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The 2023 AIEAA Conference in Milano emphasized markets’ long-term 
and recent evolution, especially food, fertilizers and energy. Out of the 90 
papers presented at the Conference, 7 were submitted to be included in this 
Special Issue.

Food inflation reached critical levels in recent years, with double-digit 
rates recorded in most of the world. Though food prices have since fallen 
from their peaks, the crisis persists and has resulted in expanding numbers 
of people affected by hunger and malnutrition, especially the poorest, who 
spend over 60% of their income on food. The number of undernourished 
people has risen to more than 800 million globally (FAO, IFAD, UNICEF, 
WFP and WHO, 2022). Russia’s February 2022 invasion of Ukraine is often 
cited as the triggering event for these soaring figures, but the truth is that 
the situation was already dire before the war began. A legacy of high agri-
cultural input costs (i.e., fertilizers, energy, fuel), years of insufficient yield 
growth, and weather shocks led to low stocks of several vital commodities. 
It raised international prices, leaving markets susceptible to shocks. The war 
triggered new disruptions on the supply side, pushing prices further up. In a 
way, it was just the most recent in a series of crises – conflict, climate change, 
COVID-19, etc. – highlighting the structural drivers underlying the current 
situation (Global Network against Food Crises, 2024).

Recurrent shocks, enhancing price volatility, are driving up acute food 
insecurity. Food crises around the world are the result of interconnected, 
mutually reinforcing drivers: conflict and insecurity, economic shocks, and 
weather extremes. These key drivers were associated with the lingering socio-
economic impacts of COVID-19, the knock-on effects of the war in Ukraine, 
and repeated droughts and other weather extremes.

In this issue, the article by Yalew et al. (2024) (The implications of the 
Russia-Ukraine war for African economies: A CGE analysis for Ethiopia) 
examines the impact of the 2022 world market price increases for wheat, 
fuels, and fertilizers on Ethiopia’s economy. Using a computable general 
equilibrium (CGE) model, the study shows that GDP, wage rates, and house-
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hold’ consumption in the country decline. The effects of 
fertilizer and petroleum price changes are particularly 
notable and unequal across production sectors. Crop 
growing activities tend to substitute inorganic fertiliz-
ers with animal manure. The overall effects on urban 
households are relatively severe compared to the impact 
on rural households. Increasing fertilizer prices tighten 
the competition for using animal manure as fertilizer (in 
crop cultivation) and as fuel (by households). 

To have a proper assessment of the shock impacts, it 
is essential to take into account the whole value chain. 
The article by Gattone (2024) (Participation of Farm-
ers in Market Value Chains: A Tailored Antràs and Chor 
Positioning Indicator) goes in this direction and pre-
sents a micro-level indicator of farmers’ positioning in 
the market chain based on the conceptual framework 
outlined by Antràs and Chor (2013, 2018). The indica-
tor considers the selling location of a farming household 
and its crop buyers. Using panel data from the World 
Bank’s ‘Living Standards Measurement Study: Integrat-
ed Surveys on Agriculture’ for Ethiopia and Nigeria, the 
article empirically applies the proposed indicator and 
showcases its superior performance compared to the 
micro-level alternatives. Furthermore, by analyzing the 
dynamics of farmers’ food and total consumption over 
time and controlling for various household and produc-
tion characteristics, as well as potential confounding fac-
tors, it shows that moving towards a downstream posi-
tion in the market chain has a positive impact on farm-
ers’ food and total consumption levels. 

Most of the shocks that affect and will affect the agri-
food sector are related to climate change, as one of the 
main environmental problems of the 21st century. Con-
sequently, there is an increasing call for efforts directed 
at detecting best practices of climate change adaptation 
in agriculture and understanding the factors behind pro-
ducers’ willingness to implement such adaptation strat-
egies. The article by Pagliacci and Salpina (2024) (Pro-
ducer, farm, production or perception? What really drives 
adaptation to climate change in the case of producers of 
Geographical Indications?) focuses on the agri-food sector 
certified productions. It analyses the results of a question-
naire-based online survey administered to 137 produc-
ers of agri-food Geographical Indications in the Veneto 
Region (in north-eastern Italy) in 2022. Using a multino-
mial logit model, the study highlights the factors explain-
ing adaptation strategies distinguishing three different 
cases: (i) farmers who have already implemented adapta-
tion strategies; (ii) farmers who are willing to implement 
them in the future; (iii) farmers who neither have imple-
mented them in the past nor are willing to do so in the 
future. Significant factors revolve around socio-demo-

graphic characteristics, farm management and networks, 
production type, and direct climate change perception.

Governance mechanisms along the agri-food sup-
ply chains are also increasingly important, especially 
in ecological transition. Under the conceptual and ana-
lytical lens of Neo Institutional Economics, the article 
by Ciliberti et al. (2024) (Exploring preferences for con-
tractual terms in a scenario of ecological transition for 
the agri-food sector: a latent class approach) explores 
farmers’ preferences towards a variety of clauses usu-
ally adopted in production contracts. To this purpose, 
a discrete choice experiment was conducted among 190 
durum wheat producers in Italy. Results from a latent 
class model show that producers were mainly interested 
in fixed price formulas and joining shared production 
rules but revealed little or no interest in compelling sus-
tainable cultivation techniques and providing technical 
assistance. However, these preferences are heterogene-
ous across farmers and vary depending on their level 
of education and previous use of contractual arrange-
ments, with relevant implications for contract design 
and management.

In recent years, agricultural policies have also 
largely changed in both low-income and high-income 
countries, being transformed by the demands of a new 
economy. Coupled and decoupled subsidies and trade 
policies remain centre-stage in many global govern-
ment initiatives. But digitalization, the green transition, 
and geopolitical imperatives have multiplied the objec-
tives that agricultural policy is tasked with. This creates 
inevitable tensions and some trade-offs among economic 
agents. For example, focusing on products at zero dis-
tance to spur local economic development makes the 
green transition more costly. Multiple goals require mul-
tiple instruments – a lesson that many governments have 
yet to internalize (Juhász et al., 2023). They also require 
thinking of agricultural policies in somewhat different 
ways from what economists are accustomed to. 

The image that economists have of agricultural 
policy goes something like this: a group of bureaucrats 
(a) design some incentives that favored products are to 
receive (e.g., export subsidies, import protection, etc.), 
and (b) select the products that are to be incentivized in 
this fashion. They may then formulate additional rules 
regarding what kind of farms qualify for the incen-
tives, the specific farm actions or performance criteria 
on which the incentives are conditioned, and the conse-
quences (or penalties) for non-performance. Ideally, the 
bureaucrats keep lobbies at arms’ length throughout the 
process and thereafter to provide them with insulation 
against political manipulation and rent-seeking (Juhász 
et al., 2023). 
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However, this description of the hard, insulated 
state does not quite do justice to the reality of economic 
policy. As Juhász et al. (2023) have argued, successful 
governments combine autonomy from private interest 
groups with “embeddedness” in social ties that provide 
“institutionalized channels for the continual negotiation 
and re-negotiation of goals and policies.” Economists 
might worry that such close relationships with private 
firms could have made the government more prone to 
capture. But Juhasz et al. (2023) also argue that these 
links are essential to ensure governments have access 
to the information needed to design workable policies, 
adjust to changing circumstances, and prod firms along 
new technological trajectories in the most effective ways 
possible. 

Policies aimed at enhancing agricultural productiv-
ity growth, such as investments in R&D, strengthening 
economic incentives for farmers, infrastructure, and 
rural education and extension, have been found to nar-
row the yield gap effectively. However, it is also crucial 
to consider food security, sustainability, and agrifood 
system resilience as critical elements in productivity 
growth. In the same vein, access to land is one of the key 
factors of farm growth, while at the same time, related 
research is characterised by important gaps, particu-
larly facing the change over time in the nature and role 
of drivers of the land market. The research in this area 
can support policymakers in designing policies to pro-
mote the survival and growth of farms and facilitate 
land investment by reducing barriers to land acquisition. 
In a forthcoming issue, the article by Russo et al. (2024) 
(Farm characteristics and exogenous factors inf luenc-
ing the choice to buy land in Italy) aims to identify the 
endogenous and exogenous factors that affect the deci-
sion to purchase land in Italy between 2013 and 2020. 
Probit models are implemented to understand the role of 
different determinants in land investment decisions. The 
results show that factors related to capital in machinery 
and equipment, energy production, the inflation rate and 
the presence of a successor positively influence the pur-
chase decision, while the cost of capital, the ratio of rent-
ed land to utilised agricultural area and of family work 
units to total work units play the opposite role. The role 
of Utilised Agricultural Area and Gross Saleable Pro-
duction per hectare varies depending on the specialisa-
tion considered. 

It is natural, in times of crisis, to respond with some 
emergency measures, but we should not lose sight of 
the long term. Single, one-off policies will not provide 
a way out of the current predicament. There is no sim-
ple or standard solution to such a complex situation. 
Safeguarding food security and making the food system 

work will take a whole-system approach. Interventions 
should target the food system, the economic environ-
ment, governance, and other key elements in this cri-
sis’s broader, longer-term dimensions. These challenges 
are complex, but their urgency should not be underes-
timated; systemic actions should be taken sooner rather 
than later; otherwise, problems will continue to com-
pound, and the costs of inaction will inevitably increase. 
Recognizing the multi-dimensionality of this crisis and 
responding to it is imperative to building resilient food 
systems and future global food security.

Another important way to mitigate future shocks 
and promote food security is to step up the fight against 
climate change and biodiversity loss, both of which fea-
tured prominently in discussions for global action, high-
lighting the critical climate-biodiversity-food nexus. 
European soils and their status are a matter of concern 
that has entered the policy arena. A common regulatory 
framework is currently discussed in the Soil Monitoring 
Law but has not yet been developed. The soil health nar-
rative has been lately adopted as part of the European 
Union agenda; however, how far such a concept is inte-
grated into current policy instruments is under inves-
tigation. The article by Winkler et al. (2024) (Soils and 
ecosystem services: policy narratives and instruments for 
soil health in the EU) is based on content analysis and 
scoping review and aims to evidence which soil ecosys-
tem services are currently targeted or neglected by the 
available policy instruments, both regulatory and incen-
tive-based. While primary productivity, nutrient cycles 
and carbon storage were frequently found, services such 
as biodiversity, habitat preservation, human well-being, 
and cultural heritage still appear underrepresented in 
European soil-related policies. 

Finally, the article by Sogari et al. (2024) (Intention 
and behavior toward eating whole grain pasta on a col-
lege dining campus: Theory of Planned Behavior and mes-
sage framing) contributes to individuate gaps and pro-
vide relevant information for upcoming policy needs. 
The consumption of whole grains has several health 
benefits. However, most US consumers – including 
young adults – do not meet the recommended intake. A 
survey based on the Theory of Planned Behavior (TPB) 
was developed and administered to US college students 
to understand the underlying factors affecting the inten-
tion and consumption of whole-grain pasta. The effects 
of message interventions on the TPB measures and other 
variables are examined. 325 participants received differ-
ent messages on the health benefits of whole grain in the 
forms of gain- (treatment 1) or loss-framed (treatment 2) 
for four weeks or did not receive any message (control). 
The authors evaluate variables at two-time points: Time 
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1 (when the first message was received, week 0) and 
Time 2 (one month after the intervention, week 4). The 
results suggest that attitude, subjective norm, and per-
ceived behavioral control are positively associated with 
intention, and intention can accurately predict young 
adults’ behavior. On the other hand, the framing does 
not affect the TPB variables.

The crises we have faced have roots in multiple 
shocks or long-term pressures – in this case, the slow 
recovery from the global pandemic, conflicts, and cli-
mate-related disasters – and are becoming increasingly 
common, especially as climate change advances, and 
more and more intertwined. These crises overlap and 
amplify disruptive impacts on food production and mar-
kets, at different territorial scales. Such complex situ-
ations will likely drive rising numbers of food-insecure 
and malnourished people, disrupt farmers’ livelihoods 
and leave long-lasting implications for well-being. For 
example, the links between drought, war, and food inse-
curity are evident in several places.

Our experience with the current food price crisis 
offers several key policy lessons. Foremost among them is 
the critical role of trade in ensuring food security. Keep-
ing markets open for food and fertilizers – and expand-
ing the number of producers and markets – can reduce 
price volatility and help ensure the delivery of food where 
it is needed. Grain and vegetable oil supplies can also be 
increased in the short term by suspending biofuel man-
dates and avoiding taking land out of food and feed pro-
duction. When managed well, trade can help improve 
and strengthen opportunities and choices for producers 
and consumers, providing alternative sources to secure 
food supplies and thus stabilizing prices.

While trade is essential, it only works well with 
varied sources of food, feed, and agricultural inputs, 
both regarding the diversity of products and of produc-
ing and exporting countries. Yet the war has highlight-
ed an apparent lack of such diversity due to the world’s 
dependence on imports from Ukraine and Russia, as 
grain and fertilizer prices have risen to their highest lev-
els since 2008.

Putting all your eggs in one basket is never a smart 
strategy, but neither is shifting all the eggs from one basket 
to another. Providing more options can help to avert such 
problems when the next shock hits. We need more flexibil-
ity in where and how food, feed, and agricultural inputs 
are produced and consumed. Improved diversity, in turn, 
will increase the resilience of local, national, regional, and 
global food systems. However, expanding flexibility will 
require significantly growing public and private invest-
ment in research and development to sustainably and 
rationally expand production, as well as promoting trade 

strategies that support the diversification of import sources 
(both in terms of countries and companies) and reducing 
food loss and waste along supply chains. 

Finally, humanitarian assistance for those most in 
need and well-targeted social protection, through food 
or cash transfers, can prevent hunger and malnutrition 
and deter the devastating long-term impacts of a global 
food crisis. Still, these should not detract from efforts 
to meet long-term development goals and build resil-
ience to future shocks. In the medium term, countries 
can invest in increasing sustainable food production. As 
more countries develop resilient and competitive agri-
cultural systems, importing countries will have access to 
more trade partners and be able to diversify their sourc-
es of imports.
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Abstract. The Russian invasion of Ukraine contributed to soaring world market prices 
of many commodities with severe repercussions for many African countries. This study 
examines the implications of the 2022 world market price increases for wheat, fuels, 
and fertilizers for Ethiopia. Using a computable general equilibrium (CGE) model, the 
study shows negative impacts on GDP, wage rates, and households’ consumption in the 
country. The effects of fertilizer and petroleum price changes are notable and unequal 
across production sectors. With increasing import prices of inorganic fertilizers, crop 
growing activities substitute inorganic fertilizers with animal manure reducing the 
use of manure as cooking fuel. The effects on urban households are more severe than 
the effects on rural households. Policies supporting biofuels and biogas digesters may 
dampen the adverse effects stemming from petroleum price surges. 
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JEL Codes: C68, F10, L66.

1. INTRODUCTION

The Russian invasion of Ukraine and the subsequent war have caused a 
wide-range of crises with short- and long-term implications to the global 
economy. The repercussions of the war range from disruption of global com-
modity markets to long-term effects on the prospects of globalization and 
geopolitical order (Garicano et al., 2022; Ruta, 2022). The disruptions in the 
global supply chains increased the synchronization of grain, energy, and fer-
tilizer prices at the global level (Ihle et al., 2022). This resulted in contagion 
across food and non-food markets which would restrict the ability of consum-
ers to mitigate the adverse effects of food and energy price spikes by resorting 
to inexpensive alternatives (Ihle et al., 2022). The disruptions in global food, 
fertilizer and energy markets threaten to further increase the number of poor 
and malnourished people, especially in developing countries (Guan et al., 
2023; Osendarp et al., 2022). 
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The type and size of the effects will differ across 
countries as these are determined by the trade, pro-
duction and consumption structures, and government 
responses in different countries (Garicano et al., 2022). 
It is therefore necessary to understand how the war in 
Ukraine affects individual economies (Ruta, 2022) to 
underpin country-specific policy measures increasing 
the resilience of each economy. 

The short- and long- term implications of the war in 
Ukraine for African countries are worrisome (Badiane 
et al., 2022; UNCTAD, 2022). From the 107 economies 
highly exposed to the shocks due the war in Ukraine, 41 
are in Africa (UN, 2022a). Since many African countries 
are net importers of cereals, vegetable oils and fertilizers, 
the implications of the war to food security are substan-
tial (Badiane et al., 2022). Higher import prices represent 
negative terms-of-trade for African economies in which 
poor households face the hardest hit (Arndt et al., 2008). 
Besides, many African countries have limited fiscal and 
borrowing capacities to respond to global energy and 
food market crises, particularly after various spending 
measures and tightening of monetary policies to cope 
with and recover from the COVID-19 pandemic crisis. 

The effects on Ethiopia are of particular inter-
est (Diao et al., 2022) as it depends almost entirely on 
imported petroleum and inorganic fertilizers (Mengistu 
et al., 2019); the two commodities that felt the highest 
and immediate effects of the war on Ukraine in 2022 
(Ruta, 2022; World Bank, 2023). Ethiopia has also been 
subject to multiple shocks in recent years (e.g., COV-
ID-19 pandemic, droughts, and armed conflicts) leaving 
the country with little fiscal space to cushion the adverse 
spillover effects from the Russian invasion of Ukraine. 

This study examines the economy-wide implications 
of changes in world prices for three commodities– wheat, 
fertilizers, and petroleum oil– highly significant for the 
Ethiopian food and energy systems. It applies a comput-
able general equilibrium (CGE) model, which tracks the 
direct and induced economy-wide effects of the changes 
in world prices for the three major Ethiopian imports. 
Quantifying such effects and understanding their trans-
mission mechanisms would provide lessons for possible 
policy responses in the advent of similar incidents with 
implications for global markets in the future. 

The study explicitly represents the sectors and com-
modities linked to agrifood and energy systems and 
applied case-specific nesting of production and con-
sumption functions to investigate the implications of 
world market prices changes to the food-energy nexus 
in Ethiopia and other low-income countries. The model 
combined production nesting features which are com-
mon in equilibrium model applications with detailed 

representation for energy (e.g., Feng & Zhang, 2018; 
Hutagalung et al., 2019) and agriculture (e.g., Hertel et 
al., 1996; Brunelle et al., 2015) sectors. The production 
nests allow for the imperfect substitution between differ-
ent fuels (petroleum fuels, electricity, and biomass fuels) 
and, for growing crops, limited substitution between 
organic (animal manure) and inorganic (chemical) fer-
tilizers, and then between composite fertilizer and land. 

The study contributes to the literature on the trans-
mission of shocks from global-to-domestic markets and 
their economy-wide impacts (e.g., Arndt et al., 2008; 
Dillon & Barrett, 2016; von Arnim et al., 2018), and the 
food-energy nexus (e.g., Mekonnen et al., 2017) in Afri-
can countries. 

The remainder of the paper is organized as follows. 
Section 2 presents the materials and methods of the 
study. Section 3 presents the results followed by Section 
4 for the discussions. Section 5 concludes the paper.

2. MATERIALS AND METHODS

Given their detailed coverage of commodity and 
factor markets, and that of the circular flow of income, 
CGE models are widely applied for many trade, devel-
opment, and fiscal policy issues of developing coun-
tries (Devarajan & Robinson, 2013). Single-country 
CGE modelling approach particularly helps to assess 
the direct and indirect effects of exogenous changes 
on different parts of the economy by comprehensive-
ly accounting for the country-specific interlinkages 
between production and consumption, and agrifood and 
energy sectors.

2.1. Model description 

The Dynamic Equilibrium Model for Economic 
Development, Resources and Agriculture (DEMET-
RA) model is an extension of the STAGE_DEV model 
(McDonald et al., 2016). DEMETRA is a single-country 
recursive-dynamic small open-economy CGE model. 
The model allows for an advanced characterization of 
impacts of shocks at different levels: sectoral (output and 
production costs), household (income and consumption 
demand), factors (demand and income), and national 
(GDP, employment, and trade). DEMETRA incorporates 
behavioral equations that represent the economic rela-
tionships in developing countries: nested production and 
consumption functions and factor market segmentations 
(JRC, 2021; McDonald et al., 2016). The model and the 
underlying database have been applied in studies focus-
ing on food security and agricultural policies in devel-
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oping countries (Nechifor et al., 2021; Boulanger et al., 
2022; Ntah et al., 2024). Further information and docu-
mentation about the model are available in JRC (2021). 

2.2. Model calibration 

The model assumes perfect competition in factor 
and commodity markets. Therefore, both the sellers and 
buyers in the factor and commodity markets take the 
prices determined by market supply and demand forces 
as given. Ethiopia is a small open-economy and thus its 
domestic price changes do not affect world market prices 
whereas world market price changes (of the country’s 
exports and imports) are exogenous. In line with the 
Armington assumption (Armington, 1969), the import-
ed and domestically produced varieties of commodities 
are imperfect substitutes. The elasticities used in produc-
tion, commodity, and households’ consumption nests are 
ad hoc values (summarized in Table A2 in the appendix) 
within the range found in the existing literature relevant 
for low-income countries and increase from agriculture 
to service sectors (e.g., Lofgren, 1994; Diao et al., 2012; 
Hertel & van der Mensbrugghe, 2019). 

The production activities are disaggregated into 
sub processes captured by nested constant elasticity of 
substitution (CES) and Leontief production functions, 
which combine primary factors and intermediate inputs 
at different stages. The substitutions are driven by rela-
tive price changes. The decisions of production activities 
at different stages are driven by cost minimization goals 
constrained by market prices (of inputs and outputs) 
and production technology. The production technol-
ogy nest of activities (Figure A1) is flexible and allows 
substitution possibilities among different factors and 
intermediate inputs at different levels. The top level is 
specified as Leontief aggregation of a composite inter-
mediate input, and a composite valued-added-energy 
input, assuming a perfect complementarity between the 
two aggregates. The composite (aggregate) intermedi-
ate input is a Leontief aggregation of non-energy and 
non-fertilizer intermediate inputs. The composite val-
ue-added is a CES aggregation of a composite labor (of 
unskilled, semi-skilled, and skilled), a composite capital 
(of livestock, agricultural capital, non-agricultural capi-
tal), and a composite land (of irrigated or non-irrigated, 
and composite fertilizer) inputs. The composite energy 
input is a CES aggregate of energy commodities (elec-
tricity, fossil fuels, and bioenergy – fuelwood in hotels or 
biofuels in transport). Such nesting between energy and 
factor inputs resembles recent CGE applications (e.g., 
Feng & Zhang, 2018; Hutagalung et al., 2019). The value-
added nest for crop-growing activities comprises a ferti-

lizer nest which is a CES aggregation of animal manure 
(domestic) and inorganic (imported) fertilizers. This nest 
better represents the contexts in the country (Metaferia 
et al., 2011; AgSS, 2020) and allows for substitutability 
between them due to relative price changes which would 
not be allowed within the Leontief structure. In the 
recent five harvest seasons, about 45-50% and 11-13% of 
crop area cultivated by smallholder farmers in Ethiopia 
applies synthetic (inorganic) and natural (organic) ferti-
lizers (AgSS, 2020). The composite fertilizer (of organic 
and inorganic types) is then treated as an imperfect 
substitute for cropland. The nesting structure for crop 
activities is also related to previous research on factor 
substitution in agriculture (e.g., Binswanger, 1974; Her-
tel, 1989; Ali & Parikh, 1992; Hertel et al., 1996; Dalton 
et al., 1997), and in agricultural land-use (e.g., Brunelle 
et al., 2015; Lungarska et al., 2023). 

Households maximize their consumption utility 
subject to a nested Stone-Geary (or Linear Expenditure 
System – LES – demand) and CES functions (Figure 
A2), and to income constraints. In the Stone-Geary/LES 
utility function, at the top of the utility nest, household 
consumption demand consists of ‘subsistence’ demand 
and ‘discretionary’ demand. The commodities in the 
LES demand function are defined as ‘broad’ commod-
ity groups, which are either aggregates of ‘natural’ com-
modities or individual ‘natural’ commodities that are 
deemed sufficiently distinctive as to justify the assump-
tion that they are characterized by having a distinct level 
of ‘subsistence’ demand (JRC, 2021). The second level 
of the utility functions nest is defined with CES prefer-
ences. It consists of six commodity categories represent-
ing cereals (6 commodities), livestock (7 commodities 
including fish), energy (8 commodities in which the 2 
are electricity from off-grid and grid sources), processed 
food and beverages (4 commodities), sweets (sugar and 
honey), and transport services (equines and modern 
transport services). Two of the energy commodities 
(crop residues and biogas), and one of the transport ser-
vices (from equines) are consumed only by rural house-
holds. Additionally, animal manure, crop residues, and 
biofuel are by-products from livestock, crops, and sugar 
manufacturing. 

Households’ consumption expenditure is a residual 
of household income after deducting direct (income) 
taxes, savings, and their net transfers to other institu-
tions (i.e., to the other household group, to enterprises, 
to the government, and to the rest of the world). House-
holds’ income sources include factors of production they 
own and supply, and net transfers from the rest of insti-
tutions. Households’ consumption demand is therefore 
expected to be affected by changes in both households’ 
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income and commodity prices. 
Factors can be mobile across activities (labor and 

land factors1) or activity-specific (capital and livestock 
factors). For the mobile factors, flexible average econ-
omy-wide wage rates equate their demand and supplies 
whereas flexible activity-specific wage distortion factors 
(proportions) equilibrate the markets for activity-specific 
factors. The supplies of primary factors of production are 
fixed at their base levels. Government and foreign sav-
ings are fixed at their base levels. The external (foreign 
sector) balance is maintained by a flexible exchange rate. 
All tax rates are fixed at the benchmark level. 

2.3. Model database

The CGE model is calibrated to a modified version of 
the 2015/2016 social accounting matrix (SAM) for Ethio-
pia (Mengistu et al., 2019).2 The adjusted SAM consists 
of 71 production activities (Table A1). The agriculture 
activities comprise 30 crop-growing activities, 7 livestock 
raising activities, and 4 other allied activities to agricul-
ture. There are 8 industrial and 6 service activities. The 
remaining 16 activities are related to energy sectors. 

The modified SAM comprises 51 commodities of 
which 28 are exportable. Synthetic (inorganic) fertilizers 
and petroleum oils are virtually all imported. There are 
17 primary factor accounts representing different labor (3 
by level of skill), land (rainfed and irrigated), capital (5 by 
primary use of the capital), and livestock (7 by species). 
There are four tax accounts representing domestic sales 
taxes, import tariffs and duties, direct (income) taxes, 

1 Sensitivity analysis was performed with partially and entirely activity-
specific croplands. 
2 Additional notes regarding adjustment of the SAM are given in the 
Appendix.

and subsidies to selected electricity producing activities 
(recorded in the SAM as negative taxes in Table 1). The 
SAM comprises five accounts representing two house-
holds (rural and urban), enterprises, government, and 
the rest of the world. The remainder of the SAM accounts 
represent trade and transport margin (or transaction 
costs), and disaggregated investment accounts. 

Primary factors account for 66% of the production 
costs. Approximately 90% of the factor incomes goes to 
households. Imports account for about 14% of the supply 
of commodities. Consumption (77%) and savings (20%) 
are the main households’ expenditure items whereas pub-
lic services (61%) and savings (30%) are the main gov-
ernment expenditures. The inflows from the rest of the 
world include foreign saving (which is current account 
deficit for Ethiopia) (35%), remittances (29%) and export 
earnings (28%). Households’ consumption (35%), inter-
mediate inputs (23.5%), and investment demand (18.7%) 
are the main sources of demand for domestically sup-
plied goods and services while export demand accounts 
for approximately 4%. Factor incomes (88.5%) followed 
by remittances (8.9%) are the main sources of house-
holds’ income. Taxes are the main source of government 
revenue as they account for 74% of the total government 
income. About 65% of tax revenues are collected from 
commodities (on imports and on domestic sales) fol-
lowed by income taxes from households and enterprises 
(30%). Production subsidies (applicable only to the power 
sector) account for - 4% of the total tax revenue. Ethio-
pian households and foreign sources contribute to 47% 
and 26% of the total national saving, with the remain-
ing saving coming from enterprises and the government. 
Imports constitute about 97% of the total outflows from 
Ethiopia to the rest of the world.  

The 2015/2016 SAM was updated using the recursive 
features of DEMETRA to the year 2022 using actual and 

Table 1. Macro SAM of Ethiopia (2015/2016, billion birr).

Activities Commodities Factors Households Enterprises Government Taxes Investment RestOfWorld Total

Activities 2159.70 2159.70
Commodities 742.26 456.68 1096.46 148.84 591.58 123.21 3159.04
Factors 1425.11 7.83 1432.93
Households 1268.15 11.15 11.32 126.23 1416.84
Enterprises 158.60 5.52 0.28 164.40
Government 8.19 26.72 181.22 28.35 244.49
Taxes -7.67 118.59 29.21 41.09 181.22
Investment 280.33 84.83 73.06 153.36 591.58
RestOfWorld 424.07 6.19 2.64 0.61 5.75 439.26
Total 2159.70 3159.04 1432.93 1416.84 164.40 244.49 181.22 591.58 439.26

Source: Authors’ elaboration. 



229The implications of the Russian invasion of Ukraine for African economies: A CGE analysis for Ethiopia

Bio-based and Applied Economics 13(3): 225-243, 2024 | e-ISSN 2280-6172 | DOI: 10.36253/bae-15364 

forecasted growth rates of GDP (IMF, 2022) and popula-
tion (UN, 2022b). The forecasted real GDP growth rate for 
2022 was 3.8% (IMF, 2022). We assume this GDP growth 
rate, which is lower than the country’s five-year average of 
8% growth rate (IMF, 2022; NBE, 2023), accounted main-
ly for the impacts of recent crises on Ethiopia but little for 
anticipated cascading effects from the Russia’s invasion of 
Ukraine war impacts on world markets. 

The calibration process and the adjusted SAM rep-
resent the contexts of the country and make the model 
suitable to address the study’s research question. The 
production nest for crops along with the households’ 
utility nest for energy commodities allow capturing the 
competition between agriculture and energy for animal 
manure (Mekonnen et al., 2017). The possibility of sub-
stitution between different fuel types (agricultural resi-
dues, fuelwood, petroleum products and electricity ser-
vices) captures the “fuel stacking” behavior of Ethiopian 
households (Yalew, 2022). 

2.4. World price change impact scenarios

The effects of global commodity supply, transport 
and logistics disruptions, the sanctions against Russia, 
the export bans adopted by some countries, and specu-
lative market behaviors that ensued Russia’s invasion of 
Ukraine have tremendously affected the prices for dif-
ferent world commodities in 2022 (World Bank, 2022). 
Although prices for some commodities showed a down-

ward trend by the end of 2022 their level remained high-
er than in 2021 (World Bank, 2023). 

Prices of many agrifood and energy commodities 
in Ethiopia increased in the past decade (ESS, 2023). 
Yet, the impacts of the recent domestic crises (e.g., 
armed conflicts, droughts) and international crises (e.g., 
COVID-19 pandemic and Russia’s invasion of Ukraine) 
are conspicuous (NBE, 2023; EGTE, 2023). The annu-
al average price indices for petroleum oil and wheat in 
the global and Ethiopian markets exhibit similar trends 
(Figure 1) substantiating the high inflation trends in 
Ethiopia in the past decade (ESS, 2023) as the local price 
changes grew faster compared to the world market pric-
es. Likewise, domestic fertilizer prices increase might be 
larger than increases in world market fertilizer prices 
(Abay et al., 2024).

Global price changes would contribute to (or exac-
erbate) the domestic price changes which is why it is 
imperative to examine the implications of global com-
modity market shocks, such as those followed the war 
on Ukraine, for Ethiopia.

This study considers the impacts of world import 
price changes for three commodities (wheat, fertilizer, 
and petroleum products) which play substantial roles 
in the food and energy markets in Ethiopia and experi-
enced more than 30% annual average real price changes 
in 2022 compared to 2021 (Table 2). The simulation sce-
narios are designed in a way to: (i) assess the potential 
losers from each commodity price change, (ii) identify 
the dominant impact channel, and (iii) assess the com-

Figure 1. Comparison of local and world price indices for wheat and petroleum oil. Source: Authors’ illustration based on data compiled 
from various reports by the National Bank of Ethiopia (retail gasoline price in Addis Ababa, Ethiopia), the Ethiopian Grain Trade Enterprise 
(wholesale wheat price in Ethiopia), and World Bank (2023) (crude oil and wheat prices in world markets). Trends for fertilizer prices were 
not presented here due to lack of publicly available local price data. 
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bined effects of the increase in the import prices of the 
three commodities.

Equations 1 to 4 capture the mechanisms to trans-
mit the impacts of world import price changes to the 
Ethiopia’s economy in DEMETRA:

  (1)

, (2a)
∀c ∈(cm ≠ 0 ∩ cd ≠ 0)

 (2b)

 (3)
∀c ∈(cm ≠ 0 ∩ cd ≠ 0)

The domestic price of competitive imports for 
commodity c (PMc) is a product of the world price of 
imports (PWMc, denominated in foreign currency, 
assumed to be exogenously determined and fixed by 
the world markets), the exchange rate (ER, domestic 
per foreign currency), and the import tariff rate (TMc) 
(Equation 1). The equation applies for wheat, fertiliz-
er, and petroleum fuels. Imported (QMc) and domes-
tic (QDc) varieties are imperfect substitutes whose 
CES (or Armington) aggregation (QQc, the aggregate 
domestic supply of commodity c) is influenced by the 
share (δ), the elasticity of substitution (ρ), and the shift 
(α) parameters, for all commodities, such as wheat, 
which have both domestically produced (cd) and 
import (cm) varieties (Equation 2a). However, for some 
commodities such as fertilizers and petroleum oil 
their domestic supplies supply is composed of imports 
only (Equation 2b). The cost minimization behavior 
of domestic agents (i.e., deriving the first order condi-
tions of Equation 2a), determines the optimal mix of 
supplies from domestic and foreign (import) producers 
depending on the relative price of domestic (PDc) and 

import (PMc) varieties of the same commodity (Equa-
tion 3). 

For each cropping activity a, we endogenize land 
productivity to consider the yield improving role of 
chemical fertilizer application. Crop yields (Yl,a) endog-
enously respond to the relative changes to the chemical 
fertilizer application, i.e., the application in the new sce-
nario ( ) relative to the application in the base sce-
nario ( ). The response factor (µf) consider the crop 
phenological responses to chemical fertilizer application, 
and thus translating into a change in crop yield per unit 
of cultivated land (Equation 4).

 (4)

The value of response factors (was obtained from a 
relevant study (Sheahan et al., 2016) and can be inter-
preted as a 1% increase (decrease) in fertilizer applica-
tion leads to a 0.21% increase (decrease) in crop yield. 
Although the yield responses to fertilizer use could vary 
by crop type (Hertel et al., 1996; Rashid et al., 2013), due 
to lack of information, we applied a uniform response 
rate for all crops, which we acknowledge as a limitation.

The three commodities considered are essential 
items in both production and final consumption sec-
tors. They account for one-fifth of the total spending for 
merchandise imports in Ethiopia (NBE, 2023). Ethiopia 
is a net importer of wheat with imports accounting for 
a quarter of the wheat supply. According to the SAM, 
wheat accounts for 3.3% of total imports of goods and 
services and it is consumed as an intermediate input 
(26%) and as food by households (74%). The LES-CES 
utility functions nest employed in the model allows the 
possibility that households substitute wheat by other 
cereals such as teff, barley, maize, and sorghum depend-
ing on their relative price changes. 

Ethiopia depends on imported chemical fertilizers 
and petroleum products. Fertilizer imports comprise 
approximately 2% of the total good and services imports 
in the SAM. Fertilizers are used as inputs in crop-grow-
ing activities and more than 50% of the supply is used 
in growing major cereal crops e.g. wheat, maize, teff, 
barley, and sorghum. In wheat and maize, chemical fer-
tilizers account for up to 6.5% of the total production 
costs. Increasing chemical fertilizer prices are expected 
to reduce the use of chemical fertilizers by crop growing 
activities, and partly cropland productivity (Equation 4). 

Petroleum fuels account for about 10% of imports 
of goods and services in the SAM. They are consumed 
as inputs in agriculture (0.4%), industry (28.1%), elec-

Table 2. Summary of the simulation scenarios. 

Scenario Description
Import price 

shocks

Wheat World wheat import price changes + 34%
Fertilizer World fertilizer import price changes + 54%
Petroleum World petroleum oils import price changes + 50%
Combined Combination of the above impact scenarios 

Source: Authors’ calculations from World Bank (2023). 
Note: The annual average real price changes, between 2022 and 
2021, were calculated as of February 2023.
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tricity (2.7%), transport (51.3%), and the rest of ser-
vices (10.7%). Households’ demand represents 6.8% of 
the demand for petroleum fuels while petroleum fuels 
account for only 0.4% and 0.5% of rural and urban 
households’ consumption expenditure. The bigger pro-
portion of petroleum fuel price change impact on house-
holds’ welfare is expected through indirect effects (i.e., 
higher commodity prices due to increased production 
costs in most of the sectors as consequence of higher 
petroleum prices).  

3. RESULTS

The subsections below present the impacts of world 
commodity price increases on different components of 
Ethiopian economy. All results are presented as percent-
age changes relative to the base scenario, which repre-
sents the counterfactual Ethiopian economy in 2022 
without economic repercussions from Russia’s invasion 
of Ukraine. One could consider the impact scenarios as 
“what if” scenarios in which the information on world 
import price changes (Table 2) were projected and com-
municated in advance as soon as the war on Ukraine 
began (say as early warnings). This would have helped 
Ethiopian producers and consumers plan and undertake 
anticipatory measures (e.g., factor allocations and adjust-
ments in consumption demand) in response to the antic-
ipated repercussions from the global market shocks but 
no significant investment and policy changes.

3.1. Impacts on the macroeconomy 

The combined world price changes could reduce 
Ethiopia’s real GDP (by 0.65%), imports (by 5.5%), pri-
vate consumption (by 2.7%), and investment demand (by 
1.3%) (Table 3). Likewise, the absorption, which meas-
ures the domestic expenditure on goods and services, 
falls by 2%. The effects are driven by the fertilizer and 
fuel price changes although wheat prices have a marked 
impact on the trade balance. Increasing wheat import 
price decreases wheat imports (and hence total imports) 
but increases domestic wheat production as well as its 
substitute cereals (to meet the supply gap) which would 
pull factors from other sectors including those contrib-
uting to exports such as coffee, oilseeds, and manufac-
tured foods and beverages.

As production in some activities contract (and hence 
factor employment and income) direct tax and total gov-
ernment revenue decline by 4.1% and 0.54% in the com-
bined impacts scenario.

3.2. Impacts on production activities 

The domestic production in different sectors respond 
differently to the aggregate and individual commod-
ity price changes (Table 4). The sectors with the highest 
contraction of output in the combined impacts scenario 
are services, construction and utilities largely driven by 
the fuel price changes. Production in the rest of manu-
facturing, natural resources-based primary sectors, and 
public services slightly expand (under fertilizer price 
changes) and in crops and food and beverages (under 
fuel price changes). Petroleum price change results in a 
wider range of output impacts (Figure 2).

Disaggregated results show that the impacts are 
highly scattered across sectors (Figure 2). Rising wheat 
prices expand domestic wheat production by 2.5%. 

Table 3. The impacts on the macroeconomy (% changes).

Variable
Import price change scenarios

Wheat Fertilizer Petroleum Combined

GDP -0.04 -0.32 -0.27 -0.65
Private consumption -0.32 -0.74 -1.64 -2.70
Investment demand 0.13 -0.10 -1.34 -1.34
Absorption -0.16 -0.46 -1.39 -2.01 
Government consumption -0.12 0.22 0.25 0.39
Imports -0.87 -0.83 -3.81 -5.53
Exports -1.21 -0.25 2.12 0.55

Source: DEMETRA simulations.

Table 4. The impacts on domestic production by activity groups (% 
changes).

Activities
Import price change scenarios

Wheat Fertilizer Petroleum Combined

Crops 0.35 -1.48 1.7 0.52
Livestock -0.17 -0.07 -0.14 -0.35
Primary sectors – grazing, 
fishing, forestry, mining -0.19 0.27 -0.41 -0.35

Food and Beverages -0.87 -0.13 0.42 -0.57
Textiles, clothes, leather, 
and wood processing -0.07 0.31 -0.32 -0.04

Rest of manufacturing -0.08 0.59 0.09 0.68
Utilities - electricity and 
water -0.08 -0.06 -2.72 -2.87

Construction 0.08 -0.04 -1.06 -1.03
Services - Private -0.15 0.08 -2.59 -2.69
Services - Public -0.11 0.16 0.07 0.14

Source: DEMETRA simulations.
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Under petroleum price changes, domestic production 
expands in activities with substantial contribution to 
exports (oilseeds, coffee, vegetables, cotton, and tea) and 
electricity-powered transport services. The expansion 
of production in export-oriented agricultural activities 
derived from the depreciating exchange rates (due to 
higher import bills) making Ethiopian exports cheaper 
in the world markets and thus to balancing the increas-
ing import costs. In contrast, rising fuel prices reduce 
the outputs from fuel-powered transport services, die-
sel-powered electricity (from grid and off-grid systems), 
and other private (commercial) services which includes 
hotels, financial intermediaries, and other business ser-
vices. Consequently, exports from fuel-powered trans-
port services and, slightly, electricity utilities decline. 

Production in most cropping activities contracts fol-
lowing the rise in world chemical fertilizer prices (Table 4) 
with negligible size except for oilseeds, wheat, and maize 
which declined by 5.4%, 3.8%, and 3.2%. The marginal 
effects on the other crop growing activities are explained 
by the small shares of inorganic fertilizer inputs in the 
base scenario and from the substitution by manure (organ-

ic) for inorganic fertilizers (Figure 3). This, however, reduc-
es manure available for household energy (Table 6).

3.3. Impacts on households’ consumption  

Rising import prices affect households’ consumption 
demand directly (due to increased prices) and indirectly 
(declining household incomes as factor incomes fall due 
to contraction of production). In the combined impacts 
scenario, factor income decreases in thirteen of the seven-
teen factors. For instance, labor factor incomes decline by 
approximately 2% for unskilled to approximately 4% for 
semi-skilled and skilled labor categories whereas house-
holds’ income from enterprises decline by about 10% (of 
which 7% is due to the petroleum price increases). 

The decline in households’ income and the result-
ing decrease in demands for commodities (due to higher 
prices) result in declining households’ consumption by 
2% for rural and 3.5% for urban households (Figure 4). 
The effects on the household groups vary across import 
price change scenarios. Urban households are worse off 
when it comes to wheat and fuel price changes whereas 
rural households are worse off under fertilizer price 
changes. The adverse effects on both household groups 
are mostly driven by petroleum price increases because 
petroleum products are inputs in almost all activities 
(and thus the rise in fuel prices increases in the costs of 
production and reduces factor demands and incomes) 
and as final demand product by households (and thus 
increasing price reduces quantity demanded).

3.4. Implications for food security 

Of the four dimensions of food security, i.e., avail-
ability, accessibility, utilization, and stability (Peng and 

Figure 2. The impacts on domestic production activities (% chang-
es). Source: DEMETRA simulations.

Figure 3. Fertilizer demand under inorganic fertilizer price increase 
scenario (% changes). Source: DEMETRA simulations.

Figure 4. The impacts on households’ consumption expenditure (% 
changes). Source: DEMETRA simulations.
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Berry, 2019); the rise in world import prices are expected 
to directly affect food availability (i.e., reduced wheat 
imports and reduced agricultural output due to expen-
sive fertilizers and to some extent fuel prices), acces-
sibility (i.e., increased transport costs and/or reduced 
transport services), and stability (i.e., the ability of the 
country’s food system to withstand other natural and 
man-made shocks in the future due to reduced econom-
ic growth and government revenue). 

Except for rural households under the wheat price 
change scenario, rural and urban households’ food con-
sumption decline (Table 5). Mirroring the impacts on 
crop production (Table 4), the index of food production, 
which includes crops, sugar, processed foods, and fish, 
declines (by 1.2%) only under the fertilizer price sce-
nario (Table 5). The increase in food production index 
under petroleum price change is explained by increased 
agricultural exports, as discussed earlier.

The impacts on food production (Table 5) are negli-
gible in most cases except under higher world prices for 
inorganic fertilizers due to Ethiopia’s low dependence 
on food imports while many food staples (including teff 
and sorghum) are not traded internationally in large 
volumes (Diao et al., 2022). Yet, the index of food pro-
duction increase includes overall crop production, most 
of which go to exports rather than to households in this 
scenario. That is why food consumption in both rural 
and urban households decreased despite the increased 
food production index (Table 5). The possibility of sub-
stitutions (e.g., wheat by other cereals, inorganic ferti-
lizer by animal manure) allowed by the model contrib-
uted to relieve some of the price increase burdens on 
households’ consumption.

3.5. Implications for household energy 

The repercussions on households’ energy consump-
tion have implications for the food-energy nexus in 
Ethiopia (Mekonnen et al., 2017; Yalew, 2022). Agricul-
tural wastes (e.g., crop residues, and animal dung) and 

products (e.g., biogas, ethanol) are important sources of 
household energy but using agricultural waste as fuel 
reduces organic fertilizer available for cropping activities. 

The changes in demand for energy fuels are higher 
in rural households (Table 6) because they have a wid-
er option of fuels, and hence their demand for a specif-
ic fuel is set to be relatively elastic compared to that in 
urban households. Petroleum prices affect households’ 
energy prices directly (e.g., gas and kerosene) and indi-
rectly (e.g., electricity from diesel generators). Indeed, 
as discussed in Section 2, the demand for petroleum in 
production activities is also significant. The decrease in 
petroleum fuel demand entails an increase in ethanol 
consumption in both household groups. Since etha-
nol is mostly produced from sugar molasses, in the 
long-term, this is an additional motive to expand sugar 
manufacturing capacities in the country. The combina-
tion of these mechanisms results in a differentiated price 
increase of the aggregate energy for households (by 1.5% 
for rural and by 3.5% for urban households). The com-
bined share of electricity and ethanol in the total house-
holds’ energy consumption is 5% while grid electricity 
accounts for about 18% of the urban households’ energy 
consumption expenditure. As such, part of the decline 
in electricity demand is also associated with decreas-
ing households’ income in addition to its price change 
relative to other fuels. Rising inorganic fertilizer price 
increases the demand for animal manure as organic 
fertilizer (Figure 3) and hence reduces the amount of 
manure consumed as fuel by households. Demand for 
animal manure used as household energy declines by 
5.4% and 3.2% in rural and urban households (Table 6). 
Increasing petroleum prices induces a slight increase in 
the use of biogas by rural households. This has positive 
implication for the domestic (household) biogas sector 
which converts cattle dung to fuel (biogas) and fertilizer 
(bio-slurry). As such, although the biogas sector in Ethi-

Table 5. Implications for food security (% changes).

Scenario
Food 

Production 
Index

Food Price Index Food Consumption

Rural Urban Rural Urban

Wheat 0.10 0.80 0.34 0.14 -0.19
Fertilizer -1.19 0.80 0.41 -0.41 -0.21
Petroleum 1.49 0.00 -0.08 -1.17 -2.39
Combined 0.35 1.48 0.60 -1.53 -2.84

Source: DEMETRA simulations.

Table 6. Impacts on household energy demand (% changes).

Fuels
Fertilizer Petroleum

Rural Urban Rural Urban

Residues -1.39  0.65  
Wood -0.12 0.02 -0.03 -0.76
Manure -5.42 -3.20 -0.98 -1.33
Petroleum -1.78 -0.98 -45.95 -31.38
Biogas -0.81  0.16  
Ethanol -1.26 -0.67 13.55 7.12
Electricity, off-grid -0.41 -0.16 -9.06 -6.24
Electricity, grid -0.66 -0.31 -5.16 -3.84

Source: DEMETRA simulations. 
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opia is yet at its niche phase (Kamp & Forn, 2016; Yalew, 
2021), support for the biogas sector has the potential to 
help agrifood and energy sectors in the face of world 
petroleum price crises.

3.6. Senstivity analysis 

Finally, we performed sensitivity analyses for the 
Armington (import) substitution elasticities (as the 
exogenous shocks analysed are related to import price 
changes) and two main assumptions pertaining to the 
crop sector (as the sector is important source of domes-
tic food supply and exports). First, the overall results 
and conclusions remain less sensitive to increasing or 
decreasing the Armington import substitution elastici-
ties by 30% (Table A3). An exception is that with high-
er elasticity of import substitutions, as import prices 
increase, the demand for imported goods become rela-
tively elastic and decline further with which the aggre-
gate exports decrease as exchange rates depreciates 
lesser compared to the case with low import elastici-
ties. Second, the severity of the impacts partly depends 
on the crop phenological response factor to inorganic 
fertilizer use. For instance, if crop yields would be less 
sensitive to the amount of inorganic fertilizer applied, 
the combined impact on the real GDP drops to -0.39% 
(Table A4). Third, we deviated from our initial assump-
tion regarding the flexibility of cropland allocations. We 
assumed cropland is partially mobile by fixing the land 
for 14 perennial crops (of the total 32 land-based activi-
ties). We then assumed all land is crop-specific (fixed to 
all activities), i.e., land cannot be reallocated in respons-
es to shocks compared to the initial assumption such 
that farmers would easily and quickly switch between 
the crops they want to cultivate in response of actual 
and anticipated shocks. The sensitivity results (Table 
A4) show that adverse effects worsen when cropland is 
assumed to be immobile across activities. The impacts 
are notable on the export sector which decline by 0.91% 
compared to an increase by 0.55% when cropland is 
assumed to be freely allocable (or mobile) to growing 
different crops. The contraction of exports implies that 
there will be lesser resources to finance imports, and 
thus total imports decline by 6.2% compared to by 5.5% 
under the assumption of fully mobile cropland. 

4. DISCUSSIONS

The Russian invasion of Ukraine, since February 
2022, had profound implications for the global and Afri-
can economies. The war caused massive supply chain dis-

ruptions and mounting trade costs globally (UNCTAD, 
2022) producing price spikes for many globally traded 
commodities (World Bank, 2022). In Ethiopia, informa-
tion from the past decade shows that local price chang-
es for domestic commodities with competitive imports 
exhibit similar trends to that of world price changes. 
This implies that global price changes would contribute 
or exacerbate the price changes due to domestic market 
conditions. This necessitates to evaluate the implications 
of global commodity market shocks for Ethiopia. 

This study showed that the global market repercus-
sions due to the war on Ukraine are likely to have nega-
tively affected the aggregate imports, households’ con-
sumption, and labor wage rates in Ethiopia. The effect 
on the real GDP is approximately -0.65% and is com-
parable to Diao et al. (2022). Nevertheless, the impacts 
are unevenly distributed among different sectors and 
households. Crop growing activities substitute animal 
manure (domestic) for inorganic (imported) fertilizers 
that eventually could dampen the adverse effects on crop 
production. This, however, would reduce manure avail-
able as cooking fuel which substantiates the relevance 
of the food-energy nexus in the country (Mekonnen et 
al., 2017; Yalew, 2022). The impacts on consumption 
are worse for urban households compared to rural ones 
except under fertilizer import price changes. The results 
of this study are comparable to previous studies show-
ing the detrimental effects of world commodity market 
impacts on African economies (Arndt et al., 2008; Dil-
lon & Barrett, 2016; von Arnim et al., 2018).

Three caveats apply to this analysis. First, the behav-
ioral and crop phenology parameters used in the model 
(i.e. model elasticities) influence the simulation results. 
Despite the model and the adjusted SAM employed 
allow capturing several contexts of the Ethiopian econ-
omy, as in most CGE models, the results are still influ-
enced by the neoclassical assumptions of perfect com-
petition in the CGE model. Likewise, in line with the 
tradition in CGE model calibrations (Lofgren, 1994; 
Devarajan & Robinson, 2013), most of the production, 
international trade, and consumption are ad hoc values 
in the range of previous literature and economic theo-
ry. We therefore performed several sensitivity analyses 
for a selected set of parameters and assumption affect-
ing import substitutions (Table A3) and crop activi-
ties (Table A4). The results from the sensitivity analy-
sis regarding cropland mobility across activities are in 
accordance with the findings of previous research (e.g., 
Salazar-Espinoza et al., 2015; Martey et al., 2022) which 
showed farmers shift land use away from cash and per-
manent crops (and thus Ethiopian exports fall) and 
devote more to growing staple crops in response to 



235The implications of the Russian invasion of Ukraine for African economies: A CGE analysis for Ethiopia

Bio-based and Applied Economics 13(3): 225-243, 2024 | e-ISSN 2280-6172 | DOI: 10.36253/bae-15364 

adverse natural and man-made shocks. The sensitivity 
analysis also substantiates the important role of inorgan-
ic fertilizers to enhance cropland productivity (Rashid et 
al., 2013; Sheahan et al., 2016) and of crop agriculture in 
Ethiopia (Mengistu et al., 2019; NBE, 2023). Our find-
ings that farmers substitute animal manure for inorganic 
fertilizers are similar to Abay et al. (2024). The study, 
citing survey data, indicated that the surge in inorganic 
fertilizer price in recent years might have encouraged 
Ethiopian farmers to shift to organic fertilizers. How-
ever, more research on the empirical estimates for the 
elasticities of substitution between organic and inorganic 
fertilizers, and between land and fertilizer for Ethiopia 
and other agrarian countries is highly needed. 

Second, the study does not explicitly incorporate 
the impacts from interactions with domestic crises (e.g., 
armed conflicts, droughts) that have severely impacted 
Ethiopia in 2022. The armed conflicts in northern Ethio-
pia, between 2020-2022, might have pushed additional 3 
million peoples deeper into poverty (Endale, 2023) while 
the droughts in the southern and southeastern parts of 
the country had affected an estimated population of 24 
million in 2022 (ACAPS, 2023). We assumed that the 
impacts due to the domestic crises are accounted in the 
projected GDP growth rate (IMF, 2022) which is used to 
calibrate the baseline scenario. This could be a limitation 
as such compounding factors could influence the magni-
tude of the impacts from world market shocks (Headey 
& Fan, 2008; Abbott & Borot de Battisti, 2011; Meyim-
djui & Combes, 2021). Thirdly, we assumed the Govern-
ment of Ethiopia would not consider the possibility of 
adopting policy responses counteracting these global 
shocks. Government responses to global commod-
ity market shocks such as social protection programs, 
export restrictions, price caps, subsidies, and tax reliefs 
(Abay et al., 2023) could have dampened the adverse 
impacts on production and consumption but mostly by 
transferring the burden to fiscal deficits (Headey & Fan, 
2008; Ntah et al., 2024). Future research examining the 
interactions, and the combined effects of domestic and 
international market disruptions will be helpful. 

5. CONCLUSIONS

This study assessed the consequences of the global 
commodity price changes in 2022, which followed from 
Russia’s invasion of Ukraine, on Ethiopia. The results 
show that repercussions from global commodity mar-
ket price increases adversely affect imports and house-
holds’ consumption in Ethiopia. Rising petroleum pric-
es increase households’ demand for ethanol and biogas 

that can be considered as co-benefits to expanding sugar 
manufacturing and household biogas digesters. Rising 
fertilizer prices tighten the competition for the use of 
animal manure between cropping activities (as fertilizer) 
and households (as fuel). Policy measures to support the 
expansion of household (domestic) biogas digesters pro-
ducing biogas (fuel) and bio-slurry (fertilizer) could be 
one mechanism to promote an optimal use of animal 
manure at the time of contemporaneous shocks to ferti-
lizer and petroleum oil prices. 

The study gleaned insights on how the different 
parts of the Ethiopian economy would respond to the 
world global commodity market shocks without explic-
itly incorporating other important internal natural and 
man-made crises that have battered the country in and 
around 2022. Further research on how these multiple 
impacts have interacted is highly needed to identify pol-
icy measures to build an economy resilient to simultane-
ous domestic and global market crises. The nature and 
size of these additional adverse conditions may become 
clearer in the medium-term.

DISCLAIMER

The views expressed  in  this  paper  are  the  sole  
responsibility  of  the  authors  and  do  not  necessarily  
reflect the views of the European Commission.
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APPENDIX

1. Notes on SAM adjustment

This study used a modified version of the 2015/2016 
SAM for Ethiopia (Mengistu et al., 2019). Important 
adjustments were made particularly pertaining to the 
agriculture, forestry, electricity, and transport sectors. 
For 14 crop growing activities, irrigated farming was 

separated from rainfed farming using information from 
agricultural surveys (AgSS, 2016) and other research 
reports (NCDS, 2017; Tilahun et al., 2011; Hagos et al., 
2009). The livestock sector was further disaggregated to 
explicitly account for 7 types of activities (cattle, sheep, 
goats, camels, equines, poultry, and beekeeping) using 
information from agricultural survey (AgSS, 2016) and 
national income accounts (MoFED, 2012). Animal feed 

Table A1. List of activities in the SAM and their group for reporting results. 

Group Activity Group Activity

Crops Growing rainfed teff Primary sectors Managed natural grass fodder
Crops Growing irrigated teff Primary sectors Fish
Crops Growing rainfed barley Primary sectors Forestry
Crops Growing irrigated barley Primary sectors Mining and quarrying
Crops Growing rainfed wheat Food & Beverages Processed and manufactured foods
Crops Growing irrigated wheat Food & Beverages Sugar
Crops Growing rainfed maize Food & Beverages Beverages and tobacco
Crops Growing irrigated maize Textiles, clothes… Textile, leather, clothes, and wood processing 
Crops Growing rainfed sorghum Rest of manufacturing Rest of manufacturing
Crops Growing irrigated sorghum Construction Construction
Crops Growing rainfed pulses Utilities Water supply
Crops Growing irrigated pulses Utilities Off-grid electricity, diesel
Crops Growing rainfed oilseeds Utilities Off-grid electricity, solar
Crops Growing irrigated oilseeds Utilities Grid electricity, hydro, Abbay basin
Crops Growing rainfed vegetables Utilities Grid electricity, hydro, Omo basin
Crops Growing irrigated vegetables Utilities Grid electricity, hydro, Awash basin
Crops Growing rainfed fruits Utilities Grid electricity, hydro, Tekeze basin
Crops Growing irrigated fruits Utilities Grid electricity, hydro, Wabi-Shebele basin
Crops Growing coffee Utilities Grid electricity, hydro, Rest of basins
Crops Growing enset Utilities Grid electricity, wind
Crops Growing rainfed sugarcane Utilities Grid electricity, geothermal
Crops Growing irrigated sugarcane Utilities Grid electricity, solar
Crops Growing rainfed chat Utilities Grid electricity, municipal waste
Crops Growing irrigated chat Utilities Grid electricity, diesel
Crops Growing tea Utilities Grid electricity, transmission & distribution 
Crops Growing rainfed cotton Private Services Transport services, electricity-based
Crops Growing irrigated cotton Private Services Transport services, fuel-based
Crops Growing rainfed crops nec Private Services Rest of private commercial services
Crops Growing irrigated crops nec. Public Services Public administration
Crops Forage & bioenergy crops Public Services Education services
Crops Cut flower Public Services Health services
Livestock Cattle Public Services Health services
Livestock Sheep
Livestock Goats
Livestock Camel
Livestock Poultry
Livestock Beekeeping
Livestock Equines
Livestock Domestic biogas
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sources include grass fodder, crop residues, animal for-
ages, and proceed animal feed (AgSS, 2016). Forest 
products were disaggregated into three distinct prod-
ucts – wood fuel, industrial wood, and non-timber forest 
products (NTFPs) using product shares from the nation-
al income (MoFED, 2012) and forest sector accounts 
(MoFECC, 2017). Electricity production is disaggregat-
ed into off-grid and grid connections (MoWIE, 2013), 
and then by technology using information on installed 
capacities information (LMSIS, 2017; NBE, 2020; Pappis 
et al., 2021; GSE & JICA, 2015; EAPP, 2014) in line with 
the recent discussion regarding the power sector in CGE 
models (e.g., Chepeliev, 2020; Peters et al., 2016; Cai & 
Arora, 2015; Sue Wing, 2008). Electricity output also 
accounts for electricity from bagasse as byproduct from 
sugar manufacturing (ESC, 2019; Kruger et al., 2019). 
Further adjustment was made to account for the implicit 
subsidies to the state-owned electricity utility enterprise 

(Trimble et al., 2016) and export to neighboring coun-
tries (NBE, 2020). Electricity-based transport services 
(of Ethio-Djibouti Railway and Addis Ababa Urban 
Light Rail services) are distinguished from fuel-based 
(road and air transport) services. To better account for 
the interlinkages between agriculture and energy sec-
tors, the adjusted SAM also contains biogas (activity 
and commodity) (Yalew, 2021) and biofuel (mainly as 
a byproduct from sugar molasses in sugar manufactur-
ing (ESC, 2019; Tesfaye, 2020). Finally, compared to the 
initial SAM (Mengistu et al., 2019), the adjusted SAM 
contains highly aggregated manufacturing (as rest of 
manufacturing) and private services (as rest of commer-
cial services). For some of the adjustments, when cor-
respondence allows, cross-checks were made with the 
supply and use tables of the 2005/2006 SAM for Ethiopia 
(IFPRI, 2014). 

2. Model calibration 

Figure A1. Production technology nest structure (author’s elaboration).



241The implications of the Russian invasion of Ukraine for African economies: A CGE analysis for Ethiopia

Bio-based and Applied Economics 13(3): 225-243, 2024 | e-ISSN 2280-6172 | DOI: 10.36253/bae-15364 

Table A2. Range of production, trade, and consumption elasticities. 

Type Nest Description Range

Production L Elasticities of substitutions among different labor categories (e.g., skilled, semi-skilled, unskilled 
workers).

0.30–1.50

K Elasticities of substitutions among different capital categories (e.g., animal draught power, 
agricultural machinery, and non-agricultural capital).

0.20–1.50

FERT Elasticities of substitutions between organic and inorganic fertilizers. 0.70
LAND-FERT Elasticities of substitution between composite fertilizer and land factor. 0.30

ENG Elasticities of substitution between energy commodities for intermediate consumption (e.g., 
wood fuel, biofuel, petroleum oil, electricity).

0.30

VA Elasticities of substitutions among composite primary factors (e.g., labor, land, capital) 0.30–1.50
VA-ENG Elasticities of substitutions between composite energy and value-added. 0.30

Intermediate Elasticities of substitution among different intermediate inputs other than fertilizers and 
petroleum fuels.

0.00

Top level Elasticities of substitution between composite VA-ENG and intermediate inputs at the top of the 
nest.

0.00

Trade Imports Elasticities of substitution between import and domestic varieties of a commodity 0.80–3.00
Exports Elasticities of transformation between exports and domestic varieties of a commodity 0.80-3.00

Consumption Households Elasticity of substitution among consumption goods (only for those under CES nests) 0.75–2.50
Households Income elasticity of consumption demand 0.50–1.20
Households Frisch parameter -1.50

Figure A2. Households’ utility nest (authors’ elaboration). 
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3. Sensitivity analysis 

Table A3. Sensitivity of simulation results to Armington (import) substitution elasticities.

Level Variable

Armington elasticities
[Table A2-30%]

Armington elasticities
[Table A2]

Armington elasticities
[Table A2 +30%]

WHT FRT PTR CMB WHT FRT PTR CMB WHT FRT PTR CMB

Macroeconomic 
Indicators

GDP -0.04 -0.33 -0.28 -0.66 -0.04 -0.32 -0.27 -0.65 -0.05 -0.32 -0.27 -0.65
Private consumption -0.33 -0.74 -1.63 -2.69 -0.32 -0.74 -1.64 -2.70 -0.31 -0.74 -1.65 -2.70
Investment demand 0.07 -0.13 -1.36 -1.44 0.13 -0.10 -1.34 -1.34 0.18 -0.09 -1.33 -1.26
Absorption -0.18 -0.46 -1.39 -2.03 -0.16 -0.46 -1.39 -2.01 -0.14 -0.46 -1.40 -2.00
Government consumption -0.06 0.27 0.31 0.56 -0.12 0.22 0.25 0.39 -0.16 0.18 0.21 0.26
Imports -0.82 -0.81 -3.61 -5.24 -0.87 -0.83 -3.81 -5.53 -0.90 -0.85 -3.98 -5.76
Exports -0.77 -0.19 2.56 1.49 -1.21 -0.25 2.12 0.55 -1.55 -0.29 1.73 -0.23

Activity  
Outputs

Crops 0.25 -1.45 1.67 0.45 0.35 -1.48 1.70 0.52 0.43 -1.51 1.73 0.59
Livestock -0.15 -0.06 -0.17 -0.36 -0.17 -0.07 -0.14 -0.35 -0.18 -0.07 -0.12 -0.34
Primary sectors – grazing, 
fishing, forestry, mining -0.14 0.27 -0.46 -0.35 -0.19 0.27 -0.41 -0.35 -0.23 0.27 -0.37 -0.34

Food and Beverages -0.80 -0.16 0.24 -0.74 -0.87 -0.13 0.42 -0.57 -0.93 -0.12 0.58 -0.43
Textiles, clothes, leather, and 
wood processing -0.02 0.25 -0.61 -0.36 -0.07 0.31 -0.32 -0.04 -0.12 0.34 -0.09 0.18

Rest of manufacturing -0.01 0.52 -0.22 0.35 -0.08 0.59 0.09 0.68 -0.15 0.62 0.32 0.88
Utilities - electricity and water -0.06 -0.07 -2.72 -2.87 -0.08 -0.06 -2.72 -2.87 -0.09 -0.05 -2.73 -2.88
Construction 0.04 -0.07 -1.14 -1.18 0.08 -0.04 -1.06 -1.03 0.11 -0.01 -0.99 -0.91
Services - Private -0.11 0.05 -2.46 -2.57 -0.15 0.08 -2.59 -2.69 -0.18 0.10 -2.71 -2.82
Services - Public -0.06 0.20 0.11 0.28 -0.11 0.16 0.07 0.14 -0.14 0.13 0.03 0.04

Consumption Rural -0.01 -0.59 -1.25 -1.93 -0.01 -0.62 -1.29 -2.00 0.00 -0.64 -1.31 -2.04
Urban -0.26 -0.38 -2.70 -3.39 -0.35 -0.41 -2.72 -3.52 -0.42 -0.42 -2.74 -3.62

Source: DEMETRA simulations.
Notes: WHT – Wheat, FRT – Fertilizer, PTR – Petroleum, and CMB – Combined price scenarios. 
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Table A4. Sensitivity of simulation results to assumptions affecting crop activities. 

Level Variable

Crop phenology is less 
sensitive to the level of 

chemical fertilizer

Land partially mobile across 
activities

Land immobile across 
activities

WHT FRT PTR CMB WHT FRT PTR CMB WHT FRT PTR CMB

Macroeconomic 
Indicators

GDP -0.05 -0.05 -0.28 -0.39 -0.04 -0.32 -0.29 -0.67 -0.04 -0.32 -0.33 -0.71
Private consumption -0.33 -0.33 -1.64 -2.28 -0.32 -0.75 -1.64 -2.70 -0.31 -0.75 -1.67 -2.72
Investment demand 0.15 -0.12 -1.43 -1.41 0.14 -0.09 -1.44 -1.42 0.18 -0.07 -1.67 -1.58
Absorption -0.16 -0.23 -1.41 -1.79 -0.15 -0.46 -1.42 -2.03 -0.14 -0.46 -1.48 -2.08
Government consumption -0.13 0.10 0.36 0.34 -0.12 0.20 0.34 0.46 -0.17 0.18 0.67 0.70
Imports -0.83 -0.53 -4.06 -5.38 -0.83 -0.82 -4.06 -5.72 -0.68 -0.74 -4.77 -6.15
Exports -1.10 0.56 1.54 1.03 -1.10 -0.20 1.54 0.14 -0.74 0.03 -0.18 -0.91

Activity Outputs Crops 0.35 -0.41 1.61 1.54 0.33 -1.40 1.55 0.44 0.40 -1.36 1.19 0.19
Livestock -0.19 0.01 -0.04 -0.22 -0.12 -0.26 0.21 -0.15 -0.12 -0.25 0.34 -0.03
Primary sectors – grazing, 
fishing, forestry, mining -0.19 0.13 -0.41 -0.46 -0.12 0.14 -0.38 -0.37 -0.14 0.12 -0.31 -0.33

Food and Beverages -0.88 -0.08 0.48 -0.48 -0.87 -0.13 0.46 -0.53 -0.92 -0.07 0.61 -0.36
Textiles, clothes, leather, and 
wood processing -0.08 0.13 -0.19 -0.14 -0.07 0.29 -0.22 0.03 -0.13 0.26 0.16 0.31

Rest of manufacturing -0.11 0.26 0.29 0.47 -0.10 0.57 0.26 0.82 -0.20 0.52 0.89 1.27
Utilities - electricity and water -0.08 -0.05 -2.72 -2.86 -0.07 -0.06 -2.74 -2.88 -0.09 -0.06 -2.72 -2.88
Construction 0.09 -0.08 -1.11 -1.10 0.09 -0.03 -1.12 -1.08 0.11 -0.02 -1.24 -1.18
Services - Private -0.16 0.02 -2.56 -2.71 -0.15 0.07 -2.59 -2.69 -0.19 0.05 -2.46 -2.61
Services - Public -0.12 0.07 0.15 0.11 -0.11 0.14 0.14 0.20 -0.15 0.12 0.41 0.40

Consumption Rural 0.01 -0.28 -1.44 -1.75 0.02 -0.64 -1.41 -2.12 0.09 -0.60 -1.93 -2.48
Urban -0.36 -0.08 -2.74 -3.19 -0.34 -0.44 -2.72 -3.53 -0.34 -0.42 -2.79 -3.57

Source: DEMETRA simulations.
Notes: WHT – Wheat, FRT – Fertilizer, PTR – Petroleum, and CMB – Combined price scenarios. Under ‘land partially mobile’ sensitiv-
ity test, cropland for selected crops (i.e., fruits, coffee, tea, sugarcane, enset, chat, cotton, forage and bioenergy crops, grass fodder, and cut 
flower) was assumed to be activity-specific and hence cannot be reallocated in response to the anticipated impacts.
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Abstract. This study presents a micro-level indicator of farmers’ positioning in 
the market chain, based on the conceptual framework outlined by Antràs and Chor 
(2013, 2018). The indicator considers the selling location of a farming household and 
its crop buyers. Using panel data from the World Bank’s ‘Living Standards Measure-
ment Study: Integrated Surveys on Agriculture’ for Ethiopia and Nigeria, this paper 
applies the proposed indicator empirically and showcases its superior performance in 
comparison to existing alternatives at the micro-level. Furthermore, by analyzing the 
dynamics of farmers’ food and total consumption over time and controlling for vari-
ous household and production characteristics, as well as potential confounding factors, 
this study shows that moving towards a downstream position in the market chain has a 
positive impact on farmers’ food and total consumption levels. The results are validated 
through sensitivity analysis and robustness checks.

Keywords: value chains, economic development, market chain, farming households.
JEL-Codes: Q12, O12, O13, C23.

INTRODUCTION 

The discourse on the effects of farmers’ participation in global markets 
remains nuanced. One segment of the literature highlights that smallholder 
farmers’ engagement in traditional markets catalyzes pro-poor outcomes 
through a cycle of enhanced household income, increased consumption, 
greater food security, and improved nutrition (Bellemare, 2012; Montalbano 
et al., 2018). Conversely, another segment postulates that market participa-
tion might not significantly benefit those unable to leverage increased market 
orientation’s advantages (von Braun, 1995; Carletto et al., 2017).

Market chain participation encompasses essential activities for food 
production delivery to consumers, including trading (Kaplinsky & Morris, 
2001). In development scenarios, farmers often find themselves limited to 
lower-value activities, positioning them at the backward stages of the mar-
ket value chain, which contrasts with increased employment, better jobs, 
resources, governance, and food security associated with downstream posi-
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tioning (Minten et al., 2009; Cattaneo & Miroudot, 2013; 
African Development Bank et al., 2014;  Swinnen, 2014; 
Swinnen & Vandeplas, 2014). Antràs and Chor (2013) 
offer a foundational model on positioning, illustrat-
ing a dependency of downstream stages on upstream 
activities, yet discussions on the structuring of the most 
upstream sectors within value chains remain limited.

This research merges insights from trade and devel-
opment literature on value chain positioning, focusing 
on supplier positioning in global chains as per Antràs 
and Chor (2013; 2018), and the commercialization deci-
sions of rural farmers as detailed by Migose et al. (2018), 
Minten et al. (2018), and Montalbano et al. (2018). It 
introduces a novel downstreamness measure for rural 
farmers in market value chains, inspired by Antràs and 
Chor’s framework. This study tests the new position-
ing indicator using the LSMS-ISA dataset for Ethio-
pian households, selected for its detailed commodity 
exchange market data, and conducts parallel testing with 
Nigerian LSMS-ISA data and analyses related to food 
quantity and market positioning. The indicator outper-
forms traditional measures in empirical tests.

The study examines how farmers’ market position-
ing affects their consumption levels. Findings show that 
improved positioning significantly boosts farmers’ food 
and total consumption, supporting existing literature 
on agricultural commercialization’s impact, validated 
through extensive sensitivity and robustness checks. 
The paper is organized as follows: Section 2 reviews the 
literature and theoretical framework. Section 3 intro-
duces the market positioning indicator. Section 4 details 
crop value chain structure and methodology. Section 5 
describes the data and statistics. Section 6 discusses the 
empirical strategy and results. Section 7 concludes the 
study, summarizing key findings and implications.

2. LITERATURE REVIEW

Agricultural commercialization is widely regarded 
as a key mechanism for poverty alleviation in rural set-
tings, underpinned by literature suggesting its positive 
impact on rural households’ development (von Braun & 
Kennedy, 1994; de Janvry & Sadoulet, 2006). This transi-
tion allows smallholder farmers to shift from subsistence 
farming practices to the cultivation of market-specific 
crops, facilitating specialization, the adoption of modern 
agricultural technologies, and ultimately, higher produc-
tivity (van Asselt & Useche, 2022). Studies like those of 
Key et al. (2000), Yanagizawa (2009). and Svensson & 
Jensen (2010) have documented that market participation 
and positioning are affected by access costs and risk pref-

erences, affirming the benefits of effective market posi-
tioning. However, agricultural trade may yield several 
effects on production constraints, land use, and environ-
mental sustainability (Minten et al., 2007), with small-
holder farmers facing barriers such as low productivity, 
stringent standards compliance, and elevated transaction 
costs that limit market entry (Montalbano et al., 2015).

Vertical market integration turns out to be critically 
relevant in these contexts characterized by fragmented 
markets, weak contract enforcement, and political insta-
bility (Fackler & Goodwin, 2001). The nature of the 
crop buyer significantly influences market positioning, 
with farmers navigating interactions with intermediar-
ies, large processing firms, and state-managed markets. 
Despite the perception of intermediaries as monopo-
listic rent-seekers (Montalbano et al., 2018), empirical 
evidence suggests that farmers’ involvement in contract 
schemes and export chains generally yields positive out-
comes for smallholders (Minten et al., 2009; Barrett et 
al., 2012; Bellemare, 2012; Subervie & Vagneron, 2013; 
Bellemare & Novak, 2017).

The interaction between global and local value 
chains raises questions about the impact of global market 
participation on local agricultural systems and food con-
sumption. While some argue that global value chains can 
undermine traditional local markets (Ríos Guayasamín 
et al., 2016), others point to the competition for resources 
that such integration entails (Feyaerts et al., 2020). The 
debate extends to the efficacy of local versus global value 
chains, with some evidence suggesting local markets may 
offer better performance or serve as gateways to global 
chains (D’Souza & Jolliffe, 2014; Wegerif & Martucci, 
2019). The importance of market positioning within these 
distribution networks cannot be overstated, yet the lack 
of comprehensive data and theoretical frameworks for 
micro-level analysis underscores the complexity of draw-
ing definitive conclusions (Feyaerts et al., 2020). Selling 
to immediate social circles is often seen as a strategy of 
last resort for farmers constrained by high transaction 
costs or market access issues, highlighting the challenges 
faced by rural farmers in developing economies (Timmer, 
1997; Key et al., 2000; Fackler & Goodwin, 2001; Faf-
champs & Hill, 2005).

Given the disparate nature of existing studies, often 
limited to specific case studies, this paper aims to bridge 
the gap by proposing a micro-level measure of market 
positioning. This contribution seeks to enrich the ongo-
ing discussion on the nuanced relationship between 
market participation and food consumption, providing 
a new analytical lens to examine the intricate dynamics 
at play in agricultural commercialization and its broader 
socioeconomic impacts.
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3. THE PROPOSED POSITIONING MEASURE

Value chain downstream positioning, which denotes 
the proximity of production to final demand, inte-
grates development and trade concepts, highlighting the 
importance of geographical distance and market access 
on agricultural decision-making (von Thünen, 1966; 
Chamberlin & Jayne, 2013; Oosting et al., 2014; Mon-
talbano & Nenci, 2022). This approach reveals the pro-
found effect of location on farming strategies, extending 
beyond mere physical distance to include factors like 
travel costs (Nanyeenya et al., 2007; Duncan et al., 2013).

Kaplinsky and Morris (2001) outline three value 
chain elements: key buyers, transaction dynamics, and 
critical factors. Montalbano et al. (2018) further refine 
this by introducing a “Positioning Dummy”, based 
on the identity of market outlets, for distinguishing 
between upstream and downstream positions, highlight-
ing the significance of broader market access. However, 
the challenge remains in developing a theoretical model 
that accurately captures value chain participation, espe-
cially the volume of sales, a crucial aspect in Global Val-
ue Chains (GVCs) discussions (Nenci, 2020). Traditional 
Input-Output (I-O) tables, despite their utility, fall short 
in detailing the entire value chain network (Montalbano 
& Nenci, 2022).

Antràs and Chor (2018; 2022) expand on this by 
incorporating the sequence of production stages into 
the analysis, defining upstreamness (U) as the weight-
ed average distance of a stage from final demand, and 
downstreamness from the proximity to primary produc-
tion factors. The formula for upstreamness is given by:

 (1)

where  represents the dollar amount of each country’s 
sector needed to produce one dollar’s worth of industry 

output in another country (i.e., ). Downstream-

ness is similarly defined, focusing on the distance from 
primary factors, emphasizing the role of value addition 
in determining chain positioning.

Applying theoretical models to agricultural value 
chains reveals challenges, notably with data limitations 
and the non-linear structure of these chains, which often 
resemble “flatter” or “spider” configurations, complicat-
ing the application of Antràs and Chor’s (2018) frame-
work. Antràs & Chor (2019) distill market positioning 
into the share of output sold directly to consumers, cre-
ating a micro-level downstreamness indicator. How-
ever, this indicator faces limitations in capturing the 

intricacies of market chains due to data scarcity. Build-
ing on the insights from Veugelers et al. (2013), Giunta 
et al. (2022), and Nenci et al. (2022), who examine val-
ue chain participation through the share of imported 
intermediates, this study proposes a refined indicator 
for agricultural value chain positioning that accounts 
for the sequence of intermediaries from farmers to final 
retailers, emphasizing the critical role of selling posi-
tions within the chain. It accounts for the intermediary 
sequence from farmers to end retailers, highlighting the 
critical role of selling positions within the chain. This is 
quantitatively represented as:

 = Selling Position n.1 ×  + 

Selling Position n.2 ×   + ⋯;
 (2)

where the first integer term indicates the Selling Position 
number (i.e., the chain positioning of acquiring inter-
mediaries),  equals the quantity of crop sold by each 
household, and Y is the total quantity of that crop sold 
along the crop-selling chain.

The current literature reveals numerous shortcom-
ings: the absence of a comprehensive, standalone indica-
tor; incomplete data that lead to partial interpretations; 
and a neglect of the impact of vertical integration on 
positioning. These deficiencies underscore the neces-
sity for a refined micro-level downstreamness indicator. 
This improved indicator should account for the selling 
position, incorporate the geographical selling location, 
and consider the multiplicity of buyers. Furthermore, it 
should integrate the welfare effects of positioning, net 
of geographical distance, and the impact of trade costs 
on positioning (Fafchamps & Hill, 2005; Mancini et al., 
2023). To address these concerns, an enhanced formula 
is proposed:

 (3)

where  equals ,  equals 

,  equals the quantity of 

crop sold, and Y equals the total quantity of that crop 
sold along the crop market selling chain. It is important 
to note that farming households are commonly involved 
in multiple crop value chains. Hence, the resulting posi-
tioning value attached to them will be the average of 
their positioning score in each single crop selling chain. 
The proposed indicator, following the theory of Antràs 
and Chor (2013), incorporates crop demand elasticities 
as a tuning parameter, suggesting that lower elasticity 
values (ρ) increase the likelihood of vertical integration 
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in the value chain. This tuning parameter, formulated as 
1/(1 - ρ), reflects the observation that own-price elastici-
ties are negative for most commodities, as indicated by 
Deaton & Muellbauer (1980), and particularly low for 
crops like maize and sorghum, which exhibit among the 
lowest values (Tafere et al., 2010). Finally, the proposed 
indicator facilitates comparability across different types 
of value chains and fields by being structured as an 
index ranging from 0 to 1.

The adaptation of Antràs and Chor’s framework 
assumes farmers as a type of firm, with the analy-
sis specifically targeted at a singular stage of the chain. 
The investigation is confined to the dynamics of selling 
chains, under the premise that scrutinizing solely the 
farmers’ roles does not encompass the evaluation of add-
ed value. Additionally, it is assumed that farmers have 
the capability to engage in multiple crop value chains 
simultaneously, illustrating a diversified strategy to mar-
ket participation. The proposed approach integrates ele-
ments from development and trade literature, such as 
“selling position,” “selling location,” and “crop ratio,” 
while updating the model to reflect non-sequential pro-
duction stages and the diverse nature of agricultural 
sales, as suggested by recent insights (Davis et al., 2018; 
Antràs & Chor, 2022).

4. EMPIRICAL FRAMEWORK

In the establishment of the empirical framework 
for this analysis, Figure 1 systematically delineates the 
array of market outlets available to smallholder farm-
ers. By illustrating the comprehensive network through 
which agricultural products transition from production 
to the end consumer, Figure 1 methodically outlines the 
agricultural value chain, beginning with input suppli-
ers – such as seeds, fertilizers, pesticides, and herbicides 
– primarily provided by either agricultural development 
agencies or private entities (Audet-Bélanger et al., 2013; 
Ugonna et al., 2015; Ayele et al., 2021).

Notably, village collectors often constitute the ini-
tial market entry point in countries such as Nigeria and 
Ethiopia (Ayele et al., 2021; Babama’aji et al., 2022), lead-
ing to further engagement with agricultural coopera-
tives and processors. These entities are instrumental in 
vertical integration, offering essential services like free 
storage and facilitating transactions with exporters, or 
local food agencies (Gabre-Madhin & Goggin, 2006; 
USAID, 2017 Additionally, the figure highlights the role 
of wholesale markets situated in main districts, which 
acquire crops either directly from farmers or via inter-
mediaries, thereby augmenting access to storage and 

communication channels (Ayele et al., 2021).
The significance of private companies in providing 

downstream positioning benefits is also emphasized, 
noting their contribution to higher income levels and 
the facilitation of technology spillovers, which in turn 
enhance income stability and food security (Case, 1992; 
Bandiera & Rasul, 2006; Matuschke & Qaim, 2009; Bar-
rett et al., 2017). The analysis further acknowledges the 
importance of mobile markets and commodity exchange 
markets as additional, critical conduits connecting 
smallholders with formal market segments (FAO, 2020). 
The variability in the length of value chains necessitates 
that farmers engage at various stages, with their posi-
tioning influenced by external contingencies such as nat-
ural disasters (Biggeri et al., 2018).

Leveraging insights from Montalbano et al. (2018), 
this research assumes that direct sales to primary mar-
kets or private entities potentially yield higher profitabil-
ity, indicative of sophisticated management expertise. 
Consequently, market outlets are classified into seven 
distinct groups, spanning from upstream positions, 
characterized by lesser reward, to downstream positions, 
associated with greater economic benefit. Specifically,

· Outlet n.1: Roadside Selling Position n.1

· Outlet n.2: Agricultural Cooperatives
Selling Position n.2

· Outlet n.3: Farm-Based Association

Figure 1. A Standard Crop Value Chain in Ethiopia and Nigeria. 
Source: Author’s adaptation from Gabre-Madhin & Goggin (2006); 
Rashid & Negassa (2013), Gashaw & Kibret (2018); FAO (2020); 
Ayele et al. (2021); Babama’aji et al. (2022).



249Participation of farmers in market value chains: A tailored Antràs and Chor positioning indicator

Bio-based and Applied Economics 13(3): 245-264, 2024 | e-ISSN 2280-6172 | DOI: 10.36253/bae-15464 

· Outlet n.4: Government Agencies
Selling Position n.3

· Outlet n.5: Political Leader

· Outlet n.6: Private Trader in Local Market
Selling Position n.4

· Outlet n.7: Local Merchant/Grocery

· Outlet n.8: Local Market
Selling Position n.5

· Outlet n.9: Mobile Market

· Outlet n.10: Private Trader in Main Market 
Selling Position n.6

· Outlet n.11: Main Market

· Outlet n.12: Private Company
Selling Position n.7

· Outlet n.13: Auction Market

Also, a final note must be made for selling locations, 
whose score scale of 3 is defined, due to limited observa-
tions, as follows1:
– Selling Location n.1: Selling within the village or 

near the village
– Selling Location n.2: Selling near the town or near 

the district
– Selling Location n.3: Selling outside the district or 

outside the region

5. DATA AND DESCRIPTIVE STATISTICS

This study utilizes the LSMS-ISA dataset from Ethi-
opia and Nigeria, gathered by the Ethiopian Central Sta-
tistics Agency, the National Bureau of Statistics of Nige-
ria, and the World Bank across three survey waves from 
2010 to 2016. The final dataset, nationally representative, 
comprises approximately 1460 and 1178 observations for 
Ethiopian and Nigerian farmers, respectively, commer-
cializing their crops.

The analysis draws from household and agricultural 
data within the LSMS-ISA dataset, focusing on farm-
ers’ responses about their main crop buyers, encapsu-
lated in a network roster of over 30 actors, allowing 
identification of primary and secondary commercial 
partners. Variable definitions and descriptive statistics 
for household variables are detailed in Tables A.1 (vari-
able descriptions), A.2 (Ethiopia - summary statistics), 
and A.3 (Nigeria - summary statistics) in the Appendix, 
noting omissions in the Nigerian dataset due to miss-
ing data. Geographical analysis reveals that households 
are generally located far from main markets, with Figure 
2 depicting the regional distribution of households in 
Ethiopia and Nigeria. 

Selling patterns, as shown in Figure A.1 in the 
Appendix, indicate a preference for selling large crop 

1 If households resides in the main market, this measure can be 
bypassed.

amounts outside formal markets, particularly with rela-
tives, friends, and neighbors. Notably, events like the 
2011 floods in Ethiopia significantly influenced these 
trends, with a marked shift in the selling outlets used by 
farmers. 

Figure 3 and 4 categorize crop sales quantities from 
Figure A.1 by selling position and location, respectively. 
Specifically, as shown in Figure 3, Ethiopian farmers 
tend to sell upstream, mainly to agricultural coopera-
tives and farm-based associations, while Nigerian farm-
ers predominantly sell downstream but also through 
local markets.

The distribution of sales by location (see Figure 4) 
shows a majority within or near villages, with a notable por-
tion of Nigerian crops sold outside the region before 2012. 

Table 1 presents summary statistics for food and 
total consumption2,3, alongside food quantity for sensi-
tivity analysis. 

Consumption data in nominal values, adjusted for 
inflation using the 2010 CPI,4 shows that food consump-
tion constitutes over 70% of total expenditure for house-
holds in both Ethiopia and Nigeria. 

Table 2 shows the downstreamness indicator results, 
indicating that Ethiopian rural households have an aver-
age downstreamness score of 0.02, suggesting a pre-
dominant upstream positioning within market chains, a 
trend also observed in Nigeria but with more variability. 

These figures indicate that in the Ethiopian sample, 
the positioning indicator for crop-specific value chains 
ranges from 0 to 0.7, with rural households having an 
average downstreamness value of approximately 0.02. In 
Nigeria, there is greater heterogeneity in downstream-
ness values, with a maximum of 1 in 2011 and a decrease 
to 0.45 in 2013. These findings support the transition of 
food supply chains from local and fragmented to longer 
and geographically connected ones (IFAD, 2016). Farm-
ers in the market chain predominantly position them-
selves upstream (Montalbano et al., 2018), and the crops 
they sell exhibit low price elasticity of demand, as dem-
onstrated by studies from which crop elasticities are tak-
en: World Bank Group (1982), Akinleye & Rahji (2007), 
Pan et al. (2009), Tafere et al. (2010), Ashagidigbi (2019), 
Adeniji (2019), and Obayelu et al. (2019) Moreover, ana-
lyzing the data while excluding outliers reveals micro-

2 Following the LSMS-ISA documentation on the Ethiopia Socioeco-
nomic Survey, consumption total expenditures include three sources: 
food, non-food and education expenses for each household.
3 As specified in the “Basic Information Document” for the LSMS-ISA 
Nigeria General Household Survey, total consumption is calculated as 
the sum of all food, education, non-food, and imputed rent expendi-
tures. Expenditures were calculated and aggregated to household level 
and converted to per capita terms.
4 Available at http://data.worldbank.org/indicator/FP.CPI.TOTL.

http://data.worldbank.org/indicator/FP.CPI.TOTL
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trends in market positioning dynamics over the years 
(Figure A.2, A.3 and A.4 in the Appendix). 

6. IDENTIFICATION STRATEGY, 
RESULTS, AND SENSITIVITY

This section details the identification strategy and 
results of this study, including analyses of alternative 
positioning indicators, primary findings for the amend-

ed indicator, and subsequent sensitivity and robustness 
assessments (Subsections 6.1 to 6.3).

6.1. Identification Strategy

The empirical strategy tests the correlation between 
the amended value-chain positioning indicator and the 
natural log of food and total household consumption, 
utilizing a semi-logarithmic econometric model. This 
approach incorporates household and production char-

Ethiopia Nigeria

Figure 2. Household Density per Region/State. Source: Author’s own elaboration from LSMS-ISA data.

Ethiopia Nigeria

Figure 3. Quantity of Crop Sold (in Kilos) per Position. 
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acteristics to control for heterogeneity, following Dercon 
(2004), Chaudhuri (2003), and Montalbano et al. (2018). 
The specification employed is:

Ch,t = αh + βt + ϕ1Downh,t + δXh,t + εh,t; (4)

where Ch,t is alternatively the natural log of house-

hold per capita5 of food consumption and total con-

5 LSMS-ISA household surveys for Nigeria do not provide per adult 
equivalencies in consumption aggregates. Considering the current debate 
around the likelihood of incurring in mistakes when self-calculating 
equivalencies (see, Deaton & Margaret, 1998) and to make estimates 
across the two samples comparable, the consumption levels for Ethiopia 
are reported in terms of per capita in line with those for Nigeria.

Ethiopia Nigeria

Figure 4. Ethiopia - Quantity of Crop Sold (in Kilos) per Selling Location.

Table 1. Dependent Variables Summary Statistics.

   
N. of 

Observations Mean Standard 
Deviation

Minimum  
Value

Maximum  
Value

Et
hi

op
ia  Food Consumption (decimals, ETB) 1,394 1,666.08 1891.68 156.24 41,616.74

 Total Consumption (decimals, ETB) 1,394 2,021.67 1986.22 188.59 42,073.02
Sens. Test Food Quantity (decimals, Kg) 1,459 7.15 37.77 0.07 1,004.40

N
ig

er
ia  Food Consumption (decimals, NGN) 1,178 56,075.51 74,259.26 4,751.17 1,672,537

 Total Consumption (decimals, NGN) 1,178 78,349.05 88,541.40 9,334.46 1,699,927
Sens. Test Food Quantity (decimals, Kg) 1,175 32.9454 156.10 0.04 3268.39

Table 2. Downstreamness Indicator Results. 

N. of Obserbations Mean Standard Deviation Minimum Value Maximum Value

Et
hi

op
ia Downstreamness in 2011 (decimals) 521 0.02 0.07 0.00 0.70

Downstreamness in 2013 (decimals) 1,026 0.02 0.07 0.00 0.70
Downstreamness in 2015 (decimals) 883 0.02 0.07 0.00 0.70

N
ig

er
ia Downstreamness in 2011 (decimals) 346 0.05 0.12 0.00 1.00

Downstreamness in 2013 (decimals) 757 0.00 0.03 0.00 0.45
Downstreamness in 2015 (decimals) 515 0.03 0.09 0.00 0.86
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sumption, Downh,t represents the value of the proposed 
downstreamness indicator, and Xh,t is the vector of con-
trol variables for household heterogeneity and includes 
observable household and production characteristic. A 
non-zero ϕ1 coefficient suggests a significant relation-
ship between market positioning and consumption. The 
model also accounts for unobserved heterogeneity, time, 
and location effects, with fixed effects to mitigate time-
variant unobserved biases.

The study exclusively considers households engaged 
in value chains to focus on the impact of market chain 
positioning.6 Possible reverse causality between food/
total consumption and market positioning is not expect-
ed to impact the estimates because proxies for food con-
sumption and commercialization are measured in dif-
ferent time periods. Robustness checks in the Appendix 
include the Heckman correction for selection bias and 
the control function method to address self-selection 
bias, as suggested by Wooldridge (2015).

6.2. Main Empirics

Table 3 contrasts the proposed adjusted «à la Antràs 
and Chor» (AC) indicator from Equation [3] with com-
mon downstreamness indicators like the crop share 
ratio, the geographical distance to the main market and 

6 Households selling their crop in non-market outlets account for 
around 7-8% of the final sample for Ethiopia.

Montalbano et al. (2018)’s positioning in terms of crop 
market outlets. 

Model comparison using adjusted R-squared, AIC, 
and BIC coefficients reveals the superior performance of 
the proposed indicator with respect to traditional mar-
ket positioning proxies. This finding challenges the com-
monly used proxies for marketing factors, orientation, 
and positioning that have been traditionally employed 
in empirical studies (e.g., inter alia, Montalbano et al., 
2018; Migose et al., 2018; Mkuna & Wale, 2022). 

Table 4 reports the positive impact of downstream 
positioning on consumption levels in Ethiopia. All esti-
mates were adjusted for household production character-
istics to account for additional latent variables that could 
explain variations in market positioning, effectively 
reducing potential endogeneity resulting from selectivity 
bias (Fafchamps & Hill, 2005).

By accounting for time- and geography-related 
factors, it is observed that Ethiopian farmers posi-
tioned downstream in the market experience signifi-
cantly higher per-capita consumption levels compared 
to farming households with similar characteristics but 
lower positioning scores. Specifically, a 0.01 increase 
in their market positioning boosts per-capita food 
consumption by over 50% and total consumption by 
more than 40%, challenging the view that consump-
tion patterns solely depend on food price shifts. Ignor-
ing household and geographic specifics leads to under-
estimating the “market positioning effect.” The impact 

Table 3. Downstreamness Indicators Comparison – Main Results for Ethiopia.

Food Consumption Total Consumption

(1) (2) (3) (4) (5) (6) (7) (8)

Proposed 
Indicator

(ln) Crop 
Share

(ln) Distance 
to Market

Market  
Outlets

Adjusted 
Down.

(ln) Crop 
Share

(ln) Distance 
to Market

Market  
Outlets

Downstreamness 42.01*** 0.12* -0.20 0.07 35.96*** 0.08 -0.06 0.04
(12.91) (0.07) (1.64) (0.10) (11.01) (0.05) (1.44) (0.09)

Controls Yes Yes Yes Yes Yes Yes Yes Yes
Wave FE Yes Yes Yes Yes Yes Yes Yes Yes
District FE Yes Yes Yes Yes Yes Yes Yes Yes
Trends Yes Yes Yes Yes Yes Yes Yes Yes

Constant 6.04*** 6.73*** 9.25 6.28*** 6.66*** 7.20*** 8.84+ 6.86***
(0.99) (1.09) (6.58) (1.03) (0.85) (0.94) (5.82) (0.89)

N. of Observations 1,387 1,387 1,381 1,387 1,387 1,387 1,381 1,387
N. of HH_id 1,097 1,097 1,093 1,097 1,097 1,097 1,093 1,097
R-squared Adj. 0.72 0.71 0.64 0.71 0.73 0.72 0.69 0.75
AIC -1316.97 -1266.77 -1013.52 -1251.08 -1697.19 -1644.86 -1371.93 -1633.08
BIC -615.49 -565.29 -375.39 -549.61 -995.71 -943.38 -733.80 -931.60

Standard errors, clustered by households id, in parentheses: *** p<0.01, ** p<0.05, * p<0.1, +p<0.15.
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is consistent across food and total consumption, with 
accuracy improving when location controls are includ-
ed. Despite the size of the hypothesized change in posi-
tioning score is observed in less than 2% of cases, its 
significant effect highlights the importance in driving 
consumption changes among households with varying 
initial downstream positions.

Similarly, Table 5 presents the Nigerian results, mir-
roring the Ethiopian findings. A 0.01 enhancement in 
positioning indicator value corresponds to approximate-
ly 40% and 37% increases in per-capita food and total 
consumption, respectively. 

In Nigeria, like Ethiopia, farmers sell through vari-
ous channels including local markets, cooperatives, and 
directly to processors, with a crop range extending to 
non-food items like cotton. The empirical strategy to 
Nigerian data7 yields results mirroring Ethiopia’s: a 0.01 
improvement in market positioning leads to roughly a 
40% increase in per-capita food consumption and a 37% 
increase in total consumption. This confirms that better 
market positioning, after accounting for variables like 
district characteristics and time trends, significantly 
enhances consumption levels for farmers in both coun-
tries.

7 The variable “crop code” is not controlled for in the case of Nigeria, 
given the few changes in labeling across the years that may have altered 
the panel dataset combined “crop code” variable. Also, interview month 
is omitted due to several missing observations. Consumption data rely 
on the postharvest surveying visit. Data on fertilizer use are from the 
post-planting questionnaire.

6.3. Sensitivity and Robustness Checks 

Table 6 shows the result of the sensitivity analysis 
for food quantity in both samples. Food quantity is also 
measured in logarithmic form, just like consumption. 

Results in both countries are very similar. Food quan-
tity is positively affected by higher positioning scores for 
all the specifications provided for both samples. If rural 
households are able to increase their positioning indica-
tor value by 0.01, on average, and ceteris paribus, they are 
able to more than double their food quantity level both in 
Ethiopia and Nigeria. Therefore, impact of increased posi-
tioning in value chains on food quantity per household is 
greater, in terms of magnitude, than the impact on food 
and total consumption levels per capita. 

Robustness checks are reported in Table 7 above for 
Ethiopia and Table 9 for Nigeria. 

Table 7 shows the results of Table 4 replicated with 
population sampling weights.8 Results are robust and 
consistent with what was previously obtained. As in 
Table 4, results for both food and total consumption 
show the same dynamics: lower significance for the 
baseline specification and a downward bias if district 
dummies are not in the control group but only the wave 
dummies are considered.

Similarly, in Table 8 above, the results for Nige-
ria (shown in Table 5) are replicated with the provided 

8 Conversely to Nigeria, combined population weights are not reported 
in the LSMS-ISA Ethiopia Rural Socioeconomic Surveys. To avoid mis-
takenly corrections, population weights were adjusted across the years 
by attaching the latest weight to the household’s highest surveying wave.

Table 4. Main Results for Ethiopia – Panel Fixed Effects Clustered by Household ID.

Food Consumption Total Consumption

(1) (2) (3) (4) (5) (6)

Wave Fixed  
Effects

District-Wave 
Fixed Effects

District-Wave FE
HH Trends Wave Fixed Effects

District-Wave 
Fixed Effects

District-Wave FE
HH Trends

Downstreamness 31.04** 43.11*** 42.01*** 27.17* 36.13*** 35.96***
(15.03) (12.74) (12.91) (14.31) (11.03) (11.01)

Controls Yes Yes Yes Yes Yes Yes
Wave FE Yes Yes Yes Yes Yes Yes
District FE Yes Yes Yes Yes
Trends Yes Yes 

Constant 7.65*** 5.95*** 6.04*** 7.99*** 6.55*** 6.66***
(0.63) (0.99) (0.99) (0.58) (0.85) (0.85)

N. of Observations 1,387 1,387 1,387 1,387 1,387 1,387
N. of HH_id 1,097 1,097 1,097 1,097 1,097 1,097
R-squared Adjusted 0.31 0.72 0.72 0.31 0.73 0.73

Standard errors, clustered by households id, in parentheses: *** p<0.01, ** p<0.05, * p<0.1, + p<0.15.
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population sampling weights. Coefficient estimates for 
the proposed amended positioning indicator in Table 
7 and 8 are significant for almost all the specifications 
provided in both samples. Controlling for factors such as 
time and district fixed effects, including region, district, 
and village dummies, as well as trends, Ethiopian and 
Nigerian households who participate and have a better 
position in the market chain register, on average and cet-
eris paribus, have a per-capita equivalent food and total 

consumption level around 20% times higher than those 
farming households with the same characteristics and 
who have a position-indicator score lower than 0.01 unit. 

To address potential selection bias from excluding 
about 100 households not commercializing their crops 
within value chains, this study utilizes the xtheckmanfe 
Stata module by Rios-Avila (2020) to account for endo-
geneity and sample selection. The results, adjusted for 
time effects and Heckman correction, are in Appen-

Table 5. Main Results for Nigeria – Panel Fixed Effects Clustered by Household ID.

Food Consumption Total Consumption

(1) (2) (3) (4) (5) (6)

Wave Fixed  
Effects

District-Wave 
Fixed Effects

District-Wave FE
HH Trends

Wave Fixed  
Effects

District-Wave 
Fixed Effects

District-Wave FE
HH Trends

Downstreamness 31.50*** 33.39*** 33.85*** 26.79** 31.56** 31.46**
(11.94) (12.16) (12.50) (10.75) (13.97) (14.19)

Controls Yes Yes Yes Yes Yes Yes
Wave FE Yes Yes Yes Yes Yes Yes
District FE Yes Yes Yes Yes
Trends Yes Yes 

Constant 10.75*** 11.45*** 10.93*** 11.08*** 11.49*** 11.03***
(0.24) (0.28) (0.51) (0.28) (0.24) (0.58)

N. of Observations 1,178 1,178 1,178 1,178 1,178 1,178
N. of HH_id 979 979 979 979 979 979
R-squared Adjusted 0.41 0.82 0.82 0.32 0.74 0.74

Standard errors, clustered by households id, in parentheses: *** p<0.01, ** p<0.05, * p<0.1, +p<0.15.

Table 6. Sensitivity Testing with Food Quantity. 

Food Quantity (Ethiopia) Food Quantity (Nigeria)

(1) (2) (3) (4) (5) (6)

Wave Fixed  
Effects

District-Wave 
Fixed Effects

District-Wave FE
HH Trends

Wave Fixed  
Effects

District-Wave 
Fixed Effects

District-Wave FE
HH Trends

Downstreamness 61.86** 70.51* 81.38** 61.07** 82.03*** 78.18***
(26.55) (36.81) (36.54) (25.31) (26.60) (28.09)

Controls Yes Yes Yes Yes Yes Yes
Wave FE Yes Yes Yes Yes Yes Yes
District FE Yes Yes Yes Yes
Trends Yes Yes

Constant -1.09 7.68*** 7.76*** 2.07*** 2.08*** 2.89***
(1.05) (1.97) (1.92) (0.43) (0.38) (0.77)

N. of Observations 1,452 1,452 1,452 1,175 1,175 1,175
N. of HH_id 1,121 1,121 1,121 977 977 977
R-squared Adjusted 0.13 0.53 0.54 0.59 0.88 0.88

Standard errors, clustered by households id, in parentheses: *** p<0.01, ** p<0.05, * p<0.1, +p<0.15.
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dix Table A.4. Moreover, the issue whether households’ 
participation and positioning in markets could be influ-
enced by characteristics affecting both consumption and 
market position, is addressed using a control function 
approach. This approach involves adding the residual 
of a first-stage regression, which predicts the “Down-
streamness Positioning” binary variable, to the main 
regression as an exclusion restriction. This residual, 
denoted as ρ, is designed to be uncorrelated with the 
endogenous variable, thereby providing unbiased esti-

mators in the main equation and mitigating self-selec-
tion bias (Wooldridge, 2015). Table A.5 in the Appendix 
reports the results, showing very consistent outcomes 
with the previous regressions. 

7. DISCUSSION AND CONCLUSIONS

To summarize, the empirical outcomes indicated 
that changes in market positioning significantly and 

Table 7. Main Results with Population Sampling Weights for Ethiopia.

Food Consumption Total Consumption

(1) (2) (3) (4) (5) (6)

Wave Fixed  
Effects

District-Wave 
Fixed Effects

District-Wave FE
HH Trends

Wave Fixed  
Effects

District-Wave 
Fixed Effects

District-Wave FE
HH Trends

Downstreamness 22.68+ 21.85+ 21.47+ 20.08+ 21.81* 22.39*
(15.07) (14.50) (14.61) (13.58) (13.00) (12.97)

Controls Yes Yes Yes Yes Yes Yes
Wave FE Yes Yes Yes Yes Yes Yes
District FE Yes Yes Yes Yes
Trends Yes Yes

Constant 7.24*** 6.91*** 7.05*** 7.61*** 7.56*** 7.68***
(0.62) (1.23) (1.22) (0.58) (1.07) (1.05)

N. of Observations 1,387 1,387 1,387 1,387 1,387 1,387
N. of HH_id 1,097 1,097 1,097 1,097 1,097 1,097
R-squared Adjusted 0.33 0.72 0.73 0.34 0.70 0.71

Standard errors, clustered by households id, in parentheses: *** p<0.01, ** p<0.05, * p<0.1, +p<0.15.

Table 8. Main Results with Population Sampling Weights for Nigeria.

Food Consumption Total Consumption

(1) (2) (3) (4) (5) (6)

Wave Fixed  
Effects

District-Wave 
Fixed Effects

District-Wave FE
HH Trends

Wave Fixed  
Effects

District-Wave 
Fixed Effects

District-Wave FE
HH Trends

Downstreamness 15.96 20.52* 21.58** 11.98 18.26 18.56+
(12.26) (10.46) (10.79) (10.89) (13.01) (13.02)

Controls Yes Yes Yes Yes Yes Yes
Wave FE Yes Yes Yes Yes Yes Yes
District FE Yes Yes Yes Yes
Trends Yes Yes

Constant 10.90*** 11.27*** 10.38*** 11.29*** 11.38*** 10.52***
(0.27) (0.23) (0.51) (0.38) (0.23) (0.65)

N. of Observations 1,172 1,172 1,172 1,172 1,172 1,172
N. of HH_id 973 973 973 973 973 973
R-squared Adjusted 0.33 0.83 0.83 0.23 0.76 0.77

Standard errors, clustered by households id, in parentheses: *** p<0.01, ** p<0.05, * p<0.1, +p<0.15.
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consistently matters to increasing the consumption levels 
of Ethiopian farmers selling crops in the market chain. 
From this perspective, the findings of Montalbano et 
al. (2018) extend to Ethiopia and Nigeria regarding the 
positive role of farmers’ market participation in Uganda. 
However, the results contradict the conclusion of Mon-
talbano et al. (2018), arguing instead for the significance 
of market intermediaries. 

Finally, a concern should be sounded concerning 
the external validity of these findings. Since the focus is 
on investigating market positioning, the overwhelming 
majority of farmers who produce crops only for home 
consumption are excluded from the analysis. This gap 
hampers the ability of the analysis to derive consistent 
estimates for the entire population of a crop producer. 
Nevertheless, results of the parallel test conducted for 
Nigeria are highly reassuring regarding the proposed 
amended indicator’s external validity.

Historically, the examination of farmers’ market 
decisions traces back to the early 1990s, with seminal 
works by Fafchamps (1992), von Braun (1995), and Key 
et al. (2000). Yet, a comprehensive analysis of market 
structure from the farmers’ perspective remains elu-
sive. The motivation behind this work lies on the idea 
that farmers selling to wholesalers/producers are better 
off than farmers that sell to the most proximate mar-
kets. This work adjusts Antràs and Chor’s downstream-
ness indicator to farming households’ selling locations 
and buyer-market chains. It contributes to the literature 
by creating a conceptual framework for farmers’ mar-
ket positioning and a replicable setting for assessing the 
effects of market positioning on both food security and 
welfare levels. 

Utilizing national, representative household sur-
veys from Ethiopia and Nigeria, this paper investigates 
the relationship between market positioning scores 
and consumption levels, revealing that farmers posi-
tioned further downstream in the value chain experi-
ence enhanced food and overall consumption. This study 
evidences the significant impact of micro-variations in 
market positioning on rural development and establishes 
the superiority of the Antràs and Chor-informed indica-
tor over other alternatives for assessing market position-
ing’s welfare effects. The findings, robust across various 
empirical models and further supported by sensitivity 
analyses focusing on food quantity, underscore the reli-
ability of the research question addressed.

This work fills a critical void in existing literature by 
offering a nuanced, well-validated indicator that assesses 
farmers’ value chain positioning with a novel empha-
sis on market outlet identities and selling locations. By 
incorporating demand elasticity as a pivotal param-

eter for vertical integration, as suggested by Antràs and 
Chor (2013), the indicator not only adheres to but also 
expands upon the theoretical underpinnings of value 
chain analysis. Empirical validation from Ethiopia and 
Nigeria illustrates that slight enhancements in market 
positioning lead substantial increases in consumption, 
with 0.01 rise in positioning yielding over a 40% uplift in 
per-capita consumption levels.

The study also acknowledges the challenges in com-
paring across countries due to incomplete data in exist-
ing datasets, especially regarding the network roster for 
inputs acquisition. It advocates for a broader data collec-
tion strategy encompassing trade flows for all actors in 
the agricultural chain, aiming to elucidate the value add-
ed along a farmer’s selling line. This approach promises 
a more holistic understanding of the agricultural value 
chain’s dynamics and its implications for farmer welfare. 
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APPENDIX

Table A.1. Variable Definitions and Other Basic Information.

Variable name Definition Time period Source

Gender of the Household Head Gender of the household head (binary, 1=female) 2010-2016 World Bank LSMS-ISA Ethiopia 
and Nigeria

Age of the Household Head 
(decimals) Age years of the household head (decimals) 2011-2015 World Bank LSMS-ISA Ethiopia 

only
Number of Household Members 
in the Labor Force (decimals) Number of household members (binary, 1=female) 2010-2016 World Bank LSMS-ISA

Ethiopia and Nigeria

Household Size (decimals) Number of people in the household (decimals) 2010-2016 World Bank LSMS-ISA
Ethiopia and Nigeria

Average Years of Education for 
Household Adults (decimals, years 
of schooling)

Average education level attained by the household adult 
members (values from 0 to 8) 2011-2015 World Bank LSMS-ISA Ethiopia 

only

Average Years of Education for 
Household Head (decimals, years 
of schooling)

Average education level attained by the household head 
(values from 0 to 8) 2011-2015 World Bank LSMS-ISA Ethiopia 

only

Number of Household Infants 
(decimals)

Number of household members in the infant age range 
(decimals) 2010-2016 World Bank LSMS-ISA

Ethiopia and Nigeria
Number of Household Children 
(decimals)

Number of household members in the children age range 
(decimals) 2010-2016 World Bank LSMS-ISA

Ethiopia and Nigeria
Household Years of Education 
(decimals, years of schooling)

Average education level attained by all household 
members (values from 0 to 8) 2011-2015 World Bank LSMS-ISA Ethiopia 

only

Harvest Crop (decimals, Kg) Quantity of crop harvest in the surveying period 
(decimals, Kg) 2011-2015 World Bank LSMS-ISA Ethiopia 

only

Field Size (decimals, Ha) Average field size in the surveying period (decimals, Ha) 2011-2015 World Bank LSMS-ISA Ethiopia 
only

Free Seed Event of receiving free seed (binary, 1=no and 2=Yes) 2011-2015 World Bank LSMS-ISA Ethiopia 
only

Seed Purchase Necessity of purchasing seed (binary, 1=no and 2=Yes) 2011-2015 World Bank LSMS-ISA Ethiopia 
only

Fertilizer Use Use of fertilizers (binary, 1=no and 2=Yes) 2010-2016 World Bank LSMS-ISA
Ethiopia and Nigeria

Fertilizer Purchase Purchase of fertilizers (binary, 0=no and 1=Yes) 2010-2016 World Bank LSMS-ISA
Ethiopia and Nigeria

Leftover Fertilizer Presence of leftover fertilizers (binary, 0=no and 1=Yes) 2010-2016 World Bank LSMS-ISA
Ethiopia and Nigeria

Free Fertilizer Event of receiving free fertilizers (binary, 0=no and 1=Yes) 2010-2016 World Bank LSMS-ISA
Ethiopia and Nigeria

https://doi.org/10.1080/21683565.2018.1530716
https://doi.org/10.1080/21683565.2018.1530716
https://doi.org/10.3368/jhr.50.2.420
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Table A.2. Households Summary Statistics for Ethiopia.

 
N. of 

observations Mean
Standard 
Deviation

Minimum 
Value

Maximum 
Value

Gender of the Household Head (binary, 1=female) 1,460 0.18 0.39 0 1
Age of the Household Head (decimals) 1,460 45.72 14.21 18 97
Number of Household Members in the Labor Force (decimals) 1,460 2.69 1.38 0 10
Household Size (decimals) 1,460 5.77 2.19 1 14
Average Years of Education for Household Adults (decimals, years of schooling) 1,460 1.70 1.83 0 8
Number of Household Infants (decimals) 1,460 0.58 0.80 0 5
Number of Household Children (decimals) 1,460 2.39 1.68 0 10
Household Years of Education (decimals, years of schooling) 1,460 1.70 1.83 0 8
Harvest Crop (decimals, Kg) 1,460 914.13 752.98 0 3,249.61
Field Size (decimals, m2) 1,460 9030.31 9370.73 0 38,917.46
Free Seed (binary, 2=Yes) 1,459 1.99 0.12 1 2
Seed Purchase (binary, 2=Yes) 1,462 1.94 0.24 1 2
Fertilizer Use (binary, 2=Yes) 1,462 1.81 0.40 1 2

Table A.3. Households Summary Statistics for Nigeria.

 
N. of 

Observations Mean Standard 
Deviation

Minimum 
Value

Maximum 
Value

Gender of the Household Head (binary, 1=female) 1,178 0.20 0.40 0 1
Number of Household Members in the Labor Force (decimals) 1,178 2.48 2.13 0 13
Household Size (decimals) 1,178 6.41 3.27 1 28
Number of Household Infants (decimals) 1,178 0.55 0.92 0 6
Number of Household Children (decimals) 1,178 1.90 2.22 0 14
Fertilizer Purchase (binary, 1=Yes)) 1,178 0.33 0.47 0 1
Letfover Fertilizer (binary, 1=Yes) 1,178 0.03 0.17 0 1
Free Fertilizer (binary, 1=Yes) 1,178 0.01 0.10 0 1
Fertilizer Use (binary, 1=organic) 1,178 1.69 0.46 1 2

Ethiopia Nigeria

Figure A.1. Quantity of Crop Sold (in Kilos) Mean Values per Selling Outlet. 
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Figure A.2. Kernel Density Downstreamness Positioning Indicator 
Ethiopia 2011.

Figure A.3. Kernel Density Downstreamness Positioning Indicator 
Ethiopia 2013.
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Figure A.4. Kernel Density Downstreamness Positioning Indicator 
Ethiopia 2015.

Table A.4. Sample Bias – Panel FE with the Heckman Correction.

Food Consumption Total Consumption

(1) (2) (3) (4)

Heckman FE Heckman FE

Wave Fixed 
Effects

Wave Fixed 
Effects

Wave Fixed 
Effects

Wave Fixed 
Effects

Downstreamness 50.88* 26.41** 48.15+ 22.92**
(30.07) (12.26) (30.42) (11.63)

Controls Yes Yes Yes Yes
Wave FE Yes Yes Yes Yes

Constant 7.57*** 7.79*** 7.64*** 8.15***
(0.42) (0.61) (0.31) (0.57)

N. of Observations 1,457 1,389 1,457 1,389
N. of HH_id 1,098 1,098
R-squared Adjusted 0.26 0.25

Standard errors, clustered by households id, in parentheses: *** 
p<0.01, ** p<0.05, * p<0.1, +p<0.15.
Note: Control variables “household average education level” and 
“crop code” are excluded as their inclusion in the regression models 
does not allow convergence in the Heckman Fixed Effect computa-
tional tools. 
Bootstrap replications are set to 50.
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Table A.5. Self-Selection Bias – Control Function Method.

Food Consumption Total Consumption

(1) (2) (3) (4) (5) (6)

Wave Fixed  
Effects

District-Wave 
Fixed Effects

District-Wave FE
HH Trends

Wave Fixed  
Effects

District-Wave 
Fixed Effects

District-Wave FE
HH Trends

Downstreamness 27.23* 43.03*** 41.03*** 24.28+ 36.23*** 35.86***

(15.71) (13.04) (13.07) (14.97) (11.23) (11.20)

Controls Yes Yes Yes Yes Yes Yes

Wave FE Yes Yes Yes Yes Yes Yes

District FE Yes Yes Yes Yes

Trends Yes Yes

r 0.14 0.01 -0.01 0.10 -0.01 0.01

(0.09) (0.10 (0.10) (0.08) (0.09) (0.09)

Constant 7.97*** 6.24*** 6.25*** 8.31*** 6.84*** 6.95***
(0.63) (0.99) (0.98) (0.59) (0.85) (0.86)

N. of Observations 1,387 1,387 1,387 1,387 1,387 1,387

N. of HH_id 1,097 1,097 1,097 1,097 1,097 1,097
R-squared Adjusted 0.22 0.71 0.69 0.24 0.72 0.72

Standard errors, clustered by households id, in parentheses: *** p<0.01, ** p<0.05, * p<0.1, +p<0.15.
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Abstract. In an era of rapid climate change, there is an increasing call for the efforts 
directed at detecting best practices of climate change adaptation in agriculture and 
understanding the factors behind producers’ willingness to implement adaptation strat-
egies. Many studies consider solely traditional agriculture and specific sectors (e.g., 
wine), while little attention has been paid to certified and high-quality products, as 
a whole. To fill this knowledge gap, in 2022 a questionnaire-based online survey was 
administered to 137 producers of agri-food Geographical Indications in the Veneto 
Region (north-eastern Italy). Using a multinomial logit model, this study highlights the 
factors explaining adaptation strategies distinguishing three cases: (i) farmers who have 
implemented adaptation strategies; (ii) farmers intending to implement them in the 
future; (iii) farmers neither having implemented nor willing to do so. Results suggest 
that socio-demographic characteristics, particularly education, matter, with produc-
ers holding a high school degree in agriculture showing a greater willingness to adapt. 
Also, being full-time farmer couples with higher probability of having already imple-
mented adaptation strategies. Lastly, also a direct observation of climate change in the 
production area affects farmers’ adaptation decisions.

Keywords: climate change, adaptation, PDOs, PGIs, producers’ survey.
JEL Codes: Q1, Q15, Q54.

1. INTRODUCTION

One of the major recommendations of the United Nations Climate 
Change Conference COP27 (in 2022) is the recognition of the importance of 
sharing best adaptation practices among public and private key stakeholders, 
while adjusting them to country-specific context (UNFCCC, 2022). In such a 
setting, national governments have the direct responsibility of detecting best 
practices, highlighting the main factors behind climate change adaptation.

For the agri-food sector, both incremental and transformational climate 
change adaptation strategies have a paramount importance (Howden et al., 
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2010; Ingram, 2012; Fedele et al., 2019). Although incre-
mental adaptation strategies alone are commonly con-
sidered insufficient to achieve the zero-hunger target of 
Sustainable Development Goal 2 (SDG2) and address the 
impacts of climate change (FAO, 2018), they can indeed 
contribute to national and regional transformative adap-
tation processes, especially in the case of local level 
strategies (Rahman et al., 2021). 

However, adaptation to climate change for agri-
food geographical indication (GI) systems is even more 
complex process, due to the legislative and institutional 
framework characterising them. Indeed, for each GI, 
a Product Specification (hereinafter, PS) defines the 
delimited area of production as well as production rules 
(e.g., plant varieties, harvest dates, size and colour). 
According to the World Trade Organisation (WTO, 
1994), GIs are indications aimed at identifying goods 
as produced in a given geographical area, whose qual-
ity and reputation are attributable to the geographical 
origin itself. In practice, GIs are considered as a sort of 
social constructions (Belletti et al., 2017), which play a 
crucial role in fostering endogenous rural development, 
hence contributing to the preservation of the tradition-
al agri-food systems and related social networks (Van-
decandelaere et al., 2010), and thus, to socio-economic 
and environmental sustainability of the concerned rural 
areas (Owen et al., 2020). However, to contribute to this 
goal, GI management must be implemented effectively 
(Giacomini and Mancini, 2015) and GI regulations put 
producers under obligation to comply with the respec-
tive PS. The complex policy and socio-economic pro-
cesses on which GIs rely on (Thompson and Scoones, 
2009) often makes the modification of their PS complex, 
even if for the urgent purpose of climate change adap-
tation. In particular, the introduction of such changes 
requires an agreement among the involved producers, 
which can be concerned with long and costly authori-
sation processes (Belletti et al., 2015; Quiñones-Ruiz et 
al., 2018) on the one hand, and with the product’s qual-
ity and reputation at stake, on the other hand. All these 
reasons explain why agri-food GIs are quite vulnerable 
to climate change.

In this setting, GIs adaptation to climate change 
depends on the capacity of agents and institutions to 
innovate, hence finding new solutions. Information 
on already-existing adaptation practices and a better 
understanding of the drivers behind the willingness of 
GI agents to adapt is crucial in informing public poli-
cies. Indeed, policies can foster anticipatory adaptation 
strategies within the agri-food sector. This is particularly 
important when self-investment for adaptation is insuf-
ficient, also due to the existence of major financial con-

straints, both in high-income and low-income countries 
(Ignaciuk, 2015; Deressa et al., 2009). 

For the last decade, the studies addressing climate 
change adaptation of farmers have increased, especially 
in low-income countries. They have focused either on 
specific territories, e.g., the “char” islands in Bangladesh 
(Ahmed et al., 2021), the Amazon basin (Bauer et al., 
2022), Laikipia District in Kenya (Ogalleh et al., 2012); 
or on specific productions, such as tea (Muench et al., 
2021), coffee (Bro, 2020), honey (Vercelli, et al. 2021). 
In fact, only a few studies focused on the nexus of cli-
mate change adaptation and GIs in high-income coun-
tries. According to Marescotti et al. (2020), safeguarding 
Protected Designations of Origins (PDOs) and Protected 
Geographical Indications (PGIs) from the effects of cli-
mate change is a rather new topic mostly disregarded by 
international literature. Some studies addressed climate 
change perception of wine producers (e.g., Lereboul-
let, 2013; Lamonaca et al., 2021), while there is paucity 
of studies focusing on agri-food GIs, specifically. To this 
regard, a recent study by Henry (2023) suggested the 
chance for agricultural supply relocation as an option 
to adapt to climate change, even in the case of GI labels. 
Although this chance is currently excluded outside of 
the boundaries of the designed geographical area of pro-
duction, it is still true that – at least in principle - chang-
es in the geographical area of production are admit-
ted as non-minor amendments by Regulation (EU) No 
1151/2012 (Article 53). However, according to an analy-
sis of the amendments in the fruit and vegetable sector 
in the EU by Marescotti et al. (2020), only one out of 81 
non-minor amendments until 2018 affected the area of 
production, justifying the need to enlarge the produc-
tion area with climate change. Actually, Henry (2023) 
also stressed the existence of expected negative impact 
on quality of products, limiting similar relocations.

This research aims to shed new light on local adap-
tation strategies in the case of agri-food GIs in the Vene-
to Region (north-eastern Italy), i.e., one of the regions 
with the highest climate change risk in Italy (ARPAV, 
2017). In particular, its objective is to highlight the main 
factors influencing the decision of producers to counter 
climate change impact. The main research questions of 
this study are: What are the main adaptation practices 
used by producers of agri-food GIs? And what are the 
main factors influencing the willingness of agri-food GI 
producers to adapt?

In order to answer these questions, the study is 
based on a structured online survey, targeted to agri-
food GI producers in the case-study area. With the help 
of primary data, it highlights the main adaptation prac-
tices in place as well as the factors influencing the will-
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ingness of farmers to implement them (either currently 
or in the future). Adaptation revolves around the com-
plex interplay of socio-demographic characteristics (e.g., 
age, education), management characteristics and net-
working activity, production type, altitude as well as cli-
mate change perception itself. To estimate these factors, 
a multinomial logit model is used. Findings suggest that 
despite a generalised awareness of climate change, this 
has not yet turned into widespread decision to imple-
ment adaptation measures. Rather, developing peer-to-
peer learning practices among farmers and fostering 
collaborations among those GI systems that face similar 
risks is of utmost importance.

The paper is structured as follows. Section 2 pro-
vides the theoretical background on adaptation to cli-
mate change and on the factors affecting adaptation. 
Section 3 discusses the materials and methods used, by 
briefly describing the case study area, the sample, data 
collection and analysis. Section 4 presents the results 
of the study, while Section 5 discusses them. Section 6 
explores the main policy implications of this study and 
Section 7 concludes.

2. THEORETICAL BACKGROUND: FACTORS 
OF CLIMATE CHANGE ADAPTATION

Within climate change literature, adaptation is 
defined as a process of adjustment to current or future 
climate and its effects, so as to reduce harm or take 
advantage of some positive opportunities (IPCC, 2014). 
In agriculture, there are many climate change adapta-
tion measures (e.g., technological and behavioural, reac-
tive and anticipatory; tactical and strategical) (Ingram, 
2012). Adaptation options can be grouped into the fol-
lowing categories: cultivars and breed improvements; 
changing management practices; switching crops, breeds 
and farming systems; managing water; diversifying agri-
cultural systems; managing fisheries and supply chain 
options (FAO, 2018). However, in the case of GIs, adap-
tation is somehow hindered by the PSs, given that they 
define bounded production areas and well-codified pro-
duction rules (Thompson and Scoones, 2009). For exam-
ple, many GIs include the specifications on crop varie-
ties and breeds (Salpina and Pagliacci, 2022a), hence 
adaptation requires a modification of the code of prac-
tices, turning into long and costly authorisation pro-
cesses (Belletti et al., 2015; Quiñones-Ruiz et al., 2018). 
However, despite the extensive literature on GI products, 
just a few studies provide insights into PSs amendments 
justified by climate change (e.g., Marescotti et al., 2020; 
Belletti et al., 2015). Thus, according to Marescotti et al. 

(2020), compliance with the PSs might be more difficult 
to attain due to climate change, which would limit adap-
tation options.

Overall, scholars distinguish between two types of 
adaptation processes (i.e., incremental and transforma-
tional), based on the expected complexity of their imple-
mentation, their costs, expected risks, and the number 
and heterogeneity of the different stakeholders who are 
engaged (Howden et al., 2010). Incremental adaptation 
refers to short-term measures implemented at local level 
based on farmers’ knowledge and experience (e.g., intro-
duction of rain covers). Transformational adaptation 
refers to long-term measures implemented at a larger spa-
tial scale (region, state), suitable when impact intensity is 
high (e.g., changes in the boundaries of the production 
area). FAO (2007) also distinguishes between 1) autono-
mous or on-farm adaptation, i.e., the reaction of a single 
farmer to climate change; and 2) planned adaptation, as 
policy options or response strategies, which modify adap-
tive capacity or ease the introduction of given adapta-
tion strategies. Being GIs “social constructions” (Belletti 
et al., 2017), both types of adaptation matter, involving 
both single producers and broader managing authori-
ties. In particular, the understanding of both incre-
mental (autonomous) and transformational (planned) 
methods of adaptation is crucial for the agri-food sector 
(Ingram, 2012; Fedele et al., 2019). The transformational 
or planned adaptation is usually influenced by the socio-
economic and political structure of a given country or 
region. However, at farm level, the factors behind climate 
change adaptation can vary considerably. 

In the case of GIs, these factors can be grouped into 
four areas: socio-demographic characteristics of produc-
ers, farm management and networks; product character-
istics; climate change magnitude and its perception. 

Socio-demographic characteristics. Studies on climate 
change adaptation usually claim that a number of socio-
demographic variables influence the development and 
the transmission of innovations at the farm level, includ-
ing age (Morel and Cartau, 2023), sex (Zamasiya et al., 
2017) and education level (Guo et al. 2021). These factors 
affect the absorptive capacity of farmers towards innova-
tions and the introduction of new agricultural practices, 
including adaptation to climate change, making easier 
the acquisition, assimilation, use, and transformation 
of external knowledge in the decision making process 
(Asrat and Simane, 2018; Abdala et al., 2022). 

Farm management and networks. Besides socio-
demographic characteristics of producers, other char-
acteristics of the farm management matter, as well as 
the networks in which a farm is involved (Below et al. 
2012; Khan et al., 2020; Gao et al., 2022). With regard to 
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management practices, the difference between part-time 
and full-time farmers is important. Although declin-
ing in Europe (Shahzad and Fischer, 2022), part-time 
farming is still present, hence affecting the decisions 
about climate change adaptation. Full-time farmers are 
more likely to have more information and knowledge 
on changes in climatic conditions than part-time farm-
ers, hence the former being more prone to adaptation 
(Maponya and Mpandeli, 2012). This can also be associ-
ated with less time dedicated to farm-related activities 
by a part-time farmer. Also, the presence of formal and 
informal networks as a part of social capital (Akahoshi 
& Binotto, 2016), within and outside each single GI sys-
tem, can explain diffusion of innovation, hence encour-
aging agri-food GI producers to innovate (Wang et al., 
2021). According to Ingram & Kirwan (2011), informal 
relationships can facilitate the formation of joint ven-
tures for information exchange and business partner-
ships, and thus accelerate the adaptation in agriculture.

Product characteristics. Adaptation to climate 
change can be also affected by some characteristics relat-
ed to the type of production as well as regulatory issues. 
Firstly, the effects of climate change – hence, the adap-
tation practices – differ considerably among, e.g., crop-
based or animal-based productions (FAO, 2018). Second-
ly, and in the case of GIs, type of the certification (i.e., 
either a PDO or a PGI) may influence adaptation to cli-
mate change. Actually, the restrictions imposed by each 
denomination, particularly in terms of size of produc-
tion area, provenance of raw materials and production 
processes, are different, with the former being tighter 
than the latter. 

Magnitude and perception of climate change. When 
addressing climate change-related risks, several stud-
ies have claimed that adaptation decisions can depend 
both on the (measurable) magnitude of climate change 
and on individual perceptions. Therefore, in the con-
text of adapting to climate change at the farm level, the 
effectiveness of adaptation measures can depend both 
on the overall increase of temperature and on farm-
ers’ ability to perceive climate-related hazards, evalu-
ating their impact on production. According to many 
theories aimed at explaining the risk-reducing behav-
iour of economic agents against natural hazards, dif-
ferent perception of climate change can emphasise 
subjective aspect in assessing the risks associated with 
it. For instance, according to the Protection Motiva-
tion Theory (PMT), rooted in the theory of planned 
behaviour (Fishbein and Ajzen, 1975; Grothmann and 
Reusswig, 2006), individuals’ decisions to engage in a 
protective response against natural hazards are driven, 
among others, by threat appraisal (also known as ‘risk 

perception’), which encompasses perceived probability 
and perceived consequences that an individual associ-
ates with a certain hazard (Fishbein and Ajzen, 2010; 
Fahad et al., 2020; Ahmed et al. 2021; Talanow et al., 
2021). Similarly, in the case of climate change adapta-
tion strategies, Guo et al. (2021) claimed that perceived 
temperature change can have a significant impact on 
farmer’s adaptive behaviour. However, it should also 
be noticed that farmers’ perception of climate change 
is usually aligned with observed real climatic trends in 
specific regions (Ogalleh et al. 2012; Alam et al., 2017; 
Bauer et al., 2022).

3. METHODS AND DATA

3.1. Study area

The Veneto Region is located in the North-East of 
Italy. It is characterised both by several PDOs and PGIs 
produced in the area, and by large climate change haz-
ard, making this area perfectly suitable for studying 
adaptation to climate change and for obtaining insights 
which might be expanded to agricultural areas in other 
temperate regions of the EU. 

Veneto is among the first Italian regions in terms of 
the economic impact of food GI, which amounted to € 
433m in 2021, including about 800 economic agents. In 
the region, GIs represent 48% of the total agri-food sec-
tor (well above the national average, which is equal to 
21%) (ISMEA-Qualivita, 2022). Moreover, in the Vene-
to Region, 36 different agri-food GIs (18 PDOs and 18 
PGIs, respectively) can be produced, according to the 
PSs that set the boundaries for the production of each 
GI. Among them, there are some of the GIs with the 
highest production value in Italy, e.g., Grana Padano 
cheese, Asiago DOP cheese. Moreover, both crop-based 
GIs and animal-based GIs are produced. Among crop 
GIs, there are fruits and berries (e.g., cherries, chest-
nuts), vegetables (e.g. radicchio chicory, asparagus), and 
olive oil. Animal-based GIs include processed meats 
(e.g., ham), cheeses, and honey. 

At sub-regional level, the production areas mainly 
concentrate in the NUTS3 regions (province, in Italian) 
of Treviso, Verona, and Vicenza, where some municipal-
ities are eligible for the production of more than 9 differ-
ent GIs each (Fig. 1).

In addition to the widespread diffusion of GIs, the 
Veneto Region is also highly prone to climate change 
(Pagliacci and Salpina, 2022), having experienced a 
rapid increase in average temperatures (Regione Vene-
to, 2021), since the 1990s. In particular, when compar-
ing the decades 1961–1970 and 2009–2018, temperature 
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increase has been large across the entire Veneto region, 
ranging from a minimum increase of less than +1°C in 
the plains near the Adriatic Sea to an increase of more 
than +3°C in some areas of the Alpine region (Pagliacci 
and Salpina, 2022). In terms of rainfall, there has been 
a significant change in precipitation patterns. Although 
the region’s annual total precipitation has not changed 
widely, there has been an increase in both the maxi-
mum annual values of short-term rainfall, on the one 
hand (Sofia et al., 2017), and in the frequency, length, 
and severity of droughts and related heat spells, on the 
other (Bonzanigo et al., 2016). In general terms, it can 
be observed that climate variability has increased, with 
a large number of extreme events (e.g., heavy rain-
fall, strong winds, hailstorms…) observed in almost 
every municipality of the region, in the decade 2010–
2020. Given these characteristics, climate change haz-
ard can be considered high across the whole region, 
with almost all agri-food sectors being largely affected 
(Pagliacci and Salpina, 2022).

3.2. Data collection

To answer the research questions, primary data was 
collected using a questionnaire-based online survey 
administered to agri-food GI producers in the study area. 

Consortia or Producer Organisation (POs) helped in 
identifying respondents. As not all of them agreed upon 

providing a full list of producers, due to privacy rea-
sons, they were asked to send the questionnaire directly 
to their members/producers, or alternatively informa-
tion available online were considered. After a pilot phase 
(December 2021), the entire survey was administered 
between January and August 2022. Comprehensively, 
183 responses were collected, with 46 of them being dis-
carded after the first data cleaning. Thus, the final data-
base includes data from 137 producers that answered all 
the questions necessary for the analysis. 

Among the respondents, 29 producers of animal-
based GIs1 and 108 producers of crop-based GIs partici-
pated in the survey. It is approximately 18% of the over-
all population of GI producers located in the region2, 
excluding the producers of the raw materials. The sam-
ple size – ranging from 5 to 15% – can be considered 
as adequate for a household survey (Bartlett et al., 2001; 
Alam et al., 2017). 

All agri-food GIs factually produced in the region 
were considered in this study. To further classify them, 
the current analysis refers to the clusters of agri-food GIs 
of the Veneto Region identified by Salpina and Pagli-
acci (2022a) on a broad set of variables (i.e., type of GI, 
category, total revenue, decade of registration, share of 
production occurring in the region). Their classification 
returned six clusters of GIs. Three of them include PDOs 
only, distinguished according to revenue, territorial con-
centration at the local level and decade of registration 
(“Little revenue PDOs”; “Large-scale PDO cheeses”; “Sec-
ond-generation PDOs”). The remaining clusters include 
PGIs (the “Unexploited opportunities”, namely GIs for 
which the production in Veneto is actually nil; “First-
generation crop PGIs”, i.e., early PGIs, with higher rev-
enue; “Second-generation crop PGIs with little revenue”, 
i.e., PGIs with little turnover, more territorially concen-
trated, and registered more recently) (Salpina and Pagli-
acci, 2022a). In the current analysis, all the clusters were 
considered, with the only exception of the ‘unexploited 
opportunities’, given that the four meat-based PGIs 
included are not produced in Veneto. Actually, the focus 
on clusters, rather than on single products, enables us to 
provide information that can be useful for GI products 

1 In the case of animal-based GIs, producers of the final products (e.g., 
cheesemakers) were surveyed, asking them to report also details about 
their suppliers. Except for a few large dairy companies, often cheese-
makers were also milk-producers, hence able to provide first-hand 
information. Moreover, the answers of a few cheesemakers producing 2 
GIs were duplicated.
2 The total number of producers for all GIs is not available. According 
to the authors’ estimations based on data of Qualivita and numbers pro-
vided by Consortia, there are approximately 800 producers of agri-food 
GIs in the region (around 700 in the case of crop-based, and around 
100 for animal-based GIs), excluding the producers of raw materials, 
i.e., only milk or meat producers.

Figure 1. Distribution of the GI production areas across the region.
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with similar characteristics (e.g., size of production area, 
total turnover).

With regard to the contents of the survey, the ques-
tionnaire addressed a broad series of topics: farm man-
agement and networks, GI production, perception about 
climate change, implementation of adaptation measures, 
barriers to adaptation, additional socio-demographic 
information of the respondents. Some of those ques-
tions were used to retrieve some core variables for the 
econometric model (see the following section 3.3). This 
includes the questions on socio-demographic charac-
teristics, farm management and network, product char-
acteristics, and climate change perception and adapta-
tion decisions (i.e., those mentioned in the theoretical 
background section). Additional questions included 
in the survey were instead used as ancillary variables 
to enhance the primary findings of the study, through 
some additional descriptive statistics. Among others, 
they include the questions on the impact of extreme 
weather events on agri-food GIs, on adaptation measures 
implemented or planned to be implemented by produc-
ers and on cost-effectiveness evaluation of these meas-
ures, as well as on barriers to adaptation. 

In particular, the adaptation practices proposed in 
the questionnaire are based on the results of Salpina and 
Pagliacci (2022b), who had used semi-structured inter-
views and focus-group discussions involving managers 
of Consortia and POs in the same study area to under-
stand how agents involved in agri‐food GIs production 
are adapting to climate change.

3.3. The econometric model

Firstly, preliminary descriptive statistics are ana-
lysed, considering: observations on climate change, 
extreme events and adaptation practices, distinguishing 
between crop and animal-based GIs.

Secondly, the main drivers of adaptation of GIs pro-
ducers to climate change are analysed through econo-
metric models. As a dependent variable, the analysis 
considers the implementation of adaptation strategies 
by GI producers. In particular, three alternative situa-
tions are distinguished: (i) the one in which producers 
have already implemented adaptation strategies at the 
farm level; (ii) the one in which producers are willing to 
implement them in the next future; (iii) the one in which 
producers neither have implemented them in the past 
nor are willing to do so in the future.

A set of covariates is considered to analyse the 
occurrence of the different situations (Table 1). The table 
bases on the theoretical background presented in Sec-
tion 2, thus distinguishing the core variables in terms 

of socio-demographic characteristics of the producers, 
farm management and networks, production charac-
teristics, magnitude and perception of climate change. 
Lastly, a control variable (altitude) is considered as 
well, by distinguishing farms in the lowlands, hills, and 
mountains.

All these factors affect farmers’ decision to imple-
ment adaptation strategies. To test this hypothesis, a 
comprehensive multinomial model is used. In particular, 
we estimate five different models:

Y = βpP + βaA + ε (1)

Y = βfF + βaA + ε (2)

Y = βdD + βaA + ε (3)

Y = βcC + βaA + ε (4)

Y = βpP + βfF + βdDe + βcC + βaA + ε (5)

Where:
– Y is the (n x 3) matrix, where n = 137 respondents, 

indicating the alternatives decisions about adapta-
tion (No, Yes, Yes in the future), and assuming the 
unwillingness to implement any adaptation strate-
gies (both in the past and in the future) as the refer-
ence baseline. 

– P is the (n x 3) matrix of the proxies of the socio-
demographic characteristics of producers (including 
age range, sex and education level) and is the (3 x 1) 
vector of respective unknown parameters.

– F is the (n x 2) matrix of the proxies for farm man-
agement (i.e., full-time/part-time activity) and the 
number of farm adhesions, or networks the farm is 
involved in, such as POs and associations (e.g., CIA 
– Confagri) and is the (2 x 1) vector of respective 
unknown parameters.

– D is the (n x 3) matrix of the proxies for the product 
characteristics (type of certifications, clusters, and 
type of product) and is the (3 x 1) vector of respec-
tive unknown parameters.

– C is the (n x 3) matrix of the proxies for climate 
change variables, encompassing both variations in 
mean temperature between 2009-2018 and 1961-
1970, and producer perception of climate change 
and extreme events in the production area. Addi-
tionally, is the (3 x 1) vector of respective unknown 
parameters.

– A is the (n x 1) vector of control variables about alti-
tude and is the (1 x 1) unknown parameter.

– ε is the (n x 1) vector of error terms.
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The implementation of the models was performed by 
using the software R (R Core Team, 2021).

4. RESULTS

4.1. Characteristics of respondents

All the statistics about the socio-demographic char-
acteristics of the producers, farm management, and 
product type characteristics under consideration in this 
study are shown in Table 2 and commented in this sub-
section. The following subsection 4.2 will focus on mag-
nitude and perception of climate change.

With regard to the geographical distribution of the 
respondents, most of them are from the NUTS-3 regions 

of Treviso (30%), Verona (23%), and Vicenza (19%) 
which also host the largest number of agri-food GIs in 
the region (Fig. 2).

In terms of socio-demographic characteristics of the 
producers, most of the respondents are young producers. 
The rate of female respondents (23%) is low, but some-
how similar to the share of women who are agricultural 
holders in the Veneto Region (26% of the total, accord-
ing to Istat, 2022). The largest share of respondents has a 
diploma of non-agrarian high school, followed by those 
with a university degree in non-agricultural field. 

With regard to farm management and networks, 
respondents are mostly full-time farmers, with only 38 
out of 137 being part-time farmers. They are small-size 
farms, 50% of the total cases being family-run. Moreo-

Table 1. Classification of the core variables considered for the analysis of the factors of adaptation.

Factor Label Levels (when categorical)

Socio-demographic 
characteristics

Age 0 = Less than 35 
1 = 35-44
2 = 45-54
3 = 55-64
4 = more than 64

Sexa 1 = Male
Education level 0 = Elementary school

1 = Middle school
2 = High school (agrarian)
3 = High school (non-agrarian)
4 = University degree (agrarian)
5 = University degree (non-agrarian)

Farm management 
and networks

Farm management 1 = Part-time
Nr. of adhesions (memberships to different networks) Continuous

Product 
characteristics

Cluster, according to Salpina and Pagliacci (2022a) 0 = Custer “Little revenue PDOs”
1 = Custer “Large-scale PDO cheeses”
2 = Custer “Second-generation PDOs”
3 = Custer “First-generation crop PGIs”
4 = Custer “Second-generation crop PGIs with little revenue”

Certification type (PDO vs. PGI) 1 = PGI
Type of the product 1= Crop-based

Climate change Climate change observation in the production area 1 = Yes
Observation of extreme events in the production area 1 = Yes
Long-term temperature change (Difference in °C of 
the mean temperature of the period 2009-2018 and the 
mean temperature of the period 1961-1970)b

Continuous

Control factor Altitude 0 = Mountains
1 = Hills
2 = Lowlands

a The research uses a binary sex categorisation (male/female), as a set of biological attributes associated with physical and physiological fea-
tures.
b Data refers to the municipality where the producer is located. Data retrieved and adapted by https://climatechange.europeandatajournal-
ism.eu/en/about (see Ferrari and Gjergji, 2020, for further methodological details). 

https://climatechange.europeandatajournalism.eu/en/about
https://climatechange.europeandatajournalism.eu/en/about
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ver, they are also members of only 1.66 networks on 
average. 

When considering the characteristics of the pro-
duced GIs, most respondents are crop-based GI produc-
ers (108 out of 137), and PGI producers (63 out of 137). 
With regard to the 6 GI cluster classification by Salpina 
and Pagliacci (2022a), most of the respondents belong 
to the cluster of “Second-generation crop PGIs”, “Little 
revenue PDOs”, and “Second-generation PDOs”, which 
include the largest number of agri-food GIs.

4.2. Climate change magnitude and perception and adapta-
tion practices

With regard to climate change, data on long-term 
temperature change provided by Ferrari and Gjergji 
(2020) and some of the ancillary variables collected 

in the survey help to better characterise the sample. 
On average, the set of the municipality in which the 
respondents are located have experienced an increase of 
+2.7 °C, when comparing the period 1961-1970 and the 
period 2009-2018. Thus, 95% of the respondents produc-
ing crop-based GIs and 86% of the respondents produc-
ing animal-based GIs had direct experience of climate 
change in the production area. The main concern for 
both groups is an increased irregularity of precipita-
tion (80%, on average), followed by temperature increase 
(72%, on average) (Fig 3). In terms of extreme weather 
events, 73% of the respondents have directly observed 
them in their production areas, over the last decade. On 
average, the impact of the extreme events under consid-
eration in this research is evaluated as medium, except 
for frost, which seem to have the lowest effect among the 
respondents. Producers of animal-based GIs reported 
also a high impact of drought (Table 3).

Figure 2. Geographical distribution of the sample.
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More specifically, among the effects of climate 
change on crop-based GIs, respondents pointed out the 
effect on the volume of production and water availability. 
Conversely, the perceived effect on soil quality is relative-
ly lower. Among animal-based GI producers, the major 
concern is heat stress, affecting cattle and milk produc-
tion during summer, with negative consequences in 
terms of both product quality and quantities produced.

Despite the large and direct experience of climate 
change, only 24% of the respondents have already adopt-
ed some types of adaptation measures to cope with cli-

mate change. Moreover, 33% of them are planning to 
adopt them in the next future. 

Among the managerial measures, which are imple-
mented by both crop-based GI producers and animal-
based GI producers, insurances (45%) are the most pop-
ular anticipatory measures of adaptation, followed by the 
use of advisory services and training. Among more tech-
nical measures (namely, those specific to either crop-
based GIs or animal-based GIs), introduction of new 
crop varieties (49%), followed by increased efficiency of 
pests (46%), irrigation (45%) and crop rotation (45%) are 
the ones most mentioned by crop-based GI respondents. 
As for the producers of animal-based GIs, they mostly 
opt for barn cooling systems to deal with heat stress of 
animals (34%), followed by importing forage from out-
side the production area (21%) (Fig. 4).

In terms of costs and effectiveness of adaptation 
measures, the ranking for managerial and technical 
adaptation measures of crop-based GIs is quite hetero-
geneous. For crop-based GIs, introduction of new irriga-
tion systems and increased efficiency of pesticides were 
attributed the highest scores in terms of cost/effective-
ness ratio (3.6/5.0), whereas pest increase received the 
lowest score (2.1/5.0). For animal-based GIs, the lowest 

Table 2. Producer, farm, and production characteristics of the respondents (137 total respondents).

Factor Label Levels (when categorical) Value Missing 
values

Socio-demographic 
characteristics

Age 0 = Less than 35 17 24
1 = 35-44 25
2 = 45-54 30
3 = 55-64 19
4 = more than 64 22

Sex 1 = Male 81 25
Education level 0 = Elementary school 1 24

1 = Middle school 20
2 = High school (agrarian) 11
3 = High school (non-agrarian) 43
4 = University degree (agrarian) 10
5 = University degree (non-agrarian) 29

Farm management 
and networks

Farm management 1 = Part-time 38 38
Nr. of adhesions (memberships to 
different networks)

Average number (std. Dev.) 1.66 (1.15) 0

Product 
characteristics

Cluster, according to Salpina and 
Pagliacci (2022a)

0 = Custer “Little revenue PDOs” 29 0
1 = Custer “Large-scale PDO cheeses” 18
2 = Custer “Second-generation PDOs” 27
3 = Custer “First-generation crop PGIs” 16
4 = Custer “Second-generation crop PGIs with little revenue” 48

Certification type (PDO vs. PGI) 1 = PGI 63 0
Type of the product 1= Crop-based 108 0

Figure 3. Observations on climate change.
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score is for pasture management plans (1.0/5.0), while 
the highest one is for barn cooling systems (3.8/5.0) 
(Table 4).

4.3. Drivers affecting climate change adaptation

The factors influencing farmer willingness to imple-
ment adaptation measures are analysed under models 
(1)-(5) admitted in this study. Table 5 returns the results 
of these models. 

In (1), which includes sociodemographic variables, 
education plays an important role. As expected, the 
respondents with a high school degree in agriculture 
show a greater willingness to adapt (either in terms of 
already-implemented adaptation strategies or in terms 
of future adaptation). Conversely, age is never signifi-
cant. In (2), part-time management negatively affects 

adaptation decisions, while larger number of adhesions 
to associations and other sectoral networks couples with 
a higher probability of having already introduced some 
forms of adaptation practices. When considering pro-
duction features, in (3), no covariates are significant. 
In (4), direct perception of the effects of climate change 
plays a major role in driving adaptation decisions, 
while, as an unexpected result, an increase in aver-
age temperature in the production areas shows a nega-
tive coefficient. Lastly, when considering all covariates 
jointly, in (5), education level remains the main factor 
influencing on-farm adaptation to climate change. In 
particular, education in agrarian field is positively asso-
ciated with adaptation strategies. It is also confirmed 
that part-time farmers are less willing to undertake 
adaptation measures. As for GI products, “large-scale 
PDO cheeses” (Cluster 2) show negative coefficients, in 

Table 3. Average impact of extreme weather events on agri-food GIs (as evaluated by producers, scale from 1 to 5)

Impact (Yes) Drought Frost Hailstorm Heavy rainfall/ 
Flood

Insects/ diseases 
outbreaks

Crop-based GIs 84/108 3.1 2.6 3.3 3.0 3.4
Animal-based GIs 16/29 3.7 2.3 3.5 3.1 3.3
Average 100/137 3.2 2.5 3.3 3.0 3.4

Figure 4. Adaptation methods implemented or planned to be implemented by producers of agri-food GIs.
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terms of both current and future adaptation to climate 
change. Similarly, when considering the type of GIs, 
producers of crop-based GIs are less willing to adapt 
than those of animal-based GIs, both when considering 
already existing adaptation strategies and future ones. 
Nevertheless, adaptation to climate change remains 
significant among producers that do observe climate 
change in their production areas. In addition, altitude 
of the production areas only shows a small effect, sug-
gesting a negative relation between flatland locations 
and adaptation strategies.

Table 5 also shows the results of the McFadden test 
(Hausman and McFadden, 1984), the Akaike Informa-
tion Criterion (Sakamoto et al., 1986), and the Bayes-
ian information criterion (Schwarz, 1978), computed for 
each model. Although the computed tests do not point 
to the full model (5), however it is the one with the larg-
est accuracy ratio.

5. DISCUSSION

This study offered important insights into the extent 
of adaptation to climate change in the case of the high 
quality agri-food GIs of the Veneto Region (Italy). The 
results show that agri-food GI producers are highly 
aware of climate change, having experienced both its 
direct and indirect impacts. In the case of animal-based 
GI productions, mainly indirect impacts of climate 
change are observed (e.g., alteration in fodder quality 
and quantity). In the case of crop-based products, the 
spectrum of direct impacts seems to be larger. How-
ever, although producers are perfectly aware of climate 
change and of its effects on GI production, adaptation 
has not reached its full potential among them. Only 
50% of the respondents have already adapted to climate 
change or are expressing their willingness to do so in 
the next future. In particular, their decisions seem to be 
driven by a large number of factors.

All the different types of admitted drivers (i.e., 
socio-demographic characteristics of producers, farm 
management, type of product, climate change obser-
vation) matter in predicting adaptation measures at 
the farm level. Producers with an educational degree 
related to agriculture, who adhere to sectoral networks, 
and who perceive more directly climate change in their 
production area tend to be more willing to adapt to cli-
mate change. These findings are consistent with previ-
ous studies that claim the critical role played by risk 
perceptions (Fishbein and Ajzen, 2010; Grothmann 
and Reusswig, 2006; Menapace et al., 2015; Hasan and 
Kumar, 2019; Zagaria et al., 2021), involvement in social 
networks (Bairagi et al., 2021; Bazzana et al., 2022) 
and education (Muench et al., 2021; Guo et al. 2021), 
when explaining adaptation attitudes. The counterin-
tuitive negative relationship between magnitude of cli-
mate change and willingness to implement adaptation 
strategies (as observed in just one of the selected mod-
els) might be explained with the intuition that further 
decreases in economic profitability, due to global warm-
ing, could make any adaptation investments too costly 
compared to any potential future benefits. 

However, among the most interesting findings, 
rigidity of the PS deserves specific attention. Indeed, it 
can be observed that some of the adaptation practices 
implemented by conventional farmers, either in Italy 
(Bonzanigo et al., 2016) or elsewhere (Song et al., 2019; 
Antwi-Agyei et al., 2021; Nor Diana et al., 2022), are also 
adopted by some of the producers of agri-food GIs in the 
Veneto Region. This is the case, for example, of some 
varietal improvements as well as by the introduction 
of barn cooling systems. The main difference in adap-

Table 4. Average score of adaptation measures (as evaluated by pro-
ducers, scale from 1 to 5).

Managerial methods of adaptation (average)

Short-term forecast 3.0
Seasonal forecast 2.7
Warning systems 2.9
Insurance 3.2
Cooperation 2.7
Trainings 3.4
Advisory services 3.0
Involvement of external actors 2.7

Adaptation measures for crop-based GIs

New crop varieties 2.8
Changed dates of planting 2.6
Diversified crop varieties 3.5
Crop rotation 3.5
Soil conservation 2.8
Shading 2.5
Supplementary irrigation 3.6
New irrigation system 3.6
Increased efficiency of pests 3.6
Pests increase 2.1

Adaptation measures for animal-based GIs

Imported forage 2.3
Storage capacity (forage) 2.2
Pasture management plans 1.0
Cooling systems for barns 3.8
New animal breeds 2.8
Less animals per barn 2.0
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tation strategies between agri-food GI producers and 
conventional ones is the existence of regulative barriers 
imposed by PSs. However, the fact that the certification 
type (i.e., producing either a PDO or a PGI) is never sig-
nificant might suggest that rigidity of code of practices 
(i.e., more stringent PSs in the case of PDOs than in the 
case of PGIs) is not a big issue in climate change adapta-
tion for GI producers. This finding seems to be support-
ed also by the analysis of the main barriers, according 
to the respondents’ perspectives (Table 6). Indeed, the 
restriction imposed by PSs is one of the least perceived 
concerns by producers, who are worried much more by 
the lack of financial resources or by difficulties in having 
access to public funds (e.g., those of the Rural Develop-
ment Policy). Moreover, information issues seem to play 
a key role in the adaptation process.

Similarly, to what is observed across Europe (Simon-
et and Leseur, 2019) or elsewhere (Alam et al., 2017; 
Belay et al., 2022), the economic aspect of adaptation is 
proved to matter, as on-farm adaptation mostly relies 
on producers’ own resources. On top of that, there is 
an issue of uncertainty, associated with the high cost of 
investments, and with the uncertain long-term benefits. 
In other words, uncertain future costs of climate risks 
compared to the certain and immediate costs of adapta-
tion measures together with uncertain expected returns 
on investment represent one of the major barriers to cli-

mate change adaptation (Lefebvre et al., 2014), also in 
the case of agri-food GI producers. 

The barriers discussed above couple with external 
factors, mainly involving policy and governance issues: 
observed complexity in having access to public funds, a 
lack of technical assistance in obtaining such help, mar-
ket dynamics and the current geo-political conditions. 
In this context, climate change adaptation, which is of 
utmost importance given the impacts already affecting 
GI farmers and producers, seems to require specific pol-
icy interventions.

6. POLICY IMPLICATIONS

The results of this study represent an important con-
tribution, not only to inform policymakers at regional 
level (i.e., in the Veneto Region), but also for national 
and EU policymakers and stakeholders. Indeed, the 
results of this study are highly generalizable in terms of 
suggested approach and adopted empirical strategy. In 
particular, the suggested strategy, distinguishing three 
alternative situations (farmers who have implemented 
adaptation strategies; farmers intending to implement 
them in the future; and farmers neither having imple-
mented nor willing to do so in the future) holds prom-
ise for delivering a relatively elevated degree of accuracy 
and interpretability, also when implemented in other 
case studies.

Moreover, the results suggest that the main policy 
instruments for high-quality agri-food products might 
be largely improved across the EU. Firstly, a more tar-
geted support within the new Common Agricultural 
Policy (2023–2027) will largely help. This is true also in a 
region such as Veneto, where in the 2014-2020 program-
ming period just 1.5% of the total funds of the Rural 
Development Programme was earmarked to the measure 
aimed at supporting quality schemes (i.e., measure 03). 

Besides a larger public fund allocation, in this con-
text, reliability of new technologies and clear informa-
tion regarding their effectiveness might help. This will 
provide new incentives to the producers of agri-food 
GI, when considering their options of investing in new 
adaptation measures to climate change. Moreover, it 
could also be helpful developing peer-to-peer learning 
practices among producers together with fostering fur-
ther collaborations among GI systems that face similar 
risks. Indeed, the role of public policies is not limited 
to allocation of financial resources to prevent the finan-
cial barriers of adaptation, but it can also ease knowl-
edge transfer (Ignaciuk, 2015), fostering collaborations 
between farms and Consortia, and across sectors (e.g., 

Table 6. Barriers to climate change adaptation, as perceived by pro-
ducers of agri-food GIs (as evaluated by producers, scale from 1 to 
5).

Barriers
(Number of respondents)

Adaptation

No 
(40)

Yes 
(33)

Yes_
future 
(45)

Total
(118)

Lack of financial resources 3.6 3.1 3.9 3.6

High cost of investments and long-term 
benefits 3.9 3.2 3.5 3.5

Accession to RDP funds 3.6 3.9 3.8 3.7

Long waiting time for the accession RDP 
funds 3.8 3.5 3.9 3.7

Lack of technical assistance 3.4 3.0 3.4 3.3

Lack of information on effectiveness of 
certain adaptation measures 3.8 3.5 3.8 3.7

Restriction imposed by PSs 3.5 3.1 3.2 3.3

Land property 2.8 2.4 2.8 2.6

Lack of local and production networks 2.1 2.8 2.5 2.5
Lack of producers’ representation in the 
decision-making process 3.3 3.3 3.3 3.3



279Adapting to climate change: what really drives the choices of the producers of Geographical Indications? 

Bio-based and Applied Economics 13(3): 265-283, 2024 | e-ISSN 2280-6172 | DOI: 10.36253/bae-15221 

public and private). To this regard, the framework of 
Agricultural Knowledge and Innovation Systems (AKIS) 
could be strengthened, in terms of a multi-stakeholder 
process (Cruz Maceín et al., 2023). Analogously, also the 
functions of Consortia and POs could be strengthened 
to better facilitate the coordination among the stake-
holders for the implementation of adaptation strategies 
at GI level. These entities, which frequently offer advi-
sory support, can serve as innovation intermediaries, 
cooperating with research organisations (Salpina and 
Pagliacci, 2022b) and facilitating horizontal and verti-
cal diffusion of information. Thus, Consortia and POs 
can play a pivotal role in sustaining adaptation efforts, 
and guide farmers in investing in new adaptation meas-
ures. Lastly, the findings of this empirical study hold 
the potential to contribute significantly to international 
discourse surrounding food policy, by providing an in-
depth examination of climate change adaptation prac-
tices within the GI agri-food sector, the policy area that 
has thus far received limited attention within academic 
circles.

7. CONCLUSION

This study aimed at analysing climate change adap-
tation strategies in the case of high-quality agri-food 
sector, shedding light on the main factors inf luenc-
ing the decision of producers to adapt. In the past, this 
topic was largely neglected in the literature. Actually, 
to the authors’ best knowledge, only a few other stud-
ies have already focused on the topic of climate change 
adaptation, taking agri-food GIs into consideration. The 
key findings of the research suggest that despite a gen-
eralised (and high) awareness of climate change among 
GI farmers and producers, this has not yet turned into 
widespread adoption of adaptation measures. The main 
factors influencing the willingness of producers are con-
firmed to revolve around the complex interplay of socio-
demographic characteristics (e.g., age, education), farm 
management and networks, and production characteris-
tics, in addition to the perception of climate change. 

Despite the potential limitations of any online sur-
veys (e.g., some bias in respondents’ characteristics, in 
favour of younger and more educated ones), further 
studies could eventually replicate the questionnaire-
based survey in other countries and regions, making 
use of the same methods proposed here. Moreover, it 
should be noticed that this study encompassed the cer-
tified agri-food sector in general. Thus, future works, 
focusing on a specific sector (e.g., only cheese products), 
would allow for a more targeted examination of key 

variables affecting climate change adaptation. One addi-
tional limitation of this study is the absence of a com-
parison between farmers operating within GI schemes 
and the ones operating outside such schemes. However, 
such a limitation was due to the complexity of such a 
comparison and mostly to the data collection process, 
which was primarily done through Consortia and POs. 
Future research will eventually address this gap, provid-
ing valuable insights into this phenomenon. Moreover, 
future lines of research will also involve the analysis of 
the drivers contributing to the adoption of specific adap-
tation measures and will consider additional and more 
sophisticated proxies for climate change perception.
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Abstract. Governance mechanisms along the agri-food supply chains are increasingly 
important in a scenario of ecological transition. Under the conceptual and analytical 
lens of the Transaction Cost Economics, we explored farmers’ preferences towards a 
variety of clauses usually adopted in production contracts. To this purpose, a discrete 
choice experiment among 190 durum wheat producers in Italy was conducted. Results 
from a latent class model showed that producers were mainly interested in fixed pric-
es formula and to join shared rules of production but revealed little or no interest for 
compelling sustainable cultivation techniques and the provision of technical assistance. 
However, these preferences are heterogeneous across farmers and vary depending on 
their level of education and previous use of contractual arrangements, with relevant 
implications for contract design and management.

Keywords: contracts, transition, NIE, latent class analysis, cereals.
JEL Codes: Q13, D23, L14.

INTRODUCTION

There is consensus that the global food system is not delivering as need-
ed on several key metrics, including addressing excessively high rates of hun-
ger and malnutrition, agriculture-driven environmental footprint, unequal 
distribution of welfare along supply chains, among others (McGreevy et al., 
2022). A more recent movement has called attention to the fact that such 
problems may be better addressed when implementing an ecological transi-
tion in food system to respond to shocks and crises stemming from conven-
tional food systems. Cholez et al. (2017) posit that an examination of con-
tractual frameworks is pivotal during this transition, as they can adeptly 
navigate uncertainties and simultaneously provide clear demarcations of 
property and decision rights in emerging supply chains. Taken as a whole, 
this literature highlights the importance of governance considerations for the 
agro-ecological transition.

Over the last decade production contracts have become increasingly 
important to enhance coordination along the agri-food supply chain (Mac-
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Donald 2015; Vassalos et al., 2016). They can connect 
farmers with buyers, reduce uncertainty in prices and 
demand, provide risk sharing against natural disasters 
and climate related shocks, and in some cases, provide 
access to inputs technical assistance (FAO, 2017). Howev-
er, there are at least two main different types of contracts 
at stake (marketing and production contracts) which dif-
fer for several reasons (Dubbert et al., 2021). While in 
marketing contracts farmers control their assets and 
production inputs independently by usually determining 
price, quantity and delivery conditions to secure sales on 
market (Soullier and Moustier, 2018), production con-
tracts entail the provision of resources – such as produc-
tion input supply (e.g. seedlings and fertilizer), credit, and 
other support like extension services or transport of har-
vest – and quite often they impose a particular production 
method or input regime to farmers (Otsuka et al., 2016). 

Production contracts represent an organizational 
solution which has been extensively discussed regarding 
its potential to resolve market limits. They allow farmers 
to be integrated into modern agricultural value chains 
by reducing transaction costs and being provided with 
inputs, technical assistance and assured against price 
fluctuations (Schipmann & Qaim, 2011; Swinnen and 
Maertens, 2007).

This type of contracts increasingly aims to engage 
farmers in delivering high quality products and contrib-
uting to environmental sustainability by reducing the 
use of chemical fertilisers and pesticides. However, in 
many situations, farmers are hesitant to use written con-
tracts, likely due the fact that existing informal contracts 
are deeply rooted in traditional social norms (Jäckering 
et al., 2021). Moreover, farmers may be reluctant because 
of the high enforcing costs, especially when formal insti-
tutions are not well developed (Michler and Wu, 2020). 

To sum up, participating in a contract entails trade-
off between incentives and costs (Bogetoft and Olesen, 
2002). For this reason, if the contract design does not 
include price incentives and provision of inputs, farmers 
may be discouraged from participating in the arrange-
ments because they must comply with quality and sus-
tainability requirements and other costly specifications 
(Abebe et al., 2013; Pancino et al., 2019). Moreover, pro-
ducers may have different views on and experiences with 
the advantages and disadvantages related to contracts 
(Widadie et al., 2020). Consequently, two research ques-
tions arise: which contractual terms can lead farmers to 
adopt production contracts in a scenario of ecological 
transition? Do farms and farmers’ characteristic affect 
acceptance of contractual terms?

In this background, the first aim of this study is to 
investigate farmers’ preferences towards a wide vari-

ety of contractual terms usually adopted in production 
contracts in the context of the Italian durum wheat sec-
tor. The second aim is to determine which and whether 
farmers and farms characteristics affect the probabil-
ity of accepting the above-mentioned clauses. In doing 
so, our paper contributes to filling a knowledge gap on 
the role of heterogeneous farmers’ preferences in affect-
ing contract design, offering insights on the potential 
acceptance of contractual terms in a scenario of ecologi-
cal transition. This latter imposes a reduction of chemi-
cal inputs and a gradual shift from fossil fuels to cut net 
greenhouse gas emissions in agriculture.

Accordingly, we first elaborate a conceptual and 
analytical framework about the effects and the poten-
tial acceptance for specific clauses in the agri-food con-
text. Material and methods are then described in detail, 
mainly revolving around a discrete choice experiment 
carried out among Italian farmers. Lastly, results from 
latent class logit estimations are presented and dis-
cussed in the lights of the existing literature before final 
remarks and policy recommendations are delivered.

2. STUDY CONTEXT

We focus on a staple food crop of strategic impor-
tance for Italy and for many countries bordering the 
Mediterranean, such as durum wheat. Italy produces half 
of the durum wheat grown in the EU-28 (UK included) 
and it is leader both in the per capita consumption of 
pasta and in its production (Bux et al., 2022). 

Durum wheat represents the main cereal crop in 
Italy covering about 44% of the total cereal area. Culti-
vation is widespread in Southern Italy, in marginal areas 
at risk of abandonment, characterized by few employ-
ment alternatives in other economic sectors and in 
which it is difficult to find an alternative crop. In 2020, 
1.2 million hectares (about 10% of the total utilized 
agricultural area) were sown to durum wheat in Italy 
for a total production of about 4 million tons. Apulia, 
with a production of about 760,000 tons, is still Italy’s 
main producer overtaking Sicily, Marche, and Emilia-
Romagna (Ismea, 2022). Durum wheat is at the base of 
a national supply chain of considerable importance, with 
first and second processing industries generating a turn-
over of about 5.6% of total Italian agribusiness (Ismea, 
2023). Italy is the undisputed leader in the pasta indus-
try, accounting for more than 73% of the EU turnover, 
with an average production of around 5.3 million tons 
per year which is a quarter of the total world produc-
tion (Ismea, 2023). In terms of market outlets, semolina 
pasta is one of the most important components of Italian 
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agrifood exports (4.6%), which have grown steadily in 
recent years and contribute positively to the EU’s agri-
food trade balance (Crea, 2022). 

The Italian supply chain of pasta has evolved over 
the last decade thanks to the growth in demand for 
“100% Italian” and high-quality pasta, in order to add 
value to the national production pasta. As far as qual-
ity is concerned, the protein content is traditionally 
considered the main quality parameter. As for the ori-
gin of pasta, despite the increase in the cultivation of 
national durum wheat, the annual requirement of the 
Italian milling and pasta making industries is around 6 
million tons, against a national production of 4 million 
tons (Istat, 2024; Italmopa, 2023). Being far away from 
self-sufficiency, the supply chain is persistently depend-
ent on import (especially from non-EU countries) as a 
consequence. In order to improve the degree of self-suffi-
ciency and the quality of the provision of durum wheat, 
a national Fund (named “Fondo grano duro”) has been 
established since 2017 incentivizing farmers to sign long-
term production contracts with pasta makers (Ciliberti 
et al., 2019).

Last but not least, in order to contain emissions 
and increase the environmental sustainability of pasta, 
both processors and pasta companies promote the adop-
tion of environmental-friendly cultivation techniques, 
practices and methods (Bux et al., 2022; Stanco et al., 
2020). In this regard, the share of utilised agricultural 
area dedicated to organic durum wheat is particularly 
high in Southern Italy, with Basilicata at the first place 
(22.8%), followed by Molise (13.5%), Apulia (13.5%) and 
Sicily (9.6%). Lastly, Marche (6.4%) is the first region in 
Center-North Italy (Sinab, 2023). Because of the increas-
ing request for high quality and sustainable productions 
and due also to public interventions, the number of con-
tractual arrangements between main semolina and pasta 
producers and farmers (or their organizations) has wide-
ly increased all over the country in the last years (Rossi 
et al., 2023). 

3. CONCEPTUAL FRAMEWORK

Recent advancements in Transaction Cost Econom-
ics have revealed that hybrid governance mechanisms 
are largely widespread, with contracts being their pri-
mary form (Ménard, 2004). These latter play a pivotal 
role in fostering ecological transition, aiming to coor-
dinate the actions of a diverse set of actors and inte-
grate different dimensions of sustainability, as noted by 
Cholez and Magrini (2023). Contractual frameworks 
are crucial for this transition path, since they can have 

direct consequences on the use of input and dedicated 
investments to achieve certain environmental threshold 
in agri-food systems.

Under the lens offered by TCE, a flourishing lit-
erature has analysed contracts as governance structures 
affected by transactional attributes such as asset specific-
ity and uncertainty (Anh et al., 2019; Cai and Ma, 2015; 
Key and Runsten, 1999; Mao et al. 2022; Minten et al., 
2009; Ochieng et al., 2017; Ola and Menapace, 2020; Per-
madi et al., 2017; Widadie et al., 2020). Evidence reveals 
that, on the one hand, some contractual requirements 
can be associated with high transaction costs, therefore 
representing a major obstacle for choosing contracts. On 
the other hand, these latter flourish in presence of col-
lective actions, transparent conditions and trust which 
help farmers to reduce transaction costs.

Ménard (2018) underscored the importance of 
assessing contracts based on the allocation of rights 
between transacting parties as a negotiation process. 
This refreshed viewpoint facilitates an analysis empha-
sizing how contracts can help alleviate sources of uncer-
tainty and asset specificity surrounding novel technolo-
gies and knowledge and distinctly delineate the rights 
and responsibilities regarding the benefits stemming 
from the ecological transition. Consequently, contracts 
raise crucial questions about the collective strategies 
that go beyond individual interests and include varied 
modes of organization, besides market forces. In other 
words, implementing effective governance is contingent 
upon the alignment of individual interests with these 
collective strategies, expanding beyond market-driven 
relations and incorporating diversified organizational 
modes, where hybrid coordination and the role of con-
tracts are key (Ménard, 2004). 

Such a governance perspective examines the logic 
behind the adoption of coordination mechanisms to 
support the relationships among a multitude of agents 
involved in the ecological transition along the agri-
food supply chain. In this paper, we follow previous 
works dealing with production contracts (Abebe et al., 
2013; Polinori and Martino, 2019; Oliveira et al., 2021) 
matching the econometric rationale of choice experi-
ments, where individuals derive utility from the differ-
ent characteristics a good possesses, with aspect of con-
tract design. In this approach, contractual terms affect 
the value (utility) each farmer gain from the choice, 
which is the difference between revenues and costs (i.e. 
the profit). 

Moreover, according to the discriminating align-
ment principle of Williamson (1991), each contractual 
term is expected to affect not only production costs but 
also transaction costs related to transactional attributes 
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(mainly asset specificity and uncertainty) associated 
with contractual conditions chosen. To better capture 
this effect, we therefore explicitly decompose the value 
(utility) associated to contractual choices in two com-
ponents: a positive (i.e. revenue) and a negative one (i.e. 
production and transaction costs).

As a consequence, we see this expected value as the 
profit for the farmer i (i = 1, 2, 3 . . .N) from each con-
tractual terms t (t = 1, 2, 3. . .), which we decompose as 
follows:

πit = Rit - (Cit + Tit) (1)

with πit being the profit, Rit the revenue the farmers get 
from each contractual terms, while Cit and Tit respec-
tively represent related production and transaction costs. 

It follows that since each contractual term brings 
its own revenues as well as production and transaction 
costs, alternative combinations of different contractual 
terms lead to different expected profit configurations. 
Consequently, all other things being equal, insertion/
removal of a contractual term affects both revenues and 
costs involved, as follows:

∑j
JβZijkWi = WiRijt - Wi(Cijt + Tijt) (2)

where Zijk is an index for the alternative j from a choice 
situation k of contractual terms which are chosen in 
a contract from an ith farmer, whose individual (and 
farms’) characteristics are represented by a vector W, 
while β expresses the magnitude of the acceptance of 
each term. Reasonably, a farmer asked to choose among 
alternatives is willing to accept a contract including 
combinations of contractual terms which maximizes 
his/her expected profit. 

3.1. Contractual terms, individual characteristics and 
farmers’ preferences

Henceforth, inspired by previous studies in this field 
for similar (Soullier and Moustier, 2018) or identical 
crops (Biggeri et al., 2018; Carillo et al., 2017; Ciliberti et 
al., 2019; 2022; 2023; Oliveira et al., 2021; Pancino et al., 
2019; Rossi et al., 2023; Viganò et l., 2022; Weituschat et 
al., 2023), we conceptualize both the role of selected but 
highly relevant contractual terms (related to production 
techniques, technical assistance, quality requirements 
and payment solutions) and confounding variables 
referred to individual (farms and farmers’) characteris-
tics. Accordingly, we elaborate research hypotheses to be 
tested.

Rules for sustainable production

The fact that a farmer chooses a production contract 
implies the willingness to commit resources to comply 
with certain production rules (Ciliberti et al., 2019). This 
seems to contradict basic behavioural assumptions, but 
in some cases farmers may want to demonstrate their 
commitment and may prefer a trader that values such 
an individual effort (given the fact that buyers are able 
to measure individual commitments, at least after the 
transaction occurred). Another driver is that farmers’ 
engagement and reputation could lead to higher price 
premium (Carriquiry and Babcock, 2007; McCluskey 
and Loureiro, 2005). Moreover, farmers may also believe 
that opting for a less strict buyer will lead some of them 
to take opportunistic actions; such an occurrence in 
turn could contribute to damaging potential common 
benefits of building a collective reputation (Stanco et al., 
2020). In this work, we propose farmers three contractu-
al terms generically referred to production rules: shared 
and agreed rules, imposed rules or no rules of produc-
tion. Based on previous literature we elaborate a follow-
ing research hypothesis (RH 1):

Durum wheat producers prefer to commit on contractual 
terms introducing production rules.

Moreover, in a scenario of ecological transition 
there is increasing evidence that some contractual 
terms require farmers for the adoption of environmen-
tal-friendly practices (Pancino et al., 2019; Rossi et al., 
2023). However, adoptions of sustainable cultivation 
techniques imposing strict restrictions on pesticides, 
fertiliser or natural resources uses can represent a disin-
centive for farmers to enter a contract, since this would 
lead to lower yields and higher unit costs of production 
(Weituschat et al., 2023). Here, we focus on three specific 
sustainability requirements related to the durum wheat 
production cycle: a fractioned supply of nitrogen (that is 
the most important fertilizer for cereals), the adoption of 
a cultivation technique that promotes minimum soil dis-
turbance (i.e. no-tillage), and lastly a joined combination 
of these two practices. Based on previous evidence, we 
elaborate a research hypothesis (RH 2), as follows:

Durum wheat producers prefer contractual terms estab-
lishing mild sustainable cultivation techniques, rather 
than strict and costly commitments.

Provision of technical support

The need to access information and assistance on tech-
nology, production rules and quality requirements may 
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motivate farmers toward production contract (Oliveira 
et al., 2021). In this paper we explore preferences towards 
three specific contractual clauses on this subject: no tech-
nical assistance, the provision of direct technical sup-
port thanks to advisors, the provision of remote support 
by means of a remote decision support system (DSS). The 
buyer could provide all the required technical assistance so 
that farmers can benefit of updated and timely research-
based information (Rossi et al., 2010). In a scenario of eco-
logical transition, forms of technical assistance provided 
by buyers can help farmers to understand the reasoning 
for limiting pesticide and fertilizers use and the benefits 
of applying a more precise dosage, therefore fostering the 
adoption of sustainable production techniques (Ciliberti et 
al., 2022; Šūmane et al., 2018). Therefore, we formulate a 
research hypothesis (RH 3) related to this type of clause:

Durum wheat producers prefer contractual terms estab-
lishing the provision of technical assistance.

Quality requirements

Maintaining and improving the quality production 
and ensuring compliance with food safety requirements 
is crucial in modern agricultural settings. Such an issue 
is associated with the ability to comply with formal or 
informal quality standards for farmers (Biggeri et al., 
2018; Carillo et al., 2017; Soullier and Moustier, 2018). 
However, quality remains the main challenge in situ-
ations where the agri-food markets do not incentivize 
it, as farmers may be reluctant to invest their time and 
energy to improve quality. It follows that related require-
ments are a major source of uncertainty in agri-food 
transactions for buyers (Frascarelli et al., 2021). Usu-
ally, farmers may choose between low quality require-
ments, with small incentive to improve quality but low 
risk of product rejection, and a high-quality option, 
with higher incentive but larger risk of product rejec-
tion. Farmers therefore tend to prefer contract with 
low quality requirements, all other things being equal , 
given the uncertainty of farmers about meeting quality 
standards and due to the lower risk of product rejection 
(Oliveira et al., 2021). Here we want to test farmers’ pref-
erences for different and increasingly demanding quality 
requirements referred to various thresholds of protein 
content in durum wheat: in more details, a lower level 
(>12.5%), a medium-high level (13.5%), and a very high 
level (14.5%) of proteins. Based on the existing literature 
a research hypothesis (RH 4) is elaborated as follows:

Durum wheat producers prefer contractual terms setting 
in advance lower quality standards and requirements.

Price and payment formulas

The general assumption in the literature is that 
farmers’ motivation to participate in contractual 
arrangements is primarily to manage market uncer-
tainty with pre-established price formula. These latter 
refer to the payment conditions farmers agree with, in 
exchange for delivering an agreed product quality and 
quantity. Since the mid-2000s price volatility has been a 
typical feature of prices of grain commodity, driven by 
several factors as a consequence of increasing linkages 
among food, energy, and financial markets (Ott, 2014; 
Santeramo e Lamonaca, 2019; Tadesse et al., 2014). To 
this regard, the adhesion to properly designed contracts 
is expected to reduce sources of market uncertainty 
(Oliveira et al., 2021). This governance solution applies 
also to the durum wheat supply chain, characterised by 
strong price instability and asymmetric price transmis-
sion along the value chain, which mainly penalise farm-
ers (Viganò et al., 2022). In this paper we want to test 
farmers’ preferences for three different price formulas: 
fixed, variable (that is, market) and a mixed price option 
(50% fixed and 50% market price). Thus, based on previ-
ous evidence, a research hypothesis (RH 5) is elaborated, 
as follows:

Durum wheat producers prefer contractual terms estab-
lishing price formula alternative to variable market price.

As for payment modality, fearing opportunistic 
behaviours, farmers do not like delays and want to avoid 
issues with payments since they increase uncertainty, 
particularly when buyers are not trusted (Ciliberti et 
al., 2023). Moreover, farmers prefer immediate payment 
over delayed payment to address market uncertainty, 
also because they need money for purchasing inputs for 
the next production cycle (Oliveira et al., 2021). In this 
paper we test farmers’ preferences for three different 
clauses related to payment modality: payment on deliv-
ery, deferred payment, and payments in instalments on a 
monthly basis. Accordingly, another research hypothesis 
(RH 6) comes out:

Durum wheat producers prefer contractual terms setting 
immediate payment.

Lastly, the relationship between contractual terms 
and farmers’ utility and preferences can be affected 
by some characteristics we intended to control for. The 
emerging literature on the determinants of farmers’ pref-
erences towards contractual terms in the durum wheat 
sector suggests several of those individual characteristics 
which must be checked for (Frascarelli et al., 2020; Rossi 
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et al., 2023; Weituschat et al., 2023a;2023b). We decided 
to select some of the most representative and relevant, 
focusing on age, education, experience, size, participa-
tion in cooperative, and previous use of contracts. 

All that said and considered, figure 1 graphically 
illustrates and resumes the hypothesized causal rela-
tionship we conceptualized between specific contractual 
terms and farmers’ utility and preferences, which can be 
affected by confounding variables related to individual 
farms and farmers’ characteristics.

4. MATERIALS AND METHODS

4.1. Experimental design, sampling strategy and data col-
lection

Discrete choice experiments are frequently performed 
in economic literature in order to establish individual 
preferences across items, such as good, services or in our 
case, contracts (Hensher et al., 2005; Louviere et al., 2010). 
The experimental design for a choice experiment relies 
on the identification of a set of relevant characteristics 
(attributes), which in our case relate to different type of 
contractual terms and their corresponding levels.

To this purpose, after analysing real production con-
tracts adopted in the durum wheat supply chain over the 
last years (see Ciliberti et al., 2022 for more details), we 
also conducted a focus group discussion with key stake-
holders to gain a better understanding of which clauses are 
more relevant for durum wheat producers1. These activi-

1 The focus group included 8 participants among representatives of 

ties helped us to evaluate the relevance of some contrac-
tual terms for farmers, so as to decide which attributes and 
levels to include in our discrete choice experiment. There-
fore, based on this evidence, we selected six attributes with 
three levels each, which are reported in Table 1.

Afterwards, we decided to adopt an efficient design 
using the software Stata so that contractual attributes 
and their levels were randomly distributed into 18 choice 
sets, containing three contracts with six attributes each. 
Then, choice sets were arranged into 6 blocks and each 
respondent was submitted to one block with three choice 
sets only, so as to reduce the number of contracts to 
evaluate. In detail, for each choice set, each farmer was 
allowed to specify his preference towards one out of 
three contracts plus an opt-out option (i.e. “none of the 
previous contract”). 

A structured questionnaire (including the choice 
experiment and an additional section with general infor-
mation on farmers and farms’ characteristics) was then 
realized to investigate farmers’ preferences over con-
tractual terms (see Supplementary material). It was pre-
tested and validated across a small sample of almost two 
dozens of randomly selected durum wheat producers. 
As a final step, in order to collect data and information 
from our study population, consisting of farmers pro-
ducing durum wheat in Italy, we adopted a purposive 
sampling strategy. To this aim, trained interviewers 

durum wheat producers, input providers, buyers (processors, manufac-
turers) and experts (agronomists and technical advisors). The aim was 
to discuss the following questions: which are the main contractual terms 
included in production contracts? How are they negotiated between 
producers and buyers? What are the main (emerging) clauses related to 
environmental sustainability, if any?

Figure 1. The causal pathway between contractual terms and farmers’ preferences.
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directly submitted the survey among farmers attending 
several technical workshops and seminars in Central 
and Southern Italy (where durum wheat production is 
mostly located), between late 2018 and early 2020 (until 
national authorities imposed the lockdown due to the 
Covid-19 pandemics). As a consequence, the composi-
tion of the sample mainly depended on farmers’ attend-
ance to these workshops and their willing and ability 
to correctly fill out the questionnaire in all its sections. 
Results are based on a sample of 190 completed ques-
tionnaires collected among durum wheat producers. No 
protests from respondents were observed and reported. 
Table A in the Appendix reports detailed descriptive 
statistics related to respondents’ characteristics. Com-
paring information with those available for the refer-
ence population (Ismea, 2023b; Istat 2024), it comes out 
that the average size of the sampled farms is way larger 
than the national one in 2021 (that was 11.1 hectares). 
However, apart from some respondents located in Cen-
tral and Northern Italy (Marche and Emilia-Romagna), 
about 75% of the interviewed farmers came from South-
ern Italy (with a large share from Apulia, followed by 
Basilicata), where most of the production (76%) and 
cultivated areas for durum wheat (69%) were located in 
2020 (Ismea, 2023b). Lastly, farmers with less than 45 
years represents 13% of the total at national level. Only 
one out of ten has a degree, whereas almost 60% own a 
secondary school diploma (Istat, 2024).

4.2. Econometric analysis

In this paper, we follow Pacifico and Yoo (2013) 
and Yoo (2020) to run a latent-class conditional logit 
(LCL), which extends the conditional logit by incorpo-
rating a discrete representation of unobserved prefer-
ence heterogeneity across decision makers. Specifically, 
LCL assumes that there are C distinct types, or “classes” 
of decision makers and that each class c makes choices 
consistent with its own conditional logit model with 
utility coefficient vector βc. Suppose that the probabil-
ity that decision maker i belongs to class c is given by a 
fractional multinomial logit specification:

 (2)

where zi is a row vector of decision maker n’s character-
istics and the usual constant regressor (that is, 1); θc is a 
conformable column vector of membership model coef-
ficients for class c, with θC normalized to 0 for identifica-
tion; and Θ = (θ1, θ2,…, θC−1) denotes a collection of the 
C − 1 identified membership coefficient vectors.

Under LCL, the joint likelihood of decision maker 
n’s choices is given by

 (3)

where B = (β1, β2,…, βC) denotes a collection of the C 
utility coefficient vectors and each Pn(βc) is obtained by 
evaluating β = βc.

In more detail, the model is estimated using an 
Expectation-Maximization (EM)-Algorithm (Bhat, 
1997). Such a model simultaneously estimates preference 
coefficients for different classes and the probability of an 
individual to belong to a class based on choice patterns 
and individual covariates. It therefore extends the previ-
ous analysis by incorporating a discrete representation of 
unobserved preference heterogeneity. As a result, we are 
able to further check for preference heterogeneity among 
farmers, since latent class model identifies unobserved 
groups of individuals with homogenous preferences by 
using a discrete mixing distribution (Swait, 1994). Lastly, 
econometric analyses were run using the software Stata 
14.2 implementing usual optimization methods for max-
imum likelihood estimation.

5. RESULTS AND DISCUSSION

Latent class analyses were performed in order to 
identify classes of durum wheat producers with similar 

Table 1. Attributes and related levels selected for the discrete choice 
experiment.

Attributes Levels

Production rules Not established
Arranged with the buyer
Compelled by the buyer

Sustainability 
requirements

Fractioned use of nitrogen (FUN)
Minimum soil disturbance (MSD)
Joined adoption of FUN and MSD

Technical support Not provided
Provided by technical advisors
Remotely provided thanks to a DSS software

Quality  
requirements

Medium grain protein content (> 12.5%)
Medium-high grain protein content (> 13.5%)
High grain protein content (> 14.5%)

Price formula Fixed price 
Market price
Mixed (50% market – 50% fixed) price

Payment modality On delivery
Deferred payment
Monthly payments
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preferences towards contractual attributes. We computed 
different models with 2 and 3 classes and used infor-
mation criteria measures to test goodness-of-fit (Yang, 
2006). The number of classes was chosen with regard 
to the Akaike information criterion (AIC), the consist-
ent AIC (CAIC) and the Bayesian information criterion 
(BIC). We opted for a latent model with 2 classes which 
minimizes most criteria, in our case CAIC (1207.79 vs 
1250.97) and BIC (1174.79 vs 1197.97), revealing the best 
goodness-of-fit. Table 2 reports the differences of durum 
wheat producers and their farms across the 2 classes, 
focusing on relevant control variables referred to indi-
vidual characteristics.

Looking at Table 2 we are able to identify main dif-
ferences among members of the two classes of respond-
ents. On the one hand, class 1 group less experienced 
farmers with lower education and smaller cultivated are-
as, but with a higher attitude to join collective arrange-
ment and sign contracts to sell durum wheat. On the 
other hand, class 2 encompasses durum wheat produc-
ers with opposite features, therefore more experienced 
and educated, less collaborative and with bigger farms. 
However, by using a nonparametric Mann-Whitney U 
test for continuous data and a chi-square test for dummy 
variables, statistically significant differences between the 
two classes emerged for age, high level of education and 
the use of production contracts. 

Looking at the results of the latent class analysis, 
the majority of contractual terms show significant coef-
ficients in both classes, highlighting relevant preferences 
towards attributes (Table 3), even if some interesting dif-
ferences among classes. 

First and foremost, we focus on the “no-choice” var-
iable, which was selected in 123 out of 570 “no-choice” 
situations faced by the respondents2. Results reveal a sig-

2 In detail, the “no-choice” variable was selected at least in one choice 
set out of three by 21 respondents, in two choice sets out of three by 

nificant but contrasting interest for production contracts 
across classes. In class 1, the negative coefficient (-1.310) 
suggests that farmers were significantly keen to reject 
the “no-choice” option in favour of one of the produc-
tion contracts they were proposed. This latter was there-
fore considered more beneficial and reliable than the sta-
tus quo in order to overcome spot market imperfections 
and reduce transaction costs, in line with Van den Broe-
ck et al. (2017). On the other hand, the positive coeffi-
cient in class 2 (+6.528) shows a significant preference 
for the “no-choice” option and so against the proposed 
contractual solutions as a whole, in accordance with pre-
vious findings from Schipmann and Qaim (2011) and 
Blandon et al. (2010).

With regard to production rules, positive and sig-
nificant coefficients for both terms highlight that farm-
ers in both classes are highly reluctant to rules unilater-
ally imposed by the processing industry (i.e., the refer-
ence variable), but with some interesting differences. 
Always taking as reference the base level, farmers in the 
first class prefer shared rules (+0.476) more than no rules 
at all (+0.369), while in the second class the opposite is 
true with producers largely preferring a free production 
process (+2.581) over rules agreed with buyers (+1.950). 
With all that said, the first research hypothesis is par-
tially confirmed, in line with earlier evidence from Gel-
aw et al. (2016), showing that farmers usually choose to 
join contracts since they are willing to commit resources 
in order to comply with certain production rules and 
gain reputation. However, at the same time, farmers tend 
to refuse contractual terms unilaterally imposing tech-
niques and production rules, since they are tradition-
ally concerned and suspicious of any attempt of limiting 
their decisional autonomy (Ciliberti et al., 2023; Vais-
siere et al., 2018).

When asked to reveal preferences towards specific 
contractual terms setting rules for a more environ-
mental-friendly and sustainable production, farmers 
reveal heterogeneous preferences across the two classes. 
While in the first class clauses are not significant, vis à 
vis a combined use of no-tillage and a fractioned sup-
ply of nitrogen (the reference level), farmers in class 2 
show a clear and significant preference for a minimum 
mechanical soil disturbance (+1.256), but also a note-
worthy and larger aversion to a lower use of nitrogen as 
fertilizer (-2.076). This is a signal that, in absence of spe-
cific incentives, farmers still look at this type of clauses 
with low enthusiasm and a certain suspect. They only 
accept to reduce soil disturbance since – compared to a 

15 respondents and in all the three choice sets by 24 respondents, for 
a total of 60 respondents out of 190 (31.6%) which selected the “no-
choice” option at least once.

Table 2. Individual characteristics for each class (mean and stand-
ard deviations) and differences.

Main characteristics Class 1 Class 2 Difference

age (n.) 47.03 (14.22) 48.34 (11.83) -1.31*
exp_y (n.) 26.63 (14.51) 27.28 (12.38) -0.65
educ_h (%) 81.50 (38.83) 93.02 (25.50) -11.52***
coop_m (%) 40.42 (49.08) 39.02 (48.83) 1.40
contr_p (%) 63.88 (48.04) 48.83 (50.03) 15.05***
size (ha) 121.97 (217.27) 305.64 (715.99) -183,67

***, **, * Denote that mean values of class 1 farmers are signifi-
cantly different from class 2 farmers at p < .01, p < .05, and p < .10, 
respectively.
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fractioned use of fertilizers – it can ensure a reduction 
of costs, but with a limited impact on yields and pro-
duction. As a consequence, the second hypothesis can 
be confirmed, substantiating the fact that farmers’ com-
mitment in environmentally sustainable production is 
still partial, as it is perceived as a source of disadvantage 
when compared with farmers’ returns from conventional 
agricultural production (Chèz et al., 2020). The primary 
reason is that the cost of environmentally sustainable 
production is considerably higher and that the yield is 
relatively lower than that of conventional agriculture 
(Wang et al., 2019). 

As far as technical support is concerned, it is inter-
esting to observe that only durum wheat producers in 
class 1 showed a slightly significant and positive inter-
est (+0.270) for a contractual term introducing such a 
service (against the reference level “no technical sup-
port”), provided that it is offered on field by buyers’ 

trusted technicians and advisors. No significant prefer-
ences occurred in class 2 instead. Therefore, even with 
some caveats, the third hypothesis can be confirmed in 
the light of the evidence on the acceptance of technical 
assistance. This result contributes to confirming farmers’ 
interest for support services aimed to foster both inno-
vation uptake and compliance with contractual require-
ments (Cholez et al., 2023; Martino et al., 2017). In the 
durum wheat sector, these ancillary services are usually 
provided when signing a contract, so that farmers can 
get support from expert agronomists in order to improve 
grain quality, production yields and profitability (Viganò 
et al., 2022). Our results confirm that relational contract-
ing fosters process innovation in agri-food chains (Mar-
tino et al., 2017). However, a possible interpretation of 
the results could be that frequent on farm visits or solu-
tions for remote assistance could be seen, by the most 
dynamic and independent farmers, as a subtle attempt of 

Table 3. Parameter estimates for the latent class model

Attribute Level
Class 1 Class 2

Coeff. P>|z| SE Coeff. P>|z| SE

Production rules Arranged 0.476 ** 0.154 1.950 ** 0.968
None 0.369 ** 0.157 2.581 ** 1.003

Sustainability requirements MSD 0.027 0.149 1.256 * 0.671
FUN 0.049 0.148 -2.076 * 1.199

Technical support Advisors 0.270 * 0.151 1.090 0.676
DSS 0.250 0.153 0.004 0.738

Quality requirements Protein > 12.5% 0.290 * 0.150 1.366 ** 0.642
Protein > 13.5% 0.210 0.154 -1.231 0.797

Price formula Fixed price 0.680 *** 0.160 2.269 ** 0.796
Mixed price 0.419 ** 0.166 0.397 0.962

Payment modality On delivery 0.083 0.153 0.031 0.745
Deferred payments 0.131 0.153 0.650 0.633

No-choice : -1.310 *** 0.486 6.528 *** 1.601

Class share 0.723 0.277
Log likelihood -504.833
AIC 1075.667
BIC 1256.799

Control variables (reference: class 2)

Variables Coeff. P>|z| SE

age 0.018 0.032 : : :
contr_p 0.923 ** 0.454 : : :
coop_m 0.019 0.473 : : :
educ_h -2.771 ** 1.133 : : :
exp_y -0.034 0.032 : : :
size -0.001 0.000 : : :

Significance levels: *** 1% ** 5% * 10%
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controlling their activities and performances, therefore 
limiting the acceptance of this type of clauses.

Looking at clauses related to quality requirements, 
results clearly allow to confirm the fourth hypoth-
esis highlighting significant and positive preference 
for these terms in both classes, but only to a limited 
extent. It is not by chance that farmers in class 1 and 2 
prefer terms imposing the lowest possible qualitative 
threshold (of protein content) for their product (coef-
ficients are respectively +0.290 and +1.366) vis à vis the 
most compelling one (that is, protein more than 14.5%). 
These results are fully in line with previous indications 
highlighting that these clauses are accepted by farmers 
because deemed able to reduce source of behavioural 
and technological uncertainty for farmers, since buyers’ 
requirement are known in advance. However, as expect-
ed, farmers tend to opt for less stringent clauses con-
firming previous indication from Blandon et al. (2010), 
Oliveira et al., 2021). 

When clauses related to price formula are consid-
ered, farmers’ preference reveal a strong and significant 
interest in both classes for clauses offering fixed instead 
of market price. Taking into account this latter option 
as reference level, in class 2 there is a stronger interest 
for a guaranteed minimum price than in class 1 (coef-
ficients are respectively +2.269 and +0.680). Moreover, 
in class 1 durum wheat producers are also significant-
ly attracted by mixed price (+0.419) compared to the 
base level. That said, empirical evidence corroborates 
the fifth research hypothesis in accordance with previ-
ous empirical studies which highlighted that, all other 
things being equal, farmers prefer a fixed price option 
over a variable one (Miyata et al., 2009). Price stability 
is therefore confirmed to be a major driver of partici-
pating in contracts, since it can shield farmers against 
the volatility which has largely affected cereals since the 
mid-2000s due to the several circumstances (Maertens 
and Vande Velde, 2017; Santeramo e Lamonaca, 2019). 
However, contradicting the common credence that 
farmers are risk averse, Wang et al. (2011) also showed 
that based on their characteristics, farmers may have 
different risk preferences and entrepreneurial attitude, 
so that a mixed pricing strategy based on certain per-
formance criteria can be sometime preferred to a mini-
mum guaranteed price.

Very interestingly, farmers reveal no significant pref-
erence to any type of payment modality compared to the 
reference level (fractioned monthly payment). Therefore, 
they make no distinction between payment on delivery 
and other solutions establishing payments in instalments 
or delayed. So, the sixth hypothesis must be rejected, in 
line with the work of Oliveira et al. (2021), but against 

earlier evidence revealing negative preference for delayed 
payment (Cai and Ma, 2015).

Lastly, results reveal that only a few control vari-
ables can explain differences among the two groups of 
respondents and their preferences towards contractual 
terms. In line with previous works, they refer to previ-
ous use of contracts and the level of education. On the 
one hand, earlier experiences with production con-
tracts make farmers more likely to belong to class 1, so 
more confident and relying on production contracts, as 
already demonstrated by Van den Broeck et al. (2017). 
On the other hand, higher level of education (i.e., high 
school diploma or higher qualification) increase the like-
lihood of going into class 2, with a significant but nega-
tive effect on contract participation in contrast with 
Widadie et al. (2020) but perfectly in line with findings 
of Ren et al. (2021) and Miyata et al. (2009).

6. CONCLUSIONS

Implementing innovative and effective governance 
mechanisms along the agri-food supply chain is of key 
importance in a scenario of ecological transition, so as 
to better coordinate actions of a multitude of economic 
actors in an uncertain context. Adopting the concep-
tual lens of the Transaction Cost Economics, the pre-
sent work contributed to the burgeoning literature in 
this field, investigating whether and how production 
contracts may play a key role in fostering a better align-
ment of individual interests with broader collective goals 
and strategies, integrating also social and environmen-
tal dimensions. Focusing on a highly strategic agri-food 
production in the Italian context, such as durum wheat, 
we conducted a discrete choice experiment to analyse 
farmers’ preferences for a selected and relevant number 
of contractual terms, which differently affect source of 
production and transaction costs. Moreover, applying a 
latent class analysis we also detected the role played by 
some individual characteristics questioning the homoge-
neity of these preferences.

Findings indicated that the path towards the use of 
contracts able to match both private and public goals is 
still long for at least two reasons. First, farmers show a 
strong interest for clauses protecting against market and 
behavioural uncertainty (fixed price and shared rules 
of production) but are still hesitant in joining compel-
ling quality and environmental requirements if not 
properly incentivized or supported. Moreover, techni-
cal support provided by the buyer is sometimes seen 
as a form of control and therefore unwelcome. Second, 
results are not homogenous across respondents, reveal-
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ing that there is need to better take into account the 
heterogeneity of preferences, overcoming one-size fits all 
approach to contract design and implementation. To this 
regard, attention must be paid to the fact that respond-
ents sometimes preferred to not make a choice. This fact 
signals the existence of a not negligible share of farmers 
who have different opinions and preferences from other 
producers as well as different expectations and needs 
which shall be somehow addressed by stakeholders.

As a consequence, interesting policy and manage-
rial implications follow. In line with the approach of this 
paper, the importance of implementing an evidence-
based and more participatory approach to contract 
design, negotiation and adoption is noteworthy. Such 
an action could allow to better tailor contractual terms 
on producers’ characteristics and to reduce their suspi-
cion over such a governance solution, which is often seen 
as a subtle form of exploitation promoted by buyers to 
reduce their decisional autonomy over land. Empirical 
evidence also reveals that another key and central point 
in a context of ecological transition is to identify and 
define types of (monetary or non-monetary) incentives 
to promote the adoption of terms related to sustainable 
cultivation practices and the adoption of environmental 
certification. 

Even if they still play a limited role in the Italian 
cereal sector, cooperatives, Producers’ Organizations, 
and Interbranch Organizations can also play a decisive 
role along this path, reducing transaction costs related 
to the negotiation and the enforcement of production. 
Lastly, technical support provided by contract should be 
better promoted across durum wheat producers, high-
lighting the strategic role of knowledge and innovation 
transfer for improving both quality and sustainability of 
production.

All that said, it must be also considered that this 
work has some limitation. First, since results were 
based on a purposive and biased sample of a few hun-
dred durum wheat producers they cannot be general-
ized, if not with some caution. In this regard, investi-
gating farmers’ preferences for contractual terms in a 
given period of time for a specific production in a cer-
tain context at least allowed to reduce potential sources 
of exogenous heterogeneity. Moreover, another caveat is 
related to the fact that the empirical analysis relied on a 
discrete choice model approach, so on stated rather than 
on observed preferences. Lastly, experimental design 
imposed to select only a limited number of contractual 
terms to be analysed, leaving room for future research in 
this area to evaluate further and different clauses.
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APPENDIX A

Table A. Characteristics of the sampled durum wheat producers 
and their farms (n=190).

Variable 
name Variable description Mean sd Min Max

age years of the farmers (n.) 47.24 13.70 18 85

contr_p use of production contract 
(y/n) 0.62 0.48 0 1

coop_m member of a cooperative 
(y/n) 0.40 0.49 0 1

educ_h high school or higher 
qualification (y/n) 0.83 0.36 0 1

exp_y years of experience as 
farmers (n.) 26.84 14.01 2 60

size hectares of farming areas (n.) 164.87 399.82 2.56 3680
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Abstract. The consumption of whole grains has several health benefits, however, most 
US consumers – including young adults – do not meet the recommended consump-
tion intake. To understand the underlying factors affecting the intention and consump-
tion of whole grain pasta, a survey based on the Theory of Planned Behavior (TPB) was 
developed and administered to US college students. For four weeks, participants (n = 
325) either did not receive any information (control) or received weekly messages on the 
health benefits of whole grain pasta (e.g., high fiber and niacin contents) in the forms of 
gain- (treatment 1) or loss-framed (treatment 2) information. Variables of the TPB mod-
el and consumers’ perceptions were investigated both at Time 1, when the first message 
was received (week 0), and at Time 2, one month after the intervention (week 4). Results 
from the two moments were compared. We found that the TPB measures and perceived 
usefulness were not influenced by the treatment group; however, the gain-framed mes-
sage engendered greater message engagement than the loss-framed one. Finally, results 
from the structural equation model showed that attitude, subjective norms, and per-
ceived behavioral control were positively associated with the intention to consume whole 
grain pasta, and the intention was a strong determinant of participants’ behavior. Based 
on our results, implications and suggestions for future studies are discussed.  

Keywords: dietary fiber, message framing, gain-framed, loss-framed, message engage-
ment.

JEL Codes: I12, D91, D83.

1. INTRODUCTION

Substantial socio-environmental changes from adolescence to college can 
be challenging for many young adults (Christoph, Ellison, & Meador, 2016). 
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In a situation in which young adults are now faced 
with making their own dietary choices, this transition 
is often associated with unhealthy eating habits (Quick, 
Wall, Larson, Haines, & Neumark-Sztainer, 2013; Stok, 
Renner, Clarys, & Deliens, 2018), which can contribute 
to overweight and obesity and other diet-related dis-
eases (Kann et al., 2018; World Health Organization, 
2014). Therefore, campus dining programs are working 
to change the perception of nutrition and healthy eat-
ing within their food eateries (Franchini, Biasini, Rosi, 
& Scazzina, 2023).  From new and innovative design 
strategies and different approaches to healthy menus 
to the inclusion of more produce, many campus dining 
programs have tested and used health principles and 
guidelines to nudge customers’ decisions (Andreani, 
Sogari, Wongprawmas, Menozzi, & Mora, 2023). One 
example comes from the US-based Menus of Change 
program. Menus of Change, founded in 2012 by the CIA 
and Harvard School of Public Health, is an initiative to 
achieve healthy and sustainable menus, with the tagline 
“The Business of Healthy, Sustainable, and Delicious 
Food Choices”. Menus of Change University Research 
Collaborative (MCURC) was established with working 
groups of scholars and campus dining leaders interested 
in using college and university dining as a platform to 
establish and accelerate efforts to move campus diners 
towards healthy menus. 

Healthy eating habits should include high consump-
tion of food considered to be healthy, such as fruit, veg-
etables, and other high-fiber options, such as whole 
grains 1 and legumes (U.S. Department of Health and 
Human Services and U.S. Department of Agriculture & 
US Department of Agriculture, 2015). Among healthy 
food choices, whole grain intake is a pivotal aspect to be 
considered in weight management and overall health of 
young adulthood, which helps in overweight and obesity 
prevention (Quick et al., 2013).  

Grains, including whole grains, are staple foods in 
many countries of the world (European Commission, 
2019) and can be consumed as single foods (e.g., rice, 
oatmeal), or included as an ingredient in many food 
products (e.g., breads, cereals, crackers, and pasta) (U.S. 
Department of Health and Human Services and U.S. 
Department of Agriculture & US Department of Agri-
culture, 2015). Evidence showed that higher consump-
tion of whole grains and dietary fiber is inversely asso-

1 “Grains and grain products made from the entire grain seed, usually 
called the kernel, which consists of the bran, germ, and endosperm. If 
the kernel has been cracked, crushed, or flaked, it must retain the same 
relative proportions of bran, germ, and endosperm as the original grain 
in order to be called whole grain. Many, but not all, whole grains are 
also sources of dietary fiber.” (U.S. Department of Health and Human 
Services and U.S. Department of Agriculture, 2015, pag. 96).

ciated with the risk of obesity and weight gain (Maki 
et al., 2019; Slavin, 2005), type 2 diabetes mellitus and 
cardiovascular disease (Ye, Chacko, Chou, Kugizaki, & 
Liu, 2012). Because of the health benefits linked to die-
tary fiber (see Jones & Engleson, 2010 for a more com-
prehensive review), governmental institutions and nutri-
tional experts have developed nutrition education and 
health promotion campaigns to recommend the inclu-
sion of whole grains in the diet (Jones & Engleson, 2010; 
Marquart, Wiemer, Jones, & Jacob, 2003; Shepherd et 
al., 2012). For instance, the 2015–2020 Dietary Guide-
lines for Americans suggests that a healthy eating pat-
tern should include grains, at least half of which should 
be from whole grains (U.S. Department of Health and 
Human Services and U.S. Department of Agriculture & 
US Department of Agriculture, 2015).

Previous reserach (e.g., Wongprawmas et al., 2021) 
indicates that the availability of whole grain options at 
comparable prices to conventional ones could be ben-
eficial for students since it may mitigate consumption 
barriers such as availability and price (Meynier, Chan-
son-Rollé, & Riou, 2020). Moreover, another barrier to 
consuming whole grain products is consumers’ negative 
perceptions of their sensory attributes (i.e., taste and tex-
ture) (Bisanz & Krogstrand, 2007; Dammann, Hauge, 
Rosen, Schroeder, & Marquart, 2013).

Despite the relevance whole grains have in a healthy 
diet, limited research (Ugunesh, Siau, Mohd Sanip, & 
Koo, 2023; Weingarten & Hartmann, 2023) has investi-
gated the links between consumer attitudes, intention, 
and behavior to consume whole grain foods, especially 
among young adults. Therefore, we tested the Theory 
of Planned Behavior (TPB) (Ajzen, 1991) – which is an 
expectancy-value model of behavior change – to meas-
ure the variables influencing the consumption of whole 
grain pasta. The TPB model postulates that behavioral 
intention is the central determinant of behavior. Pre-
vious systematic reviews have demonstrated that the 
TPB and similar psycho-social theories (e.g. the Theory 
of Reasoned Action, TRA) can serve as reliable tools 
for predicting sustainable (e.g., Biasini et al., 2021) and 
health-promoting behaviours (e.g., McEachan, Conner, 
Taylor, & Lawton, 2011), including healthy eating behav-
iours (e.g., McDermott et al., 2015). These reviews have 
shown that, in general, attitude towards the behaviour is 
the most significant predictor of intention, and intention 
is the most significant predictor of behaviour (McDer-
mott et al., 2015; Biasini et al., 2021). Biasini et al. (2021) 
observed a wide range of explained variance in inten-
tion (7–87%) and/or behaviour (3–81%) across different 
applied models and study designs. As suggested by these 
authors, longitudinal studies can provide a prospective 
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prediction analysing the causal relationship between 
dependent and independent variables, which would be 
otherwise precluded in cross-sectional investigations 
(McEachan et al., 2011; Biasini et al., 2021).

Based on these considerations, first, the model 
we tested hypothesizes that the intention to include 
whole grain pasta in the diet is influenced by the atti-
tude (a person’s favorable or unfavorable evaluation of 
the behavior), the subjective norms (what other people 
think one should do), and the perceived behavioral con-
trol (the perceived ease or difficulty of performing the 
behavior). Second, we hypothesized that the prospective 
behavior (actually eating whole grain pasta), measured 
after four weeks (Time 2), is determined by the inten-
tion and perceived behavioral control. Figure 1 shows 
the theoretical framework. In addition, past studies sug-
gest that whole grain food consumption could be pro-
moted by using positive information about its health 
benefits presented at the point of consumption. One 
study by Sogari et al. (2019) found that a psychologi-
cal health benefit (i.e., vitamin benefits reduce fatigue) 
related to whole grain foods significantly increased 
the number of individuals preferring whole grain vs. 
regular pasta. Another study by Weingarten and Hart-
mann (2023) showed that repeated exposure to positive 
information about the health benefits of whole grain 
increased attitudes and led to higher intentions to con-
sume such products. Therefore, the use of health claims 
and messages to encourage the consumption of whole 
grain pasta over regular pasta is one communication 
strategy that could support the shift toward a healthy 
eating pattern. Based on this evidence, it is relevant 
to understand the effectiveness of different communi-
cation strategies on the attitude towards whole grain 
options in terms of the framing effect, i.e. decisions are 
influenced by the way the outcomes are presented (Dol-
gopolova, Li, Pirhonen, & Roosen, 2022). Meta-analysis 
results have recently indicated that product attributes 
framed as gains have a higher effect on attitudes and 
intentions than product attributes framed as losses 
(Dolgopolova et al., 2022). Other researches have indi-
cated that encouraging positive behaviors by evoking 
loss aversion is not necessarily a guiding principle when 
it comes to health benefits (e.g., Gallagher & Upde-
graff, 2012). Dolgopolova et al. (2022) have suggested 
that loss-framed messages are mainly effective when it 
comes to decisions involving significant risk, and that 
food choices are not associated with an immediate 
high level of risk. Thus, a secondary aim of our study 
is to understand whether providing information on the 
health benefits of whole grains, under two different 
framing conditions (gain vs. loss-framed), would influ-

ence the TPB measures as well as other variables (e.g., 
perceived usefulness of eating whole grain pasta).

2. METHODS

2.1. Data Collection and the Sample

Data collection was carried out across several dining 
halls at Cornell University, Ithaca, NY, US in spring 2019. 
An online questionnaire was distributed using the Qual-
trics LLC platform (Provo, US), and included attitudinal 
and motivational items derived from the TPB framework, 
as well as questions on overall eating habits. Some sur-
vey sections, including the message frames, were revised 
to improve the clarity of their meaning and reduce the 
total survey length to approximately 12 minutes. The 
entire survey was pre-tested with 50 students and Fac-
ulty staff members. The data collection took place dur-
ing dinner time in front of the pasta station in a dining 
setting (Time 1). A final sample of 499 college students 
(female 53.6%, mean age 18.8y), all pasta consumers, par-
ticipated in this study. Participants mostly had a healthy 
weight range (Body Mass Index between 18.5 and 24.9), 
were mainly omnivores with a slightly high proportion 
of flexitarian and vegan or vegetarian, and only 10% had 
dietary or healthy restrictions. Table 1 shows the full set 
of socio-demographics of the participants. 

One month after Time 1 (Time 2), a follow-up ques-
tionnaire was sent via email to all the participants in 
order to evaluate whether any changes in their attitudi-
nal variables occurred and to assess the reported con-
sumption behavior of eating whole grain pasta over the 
last month. Most of the participants returned the elec-
tronic questionnaire on the day they received it, and few 
of them completed it in the following days. A final sam-
ple of 325 respondents returned the questionnaire. The 
full survey flow (Time 1 and Time 2) is shown in Fig-
ure A1 in the Appendix. The two surveys at the two time 

Figure 1. Theoretical framework of the Theory of Planned Behavior 
(TPB) in Time 1 (main survey in week 0) and Time 2 (follow-up 
survey after 4 weeks).
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points were linked through the student ID number. Fol-
lowing the completion of the study, participants received 
a monetary compensation of $5. The study was approved 
by the Institutional Review Board (IRB) of the Office of 
Research Integrity and Assurance of Cornell University 
(Protocol Number: 1810008359).

2.2. Measures 

The main survey (Time 1) consisted of three sec-
tions. The first section included the message or framing 
treatment (control, gain-framed, and loss-framed mes-
sages) – details are reported in section 2.3. In the two 
treatment groups, the participants were asked to care-
fully read the information provided. The second section 
was structured to measure the various components of 
the TPB (Ajzen, 1991) and other factors in relation to the 
participant’s behavior of including whole grain pasta in 
the diet over the next month (for details see Table A1). 
The TPB survey items and the health claims were based 
on a review of the existing literature (Fishbein & Ajzen, 
2011) followed by a revision by two nutrition experts as 
well as three experts in social sciences. Finally, the third 
section of the survey included socio-demographic data 
(i.e., participants’ age, gender, and Body Mass Index2), 
self-perception of overall health, physical exercise, eating 
behavior, and dietary/healthy restrictions.

For the TPB section, all measures were assessed 
using a 7-point scale, from strongly disagree (1) to 
strongly agree (7). Two items measured the Perceived 
Behavioral Control (PBC), which is related to the con-
trol of performing the behavior. Three items assessed 
the Subjective Norms (SN), which is an individual’s per-
ception of social pressure on the way a person should 
or should not demonstrate a specific behavior. Attitude 
towards the behavior (ATT), which represent the degree 
of a favorable or unfavorable evaluation of a specific 
behavior, was based on two items about the likelihood 
that consuming whole grain pasta would result in per-
sonal beliefs (i.e., tasty, easy). Behavioral Intention 
(INT) is the willingness of an individual to perform a 
specific behavior and it was measured using three items.

The factors of the TPB model have prior determi-
nants: ATT is guided by behavioral beliefs about the 
likely consequences of performing the behavior, SN 
is driven by the normative beliefs about the opinions/
expectations of important others, and PBC is influenced 

2 The body mass index, abbreviated as BMI, is a measure of a person’s 
weight relative to height that correlates well with body fat (Eurostat, 
2017). A person is considered underweight if they have a BMI below 
18.5, normal weight between 18.5-24.9, and overweight if they have a 
BMI greater than or equal to 25.

by the control beliefs about barriers and facilitators to 
perform that behavior (Fishbein & Ajzen, 2011). All 
these beliefs (n=12) were measured using a 7-point Lik-
ert scale from strongly disagree (1) to strongly agree (7). 

In addition, we asked about the perceived usefulness 
of whole grain pasta, which measured subjects’ percep-
tions of performance and effectiveness gains from eating 
whole grain pasta (e.g., stay in shape, improve work per-
formance) by using three 7-point Likert scaled items.

Two factors were also used to evaluate the quality 
of the messages provided in the two information condi-
tions. The first factor was the consumer evaluation of the 
message (Hung & Verbeke, 2019), which was based on 
five items with a 7-point Likert scale, to measure several 
characteristics of the health claim, including familiarity, 
understandability, credibility, interest, and importance. 
The second factor was the argument quality of the mes-
sage (Bhattacherjee & Sanford, 2006), which was used 
to measure whether the information provided was help-
ful, valuable, informative, and persuasive, by using four 
7-point Likert scaled items. 

Four weeks after the initial survey (Time 2), partici-
pants’ behavior was also assessed by using two measures of 
reported behavior using a 7-point scale (Fishbein & Ajzen, 
2011). In the first item, respondents were asked to indicate 
how frequently they consume whole grain pasta, on aver-
age, ranging from ‘never’ to ‘almost every day’. In the sec-
ond item, participants were asked whether they had includ-
ed whole grain pasta in their diet at least once over the 
past month. In addition, attitude, intention, and perceived 
usefulness were measured again in Time 2 using the same 
items as in Time 1. Note that all canteens on the Campus 
offer whole grain dishes daily; therefore, product availabil-
ity is not a barrier for the participants.

2.3. Intervention with health messages

At the beginning of the study, participants were ran-
domly assigned to either a no-information group (control, 
n=100) or one of the two treatment groups, namely gain-
framed (n=202) or loss-framed (n=197) messages. Stu-
dents in the gain or loss-framed treatment received four 
messages about whole grain pasta health benefits. The 
health benefits were adapted by authorized health claims.

In the US, a food-related health claim3 must be 
approved by public authorities (i.e. the Food and Drug 

3 “Health claim means any claim made on the label or in labeling of a 
food, including a dietary supplement, that expressly or by implication, 
including “third party” references, written statements (e.g., a brand 
name including a term such as “heart”), symbols (e.g., a heart symbol), 
or vignettes, characterizes the relationship of any substance to a disease 
or health-related condition.” (Food and Drug Administration, 2023). 
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Administration, FDA) and must be supported by a 
significant body of research showing the relation-
ship between the food/constituent and a health effect 
in humans. Based on this context, four specific health 
claims related to whole grains were considered (Table 
A2). Moreover, following previous works (see Deliens et 
al., 2016 for a systematic review) a media-based approach 
was used to communicate such expected healthy ben-
efits. In our study, we decided to use health claims in 
the form of messages considering both general benefits 
of whole grain foods (e.g., fibers have positive effects 
on weight management) and more specific ones (e.g., 
the relationship between fibers and gut health or bowel 
function) (EFSA Panel on Dietetic Products, Nutrition, 
and Allergies (NDA), 2010).

For the two treatment groups, we decided to convey 
identical information but differently framed in terms 
of gains or losses associated with an expected outcome 
(Dolgopolova et al., 2022). A gain-framed message might 

take the form of ‘‘If you perform the advocated action, 
desirable outcome X will be obtained’’, whereas a loss-
framed message might be “If you do not perform the 
advocated action, desirable outcome X will be avoided” 
(O’Keefe & Jensen, 2008). The rationale is that one type 
of framing may be more effective than another at pro-
moting health behavioral change (Gallagher & Upde-
graff, 2012). Participants in the treatment groups read a 
similar health message that differentiated for details of 
either the benefits of including whole grain pasta (gain-
framed), or the health dangers of not including whole 
grain pasta (loss-framed).

In addition, participants in the two treatment 
groups received four emails (one per week) that includ-
ed a different health claim message, still considering the 
same framework group (gain-framed or loss-framed) 
and were blinded to the other intervention.

Thanks to the online platform used to send out per-
sonalized emails (mailchimp.com), we were able to elec-

Table 1. Socio-demographic characteristics, lifestyle variables, and health-related factors reported for the total sample and by the groups at 
Time 1.

Variables All
Information treatments

p-value
Control Gained-frame Loss-frame

N 499 100 202 197
% 100 20.0 40.5 39.5
Age1 (mean, sd) 18.8 (1.16) 18.6 (1.13) 18.9 (1.16) 18.8 (1.17) 0.267
Gender2 0.451

Male 44.4 41.0 47.5 42.9
Female 53.6 59.0 49.5 55.1
Others or prefer not to answer 2.0 0.0 3.0 2.0

BMI1 22.9 (5.79) 22.0 (5.00) 23.1 (5.77) 23.1 (6.16) 0.267
Eating behavior2 0.357

Omnivore 80.1 79.0 83.2 77.6
Vegetarian 6.6 6.0 4.0 9.7
Vegan 3.2 3.0 3.0 3.6
Flexitarian 8.8 11.0 7.9 8.7
Others 1.2 1.0 2.0 0.5

Dietary/Healthy restrictions2 0.461
Yes 10.4 10.0 8.9 12.2
No 87.8 90.0 88.6 85.7
Prefer not to answer 1.8 0.0 2.5 2.0

Self-perception of overall health3 5.0 (4.0-6.0) 6.0 (4.2-6.0) 5.0 (4.0-6.0) 5.0 (4.0-6.0) 0.145
Physical excercise3 4.0 (3.0-5.0) 4.0 (3.0-5.0) 4.0 (3.0-5.0) 4.0 (3.0-5.0) 0.255

Note: Data are presented as the mean (SDs) for continuous variables, as number (%) for nominal variables, and as the median (IQRs) 
for categorical variables. SDs = standard deviations. IQRs = Interquartile ranges. BMI: Body Mass Index. N = 498 for age, gen-
der, eating behavior, dietary/healthy restrictions, self-perception of overall health; N=481 for BMI; and N=495 for physical exercise. 
1ANOVA. 2Pearson chi-square. 3Kruskal–Wallis Test. 
Self-perception of overall health: How healthy do you consider yourself? (from very bad = 1 to very well= 7)
Physical exercise: How often do you usually engage in physical exercise (30 minutes of exercise)? (from never = 1 to more than 3 times per 
week = 5. They can choose “I do not want to answer”).

http://mailchimp.com
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tronically assess whether the recipient opened the email 
with the health claim message. For those who did not 
open it, a reminder was sent the following day. How-
ever, we cannot be sure whether the participants actu-
ally read the text incorporated in the email. The infor-
mation sent via email was different every week to avoid 
the boredom of reading the same message and the risk 
of dropping out of the study. The messages were sent to 
participants in a random order. In this way, the subjects 
were exposed to all four types of claims (see Table A2) in 
order to have a broader knowledge of the several benefi-
cial roles of eating whole grain food. 

2.4. Data Analysis

Descriptive statistics were used to report the per-
centages, median, means, and standard deviations. One-
way ANOVA, Pearson Chi-square, and Kruskal-Wallis 
tests for independent samples were performed in order 
to determine the existence of significant differences 
between the control and treatment groups regarding the 
socio-demographic data, lifestyle variables, and health-
related factors. 

The internal consistency, validity, and reliability of 
ATT, SN, PBC, INT, and Perceived Usefulness (PU) fac-
tors were tested using Cronbach’s alpha, factor loadings 
(λ), and composite reliability (CR), respectively, and con-
sidering all participants at each time point (Time 1 and 
Time 2). Discriminant validity was tested by comparing 
the square root of the AVE of each construct with the 
inter-construct correlation (Bagozzi & Yi, 2012). Then, the 
internal consistency was assessed for each factor at each 
time point in all groups. Almost all of Cronbach’s alphas 
of each factor at each time point were above the accept-
able threshold (α > .60) (van Griethuijsen et al., 2015). 
Eleven composite variables were created by averaging the 
items within each factor (Table 2). Details of the internal 
consistency of each factor of the TPB model and other 
variables in Time 1 and Time 2 are presented in Table A3.

One-way ANOVA tests were used to analyze the 
impacts of different health claim messages as well as 
the effects of providing information under two differ-
ent framing scenarios (gain vs. loss-framed) on the TPB 
measures. 

Repeated measures ANOVA was used to examine 
the interaction of time and information treatments on 
attitude, intentions, and perceived usefulness at base-
line (week 0) and week 4. The results indicated that there 
were no different effects between the control and the 
framings nor differences among health claim messages. 

Therefore, the following Structural Equation Mod-
elling (SEM) model analysis was performed on the total 

sample without separating groups according to the 
framings. A SEM approach was used to test the theo-
retical framework presented in Figure 1. SEM allows the 
specification of a model with both latent (e.g., attitude 
towards including whole grain pasta in the diet) and 
observed variables (e.g., the questionnaire items) (Kline, 
2016). The latent variables, namely the abstract phenom-
ena that cannot be directly measured by the researcher, 
have been analyzed using confirmatory factor analy-
sis (Byrne, 2010). Confirmatory Factor Analysis (CFA), 
often referred to as the measurement model, is used 
when the researcher has some knowledge of the underly-
ing latent variable structure or wishes to evaluate a prio-
ri hypotheses driven by theory. In our case, to improve 
the overall goodness-of-fit of the model, we decided to 
apply the latent variable structure for all TPB variables 
but PBC, for which we used the observed averaged varia-
ble. The goodness-of-fit of the models was assessed using 
χ2 and their degrees of freedom (df), Tucker-Lewis Index 
(TLI), comparative fit index (CFI), root mean square 
error of approximation (RMSEA) with a 90% confidence 
interval, and the standardized root mean square residual 
(SRMR). Statistical analysis was performed using SPSS 
v.28.0 and AMOS v.27.0 statistical software (IBM Corpo-
ration, Armonk, NY, USA).

3. RESULTS

3.1. Descriptive statistics

Table 2 shows the descriptive statistics of the latent 
and observable variables: the factor loadings of the vari-
ables items (λ) above 0.50, CR values above 0.70, Cron-
bach’s α above 0.70 with the only exception of PBC 
(0.62), and AVE values above 0.50 show strong reliabil-
ity, and convergent validity of all factors in the meas-
urement model. The results demonstrate a moderately 
positive consumer attitude toward including whole grain 
pasta in their diet (mean score: 4.75). Nevertheless, sub-
jective norms did not show to greatly influence consum-
ers (3.57) whereas they reported relatively strong control 
over the behavior (5.49). Again, consumers exhibited 
a moderately positive intention to include whole grain 
pasta in their diet (4.23). In general, participants report-
ed consuming whole grain pasta occasionally (4.63).

As shown in Table 3, the squared root of the AVE 
of each construct was greater than the Spearman’s rank-
order correlation (ρ) between the constructs, which also 
indicates the discriminant validity of the model. 

We also tested the effects of information (gain vs. 
loss-framed) on the TPB constructs and other variables 
in Time 1 and Time 2 (see details in Appendix Table 
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A3). No significant differences between control, gain- 
and loss-framed groups were found for the TPB meas-
ures and PU, neither in Time 1 nor Time 2. Regarding 
how participants evaluate the type of message and the 
quality of the argument, significant differences were 
found between the gain- and loss-framed condition. The 
gain-framed message was found to slightly but signifi-
cantly engender greater message engagement in terms of 
overall evaluation (M= 4.86) and quality of the message 
(M=4.77) than the loss-framed message (overall evalua-

tion: M=4.16, and quality of the message: M = 3.96). 
Interestingly, the results of repeated measures ANO-

VA (Table 4) suggested that time (Time 1 vs. Time 2) had 
a positive impact on perceived usefulness (p < 0.001), 
intention (p < 0.001) and attitude (p = 0.006). Neverthe-
less, there was no significant effect of the interaction of 
time and treatments (framing) for perceived useful-
ness (Wilks lambda = 0.99, F =2.41, p = 0.092), intention 
(Wilks lambda = 0.99, F =1.10, p = 0.334) and attitude 
(Wilks lambda = 0.99, F =0.42, p = 0.659). The explana-
tion for this finding could be that the request to fill out a 
follow-up questionnaire in the control group might have 
positively affected the perceived usefulness of and inten-
tion to consume whole grain pasta in Time 2.

3.2. Effect of beliefs

The correlations (ρ) between behavioral, normative, 
and control beliefs with their relative constructs (atti-
tudes, subjective norms, and PBC, respectively), inten-
tion to eat whole grain pasta over the next month, and 
behavior are reported in Table 5.

Intermediate correlation levels (ρ = 0.40–0.70) are 
reported for the association of normative beliefs with 
subjective norms and behavioral beliefs with attitude to 

Table 2. Mean values (standard deviation, SD) of single items and TPB constructs, factor loadings (λ), composite reliability (CR), average 
variance extracted (AVE) and Cronbach’s α of the total sample (N=499) and follow-up (N=325). 

N Mean (SD) λ CR AVE α

Time 1
Attitude (Including whole grain pasta in my diet over the next month will be) 499 4.75 (1.48) 0.74 0.59 0.70
Difficult/Easy 499 4.98 (1.67) 0.59
Not tasty/Tasty 499 4.51 (1.72) 0.92
Subjective norm 499 3.57 (1.41) 0.92 0.79 0.90
Most people who are important to me think that I should include whole grain pasta in my 
diet over the next month 499 3.69 (1.54) 0.95
Most people who influence my decisions think that I should include whole grain pasta in my 
diet over the next month 499 3.61 (1.45) 0.93
It is expected that I should include whole grain pasta in my diet over the next month 499 3.41 (1.65) 0.78
Perceived behavioral control 499 5.49 (1.13) 0.84 0.72 0.62
I believe that including whole grain pasta in my diet over the next month is possible 499 5.43 (1.33) 0.85
The decision to include whole grain pasta in my diet over the next month will be only up to me 499 5.56 (1.34) 0.85
Intention 499 4.23 (1.55) 0.91 0.77 0.91
I intend to include whole grain pasta in my diet over the next month 499 4.40 (1.64) 0.89
I will try in anyway to include whole grain pasta in my diet over the next month 499 4.25 (1.68) 0.84
I will definitely include whole grain pasta in my diet over the next month 499 4.03 (1.74) 0.89

Follow Up (Time 2) 
Behavior 325 4.63 (1.71) 0.77 0.62 0.76
In the past month, how often have you included a meal with whole grain pasta in your diet? 325 3.84 (1.70) 0.83
I have included whole grain pasta in my diet at least once in the past month 325 5.42 (2.10) 0.75

Table 3. Spearman’s rank-order correlations (ρ) between the TPB 
constructs including the squared root of the AVE of each construct 
(reported in bold).

ATT SN PBC INT BEH

ATT 0.77 0.22*** 0.30*** 0.45*** 0.32***
SN 0.89 n.s. 0.58*** 0.31***
PBC 0.85 0.25*** 0.16**
INT 0.88 0.55***
BEH 0.79

Note: ATT = attitudes; SN = subjective norms; PBC = perceived 
behavioral control; INT = Intentions; BEH = behavior; *** indicates 
significance at p<0.001, ** significant at p<0.01, ns=not significant
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eating whole grain pasta (ρ = 0.40). In particular, par-
ents’ and friends’/partners’ opinions are the two norma-
tive beliefs that primarily affect subjective norms and 
intention. Regarding behavioral beliefs, the two most rel-
evant beliefs associated with eating whole grain pasta are 
a long-term investment for the individual and less diet-
related diseases. Control beliefs are negatively associated 
with PBC, in particular, for the higher costs of whole 
grain pasta and the perceived lack of availability in the 
dining halls. These represent the main barriers that 
decrease the perceived ability of respondents to perform 
the behavior. Finally, the link between control beliefs 
and intention has positive values, although it is almost 
non-significant.

The effect of the beliefs on behavior is less relevant 
(ρ ≤ 0.30) and significant only for normative and behav-
ioral beliefs.

3.3. Structural equation model results

The results of the SEM analysis with standardized 
path coefficients and R2 are reported in Figure 2, while 
the unstandardized coefficients and standard errors are 
reported in Table A4. The SEM analysis was performed 
on the entire sample because framing had no effect on 
the TPB measures. The results show that there is a satis-
factory fit between the hypothesized model and the data 
(χ2 (df) = 112.61 (37); CFI = 0.975; TLI = 0.955; RMSEA 
(90% C.I.) = 0.064 (0.051–0.078)). Overall, the TPB mod-
el explains 53.2% of the variance for the intention to 
consume whole grain pasta over the next month (meas-
ured in Time 1), and 44.5% of the variance in the self-
reported behavior measured in Time 2. Attitude, subjec-
tive norms, and perceived behavioral control are signifi-
cant predictors of the intention to consume whole grain 
pasta over the coming month. Specifically, subjective 
norms (β = 0.50, p < 0.001) and attitude (β = 0.36, p < 
0.001) have a greater influence on the intention than the 
PBC (β = 0.16, p < 0.001). The intention is also a strong 
determinant of the behavior to consume whole grain 
pasta (β = 0.68, p < 0.001), measured after four weeks 
(self-reported behavior).

4. DISCUSSION AND CONCLUSIONS

Understanding how the behavior towards the inclu-
sion of whole grain products is formed becomes a cru-
cial stage to develop efficient healthy food choice strate-
gies. In our study, the TPB model provides a significant 
explanation for the variance of the intention to consume 
whole grain pasta over the next month (R2=0.53), as well 
as the (self-reported) prospective behavior (R2=0.45). 
Thus, our results of the TPB model show that when 
individuals have strong attitudes, subjective norms, and 
perceived behavioral control toward eating whole grain 
pasta, their intention to eat this product increases, and 
this higher motivation would be strongly associated with 

Table 4. Results of repeated measures ANOVA.

Variables

Times

Wilks lambda F Partial eta 
squared p-valueTime 1 Time 2

M SD M SD

ATT (N = 325) 5.20 1.46 5.52 1.34 0.95 7.73 0.05 0.006
PU (N = 325) 4.35 1.10 4.84 1.12 0.86 51.99 0.14 <0.001
INT (N = 325) 4.18 1.55 4.41 1.49 0.96 13.70 0.04 <0.001

Note: ATT = Attitude; PU = Perceived usefulness; INT = Intentions; M = Means; SD = Standard Deviation.

Table 5. Spearman’s rank order correlations (ρ) between beliefs and 
their respective direct measure (attitude, subjective norm, and per-
ceived behavioral control – PBC), intention, and behavior.

Beliefs ρ Sig. ρ Sig. ρ Sig.

Control beliefs PBC Intention Behavior
ConBel1 0.11 ** 0.11 ** 0.03 ns
ConBel2 -0.28 *** 0.08 * -0.03 ns
ConBel3 -0.28 *** 0.20 *** 0.06 ns
ConBel4 -0.09 ** 0.08 * 0.06 ns

Behavioral beliefs Attitude Intention Behavior
BehBel1 0.40 *** 0.40 *** 0.24 ***
BehBel2 0.43 *** 0.38 *** 0.18 **
BehBel3 0.45 *** 0.42 *** 0.22 ***

Normative beliefs Subjective 
norms Intention Behavior

NorBel1 0.62 *** 0.41 *** 0.14 **
NorBel2 0.66 *** 0.41 *** 0.18 **
NorBel3 0.45 *** 0.32 *** 0.08 ns
NorBel4 0.51 *** 0.35 *** 0.09 *
NorBel5 0.54 *** 0.33 *** 0.17 **
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the actual behavior. Similar results were found in other 
studies with regard to healthy dieting; for instance, in 
studies conducted by Hagger et al. (2006), the applied 
models explained 69% (Hagger & Chatzisarantis, 2006) 
and 56% (Hagger, Chatzisarantis, & Harris, 2006) of 
the intention, with relatively high variability in the 
explained behavior (66% and 32%, respectively). In line 
with previous studies (Biasini, Rosi, Scazzina, & Menoz-
zi, 2023; Sogari et al., 2022), the intention well predicts 
young adults’ behavior. In particular, subjective norms 
(i.e., the perceived social influence) affected the intention 
more than the attitude and PBC (Li, Long, Laubayeva, 
Cai, & Zhu, 2020). Usually, adolescents or young adults 
are more influenced by social and peers than other age 
groups, and this may explain why subjective norms have 
a stronger influence on intention in the TPB model (Bar-
beris, Gugliandolo, Costa, & Cannavò, 2022; Friedman 
et al., 2022). In our case, the effect of behaviors of other 
students in the canteen (the social context) might affect 
the participant’s motivation to comply.

Providing health messages at the point of consump-
tion could, however, steer consumer decisions and be an 
effective method of delivering strategies to increase healthy 
eating. A message can be framed either to promote the 
advantages of consuming a particular food (gain-framed) 
or to stress the negative outcomes of not consuming that 
particular food (loss-framed) (Gallagher & Updegraff, 
2012). The success of various message-framing strategies is 
usually assessed by measuring consumer behaviors, inten-
tions, or attitudes (Dolgopolova et al., 2022).

Our findings show no effect of frame condition 
on the TPB measures in Time 1. This is in line with a 

review by Gallagher & Updegraff (2012) that showed 
no significant effect of framing on attitudes and inten-
tions. Moreover, our results align with recent find-
ings by Weingarten and Hartmann (Weingarten & 
Hartmann, 2023), who found that participants did not 
change their behavior toward whole grain consumption 
directly after receiving the first messages on the health 
benefits. Ottersen et al., (2022) conducted a study with 
Norwegian consumers to test whether daily mobile 
phone text message reminders about animal welfare, 
and the environmental and health consequences of meat 
would reduce people’s meat consumption. They showed 
that meat consumption did not change. Therefore, sim-
ply reminding consumers about these issues may not 
be enough without further interventions, as eating and 
dietary habits are strongly entrenched behaviors that are 
primarily controlled by autonomic processes.

Our study is one of the few to assess the self-report-
ed prospective behavior change (after four weeks of 
intervention) as a measure of message framing persua-
siveness (Gallagher & Updegraff, 2012). As suggested by 
Meynier et al., (2020) information provision will more 
likely lead to a behavioral change if the information 
is provided on more than one occasion. For instance, 
Weingarten and Hartmann (2023) found that provid-
ing information over time about the health benefits of 
whole grain consumption contributed to increasing the 
positive attitude and behavioral intentions to consume 
such products. However, in Time 2, we found no impact 
of the informative message (health information) on 
attitude, intention, and the reported behavior of eating 
whole grain pasta. This could be also due to the weekly 

Figure 2. Results of the TPB model in Time 1 (n=499) and in Time 2 (n=325). Notes: *** indicates a significant difference at p < 0.001, n.s. 
= not significant. Goodness-of-fit statistics: χ2 (df) = 112.61 (37); CFI = 0.975; TLI = 0.955, RMSEA (90% C.I.) = 0.064 (0.051-0.078). 
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information treatment (once per week), rather than a 
more intense exposure (daily messages for 14 days, as in 
the case of Weingarten and Hartmann (2023)). Anoth-
er possible reason could be that information messages 
might have a short-lived effect on participants rather 
than other types of messages. For instance, Carfora et 
al., (2019) showed that participants exposed to emotional 
messages experienced a more enduring and long-lasting 
effect than information-type messages.

The specific characteristics of the sample (young 
adults with a healthy status) may be one reason why the 
health claim message did not have an impact in chang-
ing the perception towards whole grain. Past studies 
(e.g., Rothman & Updegraff, 2011) suggest that gain-
framed and loss-framed messages may be amplified 
when the message is of high personal relevance, which 
might not be our case. Another possible reason for the 
lack of impact from the message is that it did not spe-
cifically target consumers’ relevant beliefs (Fishbein & 
Ajzen, 2011; Weingarten & Hartmann, 2023). In our 
study, we found that the opinions of important others 
(e.g., parents, friends, and partners) were the strongest 
normative beliefs influencing the subjective norms (de 
Leeuw, Valois, Ajzen, & Schmidt, 2015); whereas the 
two most important behavioral beliefs relating to eat-
ing whole grain pasta were a personal long-term invest-
ment and the possibility of having fewer diet-related ill-
nesses. Hence, the messages and interventions should 
target changing these key beliefs in order to lead to the 
desired changes.

However, gain-framed messages were evaluated in 
terms of “Consumer evaluation” and “Argument qual-
ity” better than loss-framed ones. The positive message 
about the health consequences associated with eating 
whole grain pasta was considered to be more appropri-
ate, helpful, valuable, and persuasive. Thus, in line with 
the literature (Dolgopolova et al., 2022; Gallagher & 
Updegraff, 2012; Rothman, Bartels, Wlaschin, & Salovey, 
2006), our results confirm the higher appropriateness of 
gain-framed health messages when encouraging behavior 
with ‘little risk’ compared to loss-framed messages (more 
persuasive with a ‘significant risky’ behavior to perform). 

Several limitations of our study occur. The first 
limitation is that we collected data only from a single 
University in the US, with a limited targeted popula-
tion. Therefore, based also on the characteristics of this 
convenience sample (students enrolled in a US college), 
generalization of the findings to the broader popula-
tion may be limited. Second, this study used self-report 
measures about the behavior of eating whole grain pas-
ta which may be subject to response biases or limited 
memory. Third, although we focused our analysis on the 

individuals who actually opened the emailed messages, 
we cannot be sure whether the messages were truly read 
by the participants. Despite these limitations, we believe 
that our work will serve as a stimulus for further inves-
tigation on how to better develop communication strat-
egies for the health benefits of whole grain products. 
Future research could explore different types of mes-
sages in terms of content and formats, as well as evaluate 
the results after a longer exposure. If concentrating on 
young adults, further studies could also consider testing 
the information across multiple dining halls to evalu-
ate whether results are consistent across different cities. 
Finally, partnerships between nutrition, social scientists, 
and culinary professionals could support the develop-
ment of relevant and useful information materials about 
whole grains consumption benefits. 
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Table A1. Constructs and Items.

Codes Constructs and items

Behavioral beliefs (1 = strongly disagree; 7 = strongly agree) (time 1)
BehBel1 If I include whole grain pasta in my diet over the next month I believe I will live a better quality of life in my old age
BehBel2 If I include whole grain pasta in my diet over the next month I believe I will have made a long-term investment for myself
BehBel3 If I include whole grain pasta in my diet over the next month I believe I will have less diet-related diseases in my life

Normative beliefs (1 = strongly disagree; 7 = strongly agree) (time 1)
NorBel1 My parents think I should include whole grain pasta in my diet over the next month 
NorBel2 My friends/partner think I should include whole grain pasta in my diet over the next month 
NorBel3 Nutritionists think I should include whole grain pasta in my diet over the next month 
NorBel4 My doctor thinks I should include whole grain pasta in my diet over the next month 
NorBel5 Chefs think I should include whole grain pasta in my diet over the next month 

Control beliefs (1 = strongly disagree; 7 = strongly agree) (time 1)

ConBel1
The limited advertising from the dining halls/restaurants I usually go does not encourage me to include whole grain pasta in 
my diet over the next month 

ConBel2 The higher costs of whole grain pasta stops me from including this product in my diet over the next month 

ConBel3
The lack of availability in the dining halls I usually go stops me from including whole grain pasta in my diet over the next 
month 

ConBel4
The limited information from public authorities about whole grain benefits does not encourage me to include whole grain 
pasta in my diet over the next month

Attitude towards the behavior (time 1 and time 2)
For me, including whole grain pasta in my diet over the next month (7-point scale)

ATT1 Difficult - Easy
ATT2 Not tasty - Tasty

Subjective norm (1 = strongly disagree; 7 = strongly agree) (time 1)
SN1 Most people who are important to me think that I should include whole grain pasta in my diet over the next month 
SN2 Most people who influence my decisions think that I should include whole grain pasta in my diet over the next month 
SN3 It is expected that I should include whole grain pasta in my diet over the next month 

Perceived behavioral control (1 = strongly disagree; 7 = strongly agree) (time 1)
PBC1 I believe that including whole grain pasta in my diet over the next month is possible
PBC2 The decision to include whole grain pasta in my diet over the next month will be only up to me 

Behavioral Intention (1 = strongly disagree; 7 = strongly agree) (time 1 and time 2)
INT1 I intend to include whole grain pasta in my diet over the next month 
INT2 I will try in anyway to include whole grain pasta in my diet over the next month 
INT3 I will definitely include whole grain pasta in my diet over the next month 

Behavior (after one month) (7-point scale) (time 2)
Beh1 In the past month, how often have you included a meal with whole grain pasta in your diet? Never - Almost always
Beh2 I have included whole grain pasta in my diet at least once in the past month. False-True

Consumer evaluation of the claim (1 = strongly disagree; 7 = strongly agree) (time 1)
ConsEval1 I am familiar with the health claim I just read
ConsEval2 I understand this health claim
ConsEval3 This health claim is credible
ConsEval4 This health claim is interesting
ConsEval5 This health claim is important

Argument quality (1 = strongly disagree; 7 = strongly agree) (time 1)
ArgQua1 The information provided about whole grain pasta is informative
ArgQua2 The information provided about whole grain pasta is helpful
ArgQua3 The information provided about whole grain pasta is valuable
ArgQua4 The information provided about whole grain pasta is persuasive

(Continued)
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Codes Constructs and items

Perceived Usefulness (1 = strongly disagree; 7 = strongly agree) (time 1 and time 2)
PercUse1 Including whole grain pasta in my diet will help me to stay in shape (e.g., maintaining my body weight).

PercUse2
Including whole grain pasta in my diet will improve my work performance (e.g., make my working/studying life more 
productive).

PercUse3 Including whole grain pasta in my diet will make my diet more balanced and healthy (e.g., right amount of fiber intake).

Table A2. In italic the messages shown to participants.

Message Health benefits of eating whole grain Gain framed message (Gfm) Loss-framed message (Lfm) 

1 Better chance of success in maintaining 
your body weight (BW)

If you include whole grain pasta in your diet, 
you might have a better chance of success in 
maintaining your body weight.

If you do not include whole grain pasta 
in your diet, you might not have a better 
chance of success in maintaining your body 
weight.

2 Its fiber content will contribute to your 
normal bowel function (BF)

If you include whole grain pasta in your 
diet, its fiber content will contribute to your 
normal bowel function.

If you do not include whole grain pasta in 
your diet, a lack of fiber content will not 
contribute to normal bowel function. 

3
Niacin content (vitamin B3) will contribute 
to the reduction of tiredness and fatigue 
(T&F)

If you include whole grain pasta in your 
diet, its niacin content (vitamin B3) will 
contribute to the reduction of tiredness and 
fatigue. 

If you do not include whole grain pasta in 
your diet, a lack of niacin (Vitamin B3) will 
not contribute to the reduction of tiredness 
and fatigue. 

4 Its fiber content will promote your healthy 
gut (HG)

If you include whole grain pasta in your 
diet, its fiber content will promote your 
healthy gut.

If you do not include whole grain pasta in 
your diet, a lack of fiber content will not 
promote your gut health. 

Four different types of health messages were developed, based on the latest scientific opinion on the substantiation of health claims related 
to (1) whole grain (EFSA Panel on Dietetic Products, Nutrition and Allergies (NDA), 2010), (2) wheat bran fibre and increase in faecal bulk 
(EFSA Panel on Dietetic Products, Nutrition and Allergies (NDA), 2010a), and (3) niacin and reduction of tiredness and fatigue (EFSA 
Panel on Dietetic Products, Nutrition and Allergies (NDA), 2010a).

Table A3. Internal consistency of TPB constructs and other variables in Time 1 and Time 2.

Variable N. of 
Items

Control Gain Frame Loss Frame
p-value 

a
N Cronbach’s 

alpha M SD N Cronbach’s 
alpha M SD N Cronbach’s 

alpha M SD

Time 1 ATT 2 100 0.628 4.750 1.319 202 0.717 4.849 1.566 197 0.702 4.655 1.473 0.426
Time 2 ATT 2 77 0.598 4.773 1.344 134 0.748 4.787 1.516 114 0.756 4.956 1.351 0.572
Time 1 PU 3 100 0.762 4.443 1.062 202 0.825 4.315 1.141 197 0.847 4.201 1.221 0.225
Time 2 PU 3 77 0.837 4.714 1.016 134 0.861 4.925 1.157 114 0.824 4.818 1.140 0.408
Time 1 SN 3 100 0.857 3.443 1.311 202 0.905 3.705 1.370 197 0.897 3.504 1.497 0.216
Time 1 PBC 2 100 0.559 5.505 1.067 202 0.616 5.505 1.116 197 0.643 5.472 1.185 0.951
Time 1 INT 3 100 0.902 4.120 1.496 202 0.918 4.297 1.611 197 0.897 4.191 1.517 0.613
Time 2 INT 3 77 0.933 4.416 1.369 134 0.931 4.368 1.572 114 0.907 4.450 1.479 0.910
Time 2 Bahavior 2 77 0.732 4.727 1.572 134 0.760 4.493 1.746 114 0.768 4.676 1.803 0.566
Time 1 ConsEval 5 - - - - 202 0.622 4.857 0.886 197 0.742 4.154 1.127 <0.001
Time 1 ArgQua 4 - - - - 202 0.859 4.774 1.132 197 0.908 3.956 1.415 <0.001

Note: TPB = Theory of Planned Behavior; ATT = Attitude; PU = Perceived usefulness; SN = Subjective Norms; PBC = Perceived Behavioral 
Control; INT = Intention; ConsEval = Consumer evaluation of the claim; ArgQua = Argument Quality. M = Means; SD = Standard Devia-
tion. a Comparison between groups using ANOVA tests.

Table A1. (Continued).
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Table A4. TPB Model: unstandardized beta coefficients, standard 
errors (S.E.), p-values, in Time 1 (n=499) and in Time 2 (n=325). 

Predictors

Path coefficients

Beta S.E. p

Predictors of Behavioral Intention (in Time 1)
ATT 0.565 0.076 <0.001
PBC 0.220 0.051 <0.001
SN 0.604 0.055 <0.001

Predictors of Behavior (in Time 2)
INT 0.612 0.057 <0.001
PBC 0.077 0.067 0.250

Note: ATT: attitude towards the behavior; SN: subjective norms; 
PBC: perceived behavioral control; INT: behavioral intention.
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