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Chapter 1

General introduction



Chapter 1

1.1 Problem Statement

Agri-food systems must be transformed to provide enough quantity of healthy
food for everyone in a sustainable way while dealing with the dynamics of (local
and global) economies and the environment. Transforming these systems
requires a combination of research, policies and investments to manage complex
trade-offs.

Within this context, reducing food loss and waste is widely seen as an important
way to reduce production costs and increase the efficiency of food systems (FAO,
2019). Since the United Nations have made halving, food loss and food waste a
Sustainable Development Goals target (UN, 2015), the topic of food loss and
waste has captured the public imagination, and its significance to the
development community is growing every day (FAO, 2019 and Delgado et.al
2020). Food losses measured through the Food Loss Index (FLI) of FAO (FAQ,
2019) refer to the estimated 14% of food produced globally (FAO, 2019) that is
lost along the distribution chain from harvest to market. Food loss measured in
the FLI is valued at 400 billion US dollars per year; not only that; the food lost is
associated with around 1.5 gigatonnes of CO2 equivalent, 203 billion cubic meters
of surface and groundwater (blue water), and 899 million of hectares, equal to
around 20% of the world’s agricultural land. From a nutritional point of view, this
is equivalent to more than 1,000 trillion milligrams of phosphorus and more than
350 trillion milligrams of magnesium. ! In addition, UNEP (2021) has measured
that food waste is 17% of all food produced. This is additional 931 million tonnes
of food waste was generated in 2019, 61 percent of which came from households,
26 percent from food service, and 13 percent from retail.

Clearly, the magnitude of impacts in these different policy-relevant dimensions is
a call to action. However, linkages between food loss and waste, on the one hand,
and food security and environmental impacts, on the other, are complex and
need to be thoroughly understood. Positive outcomes from reducing food losses

! These estimates are based on data used to produce FAO’s newly developed Food Loss
Index in SOFA (2019), extrapolating the impacts to include commodities that are not
included specifically in the FLI commodity groups, but are represented by the groupings.
These estimates are lower bounds because pre-harvest and harvest losses are not
included in the FLI estimate.
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and waste are far from guaranteed, and the impacts will differ according to where
food loss is reduced (FAO, 2019; Cattaneo et al., 2020).

However, when looking close into the food loss and waste problem important
challenges are found. First, most of the literature refers to the terms ‘Post-
Harvest Losses’ (PHL), ‘Food Loss’ (FL), ‘Food Waste’ (FW), and ‘Food Loss and
Waste’ (FLW) interchangeably, but they hardly ever refer consistently to the same
concept. For some authors, the distinction is linked to the stages at which losses
occur. For others, the distinction is based on the cause of the food loss and
whether it was intentional. Recent publications (FAO, 2014; HLPE, 2014, Lipinski
et al.,, 2013. and FAO, 2019) have tried to clarify this by defining FL as
unintentional reductions in food quantity or quality before consumption. These
losses usually occur in the earlier stages of the food value chain, between
production and distribution, but they also occur during the wholesale and retail
stages. PHL is an element of FL and excludes losses at the production level,
although losses during harvest are sometimes misleadingly included in the
concept (e.g., Affognon, 2014; APHLIS, 2014). The FLW concept encompasses the
totality of losses and waste along the value chain with respect to total harvested
production (FAO, 2014). However, this definition does not include crops lost
before harvest because of pests and diseases or crops left in the field, crops lost
due to poor harvesting techniques or sharp price drops, or food that was not
produced because of a lack of adequate agricultural inputs, including labor
availability and fertilizer. SDG 12.3.1 refers to losses from on-farm post-harvest
up to processing and packaging, including wholesale.

With the objective of resolving this challenge and of having a clear, consistent
definition targeting producers, in this dissertation, we will focus only on food
losses, and we will follow the definition of SDG 12.3.1. i.e., looking at food losses
across the value chain from o- farm up to wholesale market included.

Policies to reverse this situation have mainly aimed at increasing agricultural
yields and productivity, but these efforts are often cost- and time-intensive. In
addition, the loss of marketable food can reduce producers’ income and increase
consumers’ expenses, likely having larger impacts on disadvantaged segments of
the population. Therefore, this dissertation focuses on food losses as a way to
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increase the productivity of smallholder farmers and accelerate the process of
agri-food system transformation.

To implement a strategy to reduce and prevent food loss, there are three
important aspects that need to be taken into consideration. First, there is no
accurate information on the extent of the problem, especially in low- and middle-
income countries. For the most part, calculations of food loss hinge upon
accounting exercises that use aggregate data from food balance sheets provided
by national or local authorities. This macro-approach estimates, however, are
often subject to large measurement error, frequently rely on poor quality data,
particularly in low- and middle-income countries, and are not based on
representative samples for specific stages of the value chain. Gustavson et al.
(2011), Kummu et al. (2012) and Lipinski et al. (2013) used the Food Balance
Sheets from FAOSTAT (2019) to estimate global food losses. More recently
applied micro approaches use sample survey data regarding specific value chain
actors to overcome shortcomings of the macro approach. However, these micro
approaches are costly and time-consuming to implement. In addition, it can be
difficult to get a large enough proportion of responses to represent an entire
value chain or region across several years. Results are also hard to compare.

Second, there is only scarce evidence regarding the source or cause of food loss.
Because of the aggregate nature of their data, macro studies are unable to
capture the critical stages at which food loss occurs. Most micro studies capture
total food loss based on producers’ self-reported estimates but do not capture
detailed information regarding the relative amounts of food loss incurred by
different sources.

Third, there is little evidence regarding how to reduce the losses effectively. There
have been efforts to introduce particular technologies along specific stages of the
value chain (e.g., silos for grain storage, triple bagging for cowpea storage, or
mechanized harvesting and cleaning equipment for wheat and maize).? However,

2 Chatterjee (2018) looks into the impact of storage infrastructure on agricultural yield by
using the subsidy program given for construction and renovation of rural godowns in
India. The author finds that this subsidy program for better storage infrastructure led to
an increase in the rice yield by 0.3 tons per hectare — a 20 percent increase from the
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little is known about the adoption rates of these efforts, the economic
sustainability, and effective policy designs, especially in low-income contexts.

Moreover, when focusing on losses, little is known about what causes food loss
in developing countries and how best to reduce them (Stathers et al., 2020). It
would be too simplistic to blame it on the carelessness of producers or vendors
in the pre- or post-harvest handling of produce. Food loss can occur at different
nodes of the value chain: production, harvest, or post-harvest stages, involving
storage, transport, handling, or processing. Gaining insight into the causes of food
loss (FL) can help develop the right interventions. Even though it would be
impossible to completely eliminate food loss, experts agree that there is room for
reducing food loss and waste. A review of the evidence suggests a wide range of
possible causes, categorized into six groups: levels of human capital (education,
experience); climatic conditions, insects or pest attacks; access to infrastructure
and post-harvest infrastructure (especially storage facilities); access to
technology, post-harvest crop management techniques and handling; economic
incentives (standards); market access (mainly roads to markets). In practice,
multiple factors are at play and reinforce one another.

The distribution of loss along the food chain is different depending on the
commodity and the geographical location in question, but food loss and waste
are commonly the result of underlying inefficient, unequal, and unsustainable
food systems. Food losses occur at different stages of the food value chain (VC):
production, post-production procedures, processing, distribution (FAO, 2011;
HLPE, 2014; Lipinski et al., 2013).

Policies to address food insecurity or the increasing pressure on the world’s
available land due to growing populations and changing diets have aimed mainly
at increasing agricultural yields and productivity and not focus on reduction of
losses which by default will increase farmers productivity. These efforts are often
cost- and time-intensive and do not consider food loss and waste reduction as a
tool to help meet the growing food demand. Nor do they consider food loss
reduction as a way to ease the pressure on land. Food loss also entails

baseline. According to the author, the reduced storage costs have led to an investment in
productive inputs.

11
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unnecessary greenhouse gas emissions and excessive use of scarce resources,
including land, so policies to reduce food loss will also benefit the environment
(SDG’s 6, 13, 14 and 15) among others (see figure 1.1). In this dissertation, it is
clearly hypothesized that cutting food loss can help disadvantaged segments of
the population, as the loss of marketable food can reduce producers’ income and
increase consumers’ expenses and will be therefore only a means to increase the
productivity of smallholder farmers substantially but at the same time reduce
trade-offs on natural resources and environment.
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Figure 1.1: Food loss and waste and the sustainable development goals from FAO, 2019

1.2 Scope of this thesis

This dissertation tries to close the literature gap in four major areas: First, the
importance of a clear definition of food losses. An effort is made to bring a
detailed definition consistent with the existing official SDG definition. Second, it
addresses the existing measurement gap of losses by developing and testing
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three new methodologies and one traditional methodology- that aims to reduce
measurement error and assess the magnitude, causes and costs of food loss, as
well as the stages across the value chain where losses occur. The methodology
includes the measurement across the value chain and decomposes food losses at
pre-harvest, left in the field, harvest and post-harvest, and includes measurement
of both quantity loss and quality deterioration. In addition, it allows identifying
where in the value chain the losses occur. Third, it analyzes in detail the
determinants of food losses.

Finally, an additional effort is made to try to understand what the reasons are
why smallholders have such a low level of adoption of technological packages or
even if they adopt why the solutions are not necessarily resolving the problems
they need to resolve on food losses.

The literature is clear in that there is a general problem of low adoption of
interventions in agriculture (Hermans et al., 2021). The low adoption rate has
been widely studied in the literature and different reasons have been identified
and these include a) farmer characteristics (i.e. age, training, and social capital);
b) plot characteristics (i.e. quality of the land matter; sloped); c) behavioral
characteristics of the farmers (i.e. their level of risk aversion, intertemporal
discount rates, and time preferences); d) access to markets and to capital and
credit; e) distance to innovators or social networks; f) economic decisions made
by the farmer of the allocation of their limited resources (i.e. If a farmer owns
more than one field, he or she may not invest equally in each field, because of
their limited natural, human, and economic capital); g) access to information and
extension services. All of the previous reasons that explain adoption are more
focus on existing assets (human capital and land), on access to resources but
economic and social (networks, credit, markets, characteristics of the plot, and
supply of extension services), and on behavioral issues (rate of risk aversion and
intertemporal discount rates) but they fail to identify if the content of the
adoption is what really is needed to resolve the problem at stake.

A major finding of the research is that farmer’s lack of information is an important
explanation. Specifically, the research focuses on one set of information on soil
characteristics and conditions and identifies how the lack of appropriate
information is an important determinant of the lack of adoption and effectiveness

13
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of the technological packages and therefore affecting farm productivity and
increasing losses across the value chain.

1.3 Hypothesis, objectives, and research questions
The framework and structure of this dissertation is depicted in figure 1.2. The

major aim is to try to understand the low levels of productivity of smallholder
farmers by focusing on food losses and the low levels of technology adoption or
miss-adoption of the proper solutions to the problems faced by farmers when
trying to reduce losses. With this objective in mind the main aim of this research
is to understand the concept of food losses, develop new measurement
methodologies, identify underlying drivers and the reasons of low adoption of new
technologies.

To reach this aim the following research questions (RQ) are at the core of the
dissertation

RQ. 1. Is the mismeasurement of food losses underestimate the magnitude of
losses?

RQ. 2. Are losses mostly at the post-harvest level?

RQ. 3. Is the lack of storage infrastructure the main cause of food losses at post-
harvest?

RQ. 4. Did farmer’s perception reflects the real need of their soils?

RQ. 5. Is policy maker’s perception on soils similar to farmer’s perception?
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Figure 1.2: Thesis outline complemented with the main findings from each chapter

1.4 Outline

The outline of this thesis is illustrated in Figure 1.2. An attempt to answer the
research questions is presented in Chapters 2 to 5 and a synthesis of the different
studies is provided in chapter 6. In chapter 2, a definition on food losses is
developed because most of the literature refers to the terms ‘Post-Harvest
Losses’ (PHL), ‘Food Loss’ (FL), ‘Food Waste’ (FW), and ‘Food Loss and Waste’
(FLW) interchangeably, but they hardly ever refer consistently to the same
concept. The definition developed is built on the definition by FAO (2014), HLPE
(2014) and Lipinski et al. (2013) and expand it by including pre-harvest losses. This
definition includes both quantitative losses and quality deterioration in the
definition of food loss.

Chapter 3, addresses this existing measurement gap by developing and testing
three new methodologies that aim to reduce measurement error and assess the
magnitude, causes and costs of food loss, as well as the stages across the value
chain where losses occur. The methods account for food loss from pre-harvest to

15
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product distribution and include measurement of both quantity loss and quality
deterioration. Following a framework similar to the one used by de Mel et al.
(2009), a benchmark is established based on observations and food loss data
measured on the farm. Every effort has been made to be as detailed as possible
on the attributes and categories identified in each commodity and country, and
to establish consistency across the three new methodologies. This methodology
is applied to producers, middlemen, and processors in seven staple food value
chains in six developing countries.

For this purpose, a specially designed survey was implemented to capture food
loss along five staple food value chains in seven countries: potato in Peru and
Ecuador, maize and beans in Honduras and Guatemala, maize in Mozambique,
teff in Ethiopia, and wheat in China. Cereal grains, such as wheat, maize, potatoes,
and beans, are the world's most popular food crops and form the basis of the
staple diet in most developing countries.

The surveys were tailored to specific countries, commodities, and commodity
varieties (for example, while maize in Honduras and Guatemala have the same
attributes, wheat in China has different attributes than wheat in Mexico), they
provide a consistent measurement of food loss across different agents in the
value chain (i.e., farmers, middlemen, and processors). The surveys capture
detailed information about these agents’ different processes and quantify food
loss along each production stage by collecting self-reported measures of the
volumes and values of food losses incurred during different processes
(harvesting, threshing, milling, shelling, winnowing, drying, packaging,
transporting, sorting, picking, transforming, etc.). In addition, losses are
estimated based on commodity damage by collecting detailed data from farmers,
middlemen, and processors regarding the quality (based on damage coefficients)
of agricultural commodities that they use as inputs and outputs. This allowed to
quantify food loss in terms of the quality attributable to each agent across the
value chain.

In chapter 4, the determinants behind the losses are measured showing that
some socio-economic characteristics (i.e., gender, age, education); market
access, mechanization and technology in production and post-harvest activities;
unfavorable climatic conditions, pests, and diseases as well as lack of adequate

16
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storage techniques, influence losses. Methodologically, we use two alternative
econometric models: the model of classical maximum likelihood estimation is
used to assess the relationship between variables and the binary Food loss
variable; fractional response models (GLM) are used on the share of product loss
to account for the boundedness of the dependent variable. The results reveal
specific areas that require investments to reduce food loss and show considerable
heterogeneity of food loss. The causes of food loss appear to be highly specific to
context and type of commodity.

Based on the determinants of food losses analysis in chapter 4, the research
hypothesizes that farmer’s lack of information on soil characteristics and
conditions could be one important determinant of the lack of adoption and
effectiveness of the technological packages and therefore affecting farm
productivity and increasing losses across the value chain.

In chapter 5, it is shown how different is the perception between “policymakers”
and producers and found that farmers have perceptions that not necessarily were
consistent with the soil characteristics of their plots. As a result, this lack of
appropriate information on soil characteristics and conditions could be an
important determinant of the lack of adoption and effectiveness of the
technological packages and affecting farm productivity and increasing losses
across the value chain.

This dissertation argues that understanding the real problem that needs to be
resolved with the adoption of a new technology or practice is central to increasing
adoption rates. Identifying the problem — specifically providing information to
the farmer and policymakers so that they understand and perceive the real
problem — will determine the adoption rates of intervention.

Finally, chapter 6 present the synthesis with the conclusions and policy
recommendations. This chapter finds that addressing food loss across the value
chain first requires a common understanding of the concept by all actors, as well
as a collaborative effort to collect better micro data across different commaodities
and contexts. This will help to better target interventions and to identify the
needed technologies, value chain infrastructure, and extension services to
minimize losses. While there are commonalities, food loss is very context specific.

17
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The heterogeneity suggests that policies aiming at the reduction and prevention
of food loss need to be developed with specific commodity and context in mind.
Finally, policy makers need to take into consideration the correct or incorrect
perception of farmers and their packages and policies need to respond to the
reality faced by the farmers and should also aim to reduce the asymmetry of
information faced by some producers.
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Food losses: What we know and what we do not

Food loss has been defined in many ways, and disagreement remains over proper
terminology and methodology to measure it. Although the terms “postharvest
loss,” “food loss,” “food waste,” and “food loss and waste” are frequently used
interchangeably, they do not refer consistently to the same problem and to the
same aspects of the problem. Also, none of these classifications includes pre-
harvest losses, such as crops lost to pests and diseases before harvest, crops left
in the field, crops lost because of poor harvesting techniques or sharp price drops,
or food that was not produced because of a lack of proper agricultural inputs and
technology. Consequently, and despite its presumed importance, figures on food
loss are highly inconsistent and very difficult to compare them. In addition, the
precise causes for food loss and where in the value chain they occur remain
undetected and success stories of decreasing food loss are not many. In this paper,
we do a detail literature review of what is known on measurement of food losses,
in the determinants of food losses and finally on the different interventions
implemented to reduce food losses across the value chain.

This chapter is based on:

Delgado, Luciana; Schuster, Monica; and Torero, Maximo. 2021. Food losses in
food systems: What we know and what we do not. Forthcoming Annual Reviews
of Economics.

19
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2.1 Introduction

Since the United Nations have made halving food loss and food waste a
Sustainable Development Goals target, the topic of food loss and food waste has
captured the public imagination, and its significance to the development
community is growing every day. And yet, policies to address food insecurity or
the increasing pressure on the world’s available land due to growing populations
and changing diets have aimed mainly at increasing agricultural yields and
productivity. These efforts are often cost- and time-intensive, and do not consider
food loss and waste reduction as a tool to help meet the growing food demand.
Nor do they consider food loss reduction as a way to ease the pressure on land.
Food loss entails unnecessary greenhouse gas emissions and excessive use of
scarce resources, including land, so policies to reduce food loss will also benefit
the environment. Finally, cutting food loss can help disadvantaged segments of
the population, as the loss of marketable food can reduce producers’ income and
increase consumers’ expenses.

Most of the literature refers to the terms ‘Post-Harvest Losses’ (PHL), ‘Food Loss’
(FL), ‘Food Waste’ (FW), and ‘Food Loss and Waste’ (FLW) interchangeably, but
they hardly ever refer consistently to the same concept. For some authors, the
distinction is linked to the stages at which the loss occurs. For others, it is based
on the cause of the food loss and whether it was intentional. Recent publications
have tried to clarify this (FAO, 2014; HLPE, 2014; Lipinski et al., 2013. and FAO,
2019), by defining FL as unintentional reductions in food quantity or quality
before consumption. These losses usually occur in the earlier stages of the food
value chain, between production and distribution, but they also occur during the
wholesale and retail stages. PHL is an element of FL and excludes losses at the
production level, although losses during harvest are sometimes misleadingly
included in the concept (e.g. Affognon, 2014; APHLIS, 2014). FW refers to food
that is fit for human consumption but that is deliberately discarded. This is most
common at the end of the value chain, at the retail and household level.3 The FLW

3 Bellemare et al. (2017) uses the food life cycle approach (which includes- grower,
processor, retailer and consumer) to give a new and contrasting definition of food waste.
According to this definition, food waste is the “difference between the amount of food
produced and the sum of all food employed in any kind of productive use, whether it is
food or non-food.” On the basis of a simple theoretical relationship and numerical

20
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concept encompasses the totality of losses and waste along the value chain with
respect to total harvested production (FAO, 2014). However, this definition does
not include crops lost before harvest due to pests and diseases or crops left in the
field, crops lost due to poor harvesting techniques or sharp price drops, or food
that was not produced because of a lack of adequate agricultural inputs, including
labor availability and fertilizer.

Extreme Events Food Loss Index Food Waste Index
SDG 1.5 SDG 12.3.1.a SDG 12.3.1.b

|

1

1

1

1

preharvest/ Harvest/ On-farm Transport, Processing :
pre-slaughter Slaughter 1 postharvest/slaughter storage, and 1
| operations distribution packaging :

Stages of the Food Systems

e ————

|

Food Loss Index at the national level
SDG 12.3.1a

Figure 2.1: Scope of the food loss index along the food supply chain. Source: FAO (2019).

As shown in Figure 2.1, there is an official definition used to monitor progress
towards the SDGs. SDG 12.3.1 defines losses from on farm post-harvest up to
processing and packaging, including wholesale. Food waste happens at the retail
and household level. Losses that occur pre-harvest are not considered part of
food loss, even though they should be (FAO, 2019). But we can even propose a
more expansive definition using a new term, ‘Potential Food Loss and Waste’
(PFLW) (Figure 2.2). This new definition may incorporate important pre-harvest
losses stated above and also allow assessment of the relative importance of
traditional ways of measuring losses (accounting methodology) with the

examples the authors explain that both quantity and the value of food waste is overstated
by other definitions of FAO, EPA, ERS and FUSIONS.
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opportunity cost of using the natural resources in the most efficient way and to
their maximum potential.

?o'te“{\a\ Food Logy

FL FOOD LOSS: Unintentional reductions in food quantity or
quality before consumption, including postharvest losses.

FLW --p FOOD LOSS + FOOD WASTE: Deliberately discarded food
that is fit for human consumptio

PFLW —-» FOOD LOSS + FOOD WASTE + POTENTIAL FOOD LOSS: Crops
lost before harvest to pests and disease or left in the field,
crops lost due to poor harvesting techniques or sharp price
drops, or food that was not produced because of a lack of
appropriate agricultural inputs

Figure 2.2: Food Loss and Waste Methodology. Source: Schuster and Torero (2016)

To capture the potential loss (PFWL), profit frontiers should be used. The two
most commonly used methods to estimate the efficiency of production units are
data envelopment analysis (DEA) (Charnes et al., 1978; 1981) and stochastic
frontier analysis (SFA) (Aigner et al., 1977; Meussen and van den Broeck, 1977;
Battese and Corra, 1977). DEA is a non-parametric approach that uses linear
programming to identify the efficient frontier, while SFA is a parametric approach
that hypothesizes a functional form and uses the data to econometrically
estimate the parameters of that function. Both methods measure efficiency as
the distance between the observed and maximum possible (frontier) outcomes.
However, for the purposes of this paper, SFA is more appropriate as, unlike DEA,
it allows to separate random error from the efficiency score. This feature is
important when analyzing agricultural activities, as they are constantly exposed
and extremely sensitive to negative and positive random shocks, such as droughts
and variation in international prices. DEA estimates a deterministic frontier that
incorporates the noise as part of the efficiency score, which is more appropriate



Chapter 2

when analyzing decision-making units, such as banks or factories, rather than
smallholder farms in developing countries.*

Understanding the definitions is a first step but is also important to know how
much food is lost and wasted, as well as where and why. Second, we need to be
clear about the underlying objectives for reducing food loss and waste — be they
related to efficiency, food security or the environment. Third, we need to
understand the effectiveness of food loss and waste interventions and how much
can be recycled into the food systems as a result. Fourth, we need to know the
extent to which food loss and waste, and the measures to reduce it, are affecting
the objectives being pursued: is there evidence on interventions and incentives
that can help. A number of studies have provided insights that can help design
interventions to reduce FLW. Some are conceptual (Bellemare et al., 2017,
Koester, 2017; Ellison et al., 2019), while others provide more of an overview
(Affognon et al., 2015; Sheahan and Barrett, 2017; Xue et al., 2017; Aragie et al.,
2018; Reynolds et al., 2019) or focus on methodology and measurement (Garrone
et al.,, 2014; Delgado et al.,, 2021a; FAO, 2019), as well as protocols being
developed (FLW protocol, 2016).

This paper is organized as follows. Following this introduction, section 2.2 reviews
the literature on how food losses have been measured and identifies the
differences in definitions, which is essential when interpreting the different
numbers being used. Section 2.3 presents a review of the different magnitudes
of food loss and waste. Section 2.4 presents what is known about the
determinants of food losses. Section 2.5 reviews the interventions that have been
implemented to reduce losses and their impacts. The paper ends with conclusions
and policy recommendations.

4 The SFA approach allows the econometric exploration of the notion that the investment,
production decisions and technological innovations a farmer makes or adopts translate
into higher (or lower) production and income, given the fixed local agroecological and
economic conditions in a micro-region and the occurrence of random shocks that affect
agricultural production, such as weather and prices. In such context, inefficiency is defined
as the loss incurred by operating away from the frontier, given the current prices and fixed
factors faced by the household. By estimating where the frontier lies and how far each
producer is from it, the stochastic frontier approach helps to identify potential and
efficiency levels, therefore making it possible to calculate the PFLW.

23



Ch

apter 2

24

2.2 How food losses have been measured

Two main estimation methodologies have been used to study food loss across the
value chain: a macro approach, using aggregated data from national or local
authorities and large companies, and a micro approach, using data specific to
actors in the different value chain stages (Figure 2.3). The macro approach relies
on mass or energy balances, in which raw material inputs, either by weight or in
caloric terms, are compared with produce outputs. This is a low-cost method to
obtain an indication of overall losses along the entire value chain and was used
by Gustavsson et al. (2011) — arguably the most quoted source on the subject —
and is widely used as a reference for global food loss and waste estimates. Using
FAOSTAT’s Food Balance Sheets, the study estimates that around 32% of global
food production is lost along the entire food value chain. Kummu et al. (2012) and
Lipinski et al. (2013) found, using the same raw data, that this translates into a
24% decrease in caloric terms.

In country-specific studies, macro energy balances show that 48% of the total
calories produced are lost across the whole food value chain in Switzerland
(Beretta et al., 2013), while mass balance data series from the U.S. Department
of Agriculture, using alternative assumptions, show a loss of 28.7% of the
harvested product between post-production and consumption in the United
States (Venkat et al., 2011), and that 31% of the available U.S. food supply is lost
during distribution and consumption (Buzby et al., 2014). A disadvantage of this
method is the demand for representative and high-quality data on production,
loss and waste. Data gaps are particularly serious in certain world regions, such
as low- and middle-income countries, and specific stages of the value chain, such
as primary production, processing, and retail (Stuart, 2009). The method is also
not representative of smaller regional units, making it impossible to identify the
value chain stages at which the losses occur and hampering loss reduction
interventions. Finally, the aggregate data used for mass balances often cannot
differentiate among natural loss (e.g. moisture loss), unnatural weight loss (e.g.
due to spoilage), and edible and inedible loss.

The micro approach uses sample survey data for specific value chain actors. Data
are obtained through: structured questionnaires and interviews, food loss and
waste diaries compiled directly by the value-chain actor, direct measurements by
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the researcher, and food scanning methods, which can be used in developed
retail markets. These methods are highly region- and context-specific, providing
information on the origin of loss along the value chain and insights into the causes
and how they can be prevented. A study by the African Postharvest Losses
Information System estimates that the primary production and post-harvest
weight loss for cereal crops in sub-Saharan Africa is between 14.3 and 15.8% of
total production (APHLIS, 2014). Kader (2009) reviews previous estimates of
losses in both developing and developed countries to find an average of 32% loss
for fruits and vegetables. A study by Monier et al. (2010) quantified losses along
different stages of the food value chain for 27 EU member states. Excluding waste
at the agricultural production level, they arrive at an estimate of an annual
average of 89 million tons of waste (179 kg per capita). A study by WRAP (2010),
analyzing waste from the food and drink supply chain in the U.K., finds that 18.4
million tons of total food and drink are wasted annually across processing,
distribution, and consumption stages. Households are responsible for the largest
share, wasting 22% of their purchases (WRAP, 2009). According to FAO’s Food
Loss Index (FLI), around 14% of the world’s food was lost between post-harvest
and retail in 2016.

These estimates measure losses in physical quantities for different commodities
and then calculate their weights to aggregate them. More valuable commodities
carry a larger weight in loss estimation than low-value commodities (FAO, 2019).
Delgado et al. (2021a) quantify food loss, taking into account both quality and
guantity, using three new and one traditional measurement methodologies. All
four methodologies can measure losses at different stages of the value chain and
can be applied across crops and regions. Comparative results suggest that losses
are highest at the producer level and smallest at the middleman level. Self-
reported measures, frequently used in the literature, seem to consistently
underestimate food losses.

The main challenges for using micro methods to estimate food loss is the cost and
time to implement the studies and the challenges posed in obtaining a large
amount of responses to represent an entire value chain or region. Results can be
hard to compare because studies focus on specific stages of the value chain and
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use different data collection and estimation methodologies, depending on their

objectives.

DATA & METHODS

Data: National or regional
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¢ High requirements on data
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Figure 2.3: Food Losses Estimation Methodologies. Source: Delgado et al. (2021a)

Figure 2.3 summarizes the macro and micro approaches to FLW estimation,
highlighting their advantages and drawbacks. A review of 213 papers on food loss
and waste in sub-Saharan Africa identified large differences in estimates
attributable to the choice of methodology and factors such as agro-ecological
conditions, technology, and socioeconomic contexts affecting both production
and post-production.® Sheahan and Barrett (2017), reviewing point out that there
is a large gap and no clear consensus on the estimates. The authors recommend
the wider adoption of a new survey method used in Asia by Minten et al. (2016).
They also lament the lack of attention given to food quality losses and the paucity
of research on the normal range of losses.

Standardizing estimation methods is clearly desirable. But this alone will not be
enough to identify the underlying causes and potential solutions or to monitor

> H. Affognon et al., “Unpacking Postharvest Losses in Sub-Saharan Africa: A Meta-
Analysis.”
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progress on reduction targets. A standard definition and terminology for food loss
and waste is also essential. To be most useful, the definition should adopt a value
chain approach and include pre-harvest losses. Rooted in this definition, goals for
reducing food loss and waste must include both quantitative and qualitative
criteria, measurable in economic, caloric, or quality-adjusted weight terms. In
addition, assessments must identify loss and waste occurring at particular value
chain stages, not just the overall loss. Measurement must also take into account
that food loss and waste often originate at different stages along the value chain
in different geographical locations.®

Estimation methods used for low- and middle-income countries should differ
from those for high-income countries because of data availability. The
methodology for developing countries should measure food reductions at
different stages of the value chain and be applicable across crops and regions.
Representative surveys of farmers, middlemen, wholesale buyers, and processors
will provide descriptions of inputs, harvesting, storage, handling, and processing
practices for each stage and help estimate product quantities, quality, and prices
along the value chain.

In developed countries, detailed data on food loss and waste in the processing,
distribution, wholesale, and retail stages are often tracked by private companies,
but the data are not made available to researchers and policymakers.
Transparency is necessary in order to systematize data collection and increase
access to reliable food loss and waste information. The methodology must
capture both quantitative and qualitative food loss, as well as discretionary food
waste in the processing, large distribution, and retail sectors. Capturing food
service waste and household waste is more challenging—data will need to be

® In developing countries, food loss tends to occur in the early stages of a value chain and
represents a common bottleneck; in industrialized regions, food waste is widespread and
results from food system decisions and consumer negligence at later stages of the value
chain (FAO, Global Food Losses and Waste: Extent, Causes and Prevention; R. Hodges,
Postharvest Weight Loss Estimates for Cereal Supply Calculations in East and Southern
Africa (Chatham, UK: Natural Resources Institute, 2010); A. Kader, “Increasing Food
Availability by Reducing Postharvest Losses of Fresh Produce,” Acta Horticulturae 682
(2005): 2169-2175; J. Parfitt et al., “Food Waste within Food Supply Chains: Quantification
and Potential for Change to 2050.”)
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collected through representative samples using a variety of methods, such as
waste composition analysis, questionnaires, interviews, or waste diaries.’

2.3 What we know about the magnitude of food loss and waste

One difficulty in grasping the enormity of the problem is that there is no
agreement on the definition of food loss at each stage of the value chain. Losses
across the value chain can originate from reductions in both food quantity and
food quality and can be described in terms of weight, caloric, nutritional, and/or
economic losses.

Due to estimation difficulties, product seasonality, and market sensitivity to food
quality, most studies analyze the quantity of food loss in terms of weight
reduction (Hodges et al., 2014; HLPE, 2014). Some studies translate quantity
losses into caloric terms (e.g. Buzby et al., 2014; Kummu et al., 2012; Lipinski et
al., 2013), but do not capture qualitative dimensions, such as loss of nutritional
content and physical appearance (Affognon et al., 2014).2 The choice of definition
has important implications for the estimation methodology used to examine food
loss and for interpreting results.

FAO had estimated in 2011 that around a third of the world’s food was lost or
wasted every year. This estimate is still widely cited even though it was very
rough. FAO and UN Environment Program have since prepared two indices to
estimate more precisely how much food is lost in production or in the supply
chain before it reaches the retail level (through the Food Loss Index), and how

7 WRAP, Methods Used for Household Food and Drink Waste in the UK 2012, Final Report
(WRAP: 2013).

8 Affognon et al. (2014) surveys 832 published and unpublished papers on PHL research
across six countries (Ghana, Benin, Kenya, Tanzania, Malawi and Mozambique) over a span
of 32 years (1980-2012). They highlight five major findings: a) PHL data is poor across
various stages of the value chain, regions, commodities, and the data are of poor quality;
b) there is no standard measure of PHL assessment and ambiguities exist; c) loss
assessment methodologies need standardization, which comprises various steps; d) most
of the research focused only on the storage part for technological development — there
is a need to focus on the entire value chain for innovation; e) many PHL reduction
techniques are dedicated to certain parts of the value chain, but these are not well
promoted.
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much is subsequently wasted by consumers or retailers (through the Food Waste
Index).

Although progress has been made in tracking food loss, the limited data provided
by countries remain a constraint. Fabi et al. (2020) state that in the short run, the
only available option is to make best use of existing information. Data owners and
researchers may use common repositories of international organizations such as
the World Bank, APHLIS, WRI and FAO, where information can be shared,
harmonized to the extent possible, aggregated, and employed in estimation
models to generate policy-relevant evidence.

A global estimate helps promote awareness and advocacy actions, as well as
research to identify those regions and commodities for which the issue is most
grave. But it does not provide information on the magnitude of FLW across
regions, commodities, and supply chains that is essential to identify where
interventions will have the greatest impact. To produce the first estimates for the
FLI, FAO gathered more than 500 studies on food loss and waste and developed
a detailed meta-analysis (Fabi et al., 2020).

Since estimating losses for many commodities across all countries is operationally
challenging, the FLI focuses on five commodity groups for each country: 1. cereals
and pulses; 2. fruits and vegetables; 3. roots, tubers and oil-bearing crops; 4.
animal products; 5. fish and fish products. To keep data collection costs
manageable, the FLI selects only a few critical products and continuously
improves their data quality.

Units and their suitability for measuring a specific objective, such as social,
economic, or environmental objectives, are an important aspect of
measurement. The FLI is based on the economic value as reflected by farmgate
prices of commodities, which may be relevant when devising food loss
interventions as it accounts for the costs and benefits of loss reductions and
incorporates quantity and quality aspects. However, food loss can be measured
using a range of metrics depending on the objectives pursued (Delgado et al.,
2021a). Caloric units may be more relevant in nutritional terms, in which case
energy-dense foods will have a greater weight in calculating food loss. If the policy
focus is on environmental sustainability, it can make sense to look at purely
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physical quantities, such as tons of food lost, and multiply them by an
environmental impact factor.

Type Item
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Figure 2.4. Food Losses from Postharvest to (but excluding) retail stage. Source: Author’s
elaboration based on FAO (2019)

Figure 2.4 shows that 13.8% of food produced globally is lost from post-harvest
up to the retail level. At the regional level, estimates range from Australia and
New Zealand’s 5-6% to Central and Southern Asia’s 20-21%. In terms of food
groups, roots, tubers and oil-bearing crops report the highest level of loss,
followed by fruits and vegetables (Figure 2.4). The high levels of losses for fruits
and vegetables can be explained by their highly perishable nature. Results for
roots, tubers and oil-bearing crops are mainly driven by cassava and potato
losses. Cassava is the highly perishable and can deteriorate within two or three
days. Potatoes require careful handling and proper storage, especially in the
warm and humid climates of many developing countries (FAO, 1998).
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Measuring post-harvest losses is an important first step toward understanding
the causes of food loss. As the evidence base on postharvest loss reduction
interventions is relatively sparse for most of the key staple food crops in sub-
Saharan Africa and South Asia, future studies should seek to increase data for key
legumes, root and tuber crops, fruits and vegetables. The limited evidence that
does exist may be applied to other crops within each crop group, although field-
level studies should be conducted first to confirm the validity of such an

approach.

Intervention has mainly focused on tangible technical measures to reduce losses
during storage for both durable crops (cereals, legumes) and perishable crops
(fruits, vegetables and roots and tubers). Future studies should pursue
interventions across the full value chain and the key actors, including farmers,
traders, and wholesalers, with a particular focus on identifying critical loss points
(Edwardson, 2018). Evidence on the effect of training, finance, policy or
infrastructure interventions on post-harvest loss reduction should also be

augmented.

This meta-analysis conducted by FAO (2019) and Fabi et.al (2020) is the most
comprehensive study on FLW to date. It helps clarify how FLW varies across
supply chains, commodity groups and regions. Figure 2.5 summarizes main
results, from production through to wholesale and retail. It shows the range of
percentages of food lost or wasted at the various stages of the food supply chain
for cereals and pulses (Figure 2.5a) and for fruits and vegetables (Figure 2.5b),
using data for Central and Southern Asia, Eastern and Southeastern Asia and sub-

Saharan Africa.
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Figure 2.5. Range of reported food loss and waste percentages by supply chain stage
(2000-2017) Source: FAQ, 2019.

Note: Each box contains the middle half of all data points (observations), from the 25t to the 75%™ percentile of
observations. The vertical line inside the box shows the median observation; for half of the observations, the percentage
of food lost or wasted is equal to or greater than this value, and for half of the observations it is smaller. The upper and
lower whiskers contain the values up to and above the middle 50 percent (up to the 25t and above the 75t percentile,
respectively) and so the end of the whiskers show the maximum (greatest value) and the minimum (least value),
excluding outliers. Dots represent outliers. The number of observations is shown in parentheses. Figure 2.5a comprises
599 observations for cereals and pulses, of which 56 percent refer to Central and Southern Asia, 27 percent to sub-
Saharan Africa and 17 percent to Eastern and South-eastern Asia. Most observations concern the on-farm stage (55
percent of all observations) and storage (28 percent). Figure 2.5b includes 661 observations, 73 percent of which are for
Central and Southern Asia, followed by 14 percent for sub-Saharan Africa, and 13 percent for Eastern and South-eastern
Asia. 44 percent of observations in Figure 2.5c concern the on-farm stage (44 percent), followed by retail (23 percent)
and storage (19 percent). It is not possible to aggregate the percentages across the food supply chains due to differences
in the scopes of the studies. The dates, 2000-2017, refer to when the measurements were taken, however the date of
publication was used if the study dates were not available or were unclear.



Chapter 2

The loss values for fruits and vegetables vary greatly, indicating significant
potential for loss reduction, especially in sub-Saharan Africa and Eastern and
Southeastern Asia. The median levels of loss or waste in Central and Southern
Asia do not exceed 10% at any stage of the supply chain; however, the
considerable range of percentages indicates important potential for reduction,
particularly during transportation and at the retail stage. The causes of food
waste at the retail stage are linked to the limited shelf life of food products, the
need for products to meet aesthetic standards and the variability of demand,
particularly for fresh products. The actions and decisions of retailers as to the
quality and quantity of food products dictate those of their suppliers. Conditions
within retail outlets (e.g. temperature and relative humidity), the quality of
packaging, and handling practices affect the quality, shelf life, and acceptability
of food products. Figure 2.5d also presents loss and waste levels for fruits and
vegetables, and cereals and pulses in developed regions (North America and
Europe) and less developed regions. The estimates in Figure 2.5d may also
capture food lost at the wholesale level; in many countries, the distinction
between wholesale and retail markets is blurred. Fruits and vegetables and other
highly perishable food products, such as animal products or baked and cooked
foods, generally suffer higher waste at the retail stage than cereals and pulses.

Between 0 and 15% of fruits and vegetables are wasted at the retail level in all
regions except sub-Saharan Africa, where waste levels reach up to 35%,
suggesting a large potential for waste reduction in the region. Possible causes of
the wide range of values include inadequate packaging and temperature and
humidity control, especially when produce is sold under the hot sun in open-air
markets, for both Asian regions, waste percentages exceed 10%; their median
waste value is the same, but Central and Southern Asia demonstrates a higher
variability, suggesting more scope for waste reduction. The median waste
percentage for fruits and vegetables at the retail level is lowest in North America
and Europe, although still significant (at 3.75%), supporting the finding that even
in high income countries, retail waste levels can be high. The tendency to sell
homogenous, “perfect” products in terms of color, shape and size contributes to
food waste at the retail level, especially in high-income countries. Food failing to
meet these standards is discarded. Processing less-than-perfect products into
ready-made foods may be one way of using discarded fresh foods, but these
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foods spoil easily and are may be discarded or sold at a lower price, reflecting
qualitative waste.*Likewise, highly perishable products such as fish are more
likely to suffer from quality loss or be discarded if not sold quickly. In Brazil, unsold
fish was sold at a 75% price decrease at the end of the first day and a further 50%
after three days.

The wide ranges of values in Figure 2.5 highlight the need to measure losses and
waste at each stage in the food supply chain carefully to identify the points at
which they occur.

The mean and median levels of loss and waste of cereals and pulses are almost
always lower than those of the more perishable fruits and vegetables.
Nevertheless, the levels are still significant, indicating a need for intervention. The
wide range of reported percentages — for example, in sub-Saharan Africa and
Eastern and South-eastern Asia — highlights the scope for reduction. In Central
and Southern Asia, by contrast, the range of the loss and waste percentages
reported for cereals and pulses is extremely limited for all stages of the supply
chain, indicates that countries in this region should prioritize food products other
than cereals and pulses in their food loss and waste strategies.

In summary, the literature and the FLI show that losses and waste tend to be
higher for specific commodity groups, although they can occur at all stages of the
food supply chain to different degrees. What is striking is the vast range of
percentages of food loss and waste for the same commodities and the same
stages in the supply chain both within and across countries (FAO, 2019). This
suggests that there is considerable potential to reduce food loss and waste where
percentage losses are higher than in other places, and also that the occurrence of
food loss and waste across food supply chains cannot be generalized. Critical loss
points in specific supply chains must be identified as a crucial step in taking
appropriate countermeasures.

2.4 What we know about causes and determinants

A review of the evidence developed by Delgado et al. (2021b) suggests a wide
range of possible causes of food losses, including: production practices on soil and
inputs, socio-economic characteristics of the farmer, market access (mainly roads
to markets), mechanization and technology, access to infrastructure, especially
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storage facilities, and growing conditions (pests and disease) and climatic
conditions.

Production practices on soil and inputs

Soil is essential to produce any crop in all production systems. At the most basic
level it anchors the plant by providing physical support for roots and supplies the
plant with essential nutrients and water (Weiland, 2012). However, soil
properties and conditions constitute the environment in which plant roots
interact with soil-borne insects and pathogens, influencing the occurrence and
severity of plant diseases that inhibit plant growth (Ghorbani et al., 2008).
Effective pest management decisions depend on a sound understanding of how
soil properties and nutrients affect both plants and pests. Although there is great
diversity of soil characteristics globally, a common set of basic soil properties can
be identified as playing a role in soil-pest interactions (Weiland, 2012).

Plant production interventions aim to maintain and improve soil fertility and
productivity through the targeted use of resources, including organic and
inorganic fertilizers (Rengel, 2020; Benjamin et al., 2003). The inadequate supply
of any of the 16 essential macro- and micro-nutrients in the soil reduce yields and
the quality of crops produced will be compromised leading to food losses
(Alloway, 2008, Reddy, 2017, Karthika et al., 2018, Rengel, 2020). All production
systems have limitations imposed by natural and economic conditions. The
objective of sound nutrient management is to make the best use of soil and
applied nutrients according to the characteristics and demands for a specific crop
and its own soil characteristics so as to obtain optimal production with minimal
reduction of soil nutrient content.

Plants can be affected by a range of stresses during their growth cycle, triggered
by factors relating to soil, moisture, salinity, temperature, and pests. How
effectively crops withstand such stresses is strongly influenced by their nutrient
status. By optimizing plant nutrition, producers can enable the crop to reduce the
negative effects of the stress and minimize potential yield losses (Roy et al., 2006).
The soil environment influences crop growth indirectly by affecting weed growth,
pests and diseases and directly by supplying water and nutrients (Ghorbani et al.,
2008).
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Knowing the characteristics of your location, with its associated soil properties, is
a determining factor in identifying the most appropriate disease and pest
management practices (Weiland, 2012). While the general principles are well
understood in theory, more detailed knowledge is needed about soil factors and
soil environmental conditions that influence the severity of plant diseases
(Ghorbani et al., 2008). Some properties, such as soil texture, are relatively fixed;
others, however, can be influenced through appropriate management practices
to benefit plant health over that of pests and pathogens (Weiland, 2012).

Soil texture and structure are the most important properties in soil-pest
relationships because they directly affect other soil characteristics that are crucial
for plant growth, such as water-holding capacity, nutrient availability, gas
exchange, root growth and soil moisture level (Ghorbani et al., 2008). For
example, stem rot (Rhizoctonia solani) incidence in cauliflower was reported to
be higher in sandy soils than in clayey soils (Chauhan et al., 20003, b), and
incidence of the soft rot pathogen Erwinia chrysanthemi was more severe in the
sandiest soil (Bolanos and Belalcazar, 2000). Poor soil structure, for example
through compaction or poor drainage, increases the likelihood of serious
pathogens (Ghorbani et al., 2008). Davies et al. (1997) reported that in the case
of wheat take-all (Gaeumannomyces graminis), a low level of disease was
tolerated in heavy soil with minimal effect on yield, whereas the same level was
more harmful under poor drainage conditions caused by soil compaction (Davies
etal., 1997).

Water is essential for both plants and pests to thrive and thus soil moisture also
plays a role in soil-pest relationships. An optimum balance between water and
air is key to plant health, and the amount of water in a soil is inversely related to
the amount of soil aeration, (Weiland, 2012). Ghorbani et al. (2008) show that
increased moisture levels appear primarily to benefit the pathogen. Similarly,
plants are most severely affected by many soil fungi (e.g. Phytophthora,
Rhizoctonia, Sclerotinia), some bacteria (e.g. Erwinia and Pseudomonas) and most
nematodes when the soil is at field capacity moisture but not flooded. Dry
conditions can also weaken plants and may predispose them to pests and
pathogens; for example, the invasion of groundnuts by Aspergillus flavus is more
likely under conditions of drought stress (Wotton and Strange, 1987).
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Soil temperature affects the rate of seed germination, plant growth, and the
development and survival of soil pests, but has less influence on plant diseases
than soil moisture levels. Ghorbani et al. (2008) cite Pathak and Srivastava (2001),
who report that increased soil moisture and decreased soil temperature limited
the development of Rhizoctonia bataticola in sunflowers.

Soil pH is important in soil fertility and nutrient availability. The availability of
some micronutrients (e.g. iron and manganese) increases in slightly acid soils,
whereas others (e.g. aluminum) may become toxic at lower pH levels. Soil pH
influences plant disease infection and development directly through its effect on
soil-borne pathogens and microorganisms and indirectly by its influence on
nutrient availability (Ghorbani et al., 2008).

Some studies reported in Ghorbani et al. (2008) observed a higher infection of
peanut stems by Sclerotium rolfsii at soil pH 5.6 than in more alkaline soil,
although infection did still occur at soil pH of 8.7 and 9.8 (Shim and Starr 1997).
Potato common scab (Streptomyces scabies) has been found to be severe from
pH 5.2 to 8.0 or above (Dominguez et al., 1996), but is generally suppressed at
lower pH levels (Sullivan, 2001). Studies on Fusarium wilts in banana plants have
also observed relationships between disease incidence and pH values, as well as
cation exchange capacity (CEC), sodium in solution, and iron (Dominguez et al
1996).

The role of several soil nutrients has been investigated, but nitrogen and
potassium have been studied in more detail, finding that an excess of nitrogen
exacerbates plant growth, making the plant more attractive, and increasing the
incidence of pests and disease (Reddy, 2017). A good supply of phosphorus helps
plants to resist diseases (Reddy, 2017), especially bacterial diseases, and provides
tolerance to infections. Potassium also improves disease resistance (Reddy, 2017)
by maintaining tightly closed stomata; it also improves stem strength, which
reduces lodging, and in turn reduces insect and disease damage and maintains
crop quality. Calcium is reported to suppress the incidence of club root in
cruciferous plants. Boron deficiencies render plants more susceptible to powdery
mildew (Roy et al., 2006).
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Significant research on the role of organic matter (OM) in managing of soil-borne
diseases has been conducted (Weiland, 2012). Organic matter as used in crop
protection leads to increased microbial activity, reduced and weaker infestation
by pathogens, increased viral resistance and reduced soil tiredness or toxicity
(Ghorbani et al., 2008). Soils lacking vegetative cover are also exposed to greater
temperature and moisture extremes that may contribute to pathogen mortality.
Significant reductions in soil-borne pathogens such as Pythium, Fusarium, and
Cylindrocarpon species have been observed and, in several cases, bare fallow has
proved as effective as fumigation in reducing pathogen populations (Weiland,
2012). The positive effect of organic matter on nitrogen fertility is also significant
given the influence of nutrient effects on the severity of pathogen infections
noted earlier (Ghorbani et al., 2008).

Socio-economic characteristics of the farmer

In the review made by Delgado et al. (2021b), Kaminski and Christiaensen (2014),
Maiziku (2020), Doki N.O., Eya C.I., Tuughgba M.F., Akahi O.G., Ameh A,, (2019),
and Gebretsadik, D., Haji, Jema., & Tegegne, B. (2019) find human capital, or
education and experience, to be negatively correlated with loss reduction of, i.e.
higher the education lower the level of FL.

Market access

As stated by Blakeney, 2019, the absence of an effective transportation
infrastructure, particularly in developing countries, can be a major cause of FLW.
Poor roads and a lack of suitable vehicles contribute to the deterioration of
perishable commaodities during transport.

Rosegrant et al. (2015) find that better infrastructure facilitating transportation
of products to markets reduces post-harvest losses, but that the impact is
stronger if farmers have better education and are thus able to adopt proper crop
handling and processing techniques. They further find that post-harvest losses
are correlated with farm size. Larger farms are more likely to incur post-harvest
losses but experience fewer losses in the intensive margin. The overall impact
suggests a negative relationship between the share of post-harvest losses and
farm size.
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Mechanization and technology

The review of the evidence by Delgado et al. (2021b) found that Kasso and Bekele
(2016), Macheka, L. et al. (2018), Kumar, D. Kalita, P. (2017), Folayan (2013),
Paneru, R. et al. (2018), and Maziku (2020) identify lack of storage and
transportation facilities as important factors behind the losses of horticultural
and maize crops, respectively.

The risk of food loss is further escalated by poor post-harvest crop management
techniques and handling. Which techniques constitute proper handling may vary.
Tefera (2012) finds that improper post-harvest crop management and harvesting
techniques in Africa account for between 14% and 36% of losses in maize grains.
Insufficient or excessive drying and missing grains are some of the problems at
the harvesting and drying stages. Others include improper threshing and shelling,
which can cause grain breakage and grain cracking, predominant in this stage;
transportation to store; and on-farm storage. Transportation to market and
marketing are also critical areas where maize losses occur. Studies also point to
credit constraints as a bottleneck to technology adoption, preventing food loss
reduction. (HLPE, 2014)

Storage facilities and growing conditions (pests and disease)

Savary et al. (2012) note that the crop losses caused by plant disease affect food
availability and other factors, such as the food utilization component, directly or
indirectly through the fabrics of trade, policies and societies (Zadoks, 2008).
Savary et al. (2012) report that the combined yield losses caused by pathogens,
animals and weeds account for reductions ranging between 20% and 40 % of
global agricultural productivity (Teng and Krupa 1980; Teng 1987; Oerke et al.,
1994; Oerke, 2006). Post-harvest quality losses and the possible accumulation of
toxins during and after the cropping season must be considered.

Insects and pest attacks on produce have also been identified as important
causes, typically compounded by heat or moist and poor storage conditions.
Chegere, M. (2018) and John (2014), for instance, find that rodents are a major
factor for post-harvest loss (PHL) of rice in Southeast Asia. Abdoulaye et al. (2016)
report that more than 75% of farmers in Ghana, Tanzania, and Benin identified
insects as the major cause for PHL, while most farmers in Ethiopia, Uganda, and
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Nigeria complained about rodents and moisture as main causes for PHL. Finally,
Compton et al. (1997) and Baoua et al. (2014) show that each percentage point
of insect infestation results in between 0.6% and 1% depreciation in the value of
maize. Certain climatic conditions, especially heat and moisture, tend to increase
the prevalence of insects, pests and other bio-deterioration factors, especially
when proper storage and transportation structures that control temperature and
humidity are lacking.

Aflatoxin is a potent carcinogen produced by Aspergillus flavus, which frequently
contaminates maize (Zea mays L.%) in the field. Several studies have developed
models to predict aflatoxin contamination but not their effect on losses or PHL.
A mechanistic model to predict risk of pre-harvest contamination could assist in
management of this harmful mycotoxin by identifying locations at a specific time
where aflatoxin has a higher probability of being present.

Predictions related to actual data describe the risk of aflatoxin contamination
during the current growing season, day by day, from its emergence until the
harvest. High aflatoxin contamination is commonly associated with high stress for
plants and fungi mainly caused by high temperature and drought (Moreno and
Kang, 1999). In the other hand, frequent rains in autumn can delay cereal
harvests, reducing grain quality due to sprouting and increased mycotoxin
contamination. Grain quality was thus reduced from food to fodder grade with
consequential price reductions (Savary et al., 2012). Even if predictions cannot
support operational decisions, such information is useful as harvest approaches.
Aflatoxins accumulate over time during maize ripening and late harvest is
associated with increased contamination (Cotty and Jaime-Garcia, 2007). When
the contamination risk is high for Aspergillus flavus aflatoxin and there is high
humidity in the kernels, an early harvest is strongly suggested.

Climatic Conditions

Blakeney et.al 2019 found that climatic and environmental factors have an
obvious effect upon yield, with climate change inflicting a series of agricultural

9

https://plants.usda.gov/java/ClassificationServlet?source=profile&symbol=ZEMA&display
=31
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stresses through increases in heat, salinity and pest infestation. High
temperatures have been reported to cause physiological disorders in crops.
Temperature extremes can predispose to aflatoxin contamination rendering food
unsafe and requiring it to be discarded.

Although, there was no evidence about the direct relation of lack of, or excessive,
rain and post-harvest losses, some studies support the idea that certain weather
conditions could be directly related to the presence of pathogens such as
aflatoxins. The association with climate is because Aspergillus flavus is commonly
found in soils in tropical and sub-tropical climates between latitudes 35 degrees
north and south of the equator (Klich, 2007; and Abbas et al., 2009). Many factors
can influence the crop colonization, growth, and toxin production
of Aspergillus species, including heat, humidity, pest or environmental host
stressors, and post-harvest practices (Abbas et al., 2009).

2.5 What we know on interventions

Stathers et al. (2020) systematically review PHL reduction interventions for 22
crops across 57 countries in sub-Saharan Africa and South Asia from the 1970s to
2019. The authors review 12,786 papers and select 334 from which to create a
synthesis evidence on the effectiveness of different interventions. Storage
technology interventions targeting farmers dominated (79% of studies). Maize
was the most studied crop (23%). Most interventions studied were in India (33%),
while 24 countries had no studies. The lack of studies related to training, finance,
infrastructure, policy and market interventions in the assessment highlight the
need for study of interventions that go beyond technology or handling practice
changes.
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Type Of Treatment Storage Intervention
jute sack + no protectant (n=2)
traditional granary (n=17)
warehouse + P P bags (n=1)
improved granary (n=5)
polypropilene bag + no protectant (n=12)
raised platform with cobs in circle (n=7)
Grain stored metal silo, drum or bin (n=10)
untreated heap on floor (n=1)
jerry can, plastic drum, plastic silo, bins, basins (n=4)
hermetic bag (n=15)
bag+ no protectand (n=3)
bag stack (n=3)
hermetic coccon (n=3)
polypropylen bag + diatomaceous earth (n=2)
traditional granary + mass trapping (n=1)
polypropilene bag + botanical (n=4)
traditional granary + biocontrol agent (n=2)
polypropylene bag + oil (n=5)
Treated withan  polypropylene bag + diatomaceous earth + synthetic chemical (n..
alternative polypropylene bag + ash/ sand/ dust (n=1)
plastic drum + ash/ sand/ dust (n=1)
metal silo + nitrogen (n=1)
fireplace smoke (n=1)
bag + ash/ sand/ dust (n=4)
jute sack + synthetical chemical (n=2)
fumigation + polypropilene bag (n=2)
polypropilene bag + synthetic chemical (n=21)
jute sack + fumigant (n=1)
fumigation + improved granary (n=2)
improved granary + synthetic chemical (n=5)
traditional granary + synthetic chemical (n=15)
plastic drum + synthetic chemical (n=1)
raised platform with cobs in circle + synthetic chemical (n=9)
metal silo+ fumigant (n=1)
fumigation + pesticide incorporated bag (n=1)
pesticide incorporated polypropline bag (n=4)
hermetic bag + synthetic chemical (n=1)
fumigation + plastic drum, silo (n=2)
fumigation + hermetic bag (n=1)
fumigation + polypropilene bag + synthetic chemical (n=10
raised platform + cobs in circle, then shelled + synth. Chem (n=1)
pesticide incorporated polypropilene bag + DE (n=1)

Treated with
synthtetic
chemical

0% 10% 20% 0% 20% 40% 60% B80%

% Weight Loss = 9% damage or discoloured grain loss

Figure 2.6: Comparative loss in quantity of maize stored using different storage
interventions. Source: Author’s elaboration based on Stathers et al. (2020)

Note: The mean % weight loss and 95% Cls for each of the storage interventions tested on maize stored for a duration
of 6 months are listed, with the most effective interventions at the top and the least effective at the bottom of the list.
The n number indicates the number of times this intervention was found in the 334 studies. Interventions in which the
grain was stored untreated are shown as purple bars. The blue bars indicate grain treated with a synthetic chemical.
The green bars indicate grain treated with an alternative method.

Figure 2.6 presents the results of the impact of different types of interventions of
grain storage in terms of percentage of weight loss and percentage of discolored
grain loss. It demonstrates the variance across the different types of
interventions, with hermetic bags proving the most effective, as well as the use
of synthetic chemicals. A major limitation of almost all these studies is that cost
effectiveness assessment was not assessed. Table 2.1 summarizes the different
types of storage interventions that had been implemented and describes the

interventions that had have a significant impact.
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Interventions to reduce food losses

Table 2.1
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2.6 Conclusions

The SDGs emphasize both increasing food security and reducing stress on natural
resources. Reducing food loss and waste can make a critical contribution to these
broad goals. SDG 12 focuses specifically on sustainable consumption and
production patterns. SDG target 12.3 calls for halving global food waste at the
retail and consumer levels, and reducing food losses along the value chain by
2030. In addition to these targets, the Committee on World Food Security has
called on all public, private, and civil society actors to promote a common
understanding of food loss and waste and to create an enabling environment for
its “food use-not-waste” agenda, especially for monitoring, measurement, and
reporting targets.’® And in May 2015, the G20 agriculture ministers highlighted
the global challenge of preventing and reducing food loss and waste, and
encouraged all G20 members to strengthen their collective efforts.

In this context of international commitment, identifying the magnitudes, causes,
and costs of food loss and waste across the value chain is critical for setting
priorities for action. Identifying appropriate places for intervention will require
an integrated value chain approach and the coordination of a wide diversity of
actors, including multidisciplinary researchers, policy-makers, and private sector
and civil society actors. Addressing loss and waste will require a common

t'! as well as a collaborative effort to collect better

understanding of the concep
micro-data across different commodities and contexts. To achieve target 12.3, we
need to set concrete targets at both regional and country levels, and specifically
address the relevant differences between developing and developed countries.
For developed countries, the focus should be on waste; for developing countries,
the focus in the short term should be on food loss, but it should also give attention

to how to leapfrog to best practices for reducing waste.

To be able to set and monitor verifiable targets, it is essential to improve the
methodology used to measure food loss across food value chains, and identify

10 Committee on World Food Security (CFS), Report of the 41st Session of the Committee
on World Food Security (Rome: October 13-18, 2014).

1A good step in this direction has been made by the multistakeholder Food Loss and
Waste Protocol initiative, although this initiative excludes preharvest losses from its
definition.
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the causes and costs of loss across value chains. It is critical to promote food loss
reduction interventions and set priorities for action. We address the existing
measurement gap by implementing a literature review of the different ways in
which losses has been measured. We also bring a new definition, Potential Food
Loss and Waste, which includes the opportunity cost of the land being used by
farmers.

Addressing food loss across the value chain first requires a common
understanding of the concept by all actors,'? as well as a collaborative effort to
collect better micro-data across different commodities and contexts. The
presence of pests, lack of rainfall, and lack of appropriate post-harvest
technologies seem to be the major factors behind the losses identified in our
study. A lack of appropriate storage facilities (FAO, 2011; Liu, 2014) and efficient
transport systems (Rolle, 2006) are also considered to be important micro-causes
of food loss. However, other causes, ranging from crop variety choices, pre-
harvest pests, and processing and retail decisions, are also notable. Micro-causes
can be linked to broader meso-causes, overarching different stages of the value
chain; for example, the HLPE report (2013) sees credit constraints as one of the
main bottlenecks to the successful adoption of technologies to reduce food loss
and waste. As Kaminski and Christiansen (2014) argue, lack of education is an
important bottleneck.

Governments should focus on ensuring that public-sector investments facilitate
reductions in food loss and waste. Such investments include a broad gamut of
areas related to food systems and can have multiple benefits: information on best
practices, food safety, education, roads, regulations and standards, and
addressing market failures. Smallholders, in particular, who produce only small
surpluses, often face substantial market failures that contribute to food loss and
waste. Public-sector investment can address some of these shortcomings, such
as the need for appropriate storage facilities, efficient transport systems, policies
that improve access to credit, support for market incentives for improved food
safety (as in the case of aflatoxins), and access to crop varieties resistant to

12 A good step in this direction has been made by the multi-stakeholder “Food Loss and
Waste Standard and Protocol” initiative, although this initiative does exclude pre-harvest
loss from its definition.
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weather shocks.” For example, food quality and safety standards not only
facilitate export of produce grown in Africa to international destinations, but also
help ensure that smallholder farmers and their families fully benefit from high-
quality, nutritious food grown locally. The private sector also has a role to play,
particularly when reducing food loss and waste can generate profits. For example,
choosing appropriate crop varieties, dealing with pre-harvest pests, and making
processing and retail decisions may be best addressed by the private sector.

Analyzing the factors affecting food loss and waste at the micro-, meso-, and
macro-levels can help in identifying effective reduction interventions.'®* Looking
at the micro-level causes of food loss and waste, studies point to credit
constraints as one of the main bottlenecks to technology adoption to reduce food
loss and waste.* Others point to the importance of education,® contractual
practices,® and the growing need to improve infrastructure, particularly in rural

areas.

Micro-level causes can be linked to broader meso- and macro-level causes that
overarch different stages of the value chain. For example, strict food safety
concerns and regulations can lead to safe food being rejected for import or
removed from markets.?® Other systemic causes relate to inappropriate
technologies, changing consumer demands, and low capacities to adopt
innovations or respond to changing consumption patterns. Thus, context-specific

13 HLPE, Food Losses and Waste in the Context of Sustainable Food Systems—A Report by
the High-Level Panel of Experts on Food Security and Nutrition

14 HLPE, (2014).

15 J. Kaminski and L. Christiaensen, (2014).

16 J. Parfitt et al., (2010).

17 M. W. Rosegrant, et.al. 2015. find that electricity, roads and railways play an important
role in PHL reduction. After obtaining estimates of infrastructure on PHL reductions they
use the cost of infrastructure development to estimate a number of investment scenarios.
These scenarios were later implemented in the IMPACT global food supply and demand
model (IFPRI) to simulate the impact of PHL reduction on food prices, security, consumer
and producer surplus, net welfare gains and benefit cost ratios to the investment. Overall,
reduction in PHL was not found to bea low-cost alternative; rather it requires large
investment and is complementary to long term investments to achieve food security.

18 J. Fonseca and D. Njie, (2013).
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cost-benefit analyses have to be systematically carried out to identify the most
sustainable and efficient interventions for reducing loss and waste.

Finally, policy-makers and value chain actors need to translate knowledge into
action. International organizations have the power to bring this important topic
to the table and create platforms for information exchange — such as the
technical platform on measurement and reduction of food loss and waste
launched by the International Food Policy Research Institute and FAO as a result
of the G20 summit in Turkey in December 2015. *° States also have a key role to
play in creating an enabling environment, and all public and private value chain
actors need to transform insights about food loss and waste into concrete
interventions in order to generate the multiple benefits of increased food
availability and reduced environmental pressures.

19See FAO Technical Platform on the Measurement and Reduction of Food Loss and Waste,
http://www.fao.org/ platform-food-loss-waste/background/en/.



Chapter 3

Quantity and Quality Food Losses Across the Value
Chain: A Comparative Analysis

The essential first steps of addressing the problem of food loss are measuring
the loss, identifying where in the food system it occurs, and developing
effective policies to mitigate it along the value chain. Food loss has been
defined in many ways, and disagreement remains over proper terminology
and methodology to measure it. In addition, none of the current
classifications includes pre-harvest losses, such as crops lost to pests and
diseases before harvest. Consequently, figures on food loss are highly
inconsistent. The precise causes of food loss remain undetected, and success
stories of reducing food loss are rare. We address this measurement gap by
developing and testing three new measurement methodologies, as well as
one traditional methodology. Our proposed methods account for losses from
pre-harvest to product distribution and include both quantity losses and
quality deterioration. We apply the instrument to producers, middlemen,
and processors in five staple food value chains in six developing countries.
Comparative results suggest that losses are highest at the producer level and
most product deterioration occurs before harvest. Aggregated self-reported
measures, which have been frequently used in the literature, consistently
underestimate actual food losses.

This chapter is based on:

Delgado, Luciana, Monica Schuster, and Maximo Torero. 2021. “Quantity
and Quality Food Losses Across the Value Chain: A Comparative Analysis.”
Food Policy 98. https://doi.org/10.1016/j.foodpol.2020.101958.
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3.1 Introduction

Food loss and food waste have become an important topic in the
development community. In fact, the United Nations included the issue of
food loss and waste in the Sustainable Development Goal target 12.3, which
aims to “halve per capita global food waste at the retail and consumer levels
and reduce food losses along production and supply chains, including post-
harvest losses” by 2030. Policies have aimed mainly at increasing agricultural
yields and productivity, but these efforts are often cost- and time-intensive.
In addition, food loss entails unnecessary greenhouse gas emissions and
excessive use of scarce resources. Finally, the loss of marketable food can
reduce producers’ income and increase consumers’ expenses, likely having
larger impacts on disadvantaged segments of the population. There are few
success stories of reducing food loss (World Bank, 2011) and food waste
(WRAP, 2009; WWF-WRAP, 2020). Figures on food loss and food waste also
remain highly inconsistent. Consequently, even though various
governmental and civil society initiatives have been launched to address this
important issue, significant results are yet to be seen.

There are three important challenges to implementing a strategy to reduce
and prevent food loss and waste. First, there is no accurate information on
the extent of the problem, especially in low- and middle-income countries.
For the most part, calculations of food loss hinge upon accounting exercises
that use aggregate data from food balance sheets provided by national or
local authorities (figure 3.3). This macro-approach estimates, however, are
often subject to large measurement error, frequently rely on poor quality
data, particularly in low- and middle-income countries, and are not based on
representative samples for specific stages of the value chain. More recently
applied micro approaches use sample survey data regarding specific value
chain actors to overcome shortcomings of the macro approach. However,
these micro approaches are costly and time-consuming to implement. In
addition, it can be difficult to get a large enough proportion of responses to
represent an entire value chain or region across several years. Results are
also hard to compare. Second, there is only scarce evidence regarding the
source or cause of food loss. Because of the aggregate nature of their data,
macro studies are unable to capture the critical stages at which food loss
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occurs. Most micro studies capture total food loss based on producers’ self-
reported estimates, but do not capture detailed information regarding the
relative amounts of food loss incurred by different sources. Third, there is
little evidence regarding how to reduce the losses effectively, and lack of
knowledge around designing policy to incentivize food value chain actors to
reduce losses. There have been efforts to introduce particular technologies
along specific stages of the value chain (e.g., silos for grain storage, triple
bagging for cowpea storage, or mechanized harvesting and cleaning
equipment for wheat and maize).?° However, little is known about adoption
rates of these efforts, the economic sustainability and effective policy
designs, especially in low-income contexts.

This paper aims to resolve the first two challenges. Our objective is to
improve how food loss is quantified, to characterize the nature of food loss
across the value chain for different commodities in a wide array, and to
disentangle the different production and post-production processes in
which losses occur. We build on the definition by FAO (2014), HLPE (2014)
and Lipinski et al. (2013), and expand it by including pre-harvest losses. We
include both quantitative losses and quality deterioration in the definition
of food loss. This is because from an integrated value chain perspective, pre-
harvest conditions and qualitative losses have direct impacts on eventual
(quantitative and qualitative) losses at later stages of the value chain due to
differences in food product quality, storage and shelf-life, and transport
suitability (Hoffmann et al., 2020). We do not look at intentional food waste
at the end of the value chain owing to the challenges in capturing such data,
which would require developing a widely “accepted sampling and
measurement framework.” Such framework would likely comprise a mixture

20 Chatterjee (2018) looks into the impact of storage infrastructure on agricultural
yield by using the subsidy program given for construction and renovation of rural
godowns in India. The author finds that this subsidy program for better storage
infrastructure led to an increase in the rice yield by 0.3 tons per hectare — a 20
percent increase from the baseline. According to the author, the reduced storage
costs have led to an investment in productive inputs.
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of methods, such as waste composition analysis, questionnaires, interviews,
or waste diaries (WRAP, 2013).%

We quantify food loss through three new measurement methodologies and
one traditional methodology. We follow a framework similar to that of De
Mel et al. (2009) by exploring different ways to measure food loss to identify
how far we can reconcile loss figures across estimation methods. For this,
we designed a sampling method that allows us to have representative
samples at different nodes of the pre-consumption value chain and
developed a set of surveys to measure the extent of food loss using the four
methods in each of the specific nodes (i.e., producers, middlemen, and
processors). While the surveys were tailored to specific countries,
commodities, and commodity varieties, they provide a consistent
measurement of food loss across different agents in the value chain.

We implemented specially designed surveys to capture food losses along
five staple food value chains in six countries (potato in Peru and Ecuador,
maize and beans in Honduras and Guatemala, teff in Ethiopia, and wheat in
China). Applying this methodology to five different commodities in countries
in different regions allows us to increase the potential external validity of
the surveys. The results reveal the extent of the loss and the specific areas
that require investments to reduce food loss.

3.2 Divergence in terminology and definitions

The literature commonly agrees on the need to measure food loss along
different value chain stages (Figure 3.1) and the fact that food loss may occur
at each stage (e.g., FAO, 2011; Lipinski et al., 2013; Parfitt et al., 2010).
However, there is no agreement regarding further classification of food loss
and food waste. The terms “Post-Harvest Losses” (PHL), “Food Loss” (FL),
“Food Waste” (FW), and “Food Loss and Waste” (FLW) are frequently used
interchangeably, but they hardly ever refer consistently to the same
concept. For some authors, the distinction is linked to the stages at which

21 Note that our definition differs from the one used by Bellemare et al. (2017), which
includes food waste, but does not include qualitative product deterioration.
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the loss occurs. For others, the distinction is based on the cause of the food
loss and whether it was intentional.

=
=3

< Production Post-Production Processing Distribution Consumption
& e Pre-harvest ¢ Handling e Canning e Retail waste e Table waste
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Figure 3.1: Food Losses along the Value Chain. Source: Authors’ elaboration

Recent publications have tried to provide more clarity (FAO, 2014; HLPE,
2014; Lipinski et al., 2013). In these studies, FL refers to unintentional
reductions in food quantity or quality before consumption. These losses
usually occur in the earlier stages of the food value chain, from production
to distribution, but they also occur during wholesale and retail. PHL is an
element of FL and excludes losses at the production level, although losses
during harvest are sometimes misleadingly included in the concept (e.g.,
Affognon, 2014; Hodges et al., 2014). FW refers to food that is fit for human
consumption but is deliberately discarded; this is most common toward the
end of the value chain at the retail and household level.?? The totality of
losses and waste along the value chain with respect to the total harvested
production is encompassed in the FLW concept (FAO, 2014). However, this
definition does not include crops lost before harvest because of pests and
diseases, crops left in the field, crops lost due to poor harvesting techniques

22 Bellemare et al. (2017) uses food life cycle approach, which includes grower,
processor, retailer, and consumer, to give a new and contrasting definition of food
waste. According to this definition, food waste is the “difference between the
amount of food produced and the sum of all food employed in any kind of productive
use, whether it is food or non-food.” On the basis of a simple theoretical relationship
and numerical examples, the authors explain that both quantity and the value of food
waste is overstated by other definitions, citing Buzby et al., FAO, and FUSIONS.
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or sharp price drops, or food that was not produced because of a lack of
adequate agricultural inputs, including labor availability.

There is also no agreement in the literature regarding the definition of food
loss at each stage of the value chain. For example, losses across the value
chain can originate from reductions in both food quantity and food quality
and can thus describe either weight, caloric, nutritional, and/or economic
losses. Due to estimation difficulties, product seasonality, and market
sensitivity to food quality, most studies analyze the quantity of food loss in
terms of weight reductions (e.g., Hodges et al., 2014; HLPE, 2014). Some
studies further translate quantity losses into caloric terms (e.g., Buzby et al.,
2014; Kummu et al.,, 2012; Lipinski et al., 2013), but do not capture
qualitative dimensions such as loss of nutritional content and physical
appearance (Affognon et al., 2014). The choice of definition has important
implications for the estimation methodology used to examine food loss and
for the interpretation of results.

3.3 How food losses have been measured

Two main estimation methodologies have been used to study food loss
across the value chain: a macro approach, using aggregated data from
national or local authorities and large companies, and a micro approach,
using data regarding specific actors in the different value chain stages (Figure
3.2).
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Figure 3.2. Food Losses Estimation Methodologies. Source: Authors’ elaboration

The macro approach relies on mass or energy balances, in which raw
material inputs, in either weight or caloric terms, are compared to
agricultural production and food products. This method is a low-cost way to
obtain an indication of the overall losses along the entire value chain and
was used by Gustavsson et al. (2011). The study is widely used as a reference
for estimates of food loss and waste at the global level. By using the Food
Balance Sheets from FAOSTAT (2019), the study estimates that around 32
percent of global food production, across all production sectors, is lost along
the entire food value chain.22 Kummu et al. (2012) and Lipinski et al. (2013)
use the same raw data and find that this translates into a 24 percent

23 The macro approach of Gustavsson et al. (2011) looked at the mass of the food
produced and its utilizations, estimating losses with a mix of balancing equations and
loss factors from the literature. Their method covered all steps from agricultural
production to consumption through a series of assumptions. Produced outputs refers
to the total production for all commodities analyzed. The study only considered
edible parts of the food, and treated all non-food uses (feed, seed, and industrial use)
as loss or waste. In addition, the study considered food loss and waste only in terms
of quantities without taking into account the different values of different
commaodities.
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decrease in caloric terms. In country-specific studies, macro energy balances
show that 48 percent of the total calories produced are lost across the whole
food value chain in Switzerland (Beretta et al., 2013). Mass balance data
series from the U.S. Department of Agriculture, using alternative
assumptions, show that 28.7 percent of the harvested product is lost
between post-production and consumption in the United States (Venkat,
2011), and that 31 percent of the available U.S. food supply is lost during
distribution and consumption (Buzby et al., 2014).

One disadvantage of the macro methods is the lack of representative and
high-quality data on production, loss, and waste. Data gaps are particularly
apparent for certain regions of the world, such as low- and middle-income
countries, and specific stages of the value chain, such as primary production,
processing, and retail (Stuart, 2009). The method is also not representative
of smaller regional units, preventing identification of the value chain stages
at which the losses occur and challenging the appropriate targeting of loss
reduction interventions. Finally, the aggregate data used for mass balances
are often incapable of differentiating between natural loss (e.g., moisture
loss) and unnatural weight loss (e.g., caused by spoilage), as well as edible
and inedible losses.

The micro approach, on the other hand, uses sample survey data regarding
specific value chain actors. Different methods are used to obtain data:
structured questionnaires and interviews, food loss and waste diaries
compiled directly by the value chain actor, direct measurements by the
researcher, and food-scanning methods, which can be used in developed
retail markets. These methods are highly region- and context-specific, are
useful in disentangling the origin of loss along the value chain, and tend to
provide more insights into causes and possibilities of prevention. The study
by the African Postharvest Losses Information System (APHLIS) estimates
that primary production and post-harvest weight loss for cereal crops in sub-
Saharan Africa to be between 14.3 and 15.8 percent of total production
(Hodges et al., 2014). Kader (2009) reviews previous estimates of losses in
both developing and developed countries and finds an average of 32 percent
loss for fruits and vegetables. Official Eurostat data are used in the study by
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Monier et al. (2010) to quantify losses along different stages of the food
value chain for 27 EU member states. By excluding waste at the agricultural
production level, Eurostat estimates an annual average of 89 million tons of
waste (i.e., 179 kg per capita). A study by WRAP (2010) analyzes waste from
the U.K. food and drink supply chain and finds that across processing,
distribution, and consumption, 18.4 million tons of total food and drink are
wasted annually in the U.K.; households are responsible for the largest
share, wasting 22 percent of their purchases (WRAP, 2009).

The main challenges for the use of these micro methods to estimate food
loss is the cost and time to implement the studies, as well as the difficulty in
getting a large enough proportion of responses to represent an entire value
chain or region. In addition, results are hard to compare because studies are
adapted to their specific objective, focus only on specific stages of the value
chain, and use different data collection and estimation methodologies.

Figure 3.2 summarizes the two approaches to FLW estimation, highlighting
their advantages and drawbacks. Figure 3.3 provides a global overview of
the magnitude of FLW from recent studies, distinguishing the two estimation
approaches.? A review of 213 papers on food loss and waste in sub-Saharan
Africa identified large differences in estimates attributable not only to the
choice of methodology, but also to factors such as agro-ecological
conditions, technology, and socioeconomic contexts, affecting both
production and post-production (Figure 3.3). In addition, Sheahan and
Barrett (2017) review various dimensions of the literature on food loss and
waste in sub-Saharan Africa. The authors point out that there is a large gap
and no clear consensus on the estimates. The authors recommend the
application of a new survey method employed in Asia by Minten et al.
(2016a) be adopted more widely. The paper also highlights that there is no
importance given to food quality losses, and that there is a paucity of
research examining the ideal percentage of losses.

24 This does not intend to be a complete literature review. It merely provides
reference on estimates from previous research. We selected studies encompassing
more than one level and/or commodity of the value chain. For a complete literature
review, please see Affognon (2015), Mgller et al. (2013), or Kader (2009).
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Figure 3.3. Estimation of Food Losses. Source: Authors’ elaboration

A standard definition and terminology for food loss and waste is crucial. But
this by itself will not be enough to identify the underlying causes and
potential solutions to food loss and waste or to monitor specific progress on
reduction targets. To be most useful, the definition should adopt a value
chain approach and include pre-harvest losses. While there is no well-
documented evidence in the literature about direct relationship between
pre-harvest agronomic factors and food loss and waste, there is evidence
that some pests, weeds, pathogens, and weather conditions are associated
with the presence of some pathogens, such as aflatoxins and fungus, which
could affect the produce both in quantity and quality, and therefore its
market value (e.g., Abbas et al., 2009; Hoffmann et al., 2020).% Rooted in
this definition, goals for reducing food loss and waste must include both
guantitative and qualitative criteria, measurable in economic, caloric, or
quality-adjusted weight terms. In addition, assessments must identify loss
and waste occurring at particular value chain stages. FLW measurement

5 For example, according to Savary et al. (2012), direct pre-harvest losses caused by
pathogens, animals, and weeds are altogether responsible for losses ranging
between 20 and 40 percent of global agriculture.

18.4 Mio ton (WRAP, 2010; UK) sl
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must also take into account that food loss and waste often originate at
different stages along the value chain in different geographical locations.?®

Estimation methods used for low- and middle-income countries should
differ from those used in high-income countries because of data availability.
The methodology for developing countries should measure food reductions
at different stages of the value chain and should be applicable across crops
and regions. Representative surveys of farmers, middlemen, wholesale
buyers, and processors should allow for the characterization of inputs,
harvesting, storage, handling, and processing practices for each of these
agents. They should also consider the estimation of product quantities,
quality, and prices along the value chain.

In developed countries, detailed data on food loss and waste in the
processing, distribution, wholesale, and retail stages are often tracked by
companies, but are not made available to researchers and policymakers.
Transparency should be encouraged in order to systematize data collection
and to increase access to reliable food loss and waste information. The
methodology must capture both quantitative and qualitative food loss, as
well as discretionary food waste in the processing, large distribution, and
retail sectors. Food service waste and household waste are more challenging
to capture. It would require collecting representative samples using a variety
of methods, such as waste composition analysis, questionnaires, interviews,
or waste diaries (WRAP, 2013).

3.4 Proposed empirical approach

By drawing on the literature and economic theory, we propose three
alternative methodologies, in addition to the traditionally used
methodology of aggregate self-reported measures of loss. All four
methodologies can measure losses at different stages of the value chain and
can be applied across crops and regions. The methodologies are based on

%6 |n developing countries, food loss tends to occur in the early stages of the value
chain and represents a common bottleneck; in industrialized regions, food waste is
widespread and results from food system decisions and consumer negligence at later
stages of the value chain (FAO, 2011; Hodges, 2010; Kader, 2005; and Parfitt et al.,
2010).
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information collected through representative surveys of producers,
middlemen, and processors between the production and processing stages.
These surveys must allow for the characterization of inputs, harvesting,
storage, handling, and processing practices for each of these agents and
estimate the quantities, quality, and prices of the production as it travels
along the value chain.

All methodologies estimate both the total food that is lost (quantity
degradation, estimated in quantity or value) and the product that, albeit not
being completely lost, is affected by quality deterioration (estimated in
quantity or value). At the producer level, we estimate losses from harvest to
post-harvest sale, while the reference period is the last cropping season. For
the middlemen and the processors, we estimate losses from purchase to
sale, during a defined time period (depending on the country). Due to the
heterogeneity of the crop transformation processes at later stages in the
value chain, at the processor level, only the aggregate self-reported
measurement method may be used. The four methodologies are outlined
below.

Aggregate self-reported method

The “aggregate self-reported method” (S-method) is based on reporting by
the producers, middlemen, and processors regarding the food losses they
each incurred. Self-reporting of loss figures has been widely used in recent
studies on food loss (e.g., Ambler et al., 2018, Kaminski and Christiansen,
2014; Minten et al., 2016a; Minten et al., 2016b).

Direct survey questions ask value chain actors about their quantity and
quality degradation. At the producer level, the survey instrument includes
questions about pre-harvest and post-harvest losses.?’” Middlemen and
processors are asked about losses at different stages of post-harvest

27 For example, at the producer level the following questions were asked to identify
losses: In the last planting season, what is the quantity of your harvest (and value of
that quantity) that was damaged previous to harvest?; What is the quantity (and
value) that was left in the field?; What is the quantity (and value) that was lost during
post-harvest activities?; What is the quantity damaged (and value of that quantity)
during post-harvest activities?
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activities and transformation processes. The appendix (Table 3.A1) provides
insights about the exact survey questions used in the three (producer,
middleman, and processor) survey instruments. The responses to the
guestions are added up to obtain the total loss figures in weight and values
at the level of the three value chain actors.

Category method

The “category method” (C-method) is based on the evaluation of a crop and
the classification of that crop into quality categories. The method builds on
the “Visual Scale Method,” developed by Compton and Sherington (1999),
to rapidly estimate quantity and quality grain loss. The C-method classifies
each product into its end use (i.e., suitable for export, the formal market,
the informal market, animal feed, etc.). Each category is associated with a
crop damage coefficient, a percentage between 0 and 100 representing the
share of the product that is damaged from each category. The categories are
established prior to data collection in collaboration with commodity
specialists, local experts, and value chain actors and vary between four and
six, according to the commodity and country. In addition, an extensive pilot
was conducted to validate the categories. By means of the described
categories and damage coefficients, producers are asked to evaluate their
production at harvest and after post-harvest activities, while middlemen are
asked to evaluate their product at purchases and sales. Both producers and
middlemen indicate at which price they sell the produce in the different
categories, as well as a sale price for ideal produce in the harvest and lean

season.?®

2 The “ideal price” was calculated from the producer and middlemen surveys. It
corresponds to the sample average of the stated best price (at the producer or
middlemen level) for an ideal quality product during the harvest and lean season in
the geographical area/commodity for which the survey was representative. This
allows us to calculate the distance between the “actual price” a producer/middleman
received and the “average ideal price” a set of comparable producer/middlemen
received in the same geographical area. While we acknowledge the difficulty in
establishing the reference point in practice, we believe that this is a reasonable
approximation of the average “best value” that a producer/middleman could have
received for its product. Finally, ideal prices do reflect the market conditions and
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At the producer level, WeightLoss, is the physical quantity that disappears
for producer p between harvest and post-harvest (quantity degradation)
plus the post-harvest loss in each category based on an industry-defined
rating of crop damage by category (quality degradation). ValueLoss, is the
value of the physical quantity that disappears between harvest and post-
harvest (quantity degradation) plus an industry-defined price punishment by
category (quality degradation). WeightLoss, and ValueLoss), are given by

eq. 1 and 2, respectively:

. 1
WelghtLOSSp = (QProd,p - QPH,p) + Zi=1(ci * QCiPH,p) (1)

1 — —
ValueLossp = (VProd,p - VPH,p) + Zi=1(Pideal,p - PCi,p) * QCiPH,p (2)

where Qproqp and Qpyp are respectively the quantity of all produce of
producer p after production and after post-harvest, as indicated by the
producer.?® C; is the damage coefficient for category i (where the total
number of categories are 1), and QC;py p, is the quantity in each category
after post-harvest. Vp,oqp, and Vpy,, are respectively the value of all
produce after production and after post-harvest as given by the
multiplication of respectively Qproqpand Qpyp, by an ideal price Isideal,p'
Fideal,p is the average sale price for an ideal product and Isa-,p is the sample
average sale price for a product in category i.3° The difference in quantities
or values (the first terms of equation 1 and 2) provide us with the total
quantity or value lost between production and post-harvest activities; the
second terms provide us with information on the quality degradation.

quality at the time of the survey, assuming stationarity is a good approximation of
the price for the specific ideal attributes.

2% Note that producers are not asked about the loss they incurred, as in the S-method,
but about the amount they harvested and the amount they retain (to be either sold
or consumed) after the post-harvest activities.

30 By calculating the difference between the average ideal price and the actual price
at one specific point in time, we get rid of the time-constant market conditions and
are left with the quality differences. This stationarity assumption makes “ideal price”
a good approximation of the price for a produce with ideal attributes.
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At the middleman level, the quantity and quality degradation in weight
(WeightLoss,, ) and in value (ValueLoss,, ) for middlemen m are given
by eq. 3 and 4, respectively:

WeightLossy,, = WeightTotLossy, + Y1 C; * (QCipurchase.m —
QCiSale,m) (3)

ValueLoss,, = ValueTotLoss,, + Zizl(ﬁideal'm — Peim) *
(Q CiPurchase,m - QCiSale,m ) (4)

where C; is the same damage coefficient as in the producers’ survey, and
Pigeaim and Pg; , are the average sale price for an ideal product and sale
price for a product in category i at the middlemen level, and QCisg1e m and
QCipurchase;m are the quantities in each category at purchase and at sale.
To get the full quantity and quality degradation measure, we add the weight
(or value) of the quantity that was totally lost, WeightTotLost,,or
ValueTotLost,,, i.e., product that completely disappeared from the value
chain. These figures are ideally obtained from the difference between the
total purchase and total sales within a given period. In practice, middlemen
are often unable to indicate these exact quantities, as the purchased crop is
mixed with product in storage (see Table 3.A1 in the appendix).

Attribute method

The “attribute method” (A-method) is based on the evaluation of a crop
according to inferior visual, tactile, and olfactory product characteristics.
These attributes are identified prior to the survey implementation and in
collaboration with commodity experts, local experts, and value chain actors.
In addition, an extensive pilot was implemented to validate the attributes.3!
The number of attributes varies between 10 and 14, according to the
commodity and country. At the time of the survey, the producer evaluates
his or her production and establishes the share of total production that is

311t is important to mention that in certain countries, the attributes are defined as
legal standards for the specific commodity. More information on the survey method
is available in Delgado, Schuster & Torero (2017).

63



Ch

apter 3

64

affected by the inferior damage attributes, both after production and after
post-harvest.3? Middlemen evaluate their product from the previous month
at both purchase and sale. The producer and the middlemen declare how
much their respective buyers punish them for inferior product attributes by
paying a lower price. The price punishment information for each product
attribute is used to estimate the value loss.

At the producer level, the quantity and quality degradation in weight
(WeightLossp ) and in value (ValueLossp) for producer p are given by eq.
5 and 6, respectively:

J
WeightLOSSp = (QProd,p - QPH,p) + Z 1 aj,p * QPH,p (5)
]=

]
ValueLoss, = (Vproap — Veup) +Z Pa;, * Qpyyp (6)
j=1

where Qproqpand Qpyp are respectively the quantity of all produce after
production and after post-harvest for producer p, and a;,, is the share of
product affected by damage attribute j. As in the C method, Vpy, and
Vproa,p are the value of all produce after production and after post-harvest,
respectively. The multiplication of Qproqp and Qpyp by the ideal price
Pigeal- ﬁj,p, respectively, is the average price punishment for an inferior
product attribute at sale. This is obtained from the difference in the typical
market price of the product at the producer level and the lower producer-
level price given a specific damage. While the first terms of eq. 5 and 6
provide us with the total quantity or value lost (quantity degradation)
between production and post-harvest, the second terms provide us with the
guantity affected by a loss (quality degradation).

32 |In other words, a producer defines the percentage of its produce that is rotten,
swollen, too pale, deformed, acid smelling, broken, too small, has an uncommon
texture, among others.
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At the middleman level, the quantity and quality degradation in weight
(WeightLoss,, ) and in value (ValueLoss,, ) for middlemen m are given
by eq. 7 and 8, respectively:

]

WeightLoss,, = WeightTotLoss,, + Zaj:l

(QPurchase,aj,m - QSale,aj,m) (7)
]

Valueloss,, = ValueTotLoss,, + Z (Vpurchase.ajm — Vsate,ajm) (8)
aj=1

where WeightTotLost,, and ValueTotLost,, are the weight and value of
the quantity that was totally lost, i.e., quantity degradation that completely
disappeared from the value chain (as in equation 3 and 4). Qpyrchase,ajm
and Qsqre,qjm are the quantities in each attribute sold and purchased with
a certain damage attribute by middleman m. Vpychase,ajm and Vsaieajm
are the values at sales and purchase that are lost due to a damage attribute
and are obtained by multiplying the previous quantities (Qpyrchase,ajm and
Qsaie,ajm) by an average price punishment at purchase and sale, obtained
from the difference in the typical middlemen-level market price of the
product and the lower price given a specific damage.

Price method

The “price method” (P-method) is based on the reasoning that higher (or
lower) values of a commodity reflect higher (or lower) quality. A decrease in
price, all else equal, is thus a proxy for a deterioration in quality.3® Data
regarding producers’ and middlemen’s ideal sale value are used and

3 It is important to mention that the ideal prices do reflect the market conditions
and quality the year the survey was conducted for the specific sub-national
geographical location. Also, the actual price paid or received that year reflects the
same market conditions and quality for the same sub-national geographical location.
In our approach, we calculate the difference between the average ideal price
(incorporating market structure) and the actual price given the specific quality at one
specific point in time (which also incorporates market structure), thus getting rid of
the time constant market conditions. What is left are the quality differences. This
stationarity assumption makes “ideal price” a good approximation of the price for a
produce with ideal attributes.
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compared to the value of their actual production, purchase, and sale. The
following equation provide us with the total loss at the producer level:

ValueLoss, = Vigearp — Vpup ©

where p indicates the producer, Vigeq;p is the ideal value of a producers’
production and is obtained by multiplying producers’ production by the
average ideal sale price. Vpy 5, is the total value of the producers’ production
after post-harvest, as assessed by the farmer himself. The value loss can be
translated into a weight loss at the producer level by dividing it by the
average ideal sale price:

. ValueL
WeightLoss, = Mt 4 (10)

ideal,p

For the middlemen, the estimated quality degradation is given by the
difference between the weight (or value) affected by loss at sale (first term
equation 11 or 12) and the weight (or value) affected by loss at purchase
(second term equation 11 or 12) to estimate the total weight (or value)
affected by loss at this level of the chain. The weight (or value) affected by
the loss at purchase or sale is estimated by taking the difference between
the sale (purchase) value of an ideal product and the actual sale (purchase)
value.

We add the weight (or value) of the quantity that was totally lost,
WeightTotLost,, or ValueTotLost,,, i.e., product that completely
disappeared from the value chain and thus represents the quantity
degradation (as in equations 3, 4, 7 and 8 ). This translates into the following
two equations:

ValueLOSSm = (VSale;ideal,m _VSale;actual,m) - (VPurChase;ideal,m -
VPurchase;actual,m) + ValueTOtLOSSm (11)

WelghtLOSSm = (QSale;ideal,m - QSale;actual,m) - (QPurchase;ideal,m -

QPurchase;actual,m) + WeightTOtLOSSm (12)
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3.5 Data

We have developed detailed surveys across the different components of the
food value chain and specific to different commodities (more extensive
information on the survey method is available in Delgado, Schuster &
Torero, 2017). These surveys allow us to quantify the extent of food loss
across the value chain before consumption using consistent approaches that
are comparable across commodities and regions. They also enable us to
characterize the nature of food loss, specifically the production stages and
the particular processes during which loss is incurred. The richness of the
data allows us to provide estimates using the four methodologies.

The producer survey has three modules. The first module asks about the
guantity of the crop left in the field, the quantity totally lost in pre-harvest,
the total production harvested, and the qualities, attributes, and prices of
the harvest.>* The second module asks about the quantity of affected
(quality degradation)3 and the quantity totally lost (quantity degradation)3®
during post-harvest activities (e.g., winnowing, threshing, grading,
transporting, packaging, etc.). The third module records the destination of
the product (i.e., for consumption, sale, donation, etc.), as well as the
damage attributes and categories for the quantity for sale.

The middleman survey has three modules. The first two modules ask about
the quantity, quality, and attributes of the total product respectively
purchased and sold in a defined period (depending on the country). The third
module asks about the quantity of product affected by quality deterioration
and total loss for each crop during post-harvest processing activities.

3% Quality attributes were identified for each country and commodity prior to the
survey implementation and in collaboration with commodity experts of the CGIAR
centers. We worked with CIMMYT for wheat and maize, CIAT for beans, ICARDA for
teff, and CIP for potatoes. All the centers specialize in the specific commodity
attributes and value chain actors. A pilot survey was then implemented to validate
and eventually adjust the attributes.

35 Affected product: Product with lower quality, but can still be used.

36 Totally lost: Product that is completely lost and cannot be used.
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The processor survey has two modules. The first module asks about the
guantity, quality, and attributes of the total product purchased in a specific
time-period (depending on the country). The second module asks about the
specific steps required to obtain the final product for consumption.

Each of the three surveys includes inquiries about aggregate self-reported
measures of loss. We ask producers, middlemen, and processors about the
guantities (and the corresponding monetary values) of crops discarded
during their activities. We also include a disaggregated description of the
stages and processes at which losses occurs. Within each survey, we
categorize crop damage and crop attributes for each crop and country. We
created a damage coefficient based on degrees of quality. Each crop has its
own damage coefficient, determined using international classification in
collaboration with local experts.?’

In the attributes section of each survey, producers, middlemen, and
processors are asked to evaluate the crops’ physical or chemical
characteristics. These characteristics are specific to each country and crop,
and were identified in collaboration with value chain actors and commaodity
experts. In our surveys, the damage to each crop is determined by texture,
size, moisture, the presence of fungus or insects, among others.3® We
confirm through expert consultations and in the different markets the price
punishment that each of these types of crop damage entails.

37 Details regarding the classification are available upon request.

38 For example, in the maize value chain in Honduras and Guatemala, producers,
middlemen, and processors were asked to evaluate the percentage of crop that was
chopped, contained weevil, was small, smelled acidic or like fumigation, had a rough
texture, was swollen, was rotten, had fungal damage, had stains, or was broken.
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Value chains and descriptive statistics

In all the countries, we chose our sample based on a pre-census of the
producers who have produced the specific crop of interest in the last
cropping season; this formed our baseline. In Ecuador, for instance, every
person consumes around 30 kg of potatoes per year (MAGAP, 2014).
Ecuador produces 397,521 tons of potatoes annually, with the province of
Carchi producing 36 percent of the national volume (ESPAC, 2015). Our
surveys in Ecuador were organized between June and October 2016 for each
segment of the potato value chain. All producers in the survey came from
the province of El Carchi, while the middlemen were from the provinces of
El Carchi, Imbabura, and Pichincha, and the processors were from the
province of Pichincha.

Peru’s annual consumption of potatoes is around 89 kg per person
(MINAGRI, 2016). In 2014, 318,380 hectares were used to plant potatoes
and 4,704,987 metric tons of potatoes were produced (FAOSTAT, 2019). The
departments of Junin and Ayacucho provide around 60 percent of the
potatoes that go to the wholesale market in Lima (EMMSA, 2019). Our
surveys in Peru were organized between September and December 2016 for
each segment of the potato value chain. The producers in the survey were
from the departments of Junin and Ayacucho, while the middlemen and
processors were from the department of Lima.

Maize and beans form the fundamental basis of food security for much of
the Central American population, and they contribute to household and
national economies through employment and income generation. In
Honduras, maize is one of the most important basic grains, but the domestic
maize supply only covers 42 percent of the country’s demand (SAG/UPEG,
2015). The annual consumption of maize in Honduras in 2013 was around
78 kg per person. The production of maize in 2014 was 609,312 metric tons
over an area of 263,343 hectares (FAOSTAT, 2019). The three principal
production departments of white maize in Honduras are Olancho, El Paraiso,
and Comayagua. Beans are the second most important basic grain in
Honduras, both in area planted and in production for consumption. In 2014,
the annual consumption and production of beans in Honduras was 12 kg per
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person and 105,812 metric tons, respectively; an average of 132,659
hectares were planted with beans (FAOSTAT, 2019). The three principal
production departments for beans in Honduras are Olancho, El Paraiso, and
Yoro. Our surveys for Honduras were organized between July and
September 2016 for each segment of the maize and bean value chains. The
producers, middlemen, and processors in the survey were from the
departments of Choluteca, Copan, El Paraiso, Francisco Morazan, Intibuc3,
La Paz, Lempira, Ocotepeque, Olancho, Santa Barbara, and Valle.

Table 3.1: Sample Size

Ecuador Peru Honduras Guatemala Ethiopia China
Producer 302 411 1209 1155 1203 1114
Middlemen 182 85 325 365 140
Processor 147 139 224 245 - 53
Total 631 594 1758 1765 1203 1307
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Note: In the case of teff in Ethiopia, we only survey producers because most of the producers will bring
their teff to millers who work on a fee-for-service basis, returning milled teff flour to the producers
without any major intermediation of middlemen or processors.

In Guatemala, the area cultivated to maize was 871,593 hectares with
production reaching 1,847,214 metric tons in 2014. Per capita consumption
in 2013 was around 87 kg per person per year (FAOSTAT, 2019). The three
principal production departments of white maize in Guatemala are Petén
(18.5 percent), Alta Verapaz (9.4 percent), and Jutiapa (7.3 percent) (MAGA,
2017). Beans are the second most important basic grain in Guatemala, both
in area planted and in production for consumption. In 2014, the
consumption of beans in Guatemala was 12 kg per person per year; area
planted to beans covered an average of 250,414 hectares, with production
at 235,029 metric tons (FAOSTAT, 2019). The three principal production
departments for beans in Guatemala are Petén (27 percent), Jutiapa (13
percent), and Chiquimula (10 percent) (MAGA, 2017). Our surveys in
Guatemala were organized between September and December 2016 for
each segment of the maize and bean value chains. The producers,
middlemen, and processors were from the departments of Chimaltenango,
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Escuintla, Guatemala, Quetzaltenango, Sacatepéquez, San Marcos, Solol3,
and Totonicapan.

Teff is a major crop in Ethiopia in terms of both production and consumption.
Teff is the dominant cereal crop for total area planted with 3,760,000
hectares in 2012/2013 (Crymes, 2015) and second only to corn in production
and consumption with 3,769,000 metric tons of production (Crymes, 2015).
According to Berhane, et al. (2012), based on national data from the
Household Income, Consumption and Expenditure Survey (HICES, 2011)
between 2001 and 2007, urban consumption of teff per capita was as high
as 61 kg per year, while rural consumption was 20 kg per capita per year.
Ambhara and Oromia together accounted for 84 and 86 percent of the total
cultivated area and production in 2011, respectively. Our surveys in Ethiopia
were organized between August and October 2016 in the zones of Oromia
and Amhara. These surveys covered the producer chain only, since the teff
value chain does not include important middlemen or processors.

Wheat is China’s second most important food crop after rice. In 2014, China
produced about 120 million metric tons of wheat each year on
approximately 24 million hectares of land (FAOSTAT, 2019). In 2013, the
annual consumption of wheat in China was around 63.1 kg per capita
(FAOSTAT, 2019). Three northern provinces — Henan, Shandong, and Hebei
— collectively account for over 50 percent of China’s wheat output (China
Statistical Yearbook, 2001). Our surveys in China were organized between
August and October 2016 for each segment of the value chain. The
producers, middlemen, and processors were from the provinces of Henan
and Shandong.

We adapted our instrument for the specifications of each crop and country.
In a stratified random set-up, we sampled a moderate number of actors per
segment in each country. Table 3.1 reports the sample size (N) of producers,
middlemen, and processors in each country. Tables 3.2-3.4 respectively
provide simple socio-demographic statistics of the sampled producers,
middlemen, and processors for each different crop and country. The large
majority of all sampled producers (around 90 percent) are male across all
countries and value chains, and are between the ages of 45 and 50. On
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average, they are smallholder farmers, as they cultivate between 0.35
hectares (beans in Guatemala) and 3.5 hectares (potato in Ecuador) of land.
Producers have mostly achieved primary education; only in Peru and China,
almost half of all producers also completed secondary education.
Middlemen tend to be slightly younger than farmers, and there are more
women than men (with the exception of China, 40 percent of all middlemen
are women). The large majority of all middlemen sell both in bulk and to
end-users. Finally, while the age of the wholesaler is about 43 years, the
gender of the wholesaler varies largely by crop and country. For beans and
maize in Guatemala and Honduras, the wholesalers/transformers are mainly
female; in the wheat and potato sector, wholesalers are predominantly
male.

3.6 Results

Figure 3.4 shows loss levels at the producer, middlemen, and processor
levels separately and alternatively for the four estimation methodologies
(i.e., aggregated self-reported (S), category (C), attributes (A), and price
method (P)). Some observations are discarded due to missing values and
outliers.®® Loss figures include both the quantitative degradation (i.e.,
product that completely disappeared from the value chain) and the quality
degradation (i.e., the product affected by quality deterioration). Losses are
alternatively expressed in weight and values, with the latter providing
information regarding the economic damage caused by them.

3% We use “winsorizing” technique, replacing extreme outliers beyond the 99th
percentile with missing values under the assumption that all extreme values are due
to measurement error.



Chapter 3
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Figure 3.4: Quantitative and Qualitative Food Loss along the Value Chain, Estimated

Using Four Methodologies

Note: S= Aggregate self-reported method; C= Category method; A= Attribute method; P= Price method.
Significant differences from one-way ANOVA comparing the four group means — by farmer or middleman
level — indicated with *p < 0.10, **p < 0.05, ***p <0.01, 'ns' p 2 0.10. Loss estimation at the wholesale
level comes from the S-method only, so no ANOVA comparison is carried out.

"For teff in Ethiopia, data covered the producer chain only, given that there are no important middlemen

and processors in this value chain.

73



Ch

apter 3

74

As shown in Figure 3.4, loss figures across all value chains fluctuate between
6 and 25 percent of the total production and total value of production. Loss
figures are consistently largest at the producer level and smallest at the
middleman level. Across the different estimation methodologies, loss at the
producer level represents between 60 and 80 percent of the total value
chain loss, while the average loss at the middleman and processor levels is
around 7 and 19 percent, respectively. At the processor level, losses
fluctuate between 2 and 3 percent. It is important to mention that these
losses do not include yield gaps, which could vary between 50 and 80
percent. These vyield gaps represent the distance to the production
possibility frontier, defined as the distance of the sale quantities or prices
and the frontier.

Percentage losses expressed in value tend to be slightly smaller than those
expressed in weight for the S-method. This difference is prominent in the A-
method, indicating that the market does not seem to penalize some quality
degradation at the farm level. The category method leads to results that are
more similar in terms of weight and value loss.

Differences across methodologies are salient, especially at the producer
level. Analysis of Variance (ANOVA) finds significant across-group variation
of loss figures at the producer level for all 8 value chains at p < .01 level
(Figure 3.4).%° Except for the bean value chain in Honduras, loss figures
across methodologies are similar and not statistically different for
middlemen. ANOVA results are similar when quantity loss and quality
degradation are reported in weight or values. The skewness of the loss
figures (Table 3.A2 in the appendix) reveals that the left-side tail (“no loss”)
seems consistently higher for the S-method than the C-, A- and P-methods.

40 The skewness of the loss figures as estimated by the different measurement
methods is reported in Table 3.A2 of the appendix.
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To determine which groups differed from each other at the producer and
middleman level, we perform a pairwise comparisons of means. Results are
reported in Table 3.5. At the farm-stage level, the estimation results from
the C-, A-, and P-methods tend to converge, but the aggregate self-reported
method systematically reports statistically different lower loss figures. These
gaps are largest in the beans value chain in Honduras and the potato value
chain in Peru, in which self-reported loss estimates are between 10 and 15
percentage points lower than those estimated using any of the other
methods. Some significant differences also exist across the C-, A-, and P-
methods, but results are less consistent across countries and value chains.
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Table 3.5: Pairwise Comparisons of Means — Producer and Middleman Level

a) Producer Level: Food Loss in % of Total Production (Volume)
Ecuador, Peru, Guatemala, Guatemala, Honduras, Honduras, Ethiopia, China,
Potato Potato Beans Maize Beans Maize Teff Wheat
CvsS 0.047 *** 0.066 *** 0.030 * 0.047 ***  0.070 *** 0.067*** 0.018 * 0.044 ***
AvsS 0.041 ** (0.102 *** 0.099 *** (0.106 *** (0.135 *** 0.060*** (0.129 *** (.053 ***
PvsS 0.037 ** (0.105 *** 0.069 *** (0.054 *** (0.111 *** 0.075*** 0.018 * 0.049 ***
AvsC -0.006 0.036 ** 0.069 ***  0.059 *** 0.065 *** -0.007 0.111 *** 0.009
PwvsC -0.010 0.039 ** 0.039 * 0.007 0.041 *** 0.007 0.000 0.005
PvsA -0.003 0.002 -0.029 * -0.052 ***  -0.024 0.015 -0.111 *** -0.004
b) Producer Level: Food Loss in % of Total Value of Production (USD)
Ecuador, Peru, Guatemala, Guatemala, Honduras, Honduras, Ethiopia, China,
Potato Potato Beans Maize Beans Maize Teff Wheat
SvsC 0.076 *** 0.111 *** (0.052 *** 0.075*** 0.101 *** (0.078*** (0.032 *** (0.049 ***
SvsA 0.038 *** (.105 *** (0.103 *** 0.058 *** 0.123 *** 0.065*** 0.028 *** (0.063 ***
SvsP 0.056 *** (.143 ***  (0.090 *** (0.077 *** (0.122 *** (.085*** (0.024 *** (.054 ***
CvsA -0.038 ** -0.006 0.050 *** -0.016 * 0.022 -0.012 -0.005 0.014
CvsP -0.019 0.031 ** 0.038 ***  (0.002 0.021 0.008 -0.008 0.005
AvsP 0.018 0.037 -0.013 0.019 ** -0.002 0.020 * -0.003 -0.009
¢) Middleman Level: Food Loss in % of Total Production (Volume)
Ecuador, Peru, Guatemala, Guatemala, Honduras, Honduras, China,
Potato Potato Beans Maize Beans Maize Wheat
SwsC -0.008 * 0.004 0.000 -0.003 -0.002 0.000 0.002
SvsA 0.001 0.025 0.000 -0.003 0.002 -0.003 -0.002
SvsP -0.002 0.008 -0.001 -0.003 0.008 0.000 0.000
CvsA 0.009 * 0.021 -0.001 0.000 0.004 -0.003 -0.003
CvsP 0.006 0.005 -0.001 0.000 0.010 * 0.001 -0.002
AvsP -0.003 -0.017 0.000 0.001 0.006 0.004 0.002
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d) Middleman Level: Food Loss in % of Total Value of Production (USD)

Ecuador, Peru, Guatemala, Guatemala, Honduras, Honduras, China,

Potato Potato Beans Maize Beans Maize Wheat

SvsC 0.003 0.002 -0.001 -0.003 0.006 -0.002 0.002
SvsA 0.002 0.016 -0.001 -0.004 0.011 -0.003 -0.001
SvsP 0.005 0.015 -0.002 -0.002 0.014 ** 0.001 -0.002
CvsA -0.001 0.014 0.000 -0.001 0.005 -0.001 -0.003
CvsP 0.003 0.013 0.000 0.001 0.007 0.003 -0.004
AvsP 0.004 -0.001 0.000 0.002 0.002 0.004 -0.001

Note: S= Aggregate self-reported method, C= Category method; A= Attribute method; P= Price method

Differences in mean between the food loss estimation methods are reported. Significant differences from Tukey
post-hoc comparison of means test indicated with *p < 0.10, **p < 0.05, ***p < 0.01

Losses at the producer level can be mainly attributed to the pre-harvest
stage (on average 4.13 percent of the total production volume and 4.19
percent of the total production value) and less to the post-harvest stage (on
average 8.30 percent of the total production volume and 6.82 percent of the
total production value) or quantities left in the field (less than 1 percent).
The S-methods systematically report lower loss figures than the C-, A-, and
P-methods across both the pre- and post-harvest stages at the producer
level (Table 3.A3 in the appendix).

Causes of food losses

Figure 3.5 presents the major reasons producers cited for their pre-harvest
loss, their crop left in the field, and their post-harvest loss. In the specific
case of pre-harvest loss, the major reasons reported by producers included
pests and diseases and lack of rainfall; teff was the exception, with lack of
rainfall being the major reason reported for pre-harvest loss. When looking
at the produce left in the field, the major reason for the loss is a lack of
appropriate harvesting techniques. Potatoes in Ecuador was the exception,
with small or poor-quality potatoes being the major reason reported for
produce left in the field. Both in Ecuador and Peru, worker shortages or
excessive labor costs are important limiting factors. In China, weather
conditions are one of the main reasons why produce is left in the field. The
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main causes of post-harvest losses, with the exception of China and Ethiopia,
are damage to crops done by workers during harvesting or sorting, because
of their lack of training and experience.** In China, mechanical damage is
most prevalent, followed by damage caused by laborers during harvesting.
In Ethiopia, most post-harvest losses occur because produce is blown away
or spilled. Other causes include poor storage and laborer damage.

It is important to mention that causes such as cost of labor or low market
price are endogenous to the specific commodity and market structure
location. Therefore, this needs to be taken into consideration when
interpreting and comparing the results across commodities and countries.

41 For further details on determinants of food losses, see Delgado et al. (2021a).
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Type Crop Country
Beans Guatemala
Honduras
Maize Guatemala
Pre Honduras
Harvest Potato Ecuador
Peru
Teff Ethiopia
Wheat  China
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
% A
W wind Soil fertility M Lack of rain M Crop shattering
I Weeds M Pest, disease, animals [ Freeze M Crop lodging
M Stolen M Lack or excess ofinputs [l Excessive rain
Type Crop Country
Beans Guatemala
Honduras
Leftin Maize buatemala
. Honduras
the field
Ecuador
Potato
Peru
Wheat  China
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
% »
[ Weather [ Poor harvest technique
M Transport W Low market price

Small or poor quality potatoes

M Lack of/costly labor

Type Crop Country
Beans Guatemala
Honduras
Maize Guatemala
Post Honduras
Harvest Potato Ecuador
Peru
Teff Ethiopia
Wheat  China
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
0%
M Transport Machine damage M Laborer damages at harvest
M storage W Lack or excess of inputs M climate (too much sun or rain)
M stolen B Lack of laborers M Blown away/spilled

M sacks are not properly tied/sewn
[l Plagues, rodents, animals

Ml Laborer damages at selection
1 Laborer damages at pilling/winnowing/hulling

Figure 3.5: Self-Reported Causes of Losses

81



Ch

apter 3

82

3.7 Conclusions

Addressing food loss across the value chain requires a common
understanding of the concept by all actors. A collaborative effort is also
required to collect better micro data across the value chain and of different
commodities and contexts. As stated earlier, food loss has been defined in
many ways, and there is disagreement over proper terminology and
methodology to measure it.

We address this existing measurement gap by developing and testing three
new methodologies that aim to reduce measurement error and assess the
magnitude, causes and costs of food loss, as well as the stages across the
value chain where losses occur. The methods account for food loss from pre-
harvest to product distribution and include measurement of both quantity
loss and quality deterioration. Following a framework similar to the one used
by de Mel et al. (2009), we establish a benchmark based on observations and
food loss data measured on the farm. Every effort has been made to be as
detailed as possible on the attributes and categories identified in each of the
commodity and country, and to establish consistency across the three new
methodologies. We apply them to producers, middlemen, and processors in
seven staple food value chains in five developing countries.

The estimation results from the three new methods are close to each other
with respect to the aggregate self-reported method, which shows
systematically lower loss figures. This is evidence that we are converging on
truth, but there are still some statistical differences among the three
methodologies. As a result, which method to use at the end will depend on
the specific context in the field, such as which information can be collected
at the lowest cost and with the lowest measurement error. Our figures are
larger than those recently obtained by Kaminski and Christiansen (2014) and
Minten et al. (2016a and b) due to the inclusion of qualitative loss and quality
and quantity effects. Despite this, the most important value of the proposed
methodology is that it allows us to break down the losses at the level of
farmer, middleman, and processor and incorporate both concept of
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guantitative loss (i.e., the product entirely disappeared from the value chain)
and qualitative loss (i.e., the product was affected by quality deteriorations).

Loss figures are consistently largest at the producer level and smallest at the
middleman level. Across the different estimation methodologies, loss at the
producer level represents between 60 and 80 percent of the total value
chain loss, while the average loss at the middleman and processor levels is
at around 7 and 19 percent, respectively.

Micro-causes such as the presence of pests, lack of rainfall, and lack of
appropriate post-harvest technologies are behind the losses in our study.
Lack of appropriate storage facilities (FAO, 2011; Liu, 2014) and efficient
transport systems (Rosegrant e.at., 2015) are also important micro-causes
of food loss. Other causes ranging from crop variety choices and pre-harvest
pests to processing and retail decisions are also notable.

Micro-causes can be linked to broader meso-causes. Analyzing the factors
affecting food loss at the micro-, meso-, and macro-level can help identify
effective reduction interventions. Studies point to credit constraints as one
of the main bottlenecks to technology adoption to reduce food loss (HLPE,
2014). Others point to the importance of education (Kaminski and
Christiaensen, 2014), contractual practices (Parfitt et al., 2010), and the
growing need to improve infrastructure, particularly in rural areas.*? It is
clear that further research is needed to identify the determinants behind the
level of losses identified, controlling for the heterogeneity among farmer
and production characteristics. For example, it is essential to understand the

42 Rosegrant et al. (2015) finds that electricity, roads, and railways have an important
role in PHL reduction. After getting the estimates of infrastructure on PHL reductions,
the study uses the cost of infrastructure development to estimate a number of
investment scenarios. These scenarios were later implemented in the IMPACT global
food supply and demand model (IFPRI) to simulate the impact of PHL reduction on
food prices, security, consumer and producer surplus, net welfare gains, and benefit
cost ratios to the investment. Overall, it was found that reduction in PHL is not a low-
cost alternative, but rather it requires large investment and is complementary to
long-term investments to achieve food security.
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role of demographic characteristics of the farmers, their education,
producer experience, gender, production factors (access to technology,
agricultural assets, and infrastructure), and geographic and climatic factors.

Policymakers need to work with value chain actors to translate these insights
into action. They should focus on collecting evidence-based and consistent
information across the value chain and ensure that public and private sector
investments facilitate food loss reduction, specifically targeting hotspots.
Finally, they should identify the main causes of food loss in specific stages of
the value chain based on methodologies proposed by this paper.
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Appendix

Table 3.A1: Survey Questions to Estimate Food Losses with the Aggregate Self-

Reported Method

Surn of survey questions: In the last planting seaton_. '
&) what is the quantity of your harvest that was damaged (prévious Lo podt-hanest activities)?

Loss sxpressed b what is the quantity of good product that was not harvested [beft in the field]?
in weight ) what is the quantity totally bost during post-harvest activities?
PRODWUCER d) what is the quantity damaged during post-harvest activities?
a) what is the value of your harvest that was damaged [previous to pest-harvest activities)?
Loas exprassed b)) what is the value of the quantity of good prodisct that was not harvested (left in the fleld)?
in value &) what is the value of your product totally lost during post-harvest activities?
o) what is the value of your product damaged during post-harvest activities?
Surm of the survey questions: 'Last monith, and batween the moment of purchase and sales of your product...'
Loss expressed  a) Was ks the quantity of your total purchase that got damaged during each of your post-harvest activities?
MIDOLEMEN in weight ) Was is the quantity of your total purchase that got totally bost during each of your post-harvest activities?
Loss expressed &) Was i the value of your tatal purchase that got damaged during each of your post-hanest activities?
in valua ) Was is the value of your total purchase that got totally lost during each of your post-harvest activities?
Surni of the survey guestions: 'Last month, and betwesn the moment of purchase and sales of your praduct...'
Loss expressed  a) Was is the quantity of your total purchase that got damaged during each of your transfosmation activities?
inweight ) Was ks the quantity of your total purchase that got totally bost during each of your transformation activities?
PROCESSOR
Loss expressed  a) 'Was is the value of your total purchase that got damaged during each of your transformation activities?
in value ) Was is the value of your total purchase that got totally lost during each of your transformation activities?
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Table 3.A2: Skewness of Food Loss (in Volume), by Country and Measurement
Method
ECUADOR, potato
S C
o
w4
2 <
g A P
)
8 4
o 4
o
0 5 1.0 5 1

86

Total loss (volume)

Graphs by Measurement method

[Toym!

PERU, potato

5 1.0 5 1
Total loss (volume)

Graphs by Measurement method
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Density

Density

GUATEMALA, beans

0 5 1.0
Total loss (volume)

Graphs by Measurement method

GUATEMALA, maize

0 15 1.0
Total loss (volume)

Graphs by Measurement method
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HONDURAS, beans

15 20

Density
10 15 20 0 5 10
1 1
>

5

0 5 1.0
Total loss (volume)

Graphs by Measurement method

HONDURAS, maize

Density
>

0 5 1.0
Total loss (volume)

Graphs by Measurement method
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ETHIOPIA, teff

0 5 1.0 5 1
Total loss (volume)

Graphs by Measurement method

CHINA, wheat

Density
30 10 20 30
1 1
>
o

20

10

0 15 1.0 5 1
Total loss (volume)

Graphs by Measurement method

Note: The skewness of food loss in value is similar and is available upon request.
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Table 3.A3: Food Loss at Farm Level, by Stage of Loss
a) Food Loss in Percentage of Total Production (Volume)
25%
20%

15%

10%

0%

SCAP SCAP SCAP SCAP SCAP SCAP SCAP SCAP

ECU, PER, GUA, GUA, HON, HON, ETH, CHN,
Potato = Potato Beans Maize Beans Maize Teff | Wheat

Leftin field ™ Pre-harvest M Post-harvest M Pre-& post-harvest

b) Food Loss in Percentage of Total Value of Production (USD)

25%

20%

15%
10%
“ IR | ||”|

0%

SCAP SCAP SCAP SCAP SCAP SCAP SCAP SCAP

ECU, PER, GUA, GUA, HON, HON, ETH, CHN,
Potato = Potato Beans Maize Beans Maize Teff  Wheat

Leftin field ™ Pre-harvest M Post-harvest M Pre-& post-harvest

Note: S= Aggregate self-reported method; C= Category method; A= Attribute method; P= Price method

The P-method does not disentangle the pre- and post-harvest loss; the two loss types are thus reported jointly
in the P-columns.
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On the origins of food loss

In this paper, we try to understand what the main causes of food losses (FL) are.
Our results show that producers’ education and experience and the number of
years in which a producer has been involved in the production of a specific crop
are significantly correlated with reduction in FL. Unfavorable climatic conditions,
pest, and diseases, as well as, limited knowledge and access to equipment,
credit, and markets are also challenges to increase production of higher quality
and therefore reasons for FL. Policies to reduce and prevent food loss need to be
targeted to specific commodities and contexts.

This chapter is based on:

Delgado, Luciana, Monica Schuster, and Maximo Torero. 2021. “On the Origins of
Food Loss.” Applied Economic Perspectives and Policy43 (2): 750-80.
https://doi.org/10.1002/aepp.13156.
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4.1 Introduction

Why does so much food get lost along the food value chains? Little is known about
what causes food loss in developing countries and how best to reduce them. It
would be too simplistic to blame it on the carelessness of producers or vendors
in the pre- or post-harvest handling of produce. Food loss can occur at different
nodes of the value chain: production, harvest, or post-harvest stages, involving
storage, transport, handling, or processing. Gaining insight into the causes of food
loss (FL) can help develop the right interventions. Even though it would be
impossible to completely eliminate food loss and waste, experts agree that there
is room for reducing food loss and waste.

We implemented specially designed surveys to capture food loss along five staple
food value chains in seven countries: potato in Peru and Ecuador, maize and
beans in Honduras and Guatemala, maize in Mozambique, teff in Ethiopia, and
wheat in China. Cereal grains, such as wheat, maize, potatoes, and beans, are the
world's most popular food crops and form the basis of the staple diet in most
developing countries. Our aim is to gain a better understanding of the links
between food loss (FL) and a rich set of socio-economic features, agricultural
production, and post-harvest treatment characteristics, as well as climatic
conditions.

Methodologically, we use two alternative econometric models: the model of
classical maximum likelihood estimation is used to assess the relationship
between the right-hand side variables and the binary FL variable; fractional
response models (GLM) are used on the share of product loss to account for the
boundedness of the dependent variable. We use these models to estimate the
relationship among these variables, using food loss data. Food loss is defined
through the “attributes method” (see details in Delgado et al., 2021a). The results
reveal specific areas that require investments to reduce food loss. They also show
considerable heterogeneity of food loss. The causes of food loss appear to be
highly specific to context and type of commodity.

This paper is organized as follows. The introduction is followed by a literature
review, section 4.2, on the causes of food loss and waste in developing countries.
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Section 4.3 presents the data and empirical approach. Section 4.4 presents
descriptive statistics and key findings for Ethiopia, Ecuador, Honduras,
Guatemala, Peru, China, and Mozambique. Section 4.5 discusses the findings with
respect to the scientific literature. The paper ends with conclusions and policy
recommendations.

4.2 Literature review on the causes of food loss

A review of the evidence suggests a wide range of possible causes, categorized
into six groups: levels of human capital (education, experience); climatic
conditions, insects or pest attacks; access to infrastructure and post-harvest
infrastructure (especially storage facilities); access to technology, post-harvest
crop management techniques and handling; economic incentives (standards);
market access (mainly roads to markets). In practice, multiple factors are at play
and reinforce one another. For instance, heat and humidity tend to damage
perishable food products. It is more likely to be a problem in places where there
is no temperature-controlled storage and transportation. The literature review is
summarized in Table 4.1.

Kaminski and Christiaensen (2014), Maziku (2020), Doki et al. (2019), and
Gebretsadik et al. (2019) find that human capital, or education and experience,
to be negatively correlated with reduction of losses, that is higher the education,
lower the level of FL.

Climatic conditions, such as high heat and humidity and post-harvest rainfall,
have been found to be a major cause of post-harvest food loss in many contexts.*?
In African countries, there is high dependence on sun drying of crops among
smallholder farmers. Post-harvest rainfall could lead to substantial losses, if crops
are not dried properly before being stored or taken to the market.

4 Ambler et al. (2018) and Tefera (2012), for instance, emphasize post-harvest rainfall as
a main cause of food loss in Malawi and other Africa countries, while Kaminski and
Christiaensen (2014), Basavaraja et al. (2007), Arah et al. (2016), and Kasso and Bekele
(2016), identify high heat and moisture as main causes of food loss in sub-Saharan Africa
and India.
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Insects and pest attacks on produce have also been identified as important
causes, typically compounded by heat or moist and poor storage conditions
(Chegere, M., 2018). John (2014), for instance, finds that rodents are a major
factor for post-harvest loss (PHL) of rice in Southeast Asia. Abdoulaye et al. (2016)
report that more than 75 percent of farmers in Ghana, Tanzania, and Benin
identified insects as the major cause for PHL, while most farmers in Ethiopia,
Uganda, and Nigeria reported rodents and moisture as the main causes for PHL.
Finally, Compton et al. (1997) and Baoua et al. (2014) show that each percentage
point of insect infestation results in between 0.6 percent and 1 percent
depreciation in the value of maize. Certain climatic conditions, especially heat and
moisture, tend to increase the prevalence of insects, pests, and other bio-
deterioration factors, especially when proper storage and transportation
structures that control temperature and humidity are lacking.

Rosegrant et al. (2015) find that electricity, roads, and railways have an important
role in PHL reduction. After getting the estimates of infrastructure on PHL
reductions, the authors use the cost of infrastructure development to estimate a
number of investment scenarios. These scenarios are later implemented in the
IMPACT global food supply and demand model from the International Food Policy
and Research Institute to simulate the impact of PHL reduction on food prices,
security, consumer and producer surplus, net welfare gains, and benefit cost
ratios to the investment. Overall, the authors find that reduction in PHL is not a
low-cost alternative; rather it requires large investments and should be part of
long-term investments to achieve food security. Kasso and Bekele (2016),
Macheka et al. (2018), Kumar and Kalita (2017), Folayan (2013), Paneru et al.
(2018), and Maziku (2020) also identify lack of storage as important factors
behind the losses of horticultural crops, and lack of transportation facilities for
losses of maize crops.
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Table 4.1: Literature review on the origins of food loss

Author Country/area Commoditty Cause Effect on losses
Adewumi, M. 0., Ayinde, O. E., Falana o . Distance between the farm and the market, cost of storage positive
" Nigeria Plantain/Banana
0. 1. and Olatunji, G. B (2009) Market experience, storage period, membership of cooperative negative
Farm Level: Orchard size in Acres positive

Farm Level: Experience (in years), Education (in Years),
Picking method (dummy: use scissors vs manual picking),

Ahmed et al. (2015) Pakistan Kinnow Citrus
Picking Time (dummy: morning vs evening) negative
Wholesale Market Level: loading method (dummy: stacking
boxes vs open loading )
Aidoo, R,, Danfoku, R. A, & Gender (female), farm size, days of storage positive
Mensah, J. 0. (2014) Ghana Tomato Household size, membership of FBO, use of improved tomato negative
variety
X Post-harvest rainfall positive
Maize - :
Age of household, pre-harvest rainfall negative
Ambler et al. (2018) Malawi Groundnuts Household size, post-harvest rain.fall positi.ve
Age of household, pre-harvest rainfall negative
Soja Household size, post-harvest rainfall positive
Age of household, pre-harvest rainfall negative
Ansah, L.G.K,, Tetteh, B.K.D. & Income, education, positive
! ! ! Ghana Yam
Donkoh, S.A. (2017) Market participation, age, distance to the district capital negative
Total production crop, area under the crop, area under -
Rice irrigation, area under commercial crops, weather (dummy) positive
Basavaraja, H. et al. (2007) India Education negative
Wheat Storagg (dummy), weather (dummy) positilve
Education negative
*Pre-storage losses as a proportion of total harvest: number
of maize plots, area planted maize,
*Storage losses as a proportion of amount stored: Drying -
period squared/100 (more than 26 days) positive
Marketing losses as a proportion of amount sold: Number of
transactions, Farmer transported maize to sale
*Pre-storage losses as a proportion of total harvest: sunny
wheather, harvest at maturity, Proper immediate handling
after harvesting (spreading maize on a floor vs pilling it up
or keeping it in sacks), sorted after harvesting, drying period
Chegere, M. (2018) SSA Maize (days), education, number of acting workers.
*Storage losses as a proportion of amount stored: sunny
wheather, harvest at maturity, Proper immediate handling
after harvesting (spreading maize on a floor vs pilling it up .
or keeping it in sacks), sorted after harvesting, drying period negative
(days), Storage facility desinfected, Used storage protectants
(using chemical protectants and ashes for storage pests, and
poisons and traps for rats), % sold 3 months after harvest,
Area planted maize, education, Area planted maize,
education
Marketing losses as a proportion of amount sold: gender
(male), number of acting workers, Area planted maize
Doki N.O., Eya C.I., Tuughgba Formal Education (education = 1, no education = 2), Handling .
M.F., Akahi 0.G., Ameh A., Nigeria Orange (Adequate = 1, Not adequate = 2) positive
(2019) Method of harvesting (Hand picking = 1, Plucking with stick = 2) negative
Gender (male), source of information (extension service,
Folayan (2013) Nigeria Maize Radio, TV, newspaper) and lack of modern storage facilities positive

(type)
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Author Country/area  C itty Cause Effect on losses

Land size, Distance of sesame farm from residence, total amount of
sesame production, Weather condition (wind and rain is happening
during

Ethiopia Sesame harvesting to threshing time), Distance piles transported to threshing
place, number of drying/stacking days, Mode of transportation
(tractor/tracker vs caro/donkey),

Gebretsadik, D., Haji, Jema., &
Tegegne, B. (2019).

positive

Education level, Extension service contact negative

Mode of transportation, storage time, quantity of maize

. positive
Ismail, | et al. (2019) Tanzania Maize transported, Methods for processing
negative
Post harvest training, used of storage facility 8
Total harvested amount, Selling place (dummy: market level vs farm -
level) positive
Khatun, M., & Rahman, M. (2019) ~ Bangladesh Eggplants
Respondents Education, Packaging (dummy: improved vs traditionll) negative
Producer: gender (female), household size, variety (kibuzi),
proportion of land allocated to banana production, monthly
banana production, District * distance to market (Rakai positive
district = 1),
Kikulwe, E.M.; Okurut, S.; Retail: Availability information (vs. quality information)
Ajambo, S.; Nowakunda, K; Uganda Banana Producer: distance to tarmac road, distance to market,
Stoian, D.; Naziri, D. (2018) district (Rakai), education level (secondary), District *
distance to tarmac road (Rakai district = 1) .
. negative
Retail: gender (female), group member (vs no member), Buy
from nearby markets (vs. buy from suppliers), Buy from
producers directly (vs. buy from suppliers)
Ki -Joko, D. N. & Dzahan Hil. - i , i i iti
uranen-Jo .o zahan Hilary Nigeria Tomato Farm.5|ze (ha)_labour type (family labour vs otherwise) posm.ve
Liambee (2017) Farming experience, negative
Market price stability, harvest time (level of maturity
required for costumers), determine processing volumes (any positive
Macheka, L. et al. (2018) Zimbawe Tomato quantity vs specific quantity define by the market)
Storage facilities (cold rooms vs under the three/under .
N . N negative
plastics), storage practices (in pallets vs on the ground)
Quantity of production, bad weather condition, distance to .
the market, lack of modern storage facilities (type) positive
Maziku (2020) Tanzania Maize == - g _yp
Education level, household size, market experience, and .
. negative
number of livestock
Ngowi, E., Selejio, O. (2019) Tanzania Maize Gender (male), age, harvest working days, use of hired positive
labour, storage protectorants
Early harvest, storage structure for shelled grain (jutte bag), ositive
Storage period for de-husked cobs P
Panery, R. et al. (2018) Nepal Maize Altltu.de, ocupation of household head (farming), farmers
experience, storage structure for husked cobs negative
(vertical/horizontal frame/thakro), storage structure for de- 8
husked cobs (bamboo basket/dokko)
Rosegrant et al. (2015) Electricity, roads, and railways negative

Total land size, de-husking technique (sticks, knifes vs bare

hands), transport technique (truck vs bicycle), drying positive
technique (plastic sheets vs tarpaulin), shelling techinque

(sticks vs bare hands), place of sale (local market vs farmgate)

Maize Gender (female), education level, training on PHL
management, harvest technique (hand plucking vs
machetes), storage facilities (storing in brick and mortar store
room and use of sacks/containers vs storing maize in living
room in the house), mill technique (manual milling vs

Uganda commercial hammer mill)

negative

Shee, A., Mayanja, S., Simba,

E.etal. (2019
etal ) Age of hh, harvest technique (use of knife and spears vs

hands), transport technique (in baskets transport by positive
White Fleshed motorcycle vs in sacks carried by hand)

sweetpotato  Gender (female),education level, training on PHL
management, storage facilities (storing in a kitchen hut or in
brick and mortar store rooms vs storing in living room in the
house)

negative

Transport technique (by motorcycle vs in sacks carried by

[o] Fleshed
range Fleshe: hand)

positive

sweetpotato - o~ -
Education level, training on PHL management negative
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The risk of food loss is further escalated by poor post-harvest crop management
techniques and handling. The techniques that constitute proper handling may
vary from case to case. Tefera (2012) finds that improper post-harvest crop
management and harvesting techniques account for between 14 percent and 36
percent of losses in maize grains in Africa. Insufficient drying, excessive drying,
missing grains are some of the problems of the harvesting and drying stages.
Other problems: improper threshing and shelling, which can cause grain breakage
and grain cracking, are predominant in this stage; transportation to storage
facilities; on-farm storage. Transportation to markets and marketing are
identified as other critical areas where maize losses occur. Studies also point to
credit constraints as a main bottleneck to technology adoption, preventing food
loss reduction.*

Economic incentives affect PHL in a number of ways, although evidence is mixed.
Goldsmith et al. (2015) demonstrate how poor market incentives lead producers
of both soybeans and maize in tropical Brazil to accept significant post-harvest
losses during the intercropping season. Farmers cannot afford any delay in
harvesting soybeans, because they must ensure timely plantation of Maize, a
high-value crop, on the same land. Any delay in planting would expose maize
cultivation to higher risk of loss. Since the opportunity cost of delayed plantation
of maize is higher, it may lead farmers to harvest and handle soybeans hastily.
This is especially so, if the cost of hired seasonal farm labor is high relative to the
market price. Therefore, this could lead to greater PHL for soybeans.

Rosegrant et al. (2015) find that better infrastructure facilitating transportation
of products to markets reduces post-harvest losses, but that the impact will be
stronger if farmers have better education, as it would enable them to adopt
proper crop handling and processing techniques. The authors also find that post-
harvest losses are correlated with farm size. Larger farms are more likely to incur
post-harvest losses but experience fewer losses in the intensive margin. The

4 HLPE, 2014. [This needs complete citation and should be added under references, rather
than as a footnote.]
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overall impact suggests a negative relationship between the share of post-harvest
losses and farm size.

4.3 Data and methods
Data

We developed and implemented detailed surveys that allow us to quantify the
extent of food loss at the producer level, using approaches that are comparable
across commodities and regions. The survey enabled us to characterize the
nature of food loss, specifically during the production and particular processing
stages. The same surveys were conducted in seven countries (Ecuador, Peru,
Honduras, Guatemala, Ethiopia, China, Mozambique) for five crops (potato,
maize, beans, wheat, teff). We adapted our instrument for the specifications of
each crop and country (for more extensive information on the survey, see
Delgado et al., 2017, 2021a).

In all the countries, the surveyed sample was based on pre-census registration of
producers who had produced the specific crop of interest in the last cropping
season, which formed our baseline. The representative sample extracted from
the baseline comprises 302 potato farmers in Honduras, and 411 potato farmers
in Peru; 1,209 maize and beans farmers in Honduras, 1,155 maize and beans
farmers in Guatemala, 1,203 teff farmers in Ethiopia, 1,114 wheat farmers in
China, and 774 maize farmers in Mozambique.

The survey captures both quantitative losses and qualitative deterioration of the
product, from pre-harvest to sale to an intermediary or end-user. While the
survey instrument allows different ways to estimate food loss along the
commodity value chains, in this paper we adhered to what has been defined the
“attribute method” (see Delgado et al., 2021a). The method is based on the
evaluation of a crop, according to inferior visual, tactile, and olfactory product
characteristics. It leads to results that are comparable to alternative methods to
estimate food loss, which have been used in other studies (Compton and
Sherington, 1999; Delgado et al., 2021a).
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Empirical approach

We use a statistical framework to assess the association between different socio-
economic and production factors and food loss at the producer level. It is
important to mention that our analysis does not provide evidence on causal
impacts, as this would require our explanatory variables to be strictly
uncorrelated with other characteristics that are either omitted from the
regression framework or unobservable.

With this in mind, our main goal is to determine the correlation between
producer FL and socio-economic characteristics, market access, agricultural
production techniques, on-farm post-harvest practices and climatic and
geographic variables (e.g., weather, pest, etc.). Given the uncertainties on the
origins of loss, we believe that the intensity of correlations can provide insight
into the causal effectiveness of targeted interventions for future studies.

For each commodity and country, we estimate regressions of the following type:

FLi,c,x = BO + ﬁlXi,c,x + [))ZZi,c,x + B3Ni,c,x + [))4Wi,c,x + Ty + PAE + gi,c,x

where FLi,c,x is an indicator of FL of producer © in country ¢ and for commodity
X. FL is either a discrete outcome (0 if no loss; 1 if at least some loss) or the share
of the lost production, as estimated with the “attribute method,” and including
both quantity and quality degradation. Xi,c,x are a set of socio-economic
characteristics, Zi,c,x agricultural production characteristics, and Ni,c,x are post-
harvest managing and handling techniques, including storage. Wi,c,x is a proxy
for production issues highlighted by the producer during growing process or post-
harvest stages (e.g., unfavorable climatic conditions, limited knowledge or
information). While the first three sets of variables intend to capture
characteristics, knowledge and instruments available at the farm level, Wi,c,x
captures external, growing conditions and limitations. Finally, location-fixed
effects nv are included to control for common district, municipality or village
effects, and p4 are the agro-ecological zone dummies, which control for climatic
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conditions that could be correlated with farm loss. €1,c,x is the unobservable
error term.

We use classical maximum likelihood estimation to assess the parameters .
Probit regressions are used to estimate the relationship between the right-hand
side variables and the binary FL variable. Fractional response models (GLM) are
used on the share of product loss to account for the boundedness of the
dependent variable (Papke and Wooldridge, 1996, 2008).45 We calculate
estimated marginal effects for both models. Because estimation errors between
different countries and commodities in the same geographical areas are
correlated with the same idiosyncratic shocks, we cluster the standard errors at
the geographic level disaggregation in each survey.

4.4 Results
Producer characteristics

Table 4.2 shows summary statistics of the producers across the different
countries and commodity groups. Around 90 percent of all sampled producers
are male in all the countries and across value chains. On average, they are 47
years old and have between 17 and 30 years of experience in growing the
analyzed crops. Most producers have primary education. In Peru and China,
almost half of the producers also completed secondary education. Producers are
rural smallholders. They cultivate between 0.35 ha of land (beans in Guatemala)
and 3.5 ha of land (potato in Ecuador). On average, they live 2.5 hours away from
the closest village market.

% Due to the left-censored nature of the dependent variable, Tobit models have also been
tested (Wooldridge, 2002). Tobit and GLM results are very similar.
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Mechanization and technology adoption in production and post-harvest activities
is low on average, but considerable variation exists across countries and crops.
Around two thirds of all farmers use improved seeds for teff in Ethiopia and for
wheat in China. However, less than 20 percent use improved seeds to grow beans
and maize in Guatemala and Honduras. Resistant crop varieties are not widely
common in Peru, Ecuador, and Mozambique. Machine-driven production
methods, such as soil preparation, sowing, pest control, fertilizer application,
weeding, mulching, cutting and harvesting, are most widely used in the Chinese
wheat value chain and Peruvian potato value chain. However, they are almost
nonexistent in the bean value chain in Guatemala, the maize value chain in
Mozambique, and the teff value chain in Ethiopia. Mechanization in post-harvest
activities is even less common. Only in Honduras do farmers engage in mechanical
threshing of beans and maize; very few farmers in Honduras and Guatemala
mechanically dry and winnow the beans and maize. On average, producers use
2.5 different types of inputs to grow their crops (fertilizers, insecticides,
herbicides, and fungicides), but there is a large variation between countries,
ranging from almost no input (maize in Mozambique) to more than four different

types of inputs (wheat in China).

In six out of the nine value chains, almost all producers store their grain as food
reserves and seed for the next season for an average of five months (beans and
maize value chains in Guatemala and Honduras; teff value chain in Ethiopia).
About 50 percent of all wheat farmers in China and 30 percent of all potato
farmers in Peru store their produce for an average of one month. Only farmers in
Ecuador rarely store the potatoes they grow. Around 63 percent of all farmers
store their produce in their house in bulk or in bags. Around 14 percent of all
farmers store them in traditional storage facilities. Less than 10 percent of
farmers use metal or plastic silos, with the exception of maize farmers in
Honduras.

Finally, across all countries and commaodities, on average of about 50 percent of
the crops are sold by farmers. The share is around 80 percent for the potato value
chains in Ecuador and Peru, and for wheat in China. The share is considerably
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lower at around 30 percent in Guatemala, Honduras, Ethiopia, and Mozambique.
The product is sold directly to an intermediary on farmers’ plot.

Likelihood and magnitude of food loss

Table 4.3 provides insight into the likelihood of food loss and the magnitude of
losses across the different value chains and countries. As mentioned above, loss
figures are estimated with the “attributes approach” described in Delgado et al.
(2021a). The methods foresee that the producer evaluates its produce based on
a specific number of quality attributes and defines the share of total production
affected by the inferior damage attribute. The product attributes are identified
and validated prior to the survey implementation in collaboration with
commodity experts and local value chain actors.*® The quantity and quality
degradation at the farm level are thus defined by the sum of the total produce
loss (equal to the total amount that completely disappeared from the value chain
between harvest and sale or consumption) and the share of product affected by
a damage attribute (meaning not totally lost and can still be used, but the quality
is degraded). This degradation can be expressed either in weight or in economic
value (Table 4.3).

Table 4.3 shows that most farmers suffered at least some weight or value losses
in the previous harvest season. The figure ranges from 64 percent of all teff
farmers in Ethiopia to 95 percent of all wheat farmers in China and 97 percent of
all maize farmers in Guatemala. On average, 20 percent of the farmers’ produce
was lost. Figures range from 14 percent of all product lost in the potato value
chain in Ecuador to 31 percent loss in the teff value chain in Ethiopia. Percentage
losses expressed in value tend to be 4 percent smaller on average than those
expressed in weight, indicating that some quality degradations at the farm level
do not seem to be penalized by the market.

4 The number of product attributes varies between 10 and 14 based on the commodity
and country.
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Table 4.3: Total quantity and quality degradation at producer level (expressed in weight
and value of total production)

Share of product lost, Share of product

Number of % of farmers with . ) )
b i ot lue | in weight* lost, in value
observations  weight or value loss (if loss >0) (if loss >0)

Ecuador - Potato 287 87% 14% 12%
Peru - Potato 355 94% 21% 17%
Guatemala - Beans 431 87% 23% 21%
Honduras - Beans 650 74% 27% 24%
Guatemala - Maize 884 97% 21% 14%
Honduras - Maize 988 91% 18% 17%
Mozambique - Maize 765 85% 16% 13%
Ethiopia - Teff 1,186 64% 31% 14%
China - Wheat 1,099 95% 12% 13%

Note: Estimation of the loss through the “Attribute method” (see Delgado et al., 2021a)

Share of product lost, in weight = Quantity of product that disappeared from value chain + Quantity
of product affected by a damage attribute. Share of product lost, in value = Economic value of the
product lost

Regression results

Tables 4.4-4.8 presents Probit and GLM regression results respectively on the
probability of incurring a loss and on the share of produce lost. We classified the
potential origins of food loss in five groups: socio-economic characteristics of the
farmer; market access; mechanization and technology; storage facilities; and
growing conditions (pests and disease); and climatic conditions. Overall, we
notice that there is a considerable heterogeneity in the determinants of food loss
across commodity and country contexts. It is important to highlight that the
models do not provide evidence on causal impacts; yet, they can be helpful for
future hypothesis tests for causality.
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Socio-economic characteristic.

Most farmers are men, but there is no clear gender pattern in food loss across
countries and commodities. For example, being a male farmer tends to be
correlated with 4.9 to 10.9 less percentage points share of beans loss, but it is
associated with respectively, about 10 percentage points more likelihood to incur
in a loss of maize and 5 more percentage points share of maize loss in Guatemala
and Honduras. No correlation with gender is detected in other commodities value
chains. Age, education, and experience tend to be negatively correlated with the
probability and share of food losses. In particular, being older is associated with
an about 3 percentage points less likelihood to incur in a loss in the maize value
chain in Guatemala and Honduras. Formal education, like primary, secondary, or
higher education, significantly correlates with 5 to 30 percentage points
reduction in losses in the potato value chain in Ecuador and Peru, the bean value
chain in Honduras, and the wheat value chain in China. The number of years in
which a producer has been producing a specific crop significantly correlates with
the reduction in losses in the potato value chain in Ecuador, the bean and maize
value chain in Guatemala, and the maize value chain in Mozambique. We have
the farmers’ income data only for Peru and Ecuador. In addition, we find that in
Peru and Ecuador when a producer’s main income stems from an agricultural
activity, it is correlated with lower losses that is statistically significant (all else
equal, a producer’s main income that stems from an agricultural activity is
associated with 47 percentage points less likelihood of any loss in Peru and with
respectively 14 and 68 percentage points less share of food loss in Ecuador and
Peru). This result is in line with the outcome we find on crop cultivation

experience.
Market access

The costs or time to reach markets have a significant correlation with increased
losses in five of the seven countries. In Peru, Guatemala, Mozambique, Ethiopia,
and China, the absence of markets can represent important limitations for
farmers. Farmers in these countries decide not to market (or even harvest) all
produce because of their high costs relative to the market price (an increase of
the cost of a KG of produce to reach a market or the time — in 10 hours —to reach
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a market, can increase share of produce loss by an average of 0.4 percentage
points). Mechanical transport with a car is associated with a significant increase
of these costs through additional losses during travel in beans and maize value
chains in Guatemala. The farmers in our survey mention lack of access to markets
and credits as a challenge to increasing production of high-quality products.
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Table 4.4: Regression results of the probability of experiencing a loss and the total share
lost; potato value chain in Ecuador and Peru

Ecuador Peru
Probit GLM Probit GLM
Male producer -0.034 0.006 -0.021 0.021
(0.123) (0.031) (0.026) (0.026)
Age of producer (in 10 years) 0.011 0.020% -0.005 -0.003
(0.030) (0.012) (0.029) (0.025)
Education: Primary (vs no Education) -0.937*** -0.106** -0.011 -0.050*
) o (0.208) (0.041) (0.007) (0.028)
Socio-economic variables
. . -0.994%** -0.061* -0.038 -0.054
Education: Secondary or higher (vs no Edu)
(0.200) (0.036) (0.038) (0.051)
o o . 0.016 0.011%** -0.004 -0.008
Experience in cultivation of potato (in 10 years)
(0.041) (0.002) (0.026) (0.031)
. 3 . 0.029 0.014%%* 0.047%%* -0.068*
Main income from agriculture (vs non-agric)
(0.044) (0.004) (0.007) (0.035)
0.004 -0.006 1.187%** 1.09¢6*
Market Cost to reach market (USD/ Kg)
(0.011) (0.005) (0.127) (0.577)
log(Total production potato) -0.008 -0.019
(0.010) (0.015)
Resistant potato variety 0.058 -0.035%** -0.085%** 0.002
(0.066) (0.012) (0.018) (0.033)
Number of different inputs applied® -0.054 -0.003 -0.041 -0.025
(0.065) (0.025) (0.027) (0.088)
b -0.024* -0.011** 0.009 0.000
Number of different field maintenance activities
) (0.014) (0.004) (0.020) (0.017)
Production . 0.160%*+ 0.013 0,021 -0.030%+*
Number of production activities done mechanically’
(0.052) (0.035) (0.013) (0.007)
Harvest technique: tractor vs azadon 0 -0.296%**
(0.070)
Harvest technique: lampa vs azadon 0 -0.256*+*
. (0.048)
Hired labor for harvest 0.063 -0.079%** -0.006 -0.017
(0.121) (0.011) (0.088) (0.047)
Storage dummy 0.081 -0.026 0.002 0.004
(0.157) (0.047) (0.010) (0.045)
Nb of post-harvest activities® -0.116*** 0.013 0.055%** -0.013
Post-harvest
(0.019) (0.014) (0.006) (0.011)
Mechanical transport -0.001 0.021%** 0.049 0.026
(0.073) (0.007) (0.056) (0.027)
Climate 0.072 0.030** 0.028 0.024
(0.056) (0.015) (0.051) (0.033)
Pests. 0.009 -0.001 0.035%** 0.060*
Production problems & (0.025) (0.014) (0.001) (0.033)
limitations to produce high Limited knowledge -0.082* 0.037** -0.034 -0.01
quality (as perceived by the (0.047) (0.015) (0.060) (0.015)
producer) Limited equipment -0.036 -0.015 0.044%** 0.113**
(0.033) (0.009) (0.011) (0.043)
Limited credit access 0.138** -0.015 -0.047 0.056**
(0.070) (0.015) (0.027) (0.026)
Location fixed effects parroquia parroquia district district
Agroecological zone yes yes yes yes
No. of Obs. 229 287 290 369

Note: *** p<0.01, ** p<0.05, * p<0.1. Standard errors in parenthesis clustered at the canton level for Ecuador
and at the province level for Peru. a) This includes fertilizers, insecticides, herbicides and fungicides; b) This
includes irrigation, “aporque” and “corte del yuyo”; c) Machine-driven activities include soil preparation,
sowing, pest control, fertilizer application, weeding, “aporque,” “corte del yuyo,” harvest; d) This refers to
selection, classification, drying, and “acarreo” after drying
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Table 4.5: Regression results of the probability of experiencing a loss and the total
share lost; bean value chain in Guatemala and Honduras

Honduras
Probit GLM Probit GLM
Male producer 0.054 -0.052 -0.049"* 0.057%+* -0.078 -0.120 -0075* -0.109°*
(0.054) (0.040) (0.020) (0.019) (0.089) (0.131) (0.042) (0.048)
Age of producer (in 10 years) -0.001 0.000 0001 0.001 0.001 -0.001 -0.001 -0.003
(0.001) (0.001) (0.001) (0.001) (0.003) (0.003) (0.002) (0.002)
Socio-economicvariables  Education: Primary (vs no education) -0.027 0,047 0011 0.006 0033 0,041 0,023 0035
(0.065) (0.068) (0.032) (0.034) (0.055) (0.054) (0.036) (0.024)
" 0178 0.191 0030 0034 02607+ 0.229%** 0.105"* -0171%
Education: Secondary or higher (vs no education)
(0.108) (0.126) (0.054) (0.064) (0.064) (0.065) (0.03) (0.068)
N ot . 0,025 0,037+ 0,005 -0.002 -0.003 0.007 0011 0017
Experience in cultivation of beans (in 10 years)
(0.016) (0.011) (0.007) (0.008) (0.023) (0.023) (0.009) (0.012)
Market Cost to reach market (USD/ Kg) 0011 -0.005 0.022* 0.026%* 3048 1350 181 1132
(0.040) (0.038) ©0012) (0.012) (2.011) (2.804) (1.400) (1577)
Time of planting: primera vs postrera 0015 -0.008 0.040 0031 0012 0023 0,010 -0.044%%
(0.077) (0.072) (0.032) (0.030) (0.033) (0.039) (0.030) (0.014)
log(Total production beans) 0.044%+* 00447+ 0012 -0.004
(0.01) (0.013) (0.021) (0.018)
Improved seeds (dummy) -0.126 0.110 0,063 -0.069 0118 0.101 0.065%+* -0.027
(0.112) (0.122) (0.049) (0.056) (0.089) (0.080) (0.022) (0.023)
production Number of different inputs applied” 0.032 0.036* 0.007 0010 0.008 0.004 -0.002 0.007
(0.021) (0.020) (0.009) (0.009) (0.021) (0.016) (0.006) (0.006)
§ o 0072 0,010 0005 0023 0075 0119* 0049 0018
Number ofdifferent feld maintenance acthities (0190) (0151) (0018) (0083) (0068) (0067) (0038) (0058)
. . 0.000 0.000 0,012 -0.003 0,071 0.088*+* 0.004 0.004
Number of production activities done mechanically’ (0010) o3 (0033) (0028) (0020) (0019)
Hired labor for harvest -0.045°* -0038* 0 0.006 0173 0.1927** 0.038 -0.002
0.02 0021 001 001 0.089 0051 0054 0.046
Storage dummy o 0.000 0.128%* 0.000 0.199%+* 0.000 0.072%+* 0,000
. . (0.045) . (0.045) . (0.027) .
Nb of post-harvest activities” -0.026 -0.027 0.027** -0.029™* 0.032 0.043* 0020 0.030
(0.025) (0.025) (0012) (0.013) (0.025) (0.023) (0.020) (0.019)
Mechanical drying and winnowing 0.047 0028 -0.207*** 0.239%% 0.101* 0.080 0.007 -0.019
Post-harvest
(0.260) (0272) (0078) (0.080) (0.053) (0.051) (0.050) (0.026)
Mechanical threshing activity 0.102** 0.130% 0110t 0104%*
(0.043) (0.064) (0.030) (0.03)
Mechanical transport 0.102** 0113°* 0.055* 0.067°* -0.069 -0.068 0.006 -0.006
(0.049) (0.055) (0.029) (0.029) (0.074) (0.066) (0.031) (0.033)
Storage time (in months) 0.001 0.003 0.007 0011+
(0.005) (0.003) (0.008) (0.004)
storage Storage: Modern vs Traditional storage -0.183°* 0.162*** 0021 -0.018
(0.076) (0.052) (0.044) (0.023)
Number of storage conservation activities® 0.026 0012 -0.01 -0.040*
(0.030) (0.012) (0.057) (0.022)
Climate 0.097°+* 0033 0.079°* 0.061%**
(0.028) (0.024) (0.024) (0.020)
Animals/ rodents 0.129 0.051*** 0277+ -0.007
Production problems & (0.101) (0.016) (0.056) (0.023)
limitations to produce high  Pests 0.041 0028 -0.026 0034
quality (as perceived by the (0.035) (0.023) (0.020) (0.023)
producer) Diseases 0,012 0.055** 0022 0.027
(0.040) (0.022) (0.017) (0.018)
Limited market access -0.022 0015 0.140%* 01230+
(0.049) (0.028) (0.027) (0.042)
Location fixed effects municipalty municipalty municpality  municipality municpality | municialty  municpality  municipalty
Agroecological zone dummies yes yes Yes yes yes yes ves Yes
No. of Obs. 324 324 431 426 636 568 644 574

Note: *** p<0.01, ** p<0.05, * p<0.1. Standard errors in parenthesis clustered at the department level for
Honduras and Guatemala. a) This includes fertilizers, insecticides, herbicides and fungicides; b) This includes
irrigation and “chapeo”; c) Machine-driven production activities include cleaning, sowing, herbicide
application, pest control, fertilizer application, and harvest; d) This refers to winnowing (sopla), threshing
(desgrane), drying, putting in bags, and transport; e) This includes chemical fumigation, natural fumigation,
and ventilation. The second column of each model reports results conditional on storage.
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Table 4.7: Regression results of the probability of experiencing a loss and the total
share lost; teff value chain in Ethiopia

Ethiopia
Probit GLM
0.086 0.059 0.023 -0.010
Male producer
(0.060) (0.069) (0.057) (0.071)
Age of producer (in 10 years) 0.000 0.000 0.002 0.001
i
ge ot p! ¥ (0.003) (0.003) (0.002) (0.002)
N N . . " . 0.026 0.007 0.026 0.013
Socio-economic variables Education: Primary (vs no education)
(0.021) (0.021) (0.016) (0.025)
X i . 0.049 0.023 0.027 0.009
Education: Secondary or higher (vs no education)
(0.035) (0.035) (0.031) (0.029)
N . . N -0.007 -0.004 -0.033 -0.021
Experience in cultivation of teff (in 10 years)
(0.031) (0.030) (0.022) (0.020)
. . 1.07 0.932 0.813** 0.881%*
Market Time to reach market (in 10 hours)
(0.734) (0.776) (0.385) (0.409)
0.056* 0.072**
log(Total production teff)
(0.029) (0.030)
0.008 -0.008 -0.016 -0.013
Improved seeds (dummy)
(0.042) (0.046) (0.036) (0.040)
. . -0.026 -0.049 -0.030 -0.048
Resistant variety
production (0.038) (0.037) (0.043) (0.050)
Numb £ diff ti t lied® 0.018 0.017 0.046 0.033
umber of ditferent inputs applie (0.035) (0.031) (0.031) (0.029)
Numb. £ ducti ivities d hanically® -0.204%** -0.112 -0.149** -0.060
umber of production activities done mechanically 0.072) (0.076) ©0.075) (0.093)
-0.008 -0.005 -0.005 -0.023
Hired labor for harvest
(0.062) (0.056) (0.039) (0.042)
-0.011 0.000 0.058 0.000
Storage dummy
(0.183) . (0.154) .
Post-harvest
o 0.047 0.043 0.049 0.076%**
Nb of post-harvest activities'
(0.058) (0.043) (0.030) (0.027)
-0.018 0.001
Storage time (in months)
(0.011) (0.006)
-0.080** -0.011
Storage: Granary (dung or basket) vs baj
8 ¥ (dung ) g (0.033) (0.064)
§ -0.055 -0.121%*
Storage Storage: Pit vs bag
(0.070) (0.051)
-0.062 0.008
Storage: Traditional dibignet vs bag
(0.050) (0.061)
Numb £t i tivities® -0.073** -0.02
umber of storage conservation activities (0.032) (0.018)
Climate 0.150%** 0.071*
(0.029) (0.042)
Pest -0.033 -0.01
(0.077) (0.095)
Knowledge -0.052 -0.036
i o (0.044) (0.034)
Production problems & limitations to
. 3 . Technology 0.217** 0.355***
produce high quality (as perceived by the
(0.105) (0.129)
producer)
Storage -0.101 0.040
(0.132) (0.138)
Soil -0.021 -0.017
(0.056) (0.056)
Seeds 0.142%* 0.114**
(0.058) (0.050)
Location fixed effects kebele kebele kebele kebele
Agroecological zone dummies yes yes yes yes
No. of Obs. 1113 1094 1113 1094

Note: *** p<0.01, ** p<0.05, * p<0.1. Standard errors in parenthesis clustered at the district level. a) This includes
fertilizers, insecticides, herbicides and fungicides; b) This includes mechanical herbicide and pesticide application, and
plowing; c) This refers to cutting, drying, piling, threshing, winnowing, packaging and transport to piling, threshing
and/or storage; d) This includes cleaning previous to storage and preparation of storage site. The second column of each
model reports results conditional on storage.
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Table 4.8: Regression results of the probability of experiencing a loss and the total
share lost; wheat value chain in China

China
Probit GLM
Male producer 0.019 -0.025 -0.031
P (0.056) (0.015) (0.025)
-0.003 0.000 -0.001
A f d in 10
ge of producer (in 10 years) (0.004) (0.001) (0.001)
. . . -0.093 -0.027** -0.019
) ) - Education: Primary (vs no education) (0112) (0.010) (0.026)
Socio-economic variables Education: Middle school ( sucation] 0425 0.025%* 0022
ucation: Middle school (vs no education
(0.157) (0.012) (0.031)
-0.039 -0.034** -0.023
Education: Secondary or higher (vs no education
ueatt v or higher (v ucation) (0.163) (0.015) (0.026)
0.021 0.001 0.004
E i i Itivati f wh in 1
xperience in cultivation of wheat (in 10 years) (0.027) (0.007) (0.015)
N . . B . 0.051 0.025 0.259%**
Market Time to reach to closest city of 25.000 inhabitants (in 10 hours) (0.161) (0.038) (0.096)
o
log(Total production wheat) (300320)
Improved seeds (dummy) -0.016 -0.010 0.011
p Y (0.074) (0.019) (0.019)
. N . :a -0.006 0.002 -0.005
Production Number of different inputs applied (0.039) (0.006) (0.011)
ber of producti wities d hanically® 0.001 0.014* 0.017*
Number of production activities done mechanically (0.072) (0.008) (0.010)
0.112%** -0.008 0.005
Hired labor for harvest
red fabor for harves (0.032) (©011) (0.018)
Storage dumm 0.336*** 0.027*** 0
Post-harvest ¢ Y 0.098 0.009 y
Nb of h + activities® -0.009 -0.014*** -0.020*
of post-harvest activities 0.045 0.005 0.011
rre
Storage time (in months) 0&3%903)
Storage location: Bag in House vs Bulk in House -0.024%
8 :Pag (0.012)
Storage container: Open air vs Bulk in House -0.012
Storage 8 1 Op! (0.021)
-0.041**
iner: Sil Bulk in H.
Storage container: Silo vs Bulk in House (0.017)
st ti tivity: fumigati -0.021
‘orage conservation activity: tumigation
& v fumig (0.017)
Climate -0.019 -0.006
(0.071) (0.010)
Pest 0.291** 0.071**
(0.135) (0.030)
Knowledge 0.050 0.002
Producti bl & limitati (0.078) (0.012)
roduction pro ems. imitations Technology o 0.005
to produce high quality (as (0.015)
perceived by the producer) Excess weed 0.000 0.058%++
. (0.019)
Crop lodging -0.016 0.016
(0.102) (0.015)
Market 0.000 0.030
R (0.021)
Location fixed effects township township township
Agroecological zone dummies yes yes yes
No. of Obs. 115 911 441

Note: Conditioning on storage predicts failure perfectly. *** p<0.01, ** p<0.05, * p<0.1. Standard errors in parenthesis
clustered at the county level. a) This includes fertilizers, insecticides, herbicides and fungicides; b) This includes
mechanical land preparation, planting, fertilizer application, chemical application and harvesting; c) This refers to
cutting, bundling, stacking, hulling, packing, transport, drying, and cleaning. The second column of each model reports

results conditional on storage.
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Mechanization and technology in production and post-harvest activities

Surprisingly, these have negative correlations with loss across value chains
and countries, highlighting the importance of adequate knowledge. In
particular, the number of machine-driven activities, including cleaning,
sowing, herbicide application, pest control, fertilizer application, and
harvest, correlates with respectively about 8 and 20 percentage points less
likelihood of a loss in the bean value chain in Honduras and the teff value
chain in Ethiopia, and with 3 to 5 percentage points reduced share of food
loss in the potato value chain in Peru and the maize value chain in
Mozambique. On the other hand, the number of machine-driven activities
correlates with increased losses in the Ecuadorian potato value chain (16
percentage points more likelihood of a loss), Guatemalan maize value chain
and Chinese wheat value chain (respectively, about 3 and 15 percentage
points more share of produce loss).

The mechanization of harvesting tools considerably affects losses. For
example, traditional hoes damage potatoes during the harvest. In Peru, new
mechanized tools are used to reduce this damage: the use of both the
tractor and the “lampa” has a correlation with a significant reduction of the
share of potatoes lost during harvest (all else equal, 30 percentage points
less). Similarly, in Mozambique, mechanization reduces the likelihood in
incurring in a loss of maize (- 4 percentage points). The potato value chain in
Ecuador is more traditional, with very few mechanical tools used. Finally,
resistant varieties or Improved seeds have a consistent correlation with
reduction of losses, and the correlation is significant in the potato value
chains in Ecuador and Peru, and the maize value chains in Guatemala and
Honduras (between 4 to 8 percentage points less likelihood of a loss and
around 3 percentage points less share of produce loss).

Mechanical post-harvest activities are not widespread, with mechanical
drying, winnowing, and threshing activities being observed only in the maize
and bean value chains in Honduras and Guatemala. Increased mechanization
in the drying and winnowing activities reduce loss in the bean value chain in
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Guatemala and the maize value chain in Honduras but mechanical threshing
increases losses in the bean value chain in Honduras and the maize value
chain in Guatemala. Farmers likely incur grain damage, cracks, and lesions
when mechanically (instead of manually) stripping the grain from the plant.
This makes the grain more vulnerable to insects and visually less appealing.

Most of the harvesting is still performed manually in these countries, making
them labor intensive and slow. During the harvest season, countries may
face labor shortages, which can be resolved by hiring external labor. The
hired labor force is mostly correlated with reduction of losses. This is
significant in the bean value chains in Guatemala and Honduras (between 4
and 19 percentage points less likelihood of a loss), the potato value chain in
Ecuador, and the maize value chain in Mozambique (between 4 and 8
percentage points less share of produce loss).

The lack of adequate storage techniques

This can lead to food loss due to biotic factors (pest, insects, fungi, and
rodents), abiotic factors (rain, temperature, humidity), or spillage when
filling or emptying storage space. Potato producers in Ecuador and Peru
rarely store their product. But other products included in our survey are
grown seasonally, and after harvest the grains are stored as food reserves
and seeds for the next season. All else equal, post-harvest storage has a
correlation with increased loss in the bean value chains in Guatemala and
Honduras, the maize value chain in Mozambique, and the wheat value chain
in China (across all value chains and countries, we see between 14 and 37
percentage points more likelihood of incurring in any loss, and between 3
and 13 percentage points more share of produce loss). In Honduras and
China, the storage duration correlates with increased share of produce loss
(between 0.9 and 1.1 percentage points more). In most countries, grains are
generally stored as bulk or in bags in the farmer’s house or simple granaries
built with locally available materials (mud and bricks). Improved storage
infrastructure (silos or improved granaries) is associated with mitigation of
these risks in the bean value chain in Guatemala, the maize value chain in
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Guatemala and Honduras, and the wheat value chain in China (between 18
and 31 percentage point less likelihood of incurring in a loss; and 2 to 16
percentage points less share of produce loss). It is also the case in the teff
value chain in Ethiopia, where “pits” are used instead of other traditional
storage facilities. This is because they reduce the probability of insect
infestation and mold growth. Storage conservation activities, such as
chemical or natural fumigation, or increased ventilation, are correlated with
reduced losses of stored food in Honduras and Ethiopia.

Unfavorable climatic conditions, pests, and diseases

These are often mentioned as problems farmers face during production. In
Honduras, Guatemala, Mozambique, and Ethiopia, unfavorable climatic
conditions, as assessed by farmers, are positively correlated with the
likelihood of incurring losses and the share lost (all else equal, climatic
conditions respectively are associated with 8 to 18 more percentage points
likelihood of food loss, and 3 to 7 more percentage points share of produce
loss). In addition, farmers mention pests, diseases, and rodents as major
production problems.

4.5 Discussion
We break down our results by five groups of potential origins of food loss
and compare them with those of other studies.

Socio-economic characteristics

Our results on the impact of gender on food loss are contradictory. Similar
findings have been reported by Chegere (2018) that being male is correlated
with reduced losses in the sub-Saharan maize value chain. On the other
hand, Folayan et al. (2013) and Ngowi et al. (2019) find that being male is
correlated with an increase in losses in the maize value chain in Nigeria and
Tanzania. Our results that age, education, and experience tend to be
negatively correlated with losses is in line with most of the literature: Ahmed
et al. (2015), Maziku (2020) and Paneru et al. (2018) find that experience and
education have a negative correlation with losses. Ambler et al. (2018) and

114



Chapter 4

Ansah et al. (2017) find the same negative result for age. Basavaraja et al
(2007), Gebretsadik et al. (2019), Khatun et al. (2019), and Shee et al. (2019)
find a negative association between education and losses. Kuranen-Joko et
al. (2017).

Yet, in some contexts, they seem to have opposite correlations. Education
has been found to have a positive correlation with losses in the maize value
chain in Mozambique (Ansah et al., 2017; Doki et al., 2019). Ngowi et al.
(2019) and Shee et al. (2019) analyze the maize and white-fleshed sweet
potato value chains in Tanzania and Uganda, and find that age is positively
correlated with losses.

Market access

In line with most studies, our results find that transportation is positively
associated with food loss due to the additional costs imposed on the farmer
and complexities in transporting the food commodities. Chegere (2018)
finds that maize farmers in sub-Saharan Africa experience more losses if they
transport maize themselves. Gebretsadik et al. (2019) observe increased
losses due to the distance between the farm and the residence, and the
distance between the stacking place and the threshing place. The mode of
transportation positively affects post-harvest grain losses in sesame in
Ethiopia (Gebretsadik et al., 2019), maize in Tanzania (Ismail and
Changalima, 2019) and sweet potato in Uganda (Shee et al., 2019). These
findings directly support previous studies’ findings, which highlight the
importance of road to reduce food loss across the value chain (Rosegrant et
al., 2015).

Mechanization and technology in production and post-harvest activities

The literature is full of conflicting effects of mechanization and adoption of
technology on reducing food loss. For example, Ahmed et al. (2015) find that
losses are lower for fruits picked with scissors, rather than by hand, when it
comes to the Pakistani kinnow value chain. Khatun et al. (2019) also find that
shifting from traditional packaging to improved packaging decreases losses
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in the eggplant value chain in Bangladesh. Our findings on the Peruvian
potato value chain are consistent with those findings. On the contrary, Shee
et al. (2019) find that mechanization of harvesting considerably increased
losses for maize and sweet potatoes in Uganda. These mixed results
highlight the importance of adequate knowledge and training that must
accompany the use of new tools.

The lack of adequate storage techniques

Post-harvest storage significantly increases the likelihood of losses (Ngowi
et al., 2019), and our results on storage techniques confirm this finding by
previous studies on food loss. Previous studies have also found that losses
significantly increased during longer storage period (Aidoo et al., 2014,
Ismail et al., 2019). At the same time, the lack of modern storage facilities is
positively correlated with losses (Folayan, 2013; Maziku, 2020; Paneru et al.,
2018), demonstrating that improved storage infrastructure mitigates the
risks of food loss.

Unfavorable climatic conditions, pests, and diseases

Our finding that unfavorable climatic conditions increase the likelihood of
incurring losses is in line with the literature. In particular, Ambler et al.
(2018), Gebretsadik et al. (2019), and Maziku (2020) find this correlation
when it comes to post-harvest rainfall in the value chains of maize,
groundnuts and soy in Malawi. This correlation was also found between
wind and rain during harvesting to threshing time in the sesame value chain
in Ethiopia; between rain and post-harvest activities in the maize value chain
in Tanzania. Our results confirm previous findings, highlighting that the lack
of rainfall causes significant pre-harvest losses for crops like potato, maize,
beans, and teff in Ecuador, Peru, Honduras, Guatemala, and Ethiopia
(Delgado et al., 2021a).

4.6 Conclusion
Identifying the causes and costs of food loss across the value chain is critical
for setting priorities for action. Analyzing the factors affecting food loss at
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the micro-, meso-, and macro-levels can help identify effective reduction
interventions.

Our results show that socio-economic characteristics, such as education and
experience, positively correlate with reduction of losses. In four out of the
nine value chains studied, the association of education and the number of
years a producer has grown specific crops with reduction of losses is
significant. Unfavorable climatic conditions are positively correlated to
losses in most countries; and major production problems mentioned by
farmers are pest, diseases, and rodents.

The techniques that constitute proper handling of produce may vary from
case to case. For example, mechanical production activities increase losses
in Ecuadorian potato value chain, Guatemalan maize value chain, and
Chinese wheat value chain. On the contrary, it was traditional harvesting
tools, like hoes, that accounted for an important share of losses in Peru’s
potato value chains. Likewise, in Mozambique, mechanization reduced
losses of maize. The number of inputs applied follow similar mixed trends.
This emphasizes the critical need for knowledge and training in addition to
adopting technology to effectively decrease losses. The lack of appropriate
storage techniques is consistently correlated with higher losses; longer
storage durations tend to exacerbate the losses. Improved storage
infrastructure can mitigate these risks.

Finally, the cost of accessing markets have a significant correlation with
increased losses in five out of the seven countries. This indicates that the
absence of markets represents critical limitations for farmers. This directly
supports the findings of previous studies, which show the importance of
better roads to reduce food loss across the value chain.

While there are commonalities, food loss is very context specific. The
heterogeneity suggests that policies aiming at the reduction and prevention
of food loss need to be developed with specific commodity and context in
mind.
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More research is needed to identify the drivers behind losses. For example,
disentangling the role of farmers’ demography, education, producer
experience, and gender is needed. It is necessary to analyze the factors
related to production — access to technology and agricultural assets,
infrastructure — geography and climate. Furthermore, experimental studies
on different storage techniques and mechanizations, and targeted training
programs can confirm the effectiveness of specific interventions on food loss
reduction.

These findings should be used to inform policies. Governments should
ensure that public and private sector investments facilitate reductions in
food losses by identifying the main causes of food loss in specific
commodities and contexts. Such investments cover a broad gamut of areas
related to food systems, including food safety, education, and infrastructure,
regulations and standards, and market failures.

Smallholders, who produce only small surpluses, often face substantial
market failures that contribute to food loss. Public sector investment can
address some of these shortcomings, such as the need for appropriate
storage facilities, efficient transport systems, policies that improve access to
credit, support for market incentives for improved food safety as in the case
of aflatoxins, and access to crop varieties resistant to weather shocks.
Reducing food loss can generate profits. For example, choosing appropriate
crop varieties, dealing with pre-harvest pests, and making processing and
retail decisions may be best addressed by the private sector. There is a clear
need to build an evidence base on the efficacy of these reduction
interventions, particularly when combined with training, changes in
handling practices, and access to finance.
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An a priori analysis: the potential role of soil
perception and soil variability in smallholder
farmers’ low adoption rates of agricultural practices
in Central America

Food systems are under pressure to produce more food of higher quality
while reducing the pressure on the natural resources. Currently 30% of the
planet’s total land is degraded, especially in areas where smallholder farmers
are located. Agricultural extension may help to stimulate farmers to adopt
sustainable practices. However, farmers’ perception of soil quality and soil
variability may hamper the adoption of theses interventions. This paper aims
to carry out an ex ante analysis to determine to what extent soil perception
and soil variability limit adoption with the final goal to design better policies
to crop productivity. This paper measures the gap between smallholder
farmers’ perceptions of their soil characteristics and the soil variability.
Smallholder farmers in Central America have significant misperceptions of
soil characteristics. Improving farmers’ understanding of soil quality is a
necessary condition to accelerate the adoption of technological packages,
such as fertilizers and seeds. In addition, reducing policymakers’ information
gap with respect to the real needs of farmers will make policies more
effective, resulting in higher adoption rates of new technologies and
increased productivity. This could also lead to food loss reduction that
happens at the pre-harvest level.

This chapter is based on:

Delgado, L., Stoorvogel, J. 2021. An a priori analysis: the potential role of soil
perception and soil variability in smallholder farmers’ low adoption rates of
agricultural practices in Central America. Submitted to Journal of Rural
Studies.
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5.1 Introduction

Food systems must be transformed to provide enough quantity of healthy
food for everyone in a sustainable way, including those involved in the
production chain, while dealing with the dynamics of local and global
economies and environment. Transforming global food systems requires a
combination of research, policies and extension services to manage complex
trade-offs. One of the challenges of agricultural extension is low adoption
rates. Suffice it to say, it is important to understand what is and is not
working, and provide additional information to improve efficiency and
effectiveness of policies. This insight is necessary for informed decision
making, including on trade negotiations and targeted agricultural policies.
Soil management is an essential element of food systems. It is even more
important today given that 30% of the total global land is degraded (Sterk
and Stoorvogel, 2020) and that it plays a critical role in the adoption
decisions farmers make on the use of fertilizers and water conservation

practices, among others (Pham et al., 2021).

The literature shows that there is a problem of low adoption of interventions
in agriculture (Hermans et al., 2021). Lambrecht et al. (2014) identified the
three stages of the adoption process. First, awareness when the farmer
becomes aware of the existence of new technology. Second, try-out when
the farmer, being aware of a new technology, has access to more
information to decide whether to use the new technology. Finally, there is
adoption when the farmer decides after the try-out if the profitability is high
enough to continue to use it.

The low adoption rate has been widely studied and different reasons have
been identified. First, farmers’ characteristics like age, training, and social
capital influence adoption rates (Feder and Umali, 1993; Abadi Ghadim and
Pannell, 1999; Pham et al., 2021). Older farmers are more risk averse and
therefore it is less probable that they will adopt new technologies or
practices. Neil et al. (2001), Sureshwaran et al. (1996), and Arellanes (1994)
found negative relations between age and adoption of soil protection
measures. Feder and Umali (1993) found that “older farmers are less likely
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to use soil conservation practices because of their shorter planning horizons
and the less than perfect capitalization of yield changes in land prices.” With
regards to experience, farmers who have previously experienced other
innovations may have lower levels of uncertainty about the performance of
innovation and therefore more likely to adopt a new technology (Abadi
Ghadim and Pannell, 1999; Foguesatto et al., 2020). On education,
Lambrecht et al. (2014) did not find any effect between education level.
However, Feder and Umali (1993), Pedzisa et al. (2015), and Foguesatto et
al. (2020) found that education has a positive impact on the adoption of soil
conservation technologies.

Second, plot characteristics also have an important effect on adoption rates.
Lambrecht et al. (2014) found that the quality of the land matters. For
example, sloped plots decreased the chances of farmers trying out new
technologies. In addition, soil quality seems to affect the probability of
adoption. Clay et al. (1998) showed that “farmers tended to invest in
conservation efforts on slopes of medium grade” in Rwanda. Shively (1997)
showed that “adoption of hedgerows was less likely on parcels with greater
soil depth or on older, exhausted parcels” in the Philippines. Arellanes (1994)
and Bonnard (1995) considered the roles of slope and soil quality in the
adoption of improved soil management practices. Foguesatto et al. (2020)
found that land slope, soil colour, soil depth, soil erosion severity, soil
fertility, soil type were significant factors influencing the adoption of
sustainable agricultural practices (SAP).

Third, there are reasons linked to behavioural characteristics of the farmers,
such as their level of risk aversion, intertemporal discount rates, and time
preferences. Abadi Ghadim et al. (1999) found that personal discounts rates
and time preference influenced farmers’ adoption. Duflo et al. (2011) found
that farmers may procrastinate, postponing fertilizer purchases until later
periods, when they may be too impatient to purchase fertilizer. Higher
discount rates lead to lower adoption rates. Mansfield (1961) concluded that
the adoption of innovations is determined by the economic attributes of
farmers.
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Fourth, access to markets and to capital and credit influence the adoption
rates. Feder and Umali (1993), Doss (2006), and Lambrecht et al. (2014)
found that capital and credit have a positive effect on adoption rates.
According to Chikowo et al. (2014), the data from Tittonell et al. (2005)
suggests that proximity to markets influences fertilizer use. Takahashi et al.
(2020) cites Suri (2011), who suggested that the travel time to seed and
fertilizer distributors is a constraint for adoption. Doss (2006) and
Foguesatto et al. (2020) found that there was a positive correlation between
access to markets and adoption.

Fifth, the distance to innovators or social networks can affect adoption.
Abadi Ghadim et al. (1999), Lambrecht et al. (2014), and Pham et al. (2021)
found that the physical distance to and contact with the nearest adopter of
innovation influence the adoption of new technologies.

Sixth, farmers’ economic decisions regarding the allocation of limited
resources affects adoption. If a farmer owns more than one field, typical of
smallholders in developing countries, he or she may not invest equally in
each field, because of their limited natural, human, and economic capital. As
aresult, some fields may be well protected against degradation, while others
may be left vulnerable to erosion and degradation (Sterk and Stoorvogel,
2020). Feder and Umali (1993) and Pham et al. (2021) found that farm sizes
have a positive influence on the adoption of conservation practices; Feder
and Umali (1993) also found that farmers who rent a plot are less likely to
adopt new conservation technologies. However, they also found “renters
were more likely to use conservation tillage than full owners.”

Finally, access to information and the quality and quantity of extension
services are crucial on adoption decisions (Doss, 2006; Lambrecht et al.,
2014; Pedzisa et al., 2016; Foguesatto et al., 2020; Takahashi et al., 2020;
Pham et al., 2021).

All of the above seven reasons focus on the following: existing assets (human
capital and land); access to economic and social resources (networks, credit,
markets, characteristics of the plot, and supply of extension services);
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behavioural issues (rate of risk aversion and intertemporal discount rates).
But they fail to clarify whether they are the cause of low adoption rates.
Sometimes low adoption rates occur because the technologies proposed are
not relevant to the producer or plot characteristics or the problems
producers face. Some technologies that are successfully developed in the
research lab can fail when they are implemented on the farm because the
conditions are different (Chikowo et al., 2014). Another problem is that most
of the time, researchers only look for the implementation of a single
technology, which does not necessarily contribute to an overall goal of
increasing yields or decreasing production costs (Chikowo et al., 2014;
Takahashi et al., 2020). Also, researchers fail to recommend the adoption of
integrated farm management systems. Sometimes a new technology is
recommended to resolve a problem that cannot be resolved by a
technology. Therefore, it is important to invest the time to identify the
problem and other solutions.

This paper studies soil perception of farmers and soil variability to evaluate
in an ex-ante manner whether these factors play a role in improving the
adoption of agricultural interventions. This paper examines the differences
in perception between a farmer and a proxy to the scientist (such as a survey
taker or enumerator trained by scientists) when it comes to environmental
characteristics, including soils. We argue that understanding the real
problem that needs to be resolved with the adoption of a new technology
or practice is central to increasing adoption rates. Identifying the problem
— specifically providing information to the farmer and policymakers so that
they understand and perceive the real problem — will determine the
adoption rates of intervention. Soil perception and soil variability has a
critical role to play here. In the case of soil perception, the farmer does not
necessarily perceive problems like soil degradation. Naturally, in the
farmer’s mind, there is no need to adopt a new technology to mitigate a
problem that does not exist (soil degradation). In the case of soil variability,
an intervention may be appropriate for a certain region, but not for the
specific conditions of a specific plot of a farmer.
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5.2 Materials and Methods
Study area

Central America is one of the most vulnerable regions to disasters due to its
geographical location, high climate variability, exposure to extreme hazards
and the institutional and socio-economic weaknesses of its population (FAO,
2015). This paper studies areas in the regions of Guatemala and Honduras
that are part of the Dry Corridor.*” The Dry Corridor experienced significant
droughts, including El Nifio and La Nifia. As a result, there are more than 3.5
million people in need of humanitarian assistance (FAO, 2016). Fraga (2020)
cites studies that showed “the intensity and duration of these climatic
events are amplified due to human-induced degradation of ecosystems,
including high rates of deforestation and soil erosion” (van der Zee et al.,
2012; Magrin et al., 2014; ECLAC, 2015; Calvo-Solano et al., 2018). There are
two growing seasons for grains: Primera (April-August) and Postrera
(September-November). The climate is mostly tropical throughout the area,
although temperatures are lower at higher altitudes in the highlands. In the
areas that belong to Guatemala and Honduras, maize and beans are the two
most important crops.

Guatemala is the third largest country in the tropical zone of Central
America, with mountainous regions surrounding the total cultivable area. A
vast share of 77% of the country’s arable area is used for agriculture and
forestry (FAO, 2018). According to MAGA (2013), 9% of the total surface area
of the country is part of the Dry Corridor (Fraga, 2020). In Guatemala, this
study was implemented by the departments of Chimaltenango, Escuintla,
Guatemala, Quetzaltenango, Sacatepéquez, San Marcos, Solola, and
Totonicapan. These departments were selected because they are part of the

47 The Dry Corridor is a tropical dry forest region on the Pacific side of Central America. The
Dry Corridor is characterized by irregular rainfalls. It has become one of the most susceptible
regions to climate change and variability in the world. The countries forming the largest part
of the Dry Corridor are Guatemala, El Salvador, Honduras, and Nicaragua (FAO, 2017).
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Dry Corridor and also because the project helped to develop a soil map
(1:50,000),*® allowing access to detail information for soils.

Honduras, the second largest country in Central America, is bordered by
Guatemala to the west, El Salvador to the southwest, and Nicaragua to the
southeast. The Dry Corridor is located in the western, central and southern
areas, occupying around 27% of the total area of the country (INVEST-H,
2014). According to Silva (2009); in Honduras, 32% of the area is used for
crops and livestock (INE, 2006). This paper studied the areas in the
departments of Choluteca, Copan, El Paraiso, Francisco Morazan, Intibuca,
La Paz, Lempira, Olancho, Santa Barbara, and Valle. This departments were
selected because they are part of the Dry Corridor, the poorest area of
Honduras.

Survey design to measure perceptions of farmers

Self-evaluations, such as observational measurement, have important
implications for decisions made by individuals and policymakers, but they
are typically not assessed carefully. Yet, comparison is inherently a dynamic
process that could be affected by systematic or random circumstances.
Moreover, self-evaluations are a personal process; comparisons occur at
different times on a range of dimensions, with consequences that can vary
by context and availability of information. Research across social and clinical
psychology has implemented methods to assess comparisons naturally,
involving intensive, repeated assessments of comparison occurrence,
characteristics, and consequences. However, very little evidence exists on
the potential size of the measurement error behind those assessments. This
paper uses a simple empirical methodology as an approximation to identify

8 |n 2006, the Ministry of Agriculture and Livestock (MAGA) of Guatemala, started a
project to develop a semi-detail soil map (1:50,000) in eight departments of the
country. The objective of this map is to increase the productivity of the soils by finding
out more about their characteristics (resources, limitations), and which crop and
technology might be suitable. This paper shows adequate conservation practices for
the soils in the area. At the time of research, data from only three departments were
available (Chimaltenango, Sacatepéquez, and Solold).
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the level of magnitude of the potential errors in self-evaluations or
perceptions by farmers. The methodology consists of a sequential process,
in which farmers are asked detailed questions, and trained survey takers
then also respond to the same questions. This allows comparison between
a farmer’s self-evaluation of certain characteristics of their plots and the
same evaluation by survey takers.

The measurement of soil analysis and perceptions consisted of a series of
guestions answered by both the farmer and the survey taker. All the
guestions on perceptions were based on observable variables, like land
cover, slope, and presence of organic matter, surface stoniness and texture.
For each farmer, an enumerator was identified for all the plots, the area, and
the crops (by plot). If the producer managed more than two plots, he/she
chose the more important plot for bean production for postrera 2017 in
Guatemala and Honduras. The survey sought answers plot by plot. The
producers answered the questions first, followed by the enumerators
answering the same questions. As explained in the following sections, the
enumerator described options for answers to the producers using images.

In each country, the enumerators were trained for five days on scientific
criteria to identify the characteristics of the soil. This was done to
homogenize the concepts and criteria on land cover, slope, soil organic
matter content, and surface stoniness, as well as to define the presence of
different materials in soil, like sand, clay, and silt. Additionally, the
enumerators were trained on using the equipment to measure soil pH and
EC. During the training, the enumerators studied all the information on
paper. After that, they worked on practical cases in groups. This was
followed by group discussions to dispel any uncertainties. Before fieldwork
started, the enumerators implemented a pilot and several tests to
standardize concepts and criteria on assessing the variables. In Honduras,
the authors worked with eight enumerators and two supervisors divided
into two groups. In Guatemala, the authors worked with four enumerators
and one supervisor. All enumerators had substantial experience conducting
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agricultural surveys. In Guatemala, the enumerators knew the local
language.

The survey asked producers about the characteristics of their agricultural
plots and land management. The enumerators at each plot also assessed the
characteristics of the same agricultural plots. In addition to land cover, four
soil properties that often play a role in soil management and interventions
were studied: i) slope is the main causal factor for erosion and can be
managed through terracing; ii) soil organic matter contents are important
for crop nutrition and the water holding capacity and can be managed by
mulching and organic fertilizer; iii) surface stoniness can limit the options for
mechanization but is more difficult to manage; iv) soil texture also plays an
important role in crop nutrition and the water holding capacity, but it cannot
be managed.

The questions were asked in the plot where farmers planted beans in
postrera of 2017. The questions were multi-choice and close-ended. To
minimize any measurement error, the survey was conducted using tablets
and the Computer-Assisted Personal Interview (CAPI) SurveyCTO,*° which
was monitored on real time. For each question on perceptions, the
enumerator described and showed the answer options using images to
make the options easy to understand (Figure 5.1). The options and images
were based on the app LandInfo (now a module of LandPKS).

4 https://www.surveycto.com/

127



Chapter 5

Bare soil Orchard Cropland

Pasture Shurbland Forest

WAL IR,

Figure 5.1: Example of how the land cover was showed to producers®® from the
survey conducted by International Food Policy Research Institute (IFPRI) in 2018 in
Guatemala and Honduras, as part of the project of the Dry Corridor.

Soil analysis was performed on the agricultural plots where beans were
produced. For this purpose, a detailed protocol was developed. The
enumerators needed to identify the plot that they would be using for the
survey and physically moved to the specific plot. Sometimes the plot was
close to the house, but in other cases, the plot was far away. Only plots that
were at most 1.5-hour-walking distance away were considered. The analysis
was performed on at least five soil samples per plot, depending on the size
and shape of the plot. The samples were roughly taken in the four corners
and one in the center. As shown in figure 5.2, the samples were not taken
on the edges, on the roads, in the ditches, in places of accumulation of
materials (brush, fertilizers, pesticides, fungicides), or near the house or a
construction site.

>0 Figure 5.1 shows the answer options for land cover exactly as the producers saw
them. The enumerators provided the sketches of the plots.
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Figure 5.2: Examples of how to distribute the soil samples in the plot from the survey
conducted by International Food Policy Research Institute (IFPRI) in 2018 in
Guatemala and Honduras as part of the project of the Dry Corridor.

Each sample consisted of the first 10cm of the soil after removing the top
layer with litter. Samples were collected with a small spade. Soil fertility was
estimated for all samples in terms of soil texture, soil pH, electrical
conductivity and soil organic matter. Soil texture was hand estimated
according to protocols established in the training. For each soil sample, soil
pH and the electrical conductivity (EC in mS) were measured with a 1:2.5
soil-water ratio, using a Groline HI98131 Combo Tester (Hanna
Instruments). The equipment was calibrated after 25 samples.

Sampling

The survey was conducted between March and May of 2018 in Guatemala
and Honduras. A random sample of 450 bean producers in Guatemala and
685 bean producers in Honduras were surveyed. This soil survey was part of
a larger experiment organized by the International Food Policy Research
Institute to improve food loss reduction.
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5.3 Results

This section compares the perceptions of the farmer with the observations
of the survey taker on: (a) land cover, which refers to the physical land
covering on the land you are assessing; (b) land slope, which is the rise or fall
of the land surface (FAO, 1985). It helps to understand how rainfall affects
the land; (c) soil organic matter, which is the fraction of the soil that is
present when plant or animal tissue decomposes (Fenton et al., 2008); (d)
surface stoniness, which indicates the soil rocket fragment volume in each
plot; and e) soil texture, which indicates the relative content of different
particles like sand, silt, and clay in the soil.

Measuring differences between the perception of the farmer and what the
trained enumerators identified.

Figure 5.3 shows the different perceptions of land cover, slope, organic
matter, and surface stoniness between the enumerators (on the left side)
and the producers (on the right side) in Guatemala (left side) and Honduras
(right side).

Figure 5.3A (land cover) shows that the perception between enumerators
and producers is similar on bare soil and cropland in both countries, and on
shrubland in Honduras. Major differences in perception are with the
shrubland option in Guatemala. The producers see more bare soil than the
enumerators. This is also true in the plots where the enumerators see more
crops in Guatemala.

Figure 5.3B (slope) shows a huge variance (difference) in the perception
between enumerators and producers. The producers see their plot with a
less steep slope in both countries. When asked if the plot has different
slopes, the enumerators chose the option that occupies more area in the
plot.

Figure 5.3C (organic matter) shows the differences between enumerators
and producers. The enumerators measure the presence of organic matter
based on the color of the soil (darker means more presence). In both
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countries, the producers underestimate the presence of organic matter in

their plots.

Figure 5.3D (surface stoniness) shows little difference in the perception of

two parties. But in both countries, the perception of the presence of stones

is lower on the producer side.

Guatemala

Guatemala

»w = ®m o € QO 0O =~ W

Figure 5.3a

w = M 0o € O 0 = W

Figure 5.3b

Honduras

“w = M0 € o0 = W

w 2 0 +~®m = M3 € 3 m

Honduras

‘ ﬁ#. 373
—— — _,__‘ ‘%*
. G a)

= |

e —
(e T e
A
e P ———
e ——

-
——

L
e —
- Aﬁ———— s (>60%).

w = ® 0 £ Q 0 = ©

w m 0 + ©®m = ® 3 £ S m

131



Chapter 5

Guatemala Honduras
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Figure 5.3: Observations of Land cover (A), Slope (B), Soil organic matter content (C)
and Surface stoniness (D) on agricultural plots in the study area by enumerators and
farmers in Guatemala (left) and Honduras (right)
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Figure 5.4 shows a comparison between the perception of the enumerator
on the organic matter content (on the left side) and the producer perception
of the fertility of each plot (on the right side) in Guatemala (left side) and
Honduras (right side). These graphs show that 90% of the producers consider
their plot fertile. As mentioned before, the presence of organic matter was
identified using the color of the soil (dark colors means presence). Because
of the variation of the results, it looks like the perception of fertility of the
plots is not only related to the presence of organic matter, but also to more
yields.

In Figures 5.5 and 5.6, the abundance of materials in the soil measure is
compared by feeling the texture by the enumerators and the perception of
the producers. For the first material in abundance (Figure 5.5), in Honduras,
the predominant materials are sand and silt both for enumerators and
producers; in Guatemala, the presence of the three materials is well
distributed, finding more differences in perception. In the case of the second
material in abundance (Figure 5.6), more differences were found between
enumerators and producers in both countries. Texture influences the ease
with which soil can be worked, the amount of water and air it holds, and the
rate at which water can enter and move through soil (FAO, 1985).
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Figure 5.4: Comparison between organic matter content by the enumerators and

perception of fertility by the producers in Guatemala (left) and Honduras (right)
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Figure 5.5: Comparison of the first material in abundance in the soil by the

enumerators and producers in Guatemala (left) and Honduras (right)
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Figure 5.6: Comparison of the second material in abundance in the soil by the
enumerators and producers in Guatemala (left) and Honduras (right)
Differences in perception between farmers and enumerators showed a
similar pattern in each of the dimensions measured in Guatemala and
Honduras (Table 5.1). In both countries, the observations of farmers and
surveyors differ significantly for all the variables (p-value <0.001) when
applying a a Pearson’s chi-squared test. Cramer’s V showed a low relation
between the perceptions in all the variables.
Table 5.1: Similarity in observations, Chi square and the Cr'mer's V relation between
enumerators and farmers for different plot characteristics
Guatemala Honduras
Variable
Similarity Chi-square Cramer'sV Similarity Chi-square Cramer's V
Land cover 60% 253.332 0.34 73% 0.001 0.53
Slope 47% 321.515 0.39 45% 624.029 0.41
Soil organic matter 41% 64.919 0.25 48% 108.271 0.24
Surface stoniness 79% 239.820 0.47 68% 260.469 0.38

Note: Pearson’s chi-squared test rejects equality with prob= 0.000 of perceptions of farmers and
surveyors.
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Measuring the pH and its variance to see consistency with government
technological packages

Soil pH, measured in a soil-water solution, is a measure for the acidity and
alkalinity of the soil (Harmonized World Soil Database, 2009), and it
influences the solubility of nutrients. Soil electrical conductivity (EC)
measures the amount of salts in soil (salinity of soil). It affects crop yields,
nutrient availability, crop suitability, and activity soil microorganisms (USDA-
NCS, 2019). In both countries, the electrical conductivity was between 0 to
2 (non-saline). As previously explained, soil analysis was performed in all the
plots of beans surveyed to measure pH and electrical conductivity.

[ Acid to neutral (pH 5.5-72) \:

Il Carbonate rich soils (pH 7.2~ 8.5)
Department boundaries

Figure 5.7: Soil pH classes by municipality in Guatemala
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Figures 5.7, 5.8A and 5.8B showed the soil pH calculated by municipality and
categorized with the official classification used in the harmonized world soil
database of 2012. In Guatemala, almost all the municipalities where soil
samples were made have a pH acid to neutral (5.5 to 7.2). Only the
municipality of San Jose del Golfo in Guatemala department has an average
pH between 7.2 to 8.5, which means that this municipality is classified to
have carbonate-rich soils (Figure 5.7). In this municipality, 60% of the
sampling plots had a pH between 7.2 to 8.5, while the other 40% had a pH
of 5.5 to 7.2 (acid to neutral soils). As showed in Figure 5.8B, the pH in this
municipality had a standard deviation higher than 0.8. The municipality of
San Bartolo of Totonicapan department is categorized with a pH of 5.5t0 7.2
(acid to neutral soils). However, it was found that 90% of the plot had a pH
between 5.5 to 7.2 (acid to neutral soils), 5.5% had a pH between 4.5 t0 5.5
(very acid soils), 2.5 % of the plots had a pH between 7.2 to 8.5 (carbonate
rich soils), and 2.5% had a pH higher than 8.5 (alkaline soils). Figure 5.8B
shows that the pH had a standard deviation between 0.4 to 0.6. If an
intervention is designed, and the intervention is related to a modification of
the pH or a fertilizer recommendation at the municipality level, not all
producers are going to have the same expected results.

The result of the ANOVA (Table 5.2) of pH per plot and the average per
municipality indicates a significant difference at 99% of confidence,
validating what is shown in the maps of a significant variance on the
measured pH within municipalities as represented in Figure 5.8B, where it is
graphically shown how different the pH is within the same municipality.
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Table 5.2: The variability of soil pH in municipalities in Guatemala and
Honduras as described by an ANOVA

Source Partial SS df MS F Prob>F
Guatemala
Model 29.27 1 29.27 177.85 0.00
pH by muni 29.27 1 29.27 177.85 0.00
Residual 58.25 354 0.16
Total 87.52 355 0.25
Observations 356 R-squared 0.33
Root MSE 0.41 Adj R-squared 0.33
Honduras
Model 160.25 1 160.25 593.23 0.00
pH by muni 160.25 1 160.25 593.23 0.00
Residual 163.96 607 0.27
Total 324.21 608 0.53
Observations 609 R-squared 0.49
Root MSE 0.52 Adj R-squared 0.49

Figures 5.9, 5.10A and 5.10B show the soil pH calculated by municipality and
categorized with the official classification used in the harmonized world soil
database of 2012. For Honduras, three pH classes are presented: a) very acid
(4.5-5.5); b) acid to neutral (5.5-7.2); and c) carbonate rich soils (7.2-8.5).
The municipality of Azacualpa in Santa Barbara department had an average
pH between 5.5 to 7.2. This means that this municipality has acid to neutral
soils, but 82 % of the sampling plots had a pH between 5.5 to 7.2 (acid to
neutral soils), 14 % had a pH between 4.5 to 5.5 (very acid soils), and 4 % had
a pH lower than 4.5 (extremely acid soils). As shown in Figure 5.10B, this
municipality had a standard deviation of between 0.4 to 0.6. The
municipality of Catacamas in Olancho department had a pH average of 7.2
to 8.5, but 60% of the plots had a pH between 7.2 to 8.5 (carbonate rich
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soils), 37% had a higher pH between 5.5 and 7.2 (acid to neutral soils), and
3% had a pH between 4.5 to 5.5 (very acid soils). Figure 5.10B shows that the
pH has a standard deviation higher than 0.8. The municipality of Danli in El
Paraiso department is categorized with a pH of 5.5 to 7.2 (acid to neutral
soils). However, it was found that 80% of the plot had a pH between 5.5 to
7.2 (acid to neutral soils), 17 % of the plots had a pH between 4.5 to 5.5 (very
acid soils), and 3 % of the plots had a pH between 7.2 to 8.5 (carbonate rich
soils), with a pH with a standard deviation between 0.6 to 0.8. If an
intervention is designed, and it is related to a modification of the pH or a
fertilizer recommendation at the municipality level, not all producers are
going to have the same expected results.

The result of the ANOVA (Table 5.2) of pH per plot and the average per
municipality show significant differences at 99% level of confidence
validating what is shown in the maps of a significant variance on the
measured pH within municipalities as represented in Figure 5.10B where it
is graphically shown how different the pH is within the same Municipality.

I very acid (pH 4.5- 5.5)

[ ] Acid to neutral (pH 5.5-7.2)

I carbonate rich soils (pH 7.2 - 8.5)
Department boundaries

Figure 5.9: Soil pH classes by municipality in Honduras
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Figure 5.10:  A) Soil pH by municipality in Honduras (top) and B) pH Standard
deviation by municipality in Honduras (bottom)

|:| Department boundaries
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5.4 Discussion
Technological packages implemented by governments

The technological packages are important because they improve the
productivity, food security, and access to markets of the producers.
However, the design of these packages needs to be a dynamic process
between specialists from different fields (soil specialist, crop specialist, etc.)
and producers (users). Producers generally know about the management of
their crops in their particular context. In most cases, the technology used
will resolve the problems faced by them (Bellon, 2001). In some cases, the
knowledge of the producers on new technologies could be inadequate, but
they would be willing to incorporate new information and technologies
provided by extension workers and others (Bellon, 2001).

Characteristics of government packages

In Guatemala, the subsidy for the acquisition of agricultural inputs program
was coordinated by the Ministry of Agriculture, Livestock and Food (MAGA).
The objective was to support the subsistence populations by allowing the
beneficiaries to acquire agricultural inputs to increase family agricultural
production, contributing to food security. This program provided a coupon
of two hundred quetzals (around US$25.00), which could be exchanged in a
local store specializing agriculture. The manual of this program did not
specify the products to be given out. Program information was available only
for the period between 2016 and 2018.

There was little information on the criteria for receiving money provided for
the technological package. It is also unclear whether the specialized local
stores followed any technical criteria to recommend or distribute products
— for instance, by zone or by crop. As such, it can be argued that if a
producer chose the inputs and if his/her perception was correct, the
producer would have chosen inputs that would have addressed the specific
problems or needs he/she had. In short, the producer had the option to
personalize the package.

In Honduras, the productive solidarity bonus is a program run by the
Directorate of Agricultural Science and Technology (DICTA) of the Ministry

142



Chapter 5

of Agriculture and Livestock (SAG). This program was implemented
beginning in 2010. The program provides supplies, technical assistance,
training, and financing to families who produce basic food and also those
who grow basic grains. The goal is to increase food security and improve the
quality of life of small producers. DICTA proposed the use of appropriate
technologies to increase the production and productivity of basic grains, so
that surpluses can be sold in the market and raise farmers’ income. The
program components: (a) a solidarity voucher that provides improved seeds
and fertilizers to sow a manzana of basic grains; (b) technical assistance and
training provided by DICTA, in addition to the solidarity voucher; and (c)
financing to incorporate technology into farming to increase production and
productivity in the grain-producing sector.

The technological package was designed by the SAG at the national level. It
provides improved seeds and a combination of fertilizers (NPK) for maize
and beans. For beans, the package consisted of certified seed variety
“Amadeus”®' and fertilizer 12-24-12 (NPK). As the results of this study
indicate, the characteristics of the soils within municipalities varied, so the
impact also varied. It can be argued that a general package has met some
needs of the producers, but given the variability of the soils and plots, the
expected outcome was not achieved using the package’s inputs.

In neither country were a farmer’s perceptions and the measuring of soil pH
and their variations taken into consideration into the design of the
technological packages. This is disappointing, since it was clearly shown that
the perception of producers must be considered; in some cases, more
information should be provided to producers to reduce the
knowledge/information gap they have. If a farmer does not perceive that a

51 “Amadeus” is a red bean variety with a crop cycle of 73-75 days. It is resistant to the golden
mosaic virus and common mosaic virus. It is moderately tolerant to rust, Anthracnose,
common bacterosis, web blight, and angular leaf spot. It yields approximately 28 quintals per
manzana.
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problem affects him, the chances that he/she would adoption a new
intervention is going to be low, and productivity will remain the same.

Table 5.3 shows the discrepancies on what the producer and the
enumerator report, it also shows in the last two columns how different the
interventions would have been if the producers’ perceptions were taken into
consideration relative to what the enumerators responded.

Suffice it to say, it is critical to involve producers in the design and
implementation of the new technologies or packages. But at the same time,
it is necessary that more information is provided to farmers and that the
packages include technical assistance to ensure the correct use of inputs and

on time.

Given the limited technical assistance, it is important to use information and
communications technology (ICT) to approach more producers. New
technologies must be available in local languages and with examples that
make sense in the local context. Additionally, efforts should be made to use
the local networks to promote new technologies and improve extension

services (Banerjee et al., 2016).

Table 5.3: Difference in perceptions and potential interventions by Governments

% of municipalities % of municipalities

% of % of ., .,
municipalities municipalities where it's where it's
P P recommended to doan  recommended to do an
where the where the N . K .
intervention by intervention by
enumerator producer N 5
enumerators if the producers if the
reports the reports the L L
municipality has more municipality have more
problem at problem at

the plot level

the plot level

than 50% of the plots
with the problem

than 50% of the plots
with the problem

Guatemala
Slope

SOM
Surface
stoniness

39%
59%

17%

32%
69%

13%

43%
43%

11%

22%
57%

0%

Honduras
Slope
SOM
Surface
stoniness

31%
29%

19%

31%
34%

20%

17%
9%

0%

9%
17%

0%
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5.5 Conclusions

Policymakers have questions about the use of improved technologies and
the rate of adoption. A lot of research has been undertaken to find solutions
to improve problems faced by the producers. Such problems relate to
improving productivity (by using fertilizers, improved seeds, tools, etc.) and
managing soil degradation (by using terraces, irrigation, soil organic matter,
etc.). However, most of the solutions fail because they do not take into
account the farmer’s perceptions and the variability of the landscape.
Strategies that do not consider farmers’ perceptions are unlikely to be
effective.

Farmers’ perceptions are not simple. Not only does it refer to being aware
of the existence of new technologies, but it also means understanding the
real problem that needs to be resolved. For example, if a farmer perceives
that his/her soil has lower pH and wants to neutralize the acid, then he can
decide to use fertilizers with more aluminium sulphate and sulphur. If the
farmer’s perception of the problem was wrong, then he/she will not get the
expected result. This will lead the farmer to reject the adoption of the inputs.
On the other hand, the perception of the farmer could be correct, but the
packages provided by the government, or the agro-dealers could be
inappropriate to meet the farmer’s needs. This will also affect the farmer’s
decision to adopt the package. This element of perception will increase risks
and uncertainty, which explains low adoption rates (Abadi Ghadim et al.,
1999; Marra et al., 2003).

The government’s technological packages do not necessarily reflect the
reality of the plots. Measuring the pH and electrical conductivity of soils will
provide information to guide how much of the inputs should be used. For
example, in Honduras the government supplied a package of fertilizer, which
did not consider the levels of pH and EC of the soils. As a result, the farmers
who took the risk of adopting it did not gain the expected productivity. So,
the farmers’ future adoption rates could be low. Another issue is that the
technological packages do not incorporate the different elements that are
needed to obtain the expected productivity.
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Based on the results, the direct measurements (pH) and the indirect
measurements (perceptions) are similar developed between bean
producers in Guatemala and Honduras. However, the level of magnitude in
the similarities cannot be assumed to be the same; therefore, the same
technology will not have the same effect in both countries. Not only that, it
cannot be assumed that a particular technology is going to have the same
effect at the national level.

Concerning the technological packages, there are two scenarios to consider:
(a) not all the producers are going to have the same result with the same
intervention.; (b) a group of producers are going to be excluded from
adopting the intervention, because the areas they are in are considered

unaffected.

In summary, policymakers need to take into consideration the perceptions
of farmers when developing interventions. Government policies need to
respond to the reality famers face and should aim to reduce the gap in

information.
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Synthesis
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6.1 Introduction
Smallholder farms (farms of two hectares or less) have the biggest share in
the number of farmers in the world (5 out of every six farms are owned by
smallholder farmers), they occupy more than 12 percent of the agricultural
land, with smallholders producing one third of the world’s food (Lowder et
al., 2021). At the same time, on average, they have very low productivity,
which can be partially explained by a significant amount of food losses.

This dissertation tries to resolve this paradox of low productivity and high
losses. It starts by first with an introduction (Chapter 1) and then developing
a definition on food losses (Chapter 2), then continues by measuring food
losses across the value chain using an innovative methodology that allows
identifying quantity and quality losses and the points along the value chain
in which these losses occur (Chapter 3). Food loss is quantified through three
new and one more traditional measurement methodology. We follow a
framework similar to de Mel et al. (2009), exploring different ways to
measure food losses to identify the extent to which we can reconcile loss
figures across estimation methods>2. Chapter 4 explores the determinants
of losses and possible solutions to effectively implement loss-reduction
policies along every stage of the value chain.

Based upon the determinants of food losses analysis in chapter 4, the
research hypothesizes that a farmer’s lack of information on soil
characteristics and conditions could be an important determinant of the lack
of adoption and effectiveness of the technological packages and therefore
affect farm productivity and increase losses across the value chain (Chapter
5). This is of core importance because preventing food losses at the local
level in smallholder producers can both alleviate food shortages and
increase farmers’ incomes, thus improving access to food.

This synthesis assesses and discusses the conceptual framework behind the
dissertation and the key hypothesis which highlights the importance of miss-

52 |In particular, we identify how far we can reconcile self-reported food losses with
more detailed questions across the different stages of the value chain. In our case,
the benchmark is the convergence of three alternative proposed methods.
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measurement of food losses and its importance in assessing the needed
policies to reduce and prevent food losses across the value chain (section
6.2.1). It also details the innovative process of data collection to be able to
properly measure food losses across the value chain as well as soil
characteristics (Section 6.2.2). Section 6.3 details the innovative
measurement methodology and the principal reasons behind losses. The
results show that contradictory to what is found in the current literature on
food losses, in which it is reported that the majority of losses are mostly at
the post-harvest level, the major percentage of losses occur at the producer
level (60 to 80% of losses across the entire value chain) and can be mainly
attributed to the pre-harvest stage and less to the post-harvest stage.

Finally, in the last section, a focus is given to soil characteristics and
asymmetry in the perceptions by farmers regarding their soil characteristics
and variability. When farmers’ perceptions are compared to objective
measurement of the soil characteristics, there are statistically significant
misperceptions of soil characteristics and soil variability. This can lead to
erroneous management decisions by farmers and policy makers that can
affect their rate of adoption of new technologies, their productivity, and
potentially the magnitude of their food losses.

6.2 Conceptual framework and research findings

Figure 6.1 shows the conceptual framework of the thesis and is used to
illustrate the findings and relations between the different chapters. The
proposed research is trying to understand the extent to which low
productivity of smallholders could be attributed to food losses or the result
of misperceptions by farmers regarding their soil characteristics and
resulting management practices.

There exists significant evidence regarding low productivity of smallholders
(Carter, 1984; Sial et al., 2012; Gollin, 2018; Lowder et al., 2018; Helfand et
al., 2021), but there has been no detailed analysis regarding the role of loss
as a driver of low productivity. FAO estimated that on average around 14%
of food produced in the world is lost and the range can go even higher than
30% in developing countries (FAO, 2019). This result clearly indicates that
one of the major reasons of lower productivity of smallholders could be the
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level of food losses they face. In addition, there is evidence showing low
levels of technology adoption by smallholders (Chikowo et al., 2014, Pedzisa
et al., 2015, Hermans et al., 2021) as well as in many cases policies which
don’t respond to the real needs of farmers are being adopted by farmers or
proposed by policy makers (Chikowo et al., 2014 and Takahashi et al., 2020).

Focusing on the first component of food loses, a detailed literature review
found significant inconsistencies in the definition of losses and in the
measurement methodologies. Three important challenges were identified.
First, there is no accurate information about the extent of the problem,
especially in developing countries. For the most part, calculations of food
losses hinge upon accounting exercises that use aggregate data from food
balance sheets provided by national or local authorities. These “macro”
estimations are subject to considerable measurement error, rely upon poor-
quality data, or are not based upon representative samples. Moreover, they
focus on the quantity of food lost but do not take into account potential
deterioration of quality or reductions of economic value that also affect
farmers and consumers. More recently, there have been efforts to use micro
data to estimate food losses. These estimations rely on surveys collected
among different actors across the food value chain. Nevertheless, they are
based on case studies that are not representative of larger populations in a
country. Additionally, these studies use different definitions of food loss,
hampering comparisons across different areas and crops. Due to their lack
of representativeness and differences in their methodologies, the available
micro-based estimates yield inconclusive evidence about the extent of food
losses.

Second, there is scarce evidence regarding the source of food losses. Food
losses are associated with a wide array of factors (e.g., poor agricultural
management skills and techniques, inadequate storage, deficient
infrastructure, inefficient processing, lack of coordination in marketing
systems, etc.) and can occur in different stages of the value chain (i.e.,
production, harvesting, post-production, processing, distribution, or
consumption). Because of the aggregate nature of their data, macro studies
are unable to identify the critical stages of significant food loss. Arguably due
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to the cost of primary data collection, most micro studies have not collected
detailed information about the sources of food losses. Most studies aim to
capture total food losses based on farmers’ self-reported estimates but not
to disentangle the relevant production phases in which losses are generated.
For example, studies using the nationally representative Living Standard
Measurement Surveys — Integrated Surveys on Agriculture (LSMS — ISA) ask
farmers to assess the proportion of their crops lost to rodents, pests, insects,
flooding, rotting, theft, or other reasons, and only provide global estimates.
Few studies have collected more comprehensive information about
particular stages in which losses occur. However, they are based on small

samples in particular locations making their results difficult to extrapolate.

Third, there is little evidence of how to reduce food losses across the value
chain. There have been efforts to introduce particular technologies along
specific stages of the value chain (e.g., silos for grain storage, triple bagging
for cowpea storage, or mechanized harvesting and cleaning equipment for
wheat and maize). However, there is little evidence about adoption rates or
the economic sustainability of these efforts. In particular, there is a need to
better understand how to introduce economic incentives for actors from
farm-to-fork, taking into account the upstream and downstream linkages
across the value chain. These inconsistencies make it extremely complex to
create a comparable measurement of the magnitude of losses and especially
to identify where in the value chain the major losses are taking place.

With the objective of resolving these challenges, Chapter 2 of this
dissertation proposes a new definition on food losses to guide
measurement. Chapter 3 details an innovative methodology to measure
losses across the value chain taking into account not only the loss in quantity
but also in quality, as well as identifying the reasons behind these losses.
This methodology also required an innovative sampling framework to be
able to identify the level of losses across the value chain. Chapter 4 focuses
on the determinants of losses to better understand how to reduce losses.
This innovative work helped to better understand how much of the low
productivity is due to food losses, i.e. the amount produced for selling is
significantly lower than what was initially expected both in quantity and
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value, but it still does not explain the other drivers of lower productivity.
Chapter 5, therefore, looks at a potentially important element behind the
low productivity of smallholders, i.e., lack of technology adoption Ind i
adoption of technologies that not necessarily resolved the real problems
faced by smallholders. While the analysis of losses and determinants also
includes technology adoption, Chapter 5 looks at the misperceptions of
farmers and policy makers regarding the soil characteristics. There appears
to be a significant misalighment in what farmers perceive and the reality of
their soil attributes and variability. This result could help explain why there
is such a low rate of adoption of relevant technology. This result affects the
decisions of both farmers and policymakers, demonstrating the need for
objective and scientific information on soil characteristics to reduce losses
and increase productivity of smallholders.

Undersitanding smalthoider's productivity by
measuring food losses, soil perception and soif
variability
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Figure 6.1: Thesis outline complemented with the main findings from each chapter
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6.2.1 Key hypothesis

Our objective is to understand the concept and developed new
measurement methodologies of food losses and identify the drivers of losses
and low adoption of new technologies. We base this work on the following
hypotheses: 1) Mismeasurement of food losses underestimate the
magnitude of losses. 2) Losses are primarily at the post-harvest level and not
at the pre-harvest level. 3) Lack of storage infrastructure is the main cause
of post-harvest losses. 4) Farmers’ perceptions reflect the real need of their
soils and 5) Policymakers and farmers have similar perceptions on soil
constraints.

6.2.2 Data

We have developed, implemented, and collected detail surveys across the
different components of the food value chain (producer, middlemen and
processor) and specific to different commodities for seven countries
(Ecuador, Peru, Honduras, Guatemala, Ethiopia, China, Mozambique) and
for five crops (potato, maize, beans, wheat, teff). In all of the countries
studied, we sampled three nodes of the value chain (producers,
intermediaries and processors). The surveyed sample was based on pre-
census registration of producers who had produced the specific crop of
interest in the last cropping season, which formed our baseline and applied
chain-referral sampling® to select middlemen and processors. We adapted
our instrument for the specifications of each crop and country. Using a
stratified random design, we sampled a sufficient number of actors per
segment of the value chain that assure statistical power in each country. For
each actor, we developed detailed questions to measure quantity and
quality losses which also allowed us to implement three different
methodologies relative to the traditional one for comparison purposes.
Table 6.1 shows the sample size of producers, middlemen, and processors in
each country.

53 Sampled farmers were asked the names of their intermediaries and processors
and then a listing of intermediaries and processors was built and sample for their
respective interviews.
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Table 6.1: Sample Size

Ecuador Peru Honduras Guatemala Ethiopia  China Mozambique
Producer 302 411 1209 1155 1203 1114 774
Middlemen 182 85 325 365 140 203
Processor 147 139 224 245 - 53 100
Total 631 594 1758 1765 1203 1307 1077

Note: In the case of teff in Ethiopia, we only survey producers because most of the producers
will bring their teff to millers who work on a fee-for-service basis, returning milled teff flour
to the producers without any major intermediation of middlemen.

These surveys allowed us to quantify the extent of food loss across the value
chain before consumption using consistent approaches that are comparable
across commodities and regions, looking specifically at the production
stages and the particular processes during which loss is incurred. The
richness of the data allows us to provide estimates using the four
methodologies and to identify the drivers and the determinants of losses.

The surveys captured detailed information about the different processes for
each of these agents and quantified food losses in each of the production
stages with four methodologies. More details regarding these processes are
as follows:

Disaggregated self-reported measures of losses: We collected self-reported

measures of volumes and values of food losses incurred during different
processes (harvesting, threshing, milling, shelling, winnowing, drying,
packaging, transporting, sorting, picking, transforming, etc.).

Losses based on commodity damage: We collected detailed data from

farmers, middlemen, and processors on the quality (based on damage
coefficients) of agricultural commodities that they use as inputs and outputs.
This allowed us to quantify food losses in terms of quality attributable to
each agent across the value chain.

Losses based on commodity attributes: We captured information about

different types of commodity attributes (e.g., size, impurities, broken grain,
etc.) and ascertained the price penalty that each of these types of crop
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damage entails. In this line, we were able to identify particular factors that
diminish commodities’ values and quantify food quality losses based on
market conditions.

These surveys allowed us to quantify the extent of food losses across the
value chain using consistent approaches that are comparable across
commodities and regions. They also enabled us to characterize the nature of
food losses and in particular, where losses are incurred across the value
chain. The results of these studies will inform investments to reduce food
losses.

For the producers in Guatemala and Honduras, we also developed a detailed
survey and collected detail data on soil perceptions and soil characteristics
(such as pH and electric conductivity) in order to explore the reasons behind
low productivity and understand if there was a relationship between food
losses, soils and smallholder productivity. These measurements were made
in the most important plot for bean production for each smallholder for the
second planting season (postrera) in 2017 for both countries. To do this, we
used a simple empirical methodology as an approximation to identify the
magnitude of the potential errors in self-evaluations or perceptions by
farmers. The methodology consists of a sequential process, in which farmers
are asked detailed questions, and trained enumerators then also respond to
the same questions. This allows comparison between a farmer’s self-
evaluation of certain characteristics of their plots and the same evaluation
by enumerators. Questions on perceptions were based on observable
variables such as land cover, slope, and presence of organic matter, surface
stoniness and texture. For this soil survey, a random sample of 450 bean
producers in Guatemala and 685 bean producers in Honduras were included.

Across the different countries and commodity groups, around 90 percent of
all sampled producers are male and on average, producers are 47 years old
and have between 17 and 30 years of experience in growing the crops of
interest. Most producers have primary education but in Peru and China,
almost half of the producers also completed secondary education.
Producers are rural smallholders, cultivating between 0.35 ha of land (beans
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in Guatemala) and 3.5 ha of land (potato in Ecuador). On average, they live
2.5 hours away from the closest village market.

Mechanization and technology adoption in production and post-harvest
activities is low on average, but considerable variation exists across
countries and crops. Around two thirds of all farmers use improved seeds
for teff in Ethiopia and for wheat in China. However, less than 20 percent
use improved seeds to grow beans and maize in Guatemala and Honduras.
Resistant crop varieties are not widely common in Peru, Ecuador, and
Mozambique. Machine-driven production methods, such as soil
preparation, sowing, pest control, fertilizer application, weeding, mulching,
cutting and harvesting, are most widely used in the Chinese wheat value
chain and Peruvian potato value chain. However, they are almost non-
existent in the bean value chain in Guatemala, the maize value chain in
Mozambique, and the teff value chain in Ethiopia. Mechanization in post-
harvest activities is even less common. Only in Honduras do farmers engage
in mechanical threshing of beans and maize; very few farmers in Honduras
and Guatemala mechanically dry and winnow the beans and maize. On
average, producers use 2.5 different types of inputs to grow their crops
(fertilizers, insecticides, herbicides, and fungicides), but there is a large
variation between countries, ranging from almost no input (maize in
Mozambique) to more than four different types of inputs (wheat in China).

In six out of the nine value chains, almost all producers store their grain as
food reserves and seed for the next season for an average of five months
(beans and maize in Guatemala and Honduras and teff in Ethiopia). About
50 percent of all wheat smallholder farmers in China and 30 percent of all
potato farmers in Peru store their produce for an average of one month.
Only in Ecuador, smallholders rarely store the potatoes they grow. Most
smallholders (63 percent) store their produce in their house in bulk or in
bags while 14 percent store them in traditional storage facilities. Less than
10 percent of sampled smallholders use metal or plastic silos, with the
exception for maize farmers in Honduras. Across all countries and
commodities, an average of about 50 percent of the produced crops are sold
in the markets. The share is around 80 percent for the potato value chains
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in Ecuador and Peru, and for wheat in China. The share is considerably lower
at around 30 percent in Guatemala, Honduras, Ethiopia, and Mozambique.
The product is often sold directly to an intermediary on farmers’ plot.

Finally, in Guatemala and Honduras, we measured the soil pH and electric
conductivity and we found that in Guatemala, almost all the municipalities
where soil samples were made have a pH acid to neutral (5.5 to 7.2) and had
a standard deviation between 0.4 to 0.6; and in Honduras; three pH classes
are presented: a) very acid (4.5-5.5); b) acid to neutral (5.5-7.2); and c)
carbonate rich soils (7.2-8.5) and had a standard deviation between 0.6 to
0.8, and the electric conductivity was classified as non- saline in both
countries.

6.3 Measuring food losses

Most of the literature refers to the terms ‘Post-Harvest Losses’ (PHL), ‘Food
Loss’ (FL), ‘Food Waste’ (FW), and ‘Food Loss and Waste’ (FLW)
interchangeably, but they hardly ever refer consistently to the same
concept. For some authors, the distinction is linked to the stages at which
the loss occurs. For others, the distinction is based on the cause of the food
loss and whether it was intentional. Recent publications have tried to clarify
this (FAO, 2014; HLPE, 2014; Lipinski et al., 2013. and FAO, 2019), by defining
FL as unintentional reductions in food quantity or quality before
consumption. These losses usually occur in the earlier stages of the food
value chain, between production and distribution, but they also occur during
the wholesale and retail stages. PHL is an element of FL and excludes losses
at the production level, although losses during harvest are sometimes
misleadingly included in the concept (e.g., Affognon, 2014; APHLIS, 2014).
The FLW concept encompasses the totality of losses and waste along the
value chain with respect to total harvested production (FAO, 2014).
However, this definition does not include crops lost before harvest because
of pests and diseases or crops left in the field, crops lost due to poor
harvesting techniques or sharp price drops, or food that was not produced
because of a lack of adequate agricultural inputs, including labor availability
and fertilizer. SDG 12.3.1 basically defines losses from on farm post-harvest

up to processing and packaging, including the wholesale.
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To implement a strategy to reduce and prevent food loss and waste, there
are three important challenges. First, there is no accurate information on
the extent of the problem, especially in low- and middle-income countries.
For the most part, calculations of food loss hinge upon accounting exercises
that use aggregate data from food balance sheets provided by national or
local authorities. These macro-approach estimates, however, are often
subject to large measurement error, frequently rely on poor quality data,
particularly in low- and middle-income countries, and are not based on
representative samples for specific stages of the value chain. The macro-
approach method is a low-cost way to obtain an indication of the overall
losses along the entire value chain and was used by Gustavsson et al. (2011).
The study is widely used as a reference for estimates of food loss and waste
at the global level. By using the Food Balance Sheets from FAOSTAT (2019),
the study estimates that around 32 percent of global food production, across
all production sectors, is lost along the entire food value chain. Kummu et
al. (2012) and Lipinski et al. (2013) use the same raw data and find that this
translates into a 24 percent decrease in caloric terms. In country-specific
studies, macro energy balances show that 48 percent of the total calories
produced are lost across the whole food value chain in Switzerland (Beretta
et al.,, 2013). Mass balance data series from the U.S. Department of
Agriculture, using alternative assumptions, show that 28.7 percent of the
harvested product is lost between post-production and consumption in the
United States (Venkat, 2011), and that 31 percent of the available U.S. food
supply is lost during distribution and consumption (Buzby et al., 2014).

More recently applied micro approaches use sample survey data regarding
specific value chain actors to overcome shortcomings of the macro approach
(Ambler et al., 2018; Delgado et al., 2021a; Kaminski and Christiansen, 2014;
Minten et al.,, 2016a; Minten et al.,, 2016b). However, these micro
approaches are costly and time-consuming to implement. In addition, it can
be difficult to get a large enough proportion of responses to represent an
entire value chain or region across several years. Results are also hard to
compare. For example, the study by the African Postharvest Losses
Information System (APHLIS) estimates that primary production and post-
harvest weight loss for cereal crops in sub-Saharan Africa to be between 14.3
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and 15.8 percent of total production (Hodges et al., 2014). A review of
previous estimates of losses in both developing and developed countries and
finds an average of 32 percent loss for fruits and vegetables (Kader, 2009).

Second, there is only scarce evidence regarding the source or causes of food
loss. Because of the aggregate nature of their data, macro studies are unable
to capture the critical stages at which food loss occurs. Most micro studies
capture total food loss based on producers’ self-reported estimates, but do
not capture detailed information regarding the relative amounts of food loss
incurred by different sources.

Third, there is little evidence regarding how to capture the losses effectively.
There have been efforts to introduce particular technologies along specific
stages of the value chain (e.g., silos for grain storage, triple bagging for
cowpea storage, or mechanized harvesting and cleaning equipment for
wheat and maize). However, little is known about adoption rates or the
economic sustainability of these efforts, especially in low-income contexts.

The objective of this research was to improve how food loss is quantified, to
characterize the nature of food loss across the value chain for different
commodities in a wide array, and to disentangle the different production
and post-production processes in which losses occur. We build upon the
definition by FAO (2014), HLPE (2014) and Lipinski et al. (2013) and expand
it by including pre-harvest losses. We include both quantitative loss and
quality deteriorations in the definition of food loss. This is because from an
integrated value chain perspective, pre-harvest conditions and qualitative
losses have direct impacts on eventual (quantitative and qualitative) losses
at later stages of the value chain due to differences in food product quality,
storage and shelf-life, and transport suitability.

We quantify food loss through three new measurement methodologies and
one traditional methodology. We follow a framework similar to that of De
Mel et al. (2009) by exploring different ways to measure food losses to
identify how far we can reconcile loss figures across estimation methods.
Our goal is to identify consistency across the three proposed measures
relative to the traditional aggregate measurement. Our objective is to
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statistically test this to argue that the proposed alternative methods provide
more realistic estimates than the traditional way in which losses had been
measured. To do this, the De Mel et al approach is adopted, and a
benchmark is established based on observations or measured (loss) data on
the farm.

For this, we designed a sampling method that allows us to have
representative samples at different nodes of the pre-consumption value
chain and developed a set of surveys to measure the extent of food loss
using the four measurement methods in each of the specific nodes (i.e.,
producers, middlemen, and processors). While the surveys were tailored to
specific countries, commodities, and commodity varieties, they provide a
consistent measurement of food loss across different agents in the value
chain. When we apply the empirical methodology to producers, middlemen,
and processors in five staple food value chains in six developing countries;
the comparative results suggest that losses are highest at the producer level
and most product deterioration occurs before harvest. Aggregated self-
reported measures, which have been frequently used in the literature,
consistently underestimate actual food loss.

Proposed empirical approach

By drawing on the literature and economic theory, we developed and
implemented three alternative methodologies, in addition to the
traditionally used methodology of aggregate self-reported measures of loss.
All four methodologies can measure losses at different stages of the value
chain and can be applied across crops and regions.

All methodologies estimate both the total food that is lost (quantity
degradation, estimated in quantity or value) and the product that, albeit not
being completely lost, is affected by quality deterioration (estimated in
guantity or value). At the producer level, we estimate losses from harvest to
post-harvest sale, while the reference period is the last cropping season. For
the middlemen and the processors, we estimate losses from purchase to
sale, during a defined time period (depending on the country). Due to the
heterogeneity of the crop transformation processes at later stages in the
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value chain, at the processor level, only the aggregate self-reported
measurement method may be used. The four methodologies are described
below and Tables 6.1 and 6.2 provide the specifications.

Aggregate self-reported method

The “aggregate self-reported method” (S-method) is based on reporting by
the producers, middlemen, and processors regarding the food losses they
each incurred. Self-reporting of loss figures has been widely used in recent
studies on food loss (e.g., Ambler et al., 2018, Kaminski and Christiansen,
2014; Minten et al., 2016a; Minten et al., 2016b).

Category method

The “category method” (C-method) is based on the evaluation of a crop and
the classification of that crop into quality categories. The method builds on
the “Visual Scale Method,” developed by Compton and Sherington (1999),
to rapidly estimate quantity and quality grain loss. The C-method classifies
each product into its end use (i.e., suitable for export, the formal market,
the informal market, animal feed, etc.). Each category is associated with a
crop damage coefficient, a percentage between 0 and 100 representing the
share of the product that is damaged from each category.

Attribute method

The “attribute method” (A-method) is based on the evaluation of a crop
according to inferior visual, tactile, and olfactory product characteristics. At
the time of the survey, the producer evaluates his or her production and
establishes the share of total production that is affected by the inferior
damage attributes, both after production and after post-harvest.
Middlemen evaluate their product from the previous month at both
purchase and sale. The producer and the middlemen declare how much their
respective buyers discount prices paid as a result of inferior product
attributes. This information is used to estimate the value loss.
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Price method

The “price method” (P-method) is based on the reasoning that higher (or
lower) values of a commodity reflect higher (or lower) quality. A decrease in
price, all else equal, is thus a proxy for a deterioration in quality. Data
regarding producers’ and middlemen’s ideal sale value are used and
compared to the value of their actual production, purchase, and sale.

Variables and formulas at the producer level

As detailed in Table 6.2, at the producer level, WeightLossp is the physical
guantity that disappears for producer p between harvest and post-harvest
(quantity degradation) plus the post-harvest loss in each category based on
an industry-defined rating of crop damage by category (quality degradation).
ValueLoss, is the value of the physical quantity that disappears between
harvest and post-harvest (quantity degradation) plus an industry-defined
price punishment by category (quality degradation).

Variables to calculate weight loss at the producer level

Qproa,p and Qpy,p are respectively the total quantity of all production (and
the level at post-harvest) from producer p, as indicated by the producer. Ci
is the damage coefficient for category i (where the total number of
categories are /), QC;py p is the quantity in each category after post-harvest,
and a;, is the share of product affected by damage attribute j.
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Table 6.2: Formulas used to calculate weight and value losses at the producer level
for the 3 new methodologies

‘Weight loss Value loss

!

1
Category  (Qrrodp = Qoitp) + ) (€% QCiptip)  (Viroayp — Vorg) + . (Putcut ~Peir) * QCinng

i=1 i=1

] I
Attribute  ( Qprodp — QPH_P) + Z @y * Qpayp (med'p - VPH'P) + Zﬁm * Qpap
j=1 j=1
Prices Vidml,p - VPH,p Vaf!HELOSSP
!kdeaLp

Variables to calculate value loss at the producer level

Vproap and Vpy, are respectively the value of production and value of
post-harvest production as given by the multiplication of respectively
Qproap and Qpyp, by an ideal price Pigeqip. Pigearp is the average sale
price for an ideal product and 13Ci,p is the sample average sale price for a
product in category i. P_aj,p, is the average price punishment for an inferior
product attribute at sale. Vigeq;p is the ideal value of a producers’
production and is obtained by multiplying producers’ production by the
average ideal sale price. Vpy 5, is the total value of the producers’ production

after harvest, as assessed by the farmer himself.
Variables and formulas at the middlemen level

At the middleman level, as detailed in Table 6.3, the quantity and quality
degradation in weight (WeightLoss,, ) and in value (ValueLoss,, ) for
middlemen m is calculated using the formulas detailed in the table.

Specifically, when looking into weight loss at the intermediary level, i.e.
column 1 of Table 6.3, Ci is the same damage coefficient as in the producers’
survey, and QCisq1em and QCipyrchase,m are the quantities in each category
at purchase and at sale. WeightTotLost,,or ValueTotLost,,, i.e., product

that completely disappeared from the value chain. Qpyrchaseajm and
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Qsaie,ajm are the quantities in each attribute sold and purchased with a

certain damage attribute by middleman m.

Similarly, when looking at the variables needed to calculate value loss at the
middlemen level, i.e. column 2 of Table 6.3, Pigeqim and P¢;p are the
average sale price for an ideal product and sale price for a product in
category i at the middlemen level. Vpyrchaseajm and Vsgreajm are the

values at sales and purchase that are lost due to a damage attribute.

The comparison with the subjective method is in the sense that traditionally
in previous work farmers are asked directly about the magnitude of the
aggregate losses. In these new methodologies all elements of losses are
decomposes to better measure it. While the farmers provide the responses,
the questionnaires were developed with enough disaggregation through a
series of questions that allows to minimize the measurement error relative
to an aggregate gross response of the total number of losses. Moreover, the
use of three different methods allow us to compare how accurate these
three methods are by looking at their consistency relative to the self-
reported estimates.

Table 6.3: Formulas used to calculate weight and value losses at the middlemen
level for the 3 new methodologies

Weight loss Value loss
i !
Gy WeightTotLoss,, + z G0 R e = U0isuem) ValueTotLossy, + Z(F “deaim = Peim) * (QCipurchasem — ACisaiem)
=i =t
/ /
Attribute WeightTotLoss, + Z(Qﬁvmm,v,m - Qscieqiar) ValueTotLoss,, + Z(vﬁ.m,n,,m ~Vidogim)

aj=1 oj=1

Prices (Osatsiteam = )- (0 ideal,m = @ ) + WeightTotloss,  (Vedesdeaim ~Valsactuaim ) ~ (Veurchaseideain = Veurcheseactuatm) + ValueTotLoss,,

6.3.1 Results

Figure 6.2 shows loss levels at the producer, middlemen, and processor
levels separately and alternatively for the four estimation methodologies
(i.e., aggregated self-reported (S), category (C), attributes (A), and price
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method (P)). Loss figures include both the quantitative degradation (i.e.,
product that completely disappeared from the value chain) and the quality
degradation (i.e., the product affected by quality deterioration).

As shown in Figure 6.2a and 6.2b, loss figures across all value chains fluctuate
between 6 and 25 percent of the total production and total value of
production. Loss figures are consistently largest at the producer level and
smallest at the middleman level. Across the different estimation
methodologies, loss at the producer level represents between 60 and 80
percent of the total value chain loss, while the average loss at the
middleman and processor levels is around 7 and 19 percent, respectively. At
the processor level, losses fluctuate between 2 and 3 percent.

Percentage losses expressed in value tend to be slightly smaller than those
expressed in weight for the S-method. This difference is prominent in the A-
method, indicating that the market does not seem to penalize some quality
degradation at the farm level. The category method leads to results that are
more similar in terms of weight and value loss.

Losses at the producer level can be mainly attributed to the pre-harvest
stage (on average 4.13 percent of the total production volume and 4.19
percent of the total production value) and less to the post-harvest stage (on
average 8.30 percent of the total production volume and 6.82 percent of the
total production value) or quantities left in the field (less than 1 percent).
The S-methods systematically report lower loss figures than the C-, A-, and
P-methods across both the pre- and post-harvest stages at the producer
level.

Differences across methodologies are salient, especially at the producer
level. While the estimation results from the three new methods
implemented (category, attributes and price) are similar with differences
that are mostly not statistically significant, the aggregate self-reported
method reports systematically lower loss figures. Therefore, in the future, it
is expected that using one of these methods will be sufficient and given its
ease of use, the attribute method is likely to be the easiest.
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6.3.2 Causes of food losses

Figure 6.3 presents the major reasons producers cited for their pre-harvest
loss, non-harvested crop, and their post-harvest loss. In the specific case of
pre-harvest loss, the major reasons reported by producers included pests
and diseases and lack of rainfall; teff was the exception, with lack of rainfall
being the major reason reported for pre-harvest loss. When looking at the
non-harvested crop, the major reason for the loss is a lack of appropriate
harvesting techniques. Potatoes in Ecuador was the exception, with small or
poor-quality potatoes being the major reason reported for produce left in
the field. Both in Ecuador and Peru, worker shortages or excessive labor
costs are important limiting factors. In China, weather conditions are one of
the main reasons why produce is not harvested. The main causes of post-
harvest losses, with the exception of China and Ethiopia, are damage to
crops done by workers during harvesting or sorting, because of their lack of
training and experience.> In China, mechanical damage is most prevalent,
followed by damage caused by laborers during harvesting. In Ethiopia, most
post-harvest losses occur because produce is blown away or spilled, or due
to poor storage and damage by laborers.

It is important to mention that causes such as cost of labor or low market
price are endogenous to the specific commodity and market structure
location. Therefore, this needs to be taken into consideration when
interpreting and comparing the results across commodities and countries.

>4 For further details on determinants of food losses, see Delgado et al. (2021a).
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Type Crop Country
Geans Guatemala
Honduras
Maize Guatemala
Pre Henduras
Harvest Potato Ecuador
Peru

Teff Ethiopia
Wheat  China

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

%
W Wind Soil fertility M Lack of rain M Crop shattering
M Weeds M Pest, disease, animals [ Freeze M Crop lodging
M Stolen W Lack or excess of inputs [l Excessive rain
Type Crop Country
Seans Guatemala
Honduras
Leftin Maize Guatemala
. Honduras
the field
Ecuador
Potato
Peru
Wheat  China
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
% &
[T Weather ¥ Poor harvest technigue
M Transport M Low market price
Small or poor quality potatoes M Lack of/costly labor
Type Crop Country
Beans Guatemala
Honduras
Maize Guatemala
Post Honduras
Harvest Potato Ecuador
Peru
Teff Ethiopia
Wheat China
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
% #+
M Transport Machine damage [ Laborer damages at harvest
I storage [ Lack or excess of inputs M climate (too much sun or rain)
M stolen M Lack of Iaborers [l Blown away/spilled
M sacks are not properly tied/sewn Ml Laborer damages at selection
[l Plagues, rodents, animals 1 Laborer damages at pilling/winnowing/hulling

Figure 6.3: Self-Reported Causes of Losses
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6.4 |dentify key determinants of losses across the value chain

As mentioned, food loss (FL) can occur at different nodes of the value chain:
production, harvest, or post-harvest stages, involving storage, transport,
handling, or processing. In chapter 3, we use a statistical framework to
assess the association between different socio-economic and production
factors and food loss at the producer level. Methodologically, we use two
alternative econometric models: the model of classical maximum likelihood
estimation is used to assess the relationship between the right-hand side
variables and the binary FL variable; fractional response generalized linear
models (GLM) are used on the share of product loss to account for the
boundedness of the dependent variable. We use these models to estimate
the relationship among these variables, using food loss data. Food loss is
defined through the “attributes method” (see details in Delgado et al.,
2021a).

With this in mind, our main goal was to determine the correlation between
producer FL and socio-economic characteristics, market access, agricultural
production techniques, on-farm post-harvest practices and climatic and
geographic variables (e.g., weather, pests, etc.). Given the uncertainties on
the origins of loss, we believe that the intensity of correlations can provide
insight into the causal effectiveness of targeted interventions for future

studies.

We classified the potential origins of food loss in five groups: socio-economic
characteristics of the farmer; market access; mechanization and technology;
storage facilities; and growing conditions (pests and disease); and climatic
conditions. Overall, we notice that there is a considerable heterogeneity in
the determinants of food loss across commodity and country contexts.

Socio-economic characteristics. Most farmers are men, but there is no clear
gender pattern in food loss across countries and commodities. Age,
education, and experience tend to be negatively correlated with the
probability and share of food losses. The number of years in which a
producer has been producing a specific crop significantly correlates with the
reduction in losses in the potato value chain in Ecuador, the bean and maize
value chain in Guatemala, and the maize value chain in Mozambique. In
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addition, we find that in Peru and Ecuador when a producer’s main income>®
stems from an agricultural activity, it is correlated with lower losses and this
difference is statistically significant. This result is in line with the outcome
we find on crop cultivation experience.

The costs or time to reach markets have a significant correlation with
increased losses in five of the seven countries. In Peru, Guatemala,
Mozambique, Ethiopia, and China, the absence of markets can represent
important limitations for farmers. Farmers in these countries decide not to
market (or even harvest) all produce because of the high costs relative to
the market price. Mechanical transport with a car is associated with a
significant increase of these costs through additional losses during travel in
beans and maize value chains in Guatemala. The farmers in our survey
mention lack of access to markets and credits as a challenge to increasing
production of high-quality products.

Surprisingly, mechanization and technology in production and post-harvest
activities have negative correlations with loss across value chains and
countries, highlighting the importance of adequate knowledge. On the other
hand, the number of machine-driven activities correlates with increased
losses in the Ecuadorian potato value chain, Guatemalan maize value chain
and Chinese wheat value chain.

The mechanization of harvesting tools considerably affects losses, and the
use of resistant varieties or Improved seeds have a consistent correlation
with reduction of losses. Unfortunately, mechanical post-harvest activities
are not widespread, with mechanical drying, winnowing, and threshing
activities being observed only in the maize and bean value chains in
Honduras and Guatemala. Increased mechanization in the drying and
winnowing activities reduces loss in the bean value chain in Guatemala and
the maize value chain in Honduras but mechanical threshing increases losses
in the bean value chain in Honduras and the maize value chain in Guatemala.
Farmers likely incur grain damage, cracks, and lesions when mechanically

5 We have the farmers’ income data only for Peru and Ecuador.
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(instead of manually) stripping the grain from the plant. This makes the grain
more vulnerable to insects and visually less appealing.

Most of the harvesting is still performed manually in these countries, making
it labor intensive and slow. During the harvest season, countries may face
labor shortages, which can be resolved by hiring external labor which is
correlated with reduction of losses.

A lack of adequate storage techniques can lead to food loss due to biotic
factors (pest, insects, fungi, and rodents), abiotic factors (rain, temperature,
humidity), or spillage when filling or emptying storage space. Post-harvest
storage is correlated with increased loss in the bean value chains in
Guatemala and Honduras, the maize value chain in Mozambique, and the
wheat value chain in China. In Honduras and China, the storage duration is
correlated with increased production loss. Storage conservation activities,
such as chemical or natural fumigation, or increased ventilation, are
correlated with reduced losses in Honduras and Ethiopia.

Unfavourable climatic conditions, pests, and diseases are often mentioned
as problems farmers face during production. In Honduras, Guatemala,
Mozambique, and Ethiopia, unfavourable climatic conditions, as assessed by
farmers, are positively correlated with the likelihood of incurring losses and
the share lost. Therefore, is important to take into account how to manage
the practices especially during pre-harvest to reduce the effects of this
problems as is using improved seeds, insecticides and soil conservation
practices to reduce the effect of unfavourable climatic conditions.

Some soil characteristics (like pH, moisture, nutrients organic matter, etc.)
are relatively easy to modify to favor plant health, reduce the presence of
weeds and increase yields. For example, “Some diseases strongly depend on
the levels of some yield-limiting factors (or their alleviation). For instance,
brown spot of rice, caused by the fungus Cochliobolus myabeanus, is
dependent on the occurrence of drought (Chakrabarti 2001), or yield losses
caused by Septoria diseases of wheat depend on cropping practices,
especially fertilizer inputs (Leath et al., 1993).
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6.5 Soil characteristics and conditions as a determinant of losses
The analysis of losses and determinants partially also included an
understanding of lack of technology adoption but we want to determine if
this is due to misperceptions by farmers and policy makers of the actual
needs given the soil characteristics of the farmers. We would hypothesize
that farmers’ lack of information on soil characteristics and conditions could
be an important determinant of the lack of adoption and effectiveness of
the technological packages and therefore affect farm productivity and
increase losses across the value chain. In chapter 4, we measure the
asymmetry on the perceptions by farmers of their soil characteristics and
the variance of soil pH between plots and found significant misperceptions
of soil characteristics and misunderstanding of the real constraints. To
accomplish this objective, we evaluate in an ex-ante manner whether these
factors can play a role in low the adoption of interventions. In this chapter,
the difference in perception between the farmer and a proxy to the scientist
(i.e., trained enumerator) for the environmental characteristics including
soils are studied.

The literature is clear in that there is a general problem of low adoption of
technological interventions in agriculture (Hermans et al., 2021). The low
adoption rate has been widely studied in the literature and different reasons
have been identified and these includes the following: a) farmer
characteristics (i.e. age, training, and social capital); b) plot characteristics
(i.e. quality of the land matter; sloped); c) behavioural characteristics of the
farmers (i.e. their level of risk aversion, intertemporal discount rates, and
time preferences); d) access to markets and to capital and credit; e) distance
to innovators or social networks; f) economic decisions made by the farmer
of the allocation of their limited resources (i.e. If a farmer owns more than
one field, he or she may not invest equally in each field, because of their
limited natural, human, and economic capital); and g) access to information
and extension services.

All of the previous reasons that explain adoption are more focused on
existing assets (human capital and land), on access to resources but
economic and social (networks, credit, markets, characteristics of the plot,
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and supply of extension services), and on behavioural issues (rate of risk
aversion and intertemporal discount rates) but they fail to identify the most
appropriate technological intervention. It is important to consider that the
low adoption rate is related with some characteristics of the producers but
also because the technologies proposed are not targeted to the producer or
constraints on the plot.

To better evaluate the disconnect between soil needs and farmers’
perceptions, a simple empirical methodology was proposed as an
approximation to identify the level of magnitude of the potential errors in
self-evaluations or perceptions by farmers of Guatemala and Honduras. The
methodology consists of a sequential process in which detailed questions
are asked to farmers and the same questions are then responded by trained
enumerators so as to be able to compare the difference between a farmer’s
self-evaluation of certain characteristics of their plots and the same
evaluation standardized through trained enumerators. All the questions on
perceptions were based on observable variables like land cover, slope, and
presence of organic matter, surface stoniness and texture. The producers
were asked questions about characteristics of their agricultural plots and
about land management and the characteristics of the agricultural plots
were also assessed by the enumerators.

For land cover, the perception of enumerators and producers is similar for
both countries between enumerators and producers in bare soil and
cropland, and for Honduras in shrubland. Major differences in perception
are with the option shrubland in Guatemala. The producers see more bare
soil than the enumerators, also in the plots where the enumerators see
crops in Guatemala. For slope, a huge variance (difference) in the
perception between enumerators and producers is shown and the
producers see their plot with a lower slope in both countries. Regarding
organic matter, in both countries, the producers underestimate the
presence of organic matter in their plots. Regarding surface stoniness, not
much difference in perception is seen, but the perception of the presence of
stones is lower in the producer side in both countries.
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When a comparison was done between perception of the enumerator on
the organic matter content and the producer perception on the fertility of
each plot, 90 percent of the producers consider their plot fertile. Because of
the variation of the results, it seems the perception of fertility of the plots is
not only related with the presence of organic matter. The producers could
be related the fertility more with yields.

We also compared the abundance of materials (sand, silt, and clay) in the
soil by the enumerators and the perception of the producers. For the main
soil component in Honduras, the predominant materials were identified as
sand and silt both for enumerators and producers while in Guatemala, with
the presence of the three materials well distributed, with more differences
in perception in Guatemala. In the case of the second most dominant soil
component, we found more differences between enumerators and
producers in both countries.

When we measured the soil pH, we found a significant variability within
municipalities for both countries; this information is important for designing
interventions. For example, Figure 6.4 shows how different the
interventions would have been if the producers’ perceptions were taken into
consideration relative to what the enumerators responded.
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Figure 6.4: Difference in perceptions and potential interventions by Governments.
Source: Authors’ elaboration

Note: Surface stoniness in Honduras was 0% for both variables.

Is in this respect that improving the information to farmers of their soil
characteristics is a necessary condition to accelerate the adoption and
effectiveness of the technological packages (i.e., fertilizers and seeds). In
addition, reducing the asymmetry of information of policymakers relative to
the real constraints of farmers will also contribute to the efficiency and
effectiveness of their policies aimed at increasing productivity.

6.6 Policy Implications of research findings
6.6.1 Importance of magnitudes of losses across the value chain to
better target policies

Identifying the magnitude, causes, and costs of food loss and waste across
the value chain is critical for setting priorities for action. Addressing food loss
across the value chain first requires a common understanding of the concept
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by all actors, as well as a collaborative effort to collect better micro data
across different commodities and contexts. This will help to better target
interventions and to identify the needed technologies, value chain
infrastructure, and extension services to minimize losses. Most of the losses
faced at post-harvest, has been generated at pre-harvest, i.e., aspergillus
flavus (the fungus who generated aflatoxins), contaminated maize in the
field; high aflatoxin contamination is commonly associated with high stress
for plant and fungi mainly caused by high temperature and drought (Moreno
and Kang, 1999).

Policymakers and value chain actors need to translate these insights into
action. International organizations have the power to highlight the
importance of food loss reductions and create platforms for information
exchange; at the same time, individual states play a key role in creating a
successful enabling environment. All public and private value chain actors
need to work together to transform theory into interventions to reduce food
loss and waste.

6.6.2 Alternative solutions of determinants of food losses

While there are commonalities, food loss is very context specific. The
heterogeneity suggests that policies aiming at the reduction and prevention
of food loss need to be developed with specific commodities and contexts in
mind. For example, being a male farmer tends to be correlated with 4.9% to
10.9%reduction of beans loss, but it is associated with, respectively, about
10% points more likelihood to incur in a loss of maize and 5% more points
share of maize loss in Guatemala and Honduras (Delgado et al., 2021b).

Governments should ensure that public and private sector investments
facilitate reductions in food losses by identifying the main causes of food loss
in specific commodities and contexts. Such investments cover a broad gamut
of areas related to food systems, including food safety, education, and
infrastructure, regulations and standards, and market failures.

Smallholders, who produce only small surpluses, often face substantial
market failures that contribute to food loss. Public sector investment can
address some of these shortcomings, such as the need for appropriate
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storage facilities, efficient transport systems, policies that improve access to
credit, support for market incentives for improved food safety as in the case
of aflatoxins, and access to crop varieties resistant to weather shocks.
Reducing food loss can generate profits.

6.6.3 Reducing asymmetry of information to improve effectiveness of
technological packages and adoption of soil practices

Understanding how farmers perceive their soils and comparing this to actual
soil characteristics will help design more targeted policies to improve soil
quality increasing productivity and efficiency in the use of inputs. Policy
makers need to take into consideration the perception of farmers and their
packages and policies need to respond to the reality faced by the farmers
and should also aim to reduce the asymmetry of information faced by some
producers. This will help facilitate the harvest of better-quality crops and
reduce losses.

6.7 Conclusions

Feeding a growing population in a sustainable way is a big challenge (Cui et
al., 2018), and this is even more of a challenge in places where smallholders
are predominated. Smallholders face different constraints like weak
infrastructure, environmental problems, lack of technical expertise, soil
fertility, etc. that decrease their productivity (Raimi et al., 2017).

Addressing food loss across the value chain requires a common
understanding of the concept by all actors. A collaborative effort is also
required to collect better micro data across the value chain and across
different commodities and contexts. We address this existing measurement
gap by developing and testing three new methodologies that aim to reduce
measurement error and assess the magnitude, causes and costs of food loss,
as well as the stage across the value chain where losses occur. The
estimation results from the three new methods are similar with respect to
the aggregate self-reported method, which shows systematically lower loss
figures. Loss figures are consistently largest at the producer level and
smallest at the middleman level. Across the different estimation
methodologies, loss at the producer level represents between 60 and 80
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percent of the total value chain loss, while the average loss at the
middleman and processor levels is at around 7 and 19 percent, respectively.

Identifying the causes and costs of food loss across the value chain is critical
for setting priorities for action. Analysing the factors affecting food loss at
the micro-, meso-, and macro-levels can help to identify effective reduction
interventions. Our results show that socio-economic characteristics, such as
education and experience, positively correlate with the reduction of losses.
In four out of the nine value chains studied, the association of education and
the number of years a producer has grown specific crops with reduction of
losses is significant. Unfavourable climatic conditions are positively
correlated with losses in most countries; and major production problems
mentioned by farmers are pest, diseases, and rodents. The techniques that
constitute proper handling of produce may vary from case to case. The
number of inputs applied follow similar mixed trends. This emphasizes the
critical need for knowledge and training in addition to adopting technology
to effectively decrease losses. The lack of appropriate storage techniques is
consistently correlated with higher losses and longer storage durations tend
to exacerbate the losses. Improved storage infrastructure can mitigate these
risks. The cost of accessing markets also is significantly correlated with
increased losses. This indicates that the absence of markets represents
critical limitations for farmers.

Preventing food losses at the local level in smallholder production can both
alleviate food shortages and increase farmers’ incomes, thus improving
access to food. The perception and understanding of the constraints will be
central to increasing adoption rates for new technology or practices.
Identifying the problem, and bringing information to the farmer and policy
makers such that his (her) perception is as close as possible to the actual
constraints (for example, regarding soils), will affect several of the elements
mentioned as determinants of adoption.

More research is needed to identify the drivers behind losses. For example,
disentangling the role of farmers’ demography, education, producer
experience, and gender is needed. It is necessary to analyse the factors
related to production — access to technology and agricultural assets,
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infrastructure — geography and climate. Furthermore, experimental studies
on different storage techniques and mechanizations, and targeted training
programs can confirm the effectiveness of specific interventions on food loss
reduction.
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Agri-food systems must be transformed to provide enough quantity of
healthy food for everyone in a sustainable way, including those involved in
the production chain, while dealing with the dynamics of local and global
economies and the environment. Transforming the agri-food systems
requires a combination of research, policies, and investments to manage
complex trade-offs.

Food loss and food waste have become an increasingly important topic in
the development community and in the transformation of the agri-food
systems. Food losses represent 14% of the global production, according to
FAO, 2019. This is equivalent to $400 billion annually. In fact, the United
Nations included the issue of food loss and waste in the Sustainable
Development Goal target 12.3, which aims to “halve per capita global food
waste at the retail and consumer levels and reduce food losses along
production and supply chains, including post-harvest losses” by 2030.

Growing populations and changing diets associated with greater wealth are
increasing the pressure on the world’s available land, constituting serious
threats to food security. Policies to reverse this situation have aimed mainly
at increasing agricultural yields and productivity, but these efforts are often
cost- and time-intensive. Greenhouse gas emissions linked with food losses
are equivalent to about 1.5 gigatonnes of CO,. In addition, food loss entails
excessive use of scarce resources. For example, each year 75 billion of cubic
meters of water is used to produce fruits and vegetables that are not eaten.
Finally, the loss of marketable food can reduce producers’ income and
increase consumers’ expenses, likely having larger impacts on
disadvantaged segments of the population. The losses of fruit and
vegetables are equivalent to 912 trillion kilocalories and micronutrients. This
is happening, as 3 billion people do not have access to healthy diets.

This dissertation focuses on smallholders and how the reduction of food
losses can help resolve the challenges of low productivity they face today.
To properly understand the magnitude of losses, the dissertation develops
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a definition of food loss. It then uses an innovative methodology to identify
the quantity and quality of losses and where in the value chain they occur.
Losses are quantified for a series of commodities produced by smallholders
across several countries. The dissertation then examines the determinants
behind losses across every stage of the value chain to find a solution to
address them. Finally, a detailed analysis on perceptions is carried out to
highlight farmers’ lack of information on soil characteristics, and how this
might contribute to food loss. The following is a more detailed description
of each chapter.

The dissertation is divided in six chapters and a conclusion. The first Chapter
is the introduction. Chapter 2 presents a literature review of what is known
on measurement and the determinants of food loss, and the different
interventions to reduce food loss across the value chain. This chapter
identifies that food loss has been defined in many ways, and disagreement
remains over proper terminology and methodology to measure it. Although
the terms “post-harvest loss,” “food loss,” “food waste,” and “food loss and
waste” are frequently used interchangeably, they do not refer consistently
to the same problem and the same aspects of the problem. Furthermore,
none of these classifications includes pre-harvest losses, such as crops lost
to pests and diseases before harvest, crops left in the field, crops lost
because of poor harvesting techniques or sharp price drops, or food that was
not produced because of a lack of proper agricultural inputs and technology.
Consequently, figures on food loss are highly inconsistent and it is very
difficult to compare them. In addition, the precise causes of food loss and
where in the value chain they occur remain undetected, and success stories
of reducing food loss are rare.

In chapter 3, we address the existing measurement gap by developing and
testing three new methodologies to reduce measurement error and assess
the magnitude, causes and costs of food loss, as well as the stages across the
value chain where losses occur. Our proposed methods account for losses
from pre-harvest to product distribution and include both quantity losses
and quality deterioration. We apply the instrument to producers,
middlemen, and processors in five staple food value chains in six developing
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countries. Comparative results suggest that losses are highest at the
producer level and most product deterioration occurs before harvest.
Aggregated self-reported measures, which have been frequently used in the
literature, consistently underestimate actual food losses.

In chapter 4, a detailed analysis is conducted based on data collected from
chapter 3 to understand what the main causes of food losses are. The results
show that producers’ education and experience and the number of years a
producer has been involved in the production of a specific crop are
significantly correlated with reduction of food loss. Unfavourable climatic
conditions, pest, and diseases, as well as limited knowledge and access to
equipment, credit, and markets also make it difficult to increase production
of higher quality products, therefore contributing to food loss. The results
reveal specific areas that require investments to reduce food loss and show
considerable heterogeneity of food loss. The causes of food loss appear to
be highly specific to context and type of commodity.

In chapter 5, we measure the gap between policymakers’ and smallholder
farmers’ perceptions of soil characteristics and the soil variability. We find
that in most of the plots, characteristics have difference in perception and
did not show the real needs of the soils. This lack of information on soil
characteristics and conditions could be an important determinant of the lack
of adoption of the technological packages, and why sometimes they are not
effective at all. The lack of information could be affecting farm productivity
and increasing losses across the value chain.

Chapter 6 brings all the elements of the dissertation together. It discusses
the conceptual framework behind the dissertation and the key hypothesis
raising the importance of the mismeasurement of food losses. It also details
the innovative process of data collection to measure food losses and soil
characteristics, and the methodological innovations to identify the reasons
for food loss and low adoption of new technologies. The synthesis chapter
concludes that addressing food loss across the value chain first requires a
common understanding of the concept by all actors. It also emphasizes the
need for collaboration to collect better micro data across different
commodities and contexts. Doing so will help target interventions and
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identify required technologies, value chain infrastructure, and extension
services to minimize losses. While there are commonalities, food loss is very
context specific. The heterogeneity suggests that policies aiming at the
reduction and prevention of food loss need to be developed with specific
commodity and context in mind. Policymakers need to take into
consideration the perception of farmers to respond to the reality they face.
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