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Abstract. Crop-based Agri-food Supply Chains (AFSCs) are com-
plex systems that face multiple sources of uncertainty that can cause
a significant imbalance between supply and demand in terms of
product varieties, quantities, qualities, customer requirements, times
and prices, all of which greatly complicate their management. Poor
management of these sources of uncertainty in these AFSCs can
have negative impact on quality, safety, and sustainability by reduc-
ing the logistic efficiency and increasing the waste. Therefore, it be-
comes crucial to develop models in order to deal with the key
sources of uncertainty. For this purpose, it is necessary to precisely
understand and define the problem under study. Even, the character-
isation process of this domains is also a difficult and time-
consuming task, especially when the right directions and standards
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are not in place. In this chapter, a Conceptual Framework is pro-
posed that systematically collects those aspects that are relevant for
an adequate crop-based AFSC management under uncertainty.

Keywords. Crop-based Agri-food Supply Chain, Conceptual
Framework, Uncertainty, Management.

1.1 Introduction

The term “agri-food supply chain” (AFSC) has been defined as a set of ac-
tivities necessary to bring agricultural products “from farm to fork” [1, 2,
3,4,5,6,7,8]. Thus, AFSCs are responsible for the production and distri-
bution of both vegetable and animal-based products [9]. The production
processes of meat and horticulture sectors are very different. For this rea-
son, different frameworks are needed for characterizing them. Since horti-
culture sector (crop-based AFSCs) has received the least attention in the
literature, this chapter will center the research on it.

Crop-based AFSCs are complex systems that face multiple sources of
uncertainty that can cause a significant imbalance between supply and de-
mand. Poor management of these sources of uncertainty can have negative
impact on quality, safety, sustainability and logistic efficiency of the prod-
ucts and processes as well as in the waste. Thus, a mandatory previous step
to develop any decision support tool, especially for the management of
every supply chain, is to define the problem under study very precisely, i.e.
in a structured way and in a natural language understable for every crop-
based AFSCs implied stakeholder.

The characterisation process of this domains becomes a difficult and
very time-consuming task, especially when standards are not in place.
Along these lines, the main objective of this paper is to identify the rele-
vant and distinguishing characteristics of crop-based AFSCs and their
sources of uncertainties as a first step in the proper management of differ-
ent SC processes with the support of different technologies. This is a ne-
cessity that arises in the context of the European Project RUC-APS 691249
[10] where, before developing any solution, it was necessary to achieve an
understanding between academics and non-academics in order to define
agilely the problem to be solved. Conceptual Frameworks have proven
their utility and usability for addressing this challenge. Miles and Huber-
man [11] define a Conceptual Framework as a visual or written product
that explains in a graphical or literary way the elements to be studied, the
key factors, the concepts or variables and their relationships.
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In this paper, a novel Conceptual Framework is proposed that systemat-
ically collects relevant aspects for the proper management of crop-based
AFSC in an uncertain context based on five views of the system (Physical,
Functional, Organization, Informational and Decisional) that, to the best of
our knowledge, have not been previously considered in an integrated way.
This Conceptual Framework offers several advantages. Firstly, the Con-
ceptual Framework constitutes a tool for the understanding among aca-
demics and non-academics in order to precisely define the problem under
study. Secondly, it could be used as a reference model for the subsequent
development of particular models to support crop-based AFSCs decision-
making under uncertainty. Thirdly, the Conceptual Framework could be
used to review existing approaches in the literature in a structured way.
This can help practitioners when searching already existing solutions and
can support researchers for identifying gaps in the topic.

The rest of the paper is structured as follows. First, the main blocks to
be integrated in the Conceptual Framework are presented. Then, different
sections are dedicated to each block, containing detailed description of the
constituent elements. Finally, some conclusions are outlined.

1.2 Conceptual Framework

The Conceptual Framework proposed in this paper is structured in differ-
ent views (Fig. 1.1), similarly to that proposed by Alemany et al. [12] but
with differences regarding the elements of each view and its content.

PHYSICAL
VIEW
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DECISIONAL y .| FuncrionaL
VIEW A A | VIEW
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INFORMA- [ ORGANIZA-
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Fig. 1.1. Views integrated in the Conceptual Framework for crop-based AFSC
We assume that crop-based AFSCs decisions (Decisional View) are made
on elements such as items and physical and human resources (Physical
View), which are specifically arranged (Organisation View), and that par-



4  MME Alemany, Ana Esteso, A. Ortiz, J. Hernandez, A. Fernandez, A.
Garrido, J. Martin, S. Liu, G. Zhao, C. Guyon, R. lannacone

ticular information (Information View) is required to properly make deci-
sions. The elements of each View and their relationships are described be-
low.

1.3 Physical View

The definition of the problem requires to delimit the physical scope under
study, that is, the part of the AFSC that is under our influence as well as
their characterisics. The Physical View identifies how a specific supply
chain is configured (designed) taking into account its nodes, resources and
products incluing their flows through the supply chain.

1.3.1 Products

One of the main differentiating aspects of crop-based AFSC is the intrinsic
characteristics of their products. Based on them, different classification of
products can be found in crop-based AFSC literature. Van der Vorst et al.
[9] and Teimoury et al. [13] differentiate between products which are go-
ing to be directly consumed and products which are going to be processed
before being consumed. The formers are also classified, in turn, in perish-
able and non-perishable products [14]. Differently, Zhang and Wilhelm
[15] state that agricultural products may be classified as field crops (e.g.,
corn, cotton, rice, seeds and wheat) or specialty crops (fruits, vegetables,
grapes and wine, ornamentals, tree nuts, berries and dried fruits).

¢ Depends on the - o ¢ Depends on the
classification . ‘ W resources (field),
attributes (genetic, Y environmental
aesthtetical, y. Ny conditions
sanitary, functional N (humidity,
and presenttation)  / N\ temperatura) an
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Fig. 1.2. Products’ characteristics of Crop-based AFSC



A conceptual framework for crop-based agri-food supply chain characterization
under uncertainty 5

On the other hand, Grillo et al. [16] identify the AFSCs as one of the
Lack of Homogeneity in the Product sectors. Lack of Homogeneity in the
Product is characterized by the heterogeneity of the products in some at-
tributes that are relevant to the customers. In order to meet with customer
homogeneity requirements, these SCs include sorting stages to classify
products into homogeneous subtypes based on certain attributes. They
identify the following Lack of Homogeneity in the Product characteristics
also valid for crop-based AFSCs: Subtype, Subtype Quantity, Subtype
Value and Subtype State. These Lack of Homogeneity in the Product fea-
tures are used to characterize the crops for our Conceptual Framework
proposal (Fig. 1.2).

1.3.1.1 Subtype Number: Subtypes are units of the same crop with the
same characteristics requested by the customer. The classification of horti-
culture products into subtypes depends on the defined attributes to sort
products and their possible values. For instance, Blanco et al. [17] state
that during the production process there are different classification stages
that provide with a large quantity of final products based on the specific
combination of variety, quality, weight, size and packaging. Grillo et al.
[18] define subtypes of tarongines based on variety, quality, calibre, pack-
aging type, and harvesting time. Verdouw et al. [19] identify the main cri-
teria for the selection and classification of fruit: the size, weight, maturity,
damage, deterioration, color, shape and ripeness.

Therefore, the sorting attributes of crops can be considered genetic (va-
rieties), sanitary (fungi), aesthetic (damages, color, caliber, etc.), functional
(sugar content related to taste, freshness) and based on presentation (pack-
aging type). The specific sorting attributes and their potential values will
depend on the specific crop provided. Finally, the possible combination of
the values of a variety of attributes will provide the AFSC with the number
of existing subtypes, which is usually variable and uncertain.

1.3.1.2 Subtype Quantity: Although the final quantity obtained of each sub-
type may depend on the lot size, its proportion is usually variable.
Verdouw et al. [19] states that there is a variation of the quality and, there-
fore, an appearance of subtypes, between different producers, different
production lots and even in the same lot. These factors can depend on the
resource (field), the moment of time (harvesting time) and the environmen-
tal conditions (temperature and humidity) that increase the diversity and
the appearance of subtypes due to the perishable nature of the products.
The input-output relationship between the amount of input to a classifica-
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tion stage and the classified output, can be estimated based on historical
percentages, but it can be said that it is variable and uncertain.

1.3.1.3 Subtype State: The value of the attributes of a specific product can
be dynamic, if they change over time, or static, if they remain stable. The
dynamic subtype state that is closely related to the perishability aspect is
one of the crop-based AFSCs particularities. Thus, it is not surprising that
most common product classification in these supply chains distinguishes
between perishable and non-perishable products [3, 13]. Perishable prod-
ucts have a very limited shelf life which can be measured in days. In con-
trast, non-perishable products are those which, while having a limited shelf
life, can be stored for longer periods of times [3].

The shelf life is defined as the period of time in which the product ceas-
es to have value for the client and usually depends on the environmental
conditions. During the shelf-life of a product its attributes can or not dete-
riorate. The perishable aspect of fresh products implies a variation of their
quality with the passage of time [20]. Therefore, it can be said that the
state of the subtype is dynamic. Nahmias [21] establishes a classification
of perishable food into two categories depending on shelf life:

e Fixed shelf life: the shelf life of the item is predetermined and
once it has elapsed, the item becomes worthless: e.g., salads pre-
pared ready-to-eat. When the shelf life is fixed, the most common
visual clue is "preferentially consume before" (best-before-date).
In this case, customers adapt the price they are willing to pay
based on how far the best-before-date is.

e Random life: there is no pre-established length for the shelf life of
these items. Their length is random and the probability distribution
can take several forms (e.g. vegetables). In this case, the expiration
date is not printed and there is a loss of useful lifetime, customers
must rely on their external senses or sources of information to es-
timate the remaining useful life of a product.

1.3.1.4 Subtype Value: 1t refers to the economic value or utility given by
the customer to each subtype in a given state. It can be the same or differ-
ent for each subtype and, if the subtype state is dynamic, its value can
change over time. For instance, in the fruit sector there is a clear depend-
ence between price and quality [22]. Another factor that affects the price of
fruit is the supply in relation to the demand. Due to the high fluctuations in
the supply of crops, the agricultural sector usually perceives the price of
fruit in the open market as random [23]. The supply and demand of vege-
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tables and fruits is seasonal, and the market prices are not known in ad-
vance. For this reason, some products can be stored on the farm and sold
when prices are higher [24]. Therefore, it can be said that the subtype val-
ue is uncertain and dependent on the subtype, the subtype state, the supply,
the demand and the customers’ and markets’ preferences, which at the
same time are greatly influenced by the environmental factors.

1.3.2 Resources

The resources used by the crop-based AFSCs include: fertilizers, pests,
land, water, energy, machines and labour, storage and manufacturing facil-
ities and transport means. The proper use of these resources largely im-
pacts on ensuring sustainability: i.e. meeting current needs by using the
provided resources in a way that the future generation's ability to satisfy
their requirements is not compromised [25]. Kummu et al. [26] made a
study about global food supply losses and how this affects the use of re-
sources, such as freshwater, cropland, and fertilisers. They found that the
food supply losses consume one quarter of these resources, and that half of
them could be saved with proper planning, i.e., applying the minimum loss
and waste percentages in each AFSCs step. Their findings highlight the
large potential of efficient planning in AFSCs to save natural and scarce
resources like freshwater.

1.3.3 Supply Chain Configuration

The SC configuration requires the definition at the Macro-Physical and
Micro-Physical level. The first one shows how the network is configured
and what material flows through it. Therefore, the elements to be modelled
at the Macro-Physical level are: stages, nodes belonging to each stage, type
of node (according to the type of activity to be done within the node: pro-
duction operations, warehousing, selling points, or any combination of
these) and arcs, which connect dyadic nodes and represent the flow of
items from an origin node to a destination node [12]. Hoekstra and Romme
[27] identify six basic types of designs that can be used to describe the re-
lationships between actors: pipeline (one actor), chain (one supplier—one
actor one customer), shared resource (several suppliers-one actor-several
customers), converging (several suppliers-one customer), diverging (one
supplier-several customers), and network (several suppliers-several cus-
tomers) designs. At the Micro-Physical Level, the resources of each node
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are internally structured (e.g. facility layout and location, process type,
etc.) and the composition of the arcs (e.g. transportation modes) that join
two different nodes in the network.

1.4 Functional View

Activities that make up crop-based AFSCs have been identified by some
authors with different levels of detail. This section first compiles these re-
lated works and then presents a proposal for an integrated crop-based
AFSC decomposition. Along these lines, Ahumada and Villalobos [3] state
that in the context of AFSC there are four main functional areas: produc-
tion, harvest, storage, and distribution. Kusumastuti et al. [14] complete
this definition for the fresh fruit supply chains detailing that there is an ac-
tivity before production called planting/sowing. Others ([4 , 8]) set that ac-
tivities that comprise AFSC are: farming processing/production, testing,
packaging, warehousing, transportation, distribution, and marketing.

Both Kusumastuti et al. [14] and Verdouw et al. [19] differentiate be-
tween the activities that compose supply chains of fresh products and pro-
cessed products in fruits supply chains and in AFSC respectively. In the
first case ([14]) the main activities of fresh products AFSC are cultivating,
harvesting, pre-processing (activities such as washing and packing the
product), storing and transporting. In the second case ([19]) the main activ-
ities of fruit supply chains with fresh products are: growing and harvesting,
washing, sorting, grading, packaging, labelling, storage, distribution. Fur-
thermore, Teimoury et al. [13] state that AFSC processed products have an
additional activity after pre-processing called processing, where the intrin-
sic properties of the goods are changed and final products with a higher
added value are created to satisfy customer demand. In contrast, Verdouw
et al. [19] only recognize that in the case of fruit supply chains processed
products, there is a processing activity after growing and harvesting that
transforms fresh fruits into food products.

A less detailed proposal is the presented by Borodin et al. [28] where
processing of products is also considered by dividing the AFSC activities
in: production, storage, processing and distribution. Finally, Handayati et
al. [29] have also taken into consideration the processed products of AFSC
so they divide the AFSC in: cultivating, harvesting, post-harvest, transport-
ing, processing, marketing, and distributing. Fuertes-Miquel et al. [25] in-
clude in their characterization of Brittany Horticulture SC the main activi-
ties of breeding new plant varieties, producing seeds and plants, test new
varieties and other supporting activities such as test new technologies,
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training human labor, advising, supporting, coordinating and informing
producers and regulate price. On the one hand, in order to extend the prod-
ucts shelf life, some activities where the product is not modified are done
before distributing it to customers. Some of the post-harvesting operations
are washing, sorting, grading, packaging and labelling [19]. On the other
hand, for processed products, pre-processing consists in the preparation of
vegetables and fruits to the processing activities. For example, washing a
fruit before its processing.

By adapting and integrating the aforementioned authors, Fig. 1.3 shows
a proposal for a decomposition of crop-based AFSC in detailed activities,
which also distinguishes between supporting and main activities.

SUPPORTING ACTIVITIES

Testing New Tecf!nlques & Training Human Labor Adwsmg‘, supp?rtlng, coordinating & Prlce.
Technologies informing producers Regulation

MAIN ACTIVITIES
Breeding
- Fresh-consumed products
Producing Cultivating & : Post- istributi i
Transportin, 5 Distributi
[ Seeds & Plants Harvesting e harvesting R e
A

|
0 Pre: ]
Test New ._.[ - } [ . J .
. |[=»| Transporting |=»| Processin| -
Varieties processing g

Processed products

Fig. 1.3. Crop-based AFSC activities.

1.5 Organization View

According to Mintzberg [30], organisation structure comprises: 1) the
establishment of tasks and 2) co-ordination of those tasks in order to real-
ise objectives. Keuning [31] add 3) the definition of authorities and re-
sponsabilities of each task. Therefore, in order to define the Organization
View, it is necessary to assign the activities of the Functional View to each
actor (stakeholder) and define their relationships. Generally, the following
actors can be distinguished in crop-based AFSCs [25]: Research Centers &
Institutes, Experimentation Centers, Training Centers, Growers, Farmers,
Manufacture Processors, Cooperatives, Coordinator agents (e.g. Com-
merce Chamber), Traders (Exporters, Importers), Sorting and Packaging
Stations, Consolidators, Auction Markets, Spot Markets, Dispatchers,
Wholesalers, Retailers, Governent Institutions and Customers. It is worth
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noting that crop-based AFSCs are traditionally very fragmented with a
high number of small farmers and a predominant role of distributors. To
properly manage these types of organizations, the level of integration be-
comes crucial.

1.6 Information & Uncertain View

To successfully execute any decision making-process on crop-based AF-
SCs it is necessary to get the required information. Decision-making is di-
vided into risky and uncertain situations. In risky situations the decision
maker knows both the alternative outcomes and the probability associated
with each outcome. Under uncertainty, the decision maker does not know
the probability of alternative outcomes [32]. In addition, when making a
decision under uncertainty, the decision maker may or may not know the
different outcomes that can occur [13].

Different classifications of AFSC uncertainties exist in the literature.
van der Vost [24] classifies generic SC uncertainties in a matrix with four
uncertainty types (supply uncertainty, demand and distribution uncertainty,
process uncertainty and planning and control uncertainty) affecting three
aspects (quality, quantity and time aspects). Backus et al. [3133] identify
the following five uncertainties in the external environment: natural, tech-
nological, social, economic, and political factors. Grillo et al. [18] struc-
tures inherent lack of homogeneity in the product SC uncertainties in a ma-
trix form with four uncertainty types such as: number of subtypes, subtype
quantity, subtype state and subtype value, whichthat can appear in the dif-
ferent SC stages (supply, process and demand). On the other hand, Esteso
et al. [34] propose four types of crop-based uncertainty: Product (shelf-life,
deterioration rate, lack of homogeneity, food quality and food safety), Pro-
cess (harvesting yield, supply lead time, resource needs, production), Mar-
ket (demand, market prices) and Environment (weather, pests & diseases
and regulations). More information on AFSCs under uncertainty can be
consulted in Mundi et al. [35] and Grillo et al. [36].

In light of this, the proposed Conceptual Framework aims to classify
the uncertainty in AFSCs (Fig. 1.4) by integrating the aforementioned un-
certainties, but also by including others related to resources which, up to
our knowledge, have not been identified in the literature yet: cost, availa-
bility (e.g., founds and labour) and quality of resources (e.g., land and wa-
ter).
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1.7 Decisional View

The above sources of uncertainties make it very difficult to match supply
and demand in terms of customers’ requirements of product varieties, qual-
ities, quantities, times and prices. This imbalance, enhanced by the perish-
ability aspect, frequently originates shortage and surplus situations accom-
panied with a great amount of waste. Poor management of these sources of
uncertainties can have negative impact on crop-based AFSC efficiency and
customer satisfaction. AFSC management involves a complex and inte-
grated decision-making process that can be characterized by the following
elements: Decision Structure (how the decisions are made at different lev-
els and by different stakeholders?), Decisions (which decisions are made?)
and Objectives (what are the pursued objectives when finding the value of
the decisions to be implemented?).

1.7.1 Decision Structure: it is composed by the decision levels, the deci-
sion-makers at each level and their coordination/integration mechanisms.
Three decision levels are usually considered: strategic, tactical and opera-
tional corresponding to long, medium and short time horizon, respectively.
To achieve the temporal integration between levels, decisions made at
higher levels should be respected by lower levels and/or disaggregated in
order to be finally implemented on the physical system. Besides, at each
temporal level, there can be one decision-maker (centralized decision-
making) or several decision-makers (distributed decision-making). For this
last case, it is necessary to define the coordination mechanisms among the
existing decision-makers with the aim of achieving the spatial integration
along the crop-based AFSCs.
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1.7.2. Decisions: Several decisons are made at each decision level by spe-
cific decision-makers and at different AFSC stages. The most relevant de-
cisions considered by different authors [3, 8, 15, 37] can be consulted in
Fig. 1.5. It is important to highlight that depending on the Customer Order
Decoupling Point location, decisions will be made based on demand fore-
casts (upstream the Customer Order Decoupling Point location) or on cus-
tomer orders (downstream the Customer Order Decoupling Point location).

1.7.3. Objectives: The best value of the decisions will depend of the pursed
objectives. Different types of SCs are defined based on their objectives.
Farahani et al. [38] consider that a SC is “sustainable” when it considers in
their objectives economic, environmental and social aspects. However, it is
called “green” if it considers environmental and economic aspects, and is
known as a “lean” when it considers only the economical aspect. Fig. 1.5
shows the most common objectives of each type for crop-based AFSCs
[25, 39, 40, 41]. Some of these objectives can be conflicting, being im-
portant to develop multi-objective or multi-criteria decision-making mod-
els.

[ DECISIONS ] | OBJECTIVES |
STRATEGIC ECONOMIC
Crop rotation strategies Design of supply networks Max. Profit Max. Expected returns
Min. Costs Min. Financial Risks

Equipment selection
Capacity

Evaluation of perennial crops
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Financial planning

Fostering SC partnering relationships

Establishing a performance measurement
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Labour scheduling

Financial decisions

Post-harvesting decisions
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Fig. 1.5. Main crop-based AFSCs decisions and objectives

1.8 Conclusions

The crop-based AFSCs operation has a significant impact on social, envi-
ronment and economical aspects. However, the management of these sup-
ply chains becomes very complex due to their inherent products’ charac-
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teristics, their sources of uncertainty and their fragmented organizational
and decisional structure. Therefore, when making decisions at a specific
temporal level (strategic, tactical or operational) for a specific AFSC pro-
cess, it is necessary to gather the relevant aspects that will impact on the
decisions to be made. Due to the inherent complexity of AFSC, this is not
a trivial task.

In this paper, we propose a Conceptual Framework as a tool for gather-
ing this information in a structured way by means five different views:
physical, functional, organization, information and decisional under uncer-
tainty. Indeed, the Conceptual Framework can be understood as a refer-
ence model (i.e. an abstract and general model) of any AFSCs. The Con-
ceptual Framework when particularized to a specific AFSC will allow a
structure description of its elements and their relationships under uncer-
tainty, improving the understanding of the AFSC as a whole in order to
make better decisions. For instance, the Conceptual Framework particular-
ization of the physical view will make clearer which resources (plants,
suppliers, transportation vehicles) of the AFSC are inside the scope of our
decisions, which products flow along them and which of their characteris-
tics are relevant to take into account. The particularization of the decision-
al view for a specific decisional process, support the decision-makers to
guide the decisions to be considered and the objectives to be pursued in
order to be sustainable.

The proper characterization of any AFSCs is required as a preceding
step to develop reliable models to support its decision-making processes at
the strategic, tactical and operational level under uncertainty. However,
our proposal does not provide a direct relationship between the conceptual
framework and the decisional models. For this, a more detailed methodol-
ogy should be developed. The Conceptual Framework is a valuable tool
for communication among decision-maker and/or researchers and AFSC
stakeholders. Finally, it can be used to define the structural dimensions to
analyse the literature on a specific decision-making process, identifying
existing works and gaps for future research.
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