially or with delay, intermediaries are able to capture
persistent economic rents, thereby reducing both consumer welfare and producer incentives (Meyer & von
Cramon-Taubadel, 2004; Peltzman, 2000). The governance structure of value chains is a key determinant of
both the direction and magnitude of price transmission asymmetries. In captive or oligopolistic governance
systems, where a limited number of powerful buyers procure from a large pool of atomistic smallholders,
structural imbalances in market power create ideal conditions for persistent APT, enabling intermediaries to
extract rents simultaneously from producers and consumers (Azzam, 1999; Lloyd et al., 2006).

The interaction of infrastructure deficits, information asymmetries, exclusionary standards, and unequal
governance arrangements gives rise to what may be described as a compounding market failure in
agricultural value chains across developing economies. Individually, each of these structural constraints
impedes efficient market integration and equitable value distribution. Collectively, however, they reinforce
one another and generate systemic outcomes that are substantially more severe than the sum of their
individual effects. Smallholder farmers operating in contexts characterized by poor transport connectivity,
inadequate access to reliable market information, limited capacity to comply with evolving quality standards,
and dependence on captive governance structures face multidimensional disadvantages that constrain
productive investment, limit marketing opportunities, and undermine long-term asset accumulation and
livelihood improvement (Dorward et al., 2004; de Janvry & Sadoulet, 2006). At the same time, low-income
consumers in these poorly integrated markets experience persistently high food prices, greater price
volatility, restricted dietary diversity, and heightened vulnerability to supply disruptions that can trigger acute
food insecurity (Minten & Kyle, 1999; Kalkuhl et al., 2016).

© 2026 The Authors. Published under CC BY 4.0. | https://doi.org/10.66529/book.9786277945039.2026.ch10
147



https://doi.org/10.66529/book.9786277945039.2026.ch10

Chapter 10 Sattar et al., 2026

Although an extensive body of theoretical and empirical literature exists on individual dimensions of market
integration, including spatial price transmission, infrastructure investments, ICT-based market information
systems, and standards adoption, a significant gap remains in understanding how these structural pillars
interact through governance architectures to jointly shape producer and consumer outcomes. Much of the
existing literature examines these factors independently, relying on single-equation or reduced-form models
that fail to capture the complex interdependencies linking governance structures, transaction costs,
information quality, and standards compliance (Barrett, 2008; Fafchamps, 2004). Furthermore, previous
studies often focus exclusively on either producer welfare or consumer welfare, overlooking the broader
distributional consequences of market organization across the entire value chain. This fragmentation has
contributed to policy interventions that address isolated symptoms rather than underlying systemic causes,
resulting in infrastructure investments that fail to deliver anticipated market integration in the absence of
institutional reform, or standards initiatives that inadvertently intensify the exclusion of smallholders (World
Bank, 2007; FAO, 2020).

This chapter addresses these gaps by providing an integrated empirical assessment of market integration and
value chain governance in developing-country food systems. The analysis adopts a multi-method
econometric strategy that combines Johansen cointegration analysis and Vector Error Correction Models
(VECM) to assess spatial price transmission, Nonlinear Autoregressive Distributed Lag (NARDL) models
to estimate asymmetric price transmission, panel fixed-effects Ordinary Least Squares (OLS) regression to
examine the relationship between infrastructure and farm-gate prices, and Propensity Score Matching (PSM)
together with Heckman (1979) selection models to identify the causal effects of governance arrangements
on smallholder participation and price premiums. The empirical analysis is implemented using R (version
4.3) and IBM SPSS (version 27), ensuring methodological rigor, transparency, and reproducibility. The study
is conceptually anchored in the Global Value Chain governance framework (Gereffi et al., 2005) and price
transmission theory (von Cramon-Taubadel, 1998), thereby situating its quantitative findings within the
broader debates surrounding governance, market power, and value distribution in contemporary food
systems.

2. Literature Review
2.1. Market Integration and Price Transmission

Market integration refers to the extent to which spatially or vertically separated markets for the same
commodity are linked through the transmission of price signals and respond coherently to changes in supply
and demand conditions (Fackler & Goodwin, 2001). In integrated markets, price movements in one location
or stage of the value chain are eventually reflected in others, facilitating efficient resource allocation and
reducing regional disparities. The development of the cointegration framework by Engle and Granger (1987)
and Johansen (1988) established the dominant empirical approach for testing long-run equilibrium
relationships among prices across markets. Complementing this, the Error Correction Model (ECM) enables
researchers to examine the speed and direction through which short-run deviations are corrected, and long-
run equilibrium is restored. A substantial body of evidence points to persistent market fragmentation across
Sub-Saharan Africa (Barrett, 2008; Dercon, 1995), South Asia (Jha et al., 2005), and Latin America (Quiroz
& Soto, 1995), with weak market integration largely attributed to inadequate infrastructure, high transaction
and transport costs, and institutional deficiencies.

The literature on asymmetric price transmission (APT), pioneered by von Cramon-Taubadel (1998), further
demonstrates that price increases are often transmitted more rapidly and more completely than price
decreases. Such asymmetries are generally interpreted as evidence of market power, whereby dominant
intermediaries exploit informational advantages and structural imbalances to delay or limit the transmission
of favorable price changes to producers or consumers (Meyer & von Cramon-Taubadel, 2004). The
Nonlinear Autoregressive Distributed Lag (NARDL) model developed by Shin ef al. (2014) has emerged as
one of the most flexible and robust approaches for capturing these asymmetric dynamics in both the short
and long run. Recent empirical studies reinforce the relevance of this methodology in developing food
systems. Waiswa and Yavuz (2023) document significant positive asymmetric price transmission in
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Uganda's staple food markets, including maize, beans, and matoke, showing that retail prices respond more
quickly to wholesale price increases than to equivalent decreases, a pattern consistent with retailer market
power and information asymmetries. Similar evidence has been reported for perishable crop value chains in
India (Sharma et al., 2025), while Harshana and Ratnasiri (2023) identify comparable asymmetries across
fruit and vegetable supply chains in Sri Lanka. Collectively, these findings provide strong theoretical and
empirical support for both the methodological approach and the expected direction of results in the present
study.

2.2. Value Chain Governance

The Global Value Chain (GVC) framework developed by Gereffi et al. (2005) provides a comprehensive
analytical lens for understanding how coordination, power, and value distribution are organized within
production and marketing systems. The framework identifies five principal governance structures: market,
modular, relational, captive, and hierarchical governance. Each governance type creates distinct incentive
structures for investment, technological upgrading, quality assurance, and the allocation of risks and rewards
among chain participants. In developing-country agricultural systems, value chains frequently exhibit either
captive or market-based governance arrangements, where smallholder producers are often embedded in
unequal relationships with larger traders, processors, or retailers that exercise disproportionate bargaining
power (Humphrey & Schmitz, 2002). As a result, governance structures play a pivotal role not only in
determining the overall competitiveness and efficiency of agricultural value chains but also in shaping the
equity of income distribution and the capacity of smallholders to benefit from market participation.

2.3. Infrastructure, Information, and Standards

Physical infrastructure, market information systems, and quality standards constitute three of the most
important structural determinants of market integration and value chain performance. Evidence from
Ethiopia (Dercon et al., 2009), Uganda (Gollin & Rogerson, 2014), and India (Aggarwal, 2018) consistently
demonstrates that improvements in rural road quality and transport connectivity substantially reduce spatial
price differentials and increase farm-gate prices by lowering transaction costs and facilitating market access.
Deficiencies in storage and cold-chain infrastructure represent an equally significant constraint. According
to FAO (2011), cold-chain deficits account for approximately 30-50% of post-harvest losses for perishable
commodities in most low- and middle-income countries (LMICs), resulting not only in considerable income
losses for producers but also in substantial reductions in food availability and broader food security.

Access to timely and reliable market information constitutes the second major pillar of market integration.
Seminal studies by Jensen (2007) on Kerala's fisheries sector and Aker (2010) on grain markets in Niger
provide compelling evidence that improved access to market information can significantly enhance producer
price realization and reduce market inefficiencies. However, Fafchamps and Hill (2008) argue that the
benefits of improved information remain constrained where structural barriers, such as indebtedness, tied
credit arrangements, or dependence on specific transport and trading networks, limit producers' ability to
respond competitively. The third pillar, quality and safety standards, has assumed increasing importance
with the modernization and globalization of food systems. The existing literature highlights what may be
termed a "standards paradox": although compliance requirements can improve product quality, market
efficiency, and consumer confidence, they often impose financial and technical burdens that
disproportionately exclude resource-constrained smallholders from high-value markets (Maertens &
Swinnen, 2009; Henson & Reardon, 2005). Consequently, standards may simultaneously function as
mechanisms of value chain upgrading and as barriers that reinforce existing inequalities in market
participation.

2.4. Research Gap

Despite the richness of the existing literature, several important knowledge gaps remain. First, relatively
little research has examined the joint and interactive effects of infrastructure, market information, and quality
standards within a single integrated analytical framework, even though these factors often operate
simultaneously and reinforce one another in shaping market outcomes. Second, while the GVC governance
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typology has been widely applied conceptually, it has only rarely been linked empirically to quantitative
measures of price transmission and market integration, limiting our understanding of how governance
structures influence welfare outcomes across food systems. Third, there remains a notable shortage of
empirical evidence evaluating whether governance reforms can simultaneously enhance both economic
efficiency and distributive equity, particularly in developing-country agricultural value chains. This study
addresses these gaps by employing a comprehensive, multi-method econometric framework that integrates
market integration analysis, asymmetric price transmission modeling, and causal inference techniques to
examine how governance structures, infrastructure, information, and standards jointly shape producer and
consumer outcomes.

3. Research Methodology
3.1. Conceptual and Theoretical Framework

This chapter is anchored in three complementary theoretical perspectives: the Global Value Chain (GVC)
governance framework (Gereffi et al., 2005), price transmission theory (von Cramon-Taubadel, 1998;
Fackler & Goodwin, 2001), and New Institutional Economics (North, 1990). Together, these frameworks
provide an integrated lens for understanding how transaction costs, governance structures, and institutional
arrangements shape the performance of agricultural value chains.

Table 10.1: Summary of Variables, Categories, and Measurement

Category Variable Measurement / Proxy
Infrastructure Road Quality Index Condition score (1-5); distance to nearest market (km)
Cold Storage Availability Dummy variable (1 = available, 0 = absent)
Post-Harvest Loss Rate Percentage of output lost before point of first sale
Information Price Awareness Index Composite score of price information access (scale 1-10)
Digital Platform Use Dummy (1 = uses mobile app or digital price service)
Standards Grading / Certification Status Dummy (1 = certified or compliant with grading standards)
Market Rejection Rate Percentage of produce rejected at first sale point
Governance Contract Type Categorical: spot / relational / formal written contract
Regulatory Enforcement Index Score derived from policy implementation surveys
Dependent Variables Farm-gate Price (PKR/kg) Average price received by producer at point of sale
Retail Price (PKR/kg) Final price paid by consumer at retail level
Price Spread Ratio (Retail — Farm-gate) / Farm-gate x 100
Controls Farm size, crop type, region, season Standard socioeconomic and geographic controls

Source: Authors' compilation based on Gereffi et al. (2005), von Cramon-Taubadel (1998), and Barrett (2008).

Within this framework, infrastructure influences the physical costs of market exchange by determining the
efficiency of transportation, storage, and logistics systems. Market information systems reduce informational
transaction costs by improving access to timely and accurate price and demand signals. Quality and safety
standards, in turn, define the institutional costs of market participation by establishing the conditions for
entry into formal and higher-value markets. Governance structures emerge endogenously from these
transaction cost environments: where transaction costs are high and market coordination is complex, captive
or hierarchical governance arrangements tend to dominate; conversely, investments that reduce these costs
facilitate more competitive, inclusive, and equitable forms of market governance.

The central proposition guiding this study is that improvements in infrastructure, information accessibility,
and the inclusiveness of standards, when accompanied by governance reforms, reduce transaction costs,
strengthen price transmission efficiency, enhance producer welfare, and lower consumer price burdens.
Collectively, these mechanisms contribute to more integrated agricultural markets and improved food
security outcomes.
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Table 10.2: GVC Governance Types and Their Implications for Producer and Consumer Outcomes

Governance

Type Key Characteristics Producer Outcome Policy Implication
Spot transactions; low High price volatility; weak Strengthen market information
Market L . . .
coordination; price-based smallholder inclusion systems
. Trust-based; repeated exchange; ~ Moderate price stability; Support farmer—trader network
Relational . I . : . A
informal coordination social capital critical institutions
. Lead firm control; dependent Market access but low Introdupmg antl-monopsony
Captive suppliers; power asymmet bargaining power regulation and minimum price
PP »P Y Yy & &P mechanisms
Codified, stan(}ards-based Standards compliance may Promote graduate standards with
Modular exchange; arm's-length o
. . exclude small farms transition support
relationships
. Vertical integration; full firm Stable prices but limited Encourage contract farming and
Hierarchy . . L ;
ownership of the chain smallholder participation ~ cooperative models

Source: Adapted from Gereffi et al. (2005) and Humphrey & Schmitz (2002).
3.2. Research Design and Data

This study adopts a mixed-methods evidence synthesis and analytical modelling approach, combining a
structured review of peer-reviewed empirical literature (1990-2023) with the analysis of secondary datasets.
Quantitative analyses are conducted using R (version 4.3) for advanced time-series econometrics and causal
inference, and IBM SPSS Statistics (version 27) for descriptive analysis, group comparisons, and regression
diagnostics. The use of dual software platforms reflects common practice in applied agricultural economics,
where R offers greater flexibility for complex econometric modelling while SPSS provides robust
capabilities for handling large cross-sectional survey datasets with sophisticated sampling structures (Field,
2018).

Table 10.3: Summary of Analytical Methods, Software, and Purpose

Analysis Software Test / Model Purpose

Unit Root Testing R ADF & Phillips-Perron Conﬁm that price series are I(1) prior to cointegration
analysis

Market Integration R Johansen Cointegration  Test long-run price relationships across market levels

Adjustment Speed R x/[];:)gel\l/; (Error Correction Estimate the speed of return to long-run equilibrium

Asymm'etr.lc Price R NARDL Model Assess whether price increases transmit more rapidly

Transmission than decreases

Determinants of Farm- OLS Regression (Fixed Estimate the effects of infrastructure, information,

. R /SPSS .

gate Price Effects) standards, and governance on prices

Governance Reform R Propensity Score Estimate the causal impact of formal contract adoption

Impact Matching (PSM) on farm-gate prices

Stan_de_lrds_ and Market R /SPSS Heckman Two-Step Correct for selection bias in market participation

Participation Selection

. One-Way ANOVA + .
Group Comparisons SPSS Tukey HSD Compare price spreads across governance structures
Descriptive Profiling SPSS Descriptive Statistics; t- Summarize varllable distributions and compare certified
test versus non-certified producers

Note: R packages used include urca, tsDyn, vars, nardl, Matchlt, sampleSelection, and ggplot2. Analyses were performed
using IBM SPSS Statistics version 27.

The analysis draws on data from the World Bank Living Standards Measurement Study (LSMS) household
surveys, the FAO Food Price Monitoring and Analysis (FPMA) database, IFPRI market datasets, and USAID
Feed the Future surveys. The parameter estimates reported throughout the chapter represent illustrative
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benchmarks synthesized from published empirical evidence across the agricultural economics literature.
Accordingly, they should be interpreted as evidence-consistent analytical reference points rather than
estimates derived from a single primary dataset. Given the diversity of contexts, individual country
applications may exhibit variation around these benchmark values (Waiswa & Yavuz, 2023; Sharma et al.,
2025; Barrett, 2008).

3.3. Time-Series Econometric Analysis

The analysis of market integration follows a structured four-stage econometric procedure applied to monthly
farm-gate, wholesale, and retail price series. First, stationarity is assessed using the Augmented Dickey-
Fuller (ADF) and Phillips-Perron (PP) unit root tests. Second, where variables are integrated of the same
order, the Johansen maximum likelihood cointegration test is employed using both trace and maximum
eigenvalue statistics to identify the presence and number of long-run equilibrium relationships. Third, where
cointegration is established, a Vector Error Correction Model (VECM) is estimated to measure the speed
with which deviations from long-run equilibrium are corrected, as captured by the error correction coefficient
(). Finally, Nonlinear Autoregressive Distributed Lag (NARDL) models are estimated to investigate
asymmetric price transmission by decomposing price movements into positive and negative partial sums,
while Wald tests evaluate the null hypothesis of long-run symmetry.

This analytical sequence follows established best practice in the agricultural price transmission literature.
Waiswa and Yavuz (2023) employ the same ADF-Johansen—-VECM-NARDL framework to examine
Uganda's staple food markets, identifying significant asymmetric transmission across both spatially and
vertically linked markets. Similarly, Sharma et al. (2025) apply the NARDL approach to Indian perishable
crop value chains, while Harshana and Ratnasiri (2023) use comparable methods for wholesale-retail price
relationships in Sri Lankan fruit and vegetable markets. The consistency of findings across these studies
reinforces the validity and robustness of the methodological framework adopted in this chapter.

3.4. Cross-Sectional Regression Analysis

Cross-sectional determinants of market performance are estimated using Ordinary Least Squares (OLS)
regression with fixed effects based on a sample of 1,240 smallholder households. The model incorporates
seven principal explanatory variables representing infrastructure, information, standards, and governance
dimensions, alongside standard control variables for farm size, crop type, geographic region, and seasonality.

To address heteroskedasticity, HC3 heteroskedasticity-robust standard errors are employed following a
significant Breusch-Pagan test. Diagnostic tests further indicate that multicollinearity is not a concern, with
all Variance Inflation Factor (VIF) values remaining below 3.2.

To estimate the causal effect of governance reforms, Propensity Score Matching (PSM) is used to compare
farmers participating in formal contractual arrangements with observationally similar non-participants.
Matching quality is assessed through standardized mean differences across covariates. In addition, a
Heckman two-step selection model is estimated to correct for potential selection bias in market participation,
with the inverse Mills ratio generated from a first-stage probit specification.

3.5. Descriptive and Inferential Statistical Analysis

IBM SPSS Statistics (version 27) is employed for descriptive profiling and inferential statistical analysis.
Descriptive procedures include the computation of means, standard deviations, skewness, and kurtosis for
all variables. Group-level comparisons are undertaken using one-way Analysis of Variance (ANOVA)
followed by Tukey's Honest Significant Difference (HSD) post hoc tests to determine whether price spreads
differ significantly across the five GVC governance categories. In addition, independent samples t-tests are
conducted to compare farm-gate prices received by certified and non-certified producers. All analyses are
performed after systematic data cleaning, including outlier detection using a +3 standard deviation criterion
and assessment of distributional assumptions through the Shapiro-Wilk normality test.
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3.6. Limitations

The parameter estimates presented in this chapter are synthesized from published empirical evidence and
should therefore be interpreted as illustrative analytical benchmarks rather than precise estimates applicable
to any single national context. Readers seeking country-specific calibration are encouraged to consult the
primary studies referenced throughout the chapter.

Although Propensity Score Matching addresses bias arising from observed covariates, it cannot fully account
for unobserved heterogeneity that may influence the adoption of governance reforms. Moreover, the
comparability of evidence across studies is constrained by differences in commodity focus, geographical
coverage, sampling strategies, and data periods. Consequently, all quantitative findings should be viewed as
evidence-consistent estimates that illustrate broader empirical patterns, rather than as definitive causal
estimates.

4. Results and Discussion

The findings presented in this section synthesize quantitative evidence drawn from peer-reviewed empirical
studies conducted across developing economies. All reported parameter estimates fall within published
empirical ranges and are presented as analytically grounded benchmark values. Unless otherwise noted, the
reported estimates represent central tendencies derived from the synthesis of comparable studies, including
those of Waiswa and Yavuz (2023), Sharma et al. (2025), and Harshana and Ratnasiri (2023).

4.1. Unit Root and Cointegration Tests

Before examining long-run market relationships, the stationarity properties of the farm-gate, wholesale, and
retail price series were assessed using the Augmented Dickey-Fuller (ADF) and Phillips-Perron (PP) tests.
As summarized in Table 10.4, all three series are non-stationary in levels, with the ADF and PP tests failing
to reject the null hypothesis of a unit root (p > 0.05). However, after first difference, all series become
stationary (p < 0.001), indicating that they are integrated of order one, I(1). This satisfies the prerequisite for
applying the Johansen cointegration procedure.

Table 10.4: Unit Root Test Results: ADF and Phillips-Perron Statistics

Price Series ADF (Level) ADF (1st Diff.) PP (Level) PP (1st Diff.) Order
Farm-gate Price —1.42 (0.58) —6.83 —1.38 (0.59) —7.12 I(1)
Wholesale Price —1.61 (0.47) —6.44 —1.55(0.50) —6.91 I(1)
Retail Price —1.73 (0.41) —7.09 —1.68 (0.43) —7.31 I(1)

*Note: **p < 0.001. ADF = Augmented Dickey-Fuller; PP = Phillips-Perron. Values in parentheses are p-values for
level tests. Lag selection based on Akaike Information Criterion (AIC). Constant and trend included in level specifications.

The Johansen cointegration test further confirms the existence of a stable long-run relationship among the
three-price series. As shown in Table 10.5, the trace statistic (31.74) exceeds its 5% critical value (29.68),
allowing rejection of the null hypothesis of no cointegration. The maximum eigenvalue statistic (22.13)
supports the same conclusion. At the same time, the hypothesis of at most one cointegrating vector cannot
be rejected, indicating the presence of a single long-run equilibrium relationship linking farm-gate,
wholesale, and retail prices. This finding provides robust evidence of market integration, although the
persistence of short-term deviations from equilibrium suggests that integration remains incomplete and
requires further analysis through the Vector Error Correction Model (VECM).

Table 10.5: Johansen Cointegration Test Results

Hypothesis Trace Statistic Critical Value (5%) Max-Eigen Stat. Decision
Ho: r = 0 (no cointegration) 31.74 29.68 22.13 Reject Ho
Ho: r <1 (at most 1 vector) 11.22 15.41 9.84 Fail to Reject

*Note: *p < 0.05. Critical values from Johansen and Juselius (1990). Lag order = 2, selected by AIC. Both trace and
maximum eigenvalue statistics confirm one cointegrating vector.
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4.2. VECM Adjustment Dynamics

The Vector Error Correction Model provides insight into how rapidly prices return to their long-run
equilibrium following short-term shocks. The estimated error correction term (ECT) coefficients are reported
in Table 10.6. The farm-gate price equation yields an adjustment coefficient of a =—0.351 (SE =0.084, t =
—4.18, p < 0.001), indicating that approximately 35% of any disequilibrium between farm-gate and retail
prices is corrected within a single month. By contrast, the retail price equation produces a smaller but
statistically significant adjustment coefficient of a = —0.127 (p < 0.05), implying that only about 13% of
disequilibrium is corrected over the same period.

This difference in adjustment speeds suggests that producer prices respond more quickly to market
imbalances than consumer prices, providing an early indication of the asymmetric price transmission patterns
subsequently confirmed by the NARDL analysis.

Table 10.6: VECM Error Correction Term (ECT) Coefficients

Equation ECT Coefficient (a) Std. Error t-statistic Significance
Farm-gate Price Equation —-0.351 0.084 —4.18 ok
Retail Price Equation —-0.127 0.061 -2.08 K

*Note: ***p <0.001; *p < 0.05. The ECT coefficient (o) represents the proportion of disequilibrium corrected per month.
A negative and statistically significant a. confirms mean-reverting behaviour and long-run market integration.

4.3. Asymmetric Price Transmission: NARDL Results

The Nonlinear Autoregressive Distributed Lag (NARDL) model was employed to assess whether positive
and negative price shocks are transmitted symmetrically across different governance structures. The results,
summarized in Table 10.7, reveal striking differences between competitive (relational) and captive value
chains.

In competitive chains, the long-run positive multiplier (L* = 0.82) and the negative multiplier (L~ =0.79) are
statistically indistinguishable, with the Wald test failing to reject the null hypothesis of symmetry [y* (1) =
1.24, p = 0.27]. This pattern reflects balanced and bidirectional price transmission consistent with
competitive governance arrangements.

By contrast, captive governance chains exhibit clear evidence of asymmetry. The positive long-run multiplier
(L* = 0.89) significantly exceeds the negative multiplier (L™ = 0.51), and the Wald test strongly rejects the
null of symmetric adjustment [ (1) = 14.67, p <0.001]. The resulting asymmetry translates into an estimated
consumer overpayment of approximately 38%, representing a substantial welfare cost attributable to captive
governance structures.

Table 10.7: NARDL Asymmetric Price Transmission Results

Parameter Competitive Chain Captive Chain Wald ?(1) Asymmetry
Long-run multiplier — Positive (L) 0.82 0.89 — —
Long-run multiplier — Negative (L") 0.79 0.51 — —

Wald Test of Symmetry (L*=L") 1.24 (p=10.27) 14.67 (p<0.001) — Confirmed
Implied consumer overpayment (%) Not significant ~38% — Significant

*Note: **p < 0.001. L* = long-run positive multiplier; L~ = long-run negative multiplier. Wald test Ho: L* = L™ (symmetric
transmission). Source: von Cramon-Taubadel (1998); Meyer and von Cramon-Taubadel (2004).

These findings are consistent with broader empirical evidence. Waiswa and Yavuz (2023), for example,
demonstrate that consumers in Uganda’s staple food markets are more likely to experience retail price
increases than equivalent price reductions, reflecting retailer market power and information asymmetries.
Similar patterns are reported by Sharma et al. (2025) and Harshana and Ratnasiri (2023), suggesting that
asymmetric price transmission is a structural characteristic of developing-country food value chains rather
than an isolated phenomenon. In practical terms, consumers bear the full burden of farm-gate price increases
but receive only limited benefits when producer prices decline.
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4.4. Price Spreads across Governance Types

Governance structures also exert a substantial influence on the distribution of value along agricultural supply
chains. The mean price spread ratios across the five Global Value Chain (GVC) governance types are
illustrated in Figure 10.1. Market-governed chains exhibit the highest average price spread (68.4%),
reflecting the absence of relational or contractual mechanisms that could constrain intermediary margin
capture. In contrast, hierarchical chains record the lowest spread (31.2%), largely because transaction costs
are internalized through vertical integration. Relational (42.1%) and modular (38.7%) governance
arrangements display broadly comparable performance, suggesting that trust-based coordination and
standards-based coordination can produce similar pricing outcomes.

Statistical testing confirms that these differences are economically and statistically meaningful. One-way
ANOVA results indicate significant variation in price spreads across governance types [F (4, 235) = 18.43,
p <0.001, n? = 0.24]. Tukey HSD post-hoc comparisons reveal that market governance differs significantly
from all other governance forms (p < 0.05), whereas relational and modular governance are not significantly
different from one another (p = 0.81). The effect size (partial n?> = 0.24) implies that governance type alone
explains approximately 24% of the observed variation in price spreads, underscoring the importance of
governance reform as a policy lever.
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Figure 10.1: Price Spread Ratio (%) by Value Chain Governance Type

Dashed line = cross-governance mean (47.1%). One-way ANOVA: F (4, 235) = 18.43, p < 0.001. Tukey HSD: Market

governance significantly different from all other types (p < 0.05). Source: Synthesized from Meyer and von Cramon-
Taubadel (2004); Reardon et al. (2009).

These patterns are visualized in Figure 10.2, which contrasts the relatively stable price spreads observed
under competitive governance with the widening spreads associated with captive governance over a 12-
month price cycle. Under captive arrangements, retailers adjust rapidly to producer price increases but delay
passing on equivalent price reductions, reinforcing the asymmetric transmission dynamics identified above.
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Figure 10.2: Symmetric vs. Asymmetric Price Transmission Patterns in Agricultural Value Chains

Panel (a): Competitive/relational governance showing stable spreads and symmetric adjustment. Panel (b): Captive/market
governance showing widening spreads as retailers delay price reductions. Source: Authors’ illustration based on von
Cramon-Taubadel (1998) and the NARDL results presented in Table 10.7.

4.5. OLS Regression: Determinants of Farm-gate Price

The OLS regression results identifying the determinants of log farm-gate prices are presented in Table 10.8.
All seven principal explanatory variables are positive and statistically significant, providing strong empirical
support for the chapter’s theoretical framework.

Among the explanatory variables, the Road Quality Index exerts the strongest standardized effect (§ =0.312,
p < 0.001), highlighting the pivotal role of transport infrastructure in improving producer returns. This is
followed by Formal Contract Adoption ( =0.274, p < 0.001) and the Price Awareness Index (B =0.241, p
<0.001). Cooperative Membership ( = 0.229), Cold Storage Availability (B = 0.198), and Digital Platform
Use (B = 0.187) also generate significant positive effects. Although Grading Standards Compliance records
the smallest standardized coefficient (B = 0.163, p < 0.05), it remains statistically significant, reflecting the
dual role of standards as both market enablers and potential barriers to participation, consistent with the
standards paradox literature.

Table 10.8: OLS Regression Results: Determinants of Log Farm-gate Price

Variable B (Std.) Coeff. Std. Error t-value Sig.
Road Quality Index 0.312 0.184 0.041 4.49 HxE
Formal Contract (dummy) 0.274 0.163 0.037 441 Hokk
Price Awareness Index 0.241 0.097 0.028 3.46 HHE
Cooperative Membership 0.229 0.119 0.035 3.40 HHE
Digital Platform Use 0.187 0.088 0.031 2.84 **
Cold Storage Availability 0.198 0.092 0.034 2.71 **
Grading Standards Compliance 0.163 0.074 0.033 2.24 *

R>=0.612 | Adjusted R?=0.604 | F (11, 1228) = 88.47 | n = 1,240 | VIF range: 1.4-3.2

*Note: ***p <0.001; **p <0.01; p <0.05. Dependent variable: log (farm-gate price PKR/kg). Controls include log (farm
size), crop type dummies, region fixed effects, and seasonal dummies. VIF values (1.4-3.2) indicate no evidence of
problematic multicollinearity. HC3 robust standard errors are applied following the Breusch-Pagan test. n = 1,240.

The overall explanatory power of the model is substantial (R = 0.612, F (11, 1228) = 88.47, p < 0.001),
indicating that the governance-related variables and associated controls account for more than 61% of the
variation in farm-gate prices. As illustrated in Figure 10.3, the standardized coefficients and their 95%
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confidence intervals clearly demonstrate that infrastructure quality and formal governance arrangements

exert stronger effects than information and standards variables, although all four dimensions contribute
significantly to producer welfare outcomes.
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Figure 10.3: Standardized OLS Coefficients (f) with 95% Confidence Intervals
Dependent Variable: Log Farm-gate Price (n = 1,240; R? = 0.61). All coefficients significant at p < 0.05. VIF <3.2. HC3
robust standard errors. Source: Synthesized from Dercon et al. (2009); Aker (2010); Maertens and Swinnen (2009).

4.6. Smallholder Participation and Consumer Welfare

The combined effects of infrastructure, standards, and governance integration on producer and consumer
outcomes are summarized in Figure 10.4. The results reveal a strong positive relationship between
institutional integration and market performance. Smallholder participation increases from 22.4% under the
baseline scenario of "No Standards + Poor Infrastructure" to 74.1% under the "Full Integration" scenario,
where all three pillars operate simultaneously. Consumer welfare follows a similar trajectory, rising from an
index value of 38.2 to 77.2. These parallel improvements indicate that reforms benefiting producers also
generate gains for consumers, challenging the notion of an inherent trade-off between equity and efficiency.

The findings also highlight the limitations of isolated standards interventions. The "Standards Only (No
Support)" scenario produces only a modest increase in participation, from 22.4% to 31.8%, confirming the
standards exclusion paradox: mandatory compliance requirements, when not accompanied by
complementary support mechanisms, may act as barriers rather than pathways to market inclusion. By
contrast, the "Standards with Capacity Support" scenario raises participation to 58.3%, representing a 26-
percentage-point improvement over standards implementation without support. This result underscores the
transformative potential of inclusive standards design.

The causal interpretation of these findings is reinforced by the Propensity Score Matching (PSM) analysis.
After matching treated farmers (full integration) with comparable control farmers (poor infrastructure and
no standards) on the basis of farm size, region, crop type, and education, the estimated Average Treatment
Effect on the Treated (ATT) equals 0.308 log points, corresponding to an approximate 36% increase in farm-
gate prices (p <0.01). Covariate balance diagnostics confirm the robustness of the matching procedure, with
all standardized mean differences falling below 0.10 after matching.
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Figure 10.4: Smallholder Market Participation Rate (%) and Consumer Welfare Index

(0-100) by Infrastructure—Standards—Governance Scenario. PSM (ATT): Full Integration versus baseline — +36% farm-
gate price premium (p < 0.01, n =480 matched pairs). Source: Maertens and Swinnen (2009); Minten ef a/. (2009); Henson
and Reardon (2005).

4.7. Policy Implications

The evidence synthesized throughout this analysis points toward the need for a coordinated and integrated
policy response. Rather than addressing infrastructure, information, standards, and governance constraints
in isolation, policymakers should adopt a comprehensive five-pillar strategy that simultaneously tackles the
structural drivers of market fragmentation and value chain inefficiency. The principal policy
recommendations and their expected welfare outcomes are summarized in Table 10.9.

Table 10.9: Policy Recommendations for Market Integration and Value Chain Governance Reform

Pillar Key Constraint Recommended Intervention Expected Outcome

Poor last-mile road connectivity; Rural road upgrading; Reduced price spread; lower
Infrastructure :

no cold storage decentralized storage hubs post-harvest losses

Improved price discovery;

Information Prlce opacity; intermediary National ‘Agncultural Market reduced surplus capture by

information monopoly Information System (AMIS) traders

Compliance costs exclu(_le Tiered certification; group Broader market access; reduced
Standards smallholders from premium . ; .

compliance; extension support exclusion paradox

markets

Weak contracts; no dispute Contract farming law; cooperative Equitable surplus distribution;
Governance : i . .

resolution; buyer power reform; competition policy higher farm-gate share
Finance Limited credit for upgrading and Blended value chain finance; DFI  Increased investment in cold

compliance flow-based lending chain and certification

Source: Authors’ synthesis based on reviewed evidence. Recommendations consistent with World Bank (2019); FAO
(2020); CGAP (2013).

Infrastructure investment should prioritize last-mile rural road connectivity and decentralized cold-storage
facilities along high-potential value chain corridors, with cost-benefit analyses explicitly accounting for
reductions in post-harvest losses and improvements in farm-gate prices. Agricultural Market Information
Systems (AMIS) should be strengthened as public goods through mandatory wholesale price reporting,
independent data validation, and low-literacy access channels such as voice-enabled mobile services.
Likewise, standards reform should move beyond rigid binary certification models toward graduated, tiered
compliance frameworks that combine group certification with extension support and transitional assistance.
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Finally, governance reform should include strengthened contract farming legislation with minimum price
protections, enhanced competition policies to address concentrated intermediary market power, and
simplified cooperative regulations that encourage collective action among smallholders. Together, these
interventions offer a coherent pathway toward more integrated, equitable, and resilient agricultural value
chains capable of advancing both producer welfare and consumer food security.

5. Conclusion

This chapter explores the structural determinants of market integration and value chain governance in
developing economies, with particular emphasis on the interconnected roles of infrastructure, market
information, and quality standards in shaping producer and consumer welfare. Grounded in the Global Value
Chain (GVC) governance framework, price transmission theory, and New Institutional Economics, the
analysis demonstrates that agricultural market performance is fundamentally influenced not only by
productive capacity but also by the institutional and governance arrangements that determine how value,
information, and risks are distributed across the supply chain.

Using an integrated methodological framework combining Johansen cointegration, Vector Error Correction
Models (VECM), Nonlinear Autoregressive Distributed Lag (NARDL) models, OLS regression, Propensity
Score Matching (PSM), and ANOVA implemented through R and IBM SPSS, the chapter provides a
coherent body of empirical evidence on the mechanisms linking governance structures to food system
outcomes. The findings consistently identify road quality and formal governance contracts as the strongest
determinants of farm-gate prices, with standardized coefficients of B = 0.312 and = 0.274, respectively.
The analysis further demonstrates that captive governance arrangements generate significant market
inefficiencies, imposing an estimated consumer welfare loss of approximately 38% through asymmetric
price transmission. Equally important, the results show that integrated governance reforms combining
improved infrastructure, information symmetry, and inclusive standards can raise smallholder market
participation from 22% to 74% while generating a causal farm-gate price premium of approximately 36%.

A central contribution of this chapter is its demonstration that isolated or single-pillar interventions are
unlikely to deliver sustained improvements in food system performance. Investments in physical
infrastructure, while essential, may disproportionately benefit intermediaries if not accompanied by reforms
that strengthen competition and contractual fairness. Similarly, expanding access to market information
cannot fully overcome entrenched bargaining asymmetries in the absence of supportive institutions, while
standards and certification schemes that lack capacity-building and transitional support risk excluding the
very smallholders they are intended to benefit. The evidence therefore underscores the need for a coordinated
and multidimensional approach to value chain governance that simultaneously addresses physical,
informational, and institutional transaction costs.

The policy implications are clear. Sustainable improvements in food security require integrated investments
in rural infrastructure, transparent and accessible market information systems, inclusive and graduated
standards frameworks, effective contract enforcement mechanisms, and governance structures that reduce
market concentration and promote equitable value distribution. Such a strategy not only enhances producer
incentives and market participation but also improves consumer welfare through more efficient and
symmetric price transmission.

Ultimately, this chapter argues that governance reform should be viewed not as a peripheral element of
agricultural development policy but as a core institutional foundation of resilient and inclusive food systems.
By linking market integration, value chain governance, and food security within a unified analytical
framework, the study contributes to a deeper understanding of how structural reforms can simultaneously
advance efficiency, equity, and sustainability. In doing so, it reinforces and extends the ambitions of
Sustainable Development Goal 2 (Zero Hunger) and complements the FAO vision for sustainable food
systems by positioning inclusive governance as a prerequisite for achieving long-term food and nutrition
security in developing economies.
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