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Abstract: This study aims to highlight the usefulness of studying the performance of supply chains
(SC) at the sectoral level in greater detail through the combination of a disaggregated supply chain
operations reference (SCOR) model, with a multicriteria decision-making approach, specifically
using an AHP, to adjust the analysis to the particularities of the sector under study by stakeholders’
judgements. The methodology was applied to the Ecuadorian flower industry, and the data for
the analysis was from a survey of a group of companies that represent this sector. In addition, a
focus group of SC experts weighted the model constructs as part of the analytic hierarchy process
(AHP), and then the performance level for each construct was determined. According to the results
methodologies, this model allows the classification of companies by their performance, as well as
the performance of the aggregate sector. The processes that Ecuadorian flower companies need
to improve on are planning, procurement, and manufacturing. The study’s main contribution is
developing a general framework for measuring the overall performance of SCs and how the results
are obtained. This tool could help managers, consultants, industries, and governments to assess
the performance of SCs, as well as improving SC management in order to increase the sector’s
competitiveness in the international market.

Keywords: supply chain performance; floricultural sector; SCOR; AHP

1. Introduction

Supply chains (SC), which are understood as a system of people, organizations, ac-
tivities, resources, and data that are involved in the flow of products or services from the
supplier to the customer [1] have developed continuously over the past forty years [2],
especially during the months following the outbreak of the pandemic [3]. SCs evolve for
two reasons: (i) to improve their performance and the system’s functioning, as well as
the elements that make it up, and (ii) to ensure consumer satisfaction [4]. Recently, the
COVID-19 pandemic has exposed the vulnerability of supply chain risk management [5].
The concept of supply chain management (SCM) was first introduced in the 1980s to express
the need to integrate all the processes of a supply chain, from the end-user to the original
suppliers [6,7]. Since then, plenty of research has been undertaken both to study supply
chain management in various fields of activity (industry, transportation, distribution, and
agriculture, among others), as well as to measure and determine the ability of different
SC processes to achieve their set goals, and also, to identify processes which could be
improved in order to make SCs more effective and efficient. Among the most recent works,
the following are worth highlighting: supply chain risk management (SCRM) [8], environ-
mental supply chain management (GSCM) [2], and supply chain performance management
(SCMP) [9,10], as well as those works exploring the use of technologies, such as artificial

Horticulturae 2022, 8, 168. https:/ /doi.org/10.3390/horticulturae8020168

https:/ /www.mdpi.com/journal /horticulturae


https://doi.org/10.3390/horticulturae8020168
https://doi.org/10.3390/horticulturae8020168
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/horticulturae
https://www.mdpi.com
https://orcid.org/0000-0001-7492-3148
https://orcid.org/0000-0002-1059-6288
https://doi.org/10.3390/horticulturae8020168
https://www.mdpi.com/journal/horticulturae
https://www.mdpi.com/article/10.3390/horticulturae8020168?type=check_update&version=2

Horticulturae 2022, 8, 168

20f19

intelligence (AI) [11,12], the Internet of Things (IoT) [12], 3D printing [12], big data [12],
and blockchain [12,13].

It should also be stressed that, nowadays, supply chain management (SCM) needs
to adapt to more dynamic environments characterized by competition, rapidly evolving
technologies, and higher consumer expectations for responsiveness [14]. All of these
circumstances put pressure on supply chains to be more integrative and collaborative [4].
SC integration enables SC systems to shorten their response time because it allows the
frequent and rapid changes in markets and demand to be managed [2]. Silvestro and
Lustrato [15] emphasized the importance of integrating physical supply chain activities for
several reasons: (1) it provides quick responses to fast-moving markets under conditions of
demand uncertainty [16]; (2) it enables a closer collaboration between buyers and sellers
along the supply chain, resulting in significant reductions in delivery times and costs [17,18];
(3) an integrated supply chain works better than each process on its own [19,20]; and (4) it
maximizes information visibility through the use of the Internet and the involvement of
all the parties in the supply chain [21,22]. Given that information transparency along the
supply chain has become a priority for buyers and suppliers, highly complex supply chain
networks tend to improve their performance when integrated [13,23].

There are several models and techniques for assessing SC performance, of which the
following stand out: (a) the supply chain operation reference (SCOR) model, which is a
model that describes, communicates, assesses, and identifies opportunities for improving
workflow efficiency [4]; (b) the Global Supply Chain Forum (GSCF) model, which provides
a systematic overview of the balance, alignment, and management of SC technological
capabilities to achieve successful management [4]; (c) the Triple-E model, developed by
Simao et al. (2021) [10], which focuses on three performance dimensions: efficiency, efficacy,
and environmental impact [10]; and (d) the BSC model, developed by Kaplan and Norton,
which allows managers to obtain an overall view of a supply chain’s performance [24,25].

Developed and endorsed by the Supply Chain Council (SCC, focuses primarily on
defining the core processes that make up a supply chain system) as an industry-standard
diagnostic tool, the SCOR model emerged in 1996 and, since then, it has evolved from its
initial design to its current 12th version (The SCC with American Production and Inven-
tory Control Society (APICS) produced the latest SCOR version, 12.0, in 2017) [10]. Itis a
powerful tool for structuring, assessing, and comparing supply chain practices and perfor-
mance [26,27]. Furthermore, it is known to be an integrated approach based on the idea
that the SC is an interconnected structure that combines SC processes, performance metrics,
best practices, and technology into a single framework for the effective communication
and the continuous improvement of the SC [5]. Moreover, it has been increasingly used by
practitioners and academics involved in value chain management [28] and, in general, it is
a global benchmark that enables the comparisons of SCs [29].

In recent years, several studies of supply chain management have combined the SCOR
model with multi-criteria techniques to improve the analysis of SCs. Table 1 provides a list
of these combinations, along with the works.

Table 1. Combinations of the SCOR model with multi-criteria techniques for studying supply
chain management.

Authors

Methods Applied Aim

Nisa Afifa & Santoso, 2018 [30]

SCOR-FUZZY-ANP Supply chain risk management

Effendi et al., 2019 [31]

Assess the performance of green supply

SCOR-DEMATEL .
chain management

Biiytiksaatci Kiris et al., 2019 [32] SCOR-FUZZY DEMATEL Evaluate suppliers’ performance
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Table 1. Cont.

Authors

Methods Applied

Aim

Wang et al., 2018 [33]

SCOR-AHP-TOPSIS

Select suppliers

Lima-Junior & Carpinetti, 2016 [34]

SCOR-FUZZY TOPSIS

Assess suppliers

Lhassan et al., 2018 [35] SCOR-BPMN Map supply chain processes

Teixeira & Borsato, 2019 [36] SCOR-BPMN Poyé;rinnilcizfsggzﬁon of supplier networks
Liu et al., 2018 [37] BSC-SCOR Green supply chain management

Wang, Yang, et al., 2019 [38] SCOR-FANP-TOPSIS Select suppliers

Wang, Van Thanh, et al., 2019 [39] SCOR-FANP-VIKOR Select suppliers

Wang, Tsai, et al., 2020 [40]

SCOR-AHP-DEA

Select suppliers

Source: Authors’ review.

In this regard, various studies have combined the analytic hierarchy process (AHP) [41]
with the SCOR model in supply chain analyses [42]. The most relevant works are listed in
Table 2.

Table 2. Research using both the SCOR model and AHP approaches to improve supply chain
performance.

Authors

Techniques Aim

Kocaoglu et al., 2013 [42]

Decision-making process in a
manufacturing company for the
construction industry

SCOR-AHP-TOPSIS

Wang, Hoang Viet, et al., 2020 [43]

SCOR-ANP-FAHP-PROMETHEE II Select suppliers in textile industry

Bukhori et al., 2015 [44]

Identify performance issues in poultry

SCOR-AHP—-Cause Effect Diagram .
supply chain by a poultry company

Palma-Mendoza & Neailey, 2015 [45]

Redesign business processes in an Airline

SCOR-AHP-BPR MRO supply chain

Measure SC performance in the Brazilian

Sellitto et al., 2015 [46] SCOR-AHP .
footwear industry
P.T. performance X for the production,

Sutoni et al., 2021 [47] SCOR-AHP warehouse, and shipping of goods in a
company

Nguyen et al., 2021 [48] SCOR_AHP Measure perform.ance of the Vietnamese
coffee supply chain

Defrizal et al., 2020 [49] SCOR-AHP Analyze how rice supply and rice supply
chain systems work

Novar et al., 2018 [50] SCOR_AHP Monitor the metrics of a supply chain

measurement system

Source: Authors’ review.

The SCOR model is based on a hierarchical structure with four different levels. Level 1
presents the different types of processes and identifies the scope and content of the supply
chain. Level 2 presents the process categories that include the operations (sub-processes),
while Level 3 corresponds to the process elements that form the individual process config-
urations (tasks that are grouped by activities in each sub-process) [48]. The first point to
consider, when analyzing the SCOR model processes, is to check which ones need to be
analyzed, as well as the level of disaggregation, i.e., whether they are primary processes,
sub-processes, specific activities, or tasks. In addition, it is necessary to establish a measur-



Horticulturae 2022, 8, 168

40f19

ing system with which the values that reflect the level of performance of these processes
can be calculated [51].

In general, it can be observed that previous SC assessments using the SCOR model and
the associated performance metrics predominantly analyzed supply chains’ main processes,
but very few of them considered a division into sub-processes and activities, and almost
none on them considered a disaggregation into tasks [52,53]. However, an analysis of the
individual processes, sub-process, activities, and tasks could help to better identify where
the problems originate in each process; in other words, it would enable us to identify which
process, or sub-processes, activities, or tasks are more critical, why they are critical, what
the causes are, and how they can be corrected.

This approach has been applied to the Ecuadorian flower industry.

In distributing and selling perishable products, such as flowers, supply chain manage-
ment is a crucial and decisive element in improving their efficiency, productivity, and the
overall distribution and sale processes. Ecuador is the third-largest producer of cut flowers
in the world, where flower companies are a significant source of income and employment
for this country [1]. The Ecuadorian floriculture industry is characterized by short product
life cycles, a wide product variety, volatile and changing demand, and long and inflexible
delivery processes [2,3]. Since 2021, due to the COVID-19 pandemic, it has also been beset
by international trade and transport problems [4], which have affected the production and
marketing of thousands of products traded around the world. With regard to the Ecuado-
rian flower sector, in particular, the greatest impact of the COVID-19 crisis has been due to
a rise in the price of inputs and fertilizers [5], as well as the lack of air freight companies
that could deliver floral products on time, with the required quality [5,6]. These constraints
and difficulties are currently exposing the supply chain (5C) management to a variety of
risks and uncertainties [7,8]. Any attempt to improve the distribution channels in the flori-
culture sector requires a detailed analysis of its supply chain performance. The proposed
performance analysis model was applied to a set of flower companies to assess how well
the supply chain was performing at the individual level, and to identify the problems. The
individual values were then aggregated to establish whether the supply chain was working
well in sectoral terms, and similarly, where the problems lay. Currently, the Ecuadorian
flower sector does not have a methodology or model to measure the performance of the
supply chain. We apply this proposal to the Ecuadorian flower industry.

The content of the manuscript is structured as follows. First, the SCOR model approach,
followed by the analysis of the floriculture supply chain, is explained. Then, consultations
that are carried out with the sector’s companies to obtain each company’s performance
data is described, as well as the order of processing and aggregating the survey results
to work out the individual performance values. Next, using an AHP, the performance
results are interpreted and discussed by analyzing the sector’s performance through the
individual and aggregated results. Finally, the practical and theoretical implications of the
proposed methodology are discussed, as well as the most relevant issues and suggestions
for future research.

With this purpose, here, we present a methodology for examining supply chains’ levels
of performance at the sectoral level, combining the SCOR model, that is disaggregated to
Level 4, with a multi-criteria methodology (AHP) to adjust the analysis to the specificities
of the sector under study, based on stakeholders” assessments. In particular, by applying
the proposed methodology, we can determine which processes are the most critical, and
why, as well as the causes of performance problems and how those can be corrected.

2. Materials and Methods

Figure 1 summarizes the methodology used to analyze the Ecuadorian flower sector
based on the structuring of a supply chain, as defined by the SCOR model, in combination
with an AHP approach.
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Figure 1. Methodology. Source: Authors’ diagram.

As mentioned earlier, the 12th version of the SCOR model establishes a performance-
analysis system with up to four levels. Thus, in addition to the first level of the supply
chain, which is composed of six main processes (planning, procurement, manufacturing,
distribution, return, and management), three more levels can be differentiated, namely,
sub-processes, activities, and tasks, where each one might influence the main processes’
performance and should, therefore, be analyzed [54].

Previous studies dealing with SC measurement, using the SCOR model, examined
four, five, or six of its processes. In this study, we examined the planning, procurement,
manufacturing, distribution, and return processes, which are those that are directly linked
to the supply chain [55].

For example, process 1, planning, is broken down into three sub-processes [56] (see
Figure 2). Each of these sub-processes is, in turn, disaggregated into different activities. For
example, sub-process 1.1, supply chain planning, is decomposed into four activities, each
of which is then divided into tasks (see Figure 2).
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As previously pointed out, the greater the disaggregation, the better the analysis can
identify the failures and where action is needed [57,58]. Our methodological proposal is to
disaggregate each of the five main supply chain processes, up to level 4, which corresponds
to the individual tasks.

1.1 Supply chain planning >
I ;
7 7 7 v

1.13 Sales and operations

s

1.1.1 Demand estimation 1.1.2 Demand estimation methodology planning 1.1.4 Product retum process
1.1.1.1 Company’s staff carries out demand esti 1121 isti iques are used to | 1.1.3.1 The sales plan is 1.1.4.1 Returns are planned taking into
1.1.1.2 Estimation of the demand is carried out at make estimates of demand and the data | coordinated with the account the life cycle of the product.
important times of the year: Christmas, Mother” s Day, sources to make the estimates are Procurement and Logistics 1.1.4.2 Returns policies are clearly stated and
Valentine’s Day, efc. validated. arca. monitored.

A

1. PLANNING PROCESS (PLAN)

¥ &

2. PROCUREMENT PROCESS (SOURCE)
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7 v

( 1.2 Linearity of the supply chain (alignment to supply and demand) ) ( 1.3 Inventory management \

v ‘ i D) S —

1.2.3 Communication of the
demands

1.2.1 Control techniques 1.22 Demand management ‘ 1.3.1 Inventory planning ‘ 1.3.2 Inventory accuracy ‘

1.3.1.1 Storage capacity is

planned in accordance with the 1.3.2.1 The stock locations are

1.2.1.1 Appropriate stock or order | 1.2.2.1 An analysis of the interrelation | 1.2.3.1 The production

control techniques are used and | between sales and production is schedule is updated Sl # recorded in the system.
periodically reviewed to reflect | carried out, thereby reducing periodically according tothe | | J"PPY ™ ‘“fmd T——— 1.3.2.2 Cyclic counting is done
changes in demand, capacity and | inventory and avoid potential ruptures | current demand, which b iy ziu i with a minimum number of
delivery time. in the supply chain. depends on market changes. | | | yag parameters.
\ 2 = N J
» 21 Strategic sourcing D
X, : S
T ]
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account logistics costs, including ¥ contracts are based on the total supplier’ s capacity in specific i 8
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/ Y
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A \
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Figure 2. Cont.
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3. MANUFACTURING (MAKE)

4. DISTRIBUTION PROCESS (DELIVER)

5. RETURN PROCESS

3.1 Supplier relationships and collaboration

Y Y

3.1.1 Partnerships with customers

3.1.1.1 The company conducts customer
campaigns at least once a year to inform
about new products/services or
requirements for current products/services.

Y

3.1.2 Relationship with
suppliers

3121 There
term relationships with
key suppliers.

Y

3.21 Service/Product
reputation

3211 The company is
wn koo perceived by customers as
being efficient regarding its
services and products

3.3 Development of the supply chain infrastructure

Y Y

3.3.2 Workforce and skill

33.1 Training seiatiity

33.1.1 There is a training

e .‘;“N | 332.1 Most employees are
ogram for new

Prog multi-skilled

employees.

Y Y

4.1.1 Receipt and

inspection 4.1.2 Order picking

4.1.1.1 Periodic
inspections are carried
P the storage distribution and that
out in the warehouse. pi
safety standards are met.

Y Y

3.33 Safety
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3.3.3.1 Employees work carried out.

in a safe and healthy
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Y

4.1.3 Material handling

4.1.2.1 There is a system for preparing | 4.1.3.1 Efficient handling of raw materials,
orders, taking into account the times,

meaning that the location of the materials,
cleanliness, and signaling of the storage arcas
are also looked after.

3.2.2 Product management

3.22.1 Products/services are
monitored on the basis of
accurate information about the
market and costs.

3.4.1 Internal logistics

3.4.1.2 The company has established product
storage and handing procedure so that
products can come in and out easily.

3.2 Product

' Y

3.23 Product design

3.23.1 The company
offers variety of
products/services to
customers.

v

3.4 Sales logistics

Y

3.4.2 Sales management

3.4.2.1 Efficient information
management systems are used in the
Sales Logistics area

3.4.2.2 customer satisfaction surveys
are conducted.

Y

4.14 Bin location management

4.1.4.1 Product service times are controlled from the time
the order is received until it leaves the warehouse.
4.1.4.2 The location of the warehouse and other areas are
strategically determined in order to meet customer

expectations.

4
4.2 Customer and business partner
management

Y

4.2.1 Customer service and regulatory

4.2.1.1 An order processing system is
used that is known to all the employees
involved.

4.15.1 The storage capacity

periodically to adjust its size to the inventories
4.15.2 In the warehouse, there is a safety system for both the goods stored and the workforce, creating a safe and

4.15 Storage 4.1.6 Warehouse management system

that the company has at different stages of the supply chain is known and reviewed
P L4 PPY 4161 The warehouse management system works

according to the orders, which helps to measure the
performance.

healthy envi for the P

5.1 Receiving returned goods and storage

) 4

5.1.1 Retumns management

5.1.1 There a procedure for

handling returned products due

to nonconformity.

Y A 4
5.3 Customer expectation

5.2 Repair and refurbishment
management

Y Y Y

5.2.1 Products returned to

5.3.1 Accounting transactions
customers

5.12 Disposal of returns

5.2.1.1 The company notifies
53.1.1 Inventory adjustments are
regularly carried out as part of
the returned goods process.

customers about the replacement
of the product by any means of
communication in a timely

5.1.2.1 There i a process for
sorting returned products.

manner.

Figure 2. Disaggregation of the SCOR model’s supply chain main processes into sub-processes,
activities, and tasks. Source: Authors’ diagram.

The proposed evaluation method is to assess all the processes and activities of the SC,
in regard to their compliance with the standards. Thus, our SC performance assessment
is based on checking whether the tasks, activities, sub-processes, and processes were
completed or not [51]. Consequently, each company was sent a survey with a proposed
breakdown of the SC and was asked to indicate whether or not it carried out the different
individual tasks. A good performance involved completing each one of the defined tasks
(i.e., the companies replied to dichotomous questions with yes or no answers), which
meant that all activities, sub-processes, and processes were performed. After collecting the
answers, we assigned a one to those tasks that were performed (for answering YES), and
for those that were not carried out, a zero was assigned (for answering NO). Additionally,
it is necessary to first carry out a systematic evaluation of each particular process and
establish how the results are aggregated afterward to obtain a metric for measuring the
SC’s level of performance within the sector. To calculate the SC’s overall performance,
the aggregate value of the performance index must be calculated by weighting each SC
process according to its relevance in the sector of activity. By using the AHP technique, it
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is possible to distinguish the importance of each process of the SC when aggregating the
data. This distinction is made by the sector’s stakeholders, based on the importance they
attach to every process or activity, since the aim is to provide a metric that considers the
particularities of each sector. To aggregate the single values obtained from the rating of
the tasks, activities, sub-processes, and processes, Aliaga Rota et al. [51] proposed using
the average of the separate scores given for each sub-process, which, in turn, are gathered
from the average of the scores obtained by the activities involved in that sub-process, and
so on [51,59]. The aggregation of the results is carried out, considering the importance
given to each process by the stakeholders participating in the AHP [60]. As a result of this
aggregation, the SC performance of each company in the sector can be analyzed.

The AHP is a technique by which experts in a given field make pairwise comparisons
in order to derive priority scales. Furthermore, it provides an algorithm to solve complex
decision-making problems that are broken down into a hierarchy [61,62]. This method
involves two main steps [63]. First, each stakeholder completes a pairwise comparison
survey, which is designed based on the hierarchy previously established, indicating which
of the two elements that are compared they consider to be more important and, using
Saaty’s scale (Table 3), how much more important they are.

Table 3. Saaty’s scale.

Intensity Scale of Importance Definition

1 Equal importance

3 Moderate importance

5 Strong importance

7 Very strong importance

9 Extreme importance
Source: Leal [63].

The second stage of the AHP is to calculate the vector of priorities, according to the

following formula:
1

. n 1
ajj * k-1 ar

Prj = (1)
where j is the element for which the priority is calculated, 7 is the base element for the
comparison, 4;; is the value of the alternative i that is compared with the alternative j, by the
criteri k, a is the value of alternative i for the criteria k, p,; is the priority of the alternative j
against the considered criterion, and 7 is the number of criteria.

The coherence of the preferences of stakeholders was studied based on the “consis-
tency”, which should be taken into account in order to consider whether opinions are
valid for determining the priorities. The consistency analysis requires calculating the
“consistency index” (CI) of Saaty’s Scale for each preferences matrix.

Amax — 1
Cl=——— 2
1 @)
The “consistency ratio” (CR) is calculated from the CI. The CR is a ratio of the CI

and RI:

CI
CR= = 3)

where the Rl is the average value of the CI of pair-wise comparisons matrices of the same
order, randomly obtained. When the CR is less than 10% (0.1), the matrix is considered
to offer acceptable consistency. Saaty’s scale calculated the random indices of the RI for
different matrix sizes to obtain CR.

There are two possibilities, when aggregating results, to analyze the company perfor-
mance at the sectoral level. The first one is to aggregate the individual results obtained
from individual analyses. It is then necessary to determine how the individual values will
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be aggregated, so that they can be interpreted in sectoral terms. The results may be aggre-
gated by the company type, but another way is to aggregate them according to the tasks
performed by all of the companies. This way, the sector performance indicator for each
task is calculated; the aggregation of these indicators will result in a sector performance
indicator for each activity. By aggregating these, we can then calculate the performance
indicators of the sub-processes. Finally, by aggregating the latter, we can establish the level
of performance of each primary process. Regardless of the method, the representativeness
of each company in the sector should be considered when aggregating the individual data.
This representativeness can be determined by the company’s turnover. Nevertheless, in
both cases, the aggregation of the processes must be carried out in consideration of the
importance of each process that is given by the stakeholders, who are participating in
the AHP.

Once the ratings of the five main processes have been obtained and aggregated ac-
cording to the weights defined by the AHP, the overall performance score of the SC can be
achieved. Table 4 contains Kusrini et al.’s [64] proposal for rating supply chains’ perfor-
mance, according to a scale. The scale can be used to rate each company’s performance and
that of the sector, as well as the disaggregated results of the tasks, activities, processes, and
sub-processes.

Table 4. Performance scale.

Performance Values Performance Indicator
<40 Poor (P)

40-50 Marginal (M)

50-70 Average (A)

70-90 Good (G)

>90 Excellent (E)

Source: Kusrini et al. [64].

3. Case Study

We tested the proposed methodology in a case study of the Ecuadorian flower industry.
Ecuador is currently the third-largest exporter of cut flowers worldwide. Although Ecuador
had increased its exports up until 2019, it did so at a far lower rate in both value and volume
than other flower-exporting countries. The subsequent fall became more marked in 2020,
due to the restrictions brought on by the pandemic [65].

Flower production has, historically, been concentrated in the provinces of Pichincha,
with 62% of the production, and Cotopaxi, with 21% of production. The rest of the country’s
provinces, including Guayas, Imbabura, and Azuay account for the remaining 17% [66].
Furthermore, it should be noted that the industry is presently in the midst of a wave of
acquisitions. In the first quarter of 2021, the largest flower company in Ecuador (Hilsea
Investments, with annual sales of around USD 50,000,000) was transferred to the investment
company Sunshine Bouquet, which belongs to a group of the 500 largest companies in
Colombia. Additionally, a number of other small firms, namely, Alma Roses, Sisapamba,
Natuflor, Romaverde, Bellarosa, Rose Connection, Qualisa, and Florasani were taken over
by the investment company Elite, one of the 500 largest companies in Ecuador [67].

For the case study, we selected a representative sample of floricultural companies from
the Expoflores directory, where data was accessible. Specifically, the first 96 Ecuadorian
flower companies (Order established according to the income data published by the Su-
perintendencia de Compafias del Ecuador, https:/ /www.supercias.gob.ec/portalscvs/,
accessed on 30 April 2021) were chosen. According to the value of sales, these represented
approximately 70% of the more than USD 800,000,000 turnover of the sector in 2019 [68]. As
seen in Table 5, the turnover in these 96 companies varies from the largest to the smallest,
i.e., from USD 12,000 to USD 47,000,000. The highest concentration of companies corre-
sponds to those with a turnover of between USD 12,000 and USD 13,500,000. This group
accounts for 93% of the total turnover in the industry.
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Table 5. Frequency distribution by turnover (USD).

Grou Lowest Turnover ~ Highest Survevs Sent Weight in the Responses Weight in Participation
P (USD) Turnover (USD) Yy Whole Sector P the Sample Rate
1 12,000 6,742,000 66 69% 19 66% 29%
2 6,742,000 13,472,000 23 24% 9 31% 39%
3 13,472,000 20,202,000 4 4% 0% 0%
4 20,202,000 26,932,000 2 2% 1 3% 50%
5 26,932,000 33,662,000 0 0% 0%
6 33,662,000 40,392,000 0 0% 0%
7 40,392,000 47,122,000 1 1% 0% 0%
96 100% 29 100% 100%

Source: Authors’ calculations.

Of the 96 companies to which we sent the survey, 29 answered. Table 5 shows
the results of the frequency distribution analysis of the companies that answered the
questionnaire. This analysis was performed to verify how representative they are. The
frequencies were calculated according to the firms’ turnovers. Most of the companies in the
sample that answered were from the groups with the largest number of flower companies.
Table 5 shows that the weight of the companies in the sample is similar to the weight of all
companies in the Ecuadorian floriculture industrial sector in each turnover group.

We used a digital questionnaire (https://docs.google.com/forms/d/1GZDfiJLW5D7
IdsgrpjbXI696UIHAMH5tEOGQmmk-RKc/edit, accessed on 3 June 2020) to collect the
preferences. Although various alternatives were available, we chose Google forms for this
study. The form was sent to the companies’ representatives by email, along with a letter
explaining the study’s purpose: to analyze the supply chain of Ecuador’s flower industry,
identify the key problems, and improve certain aspects.

The questionnaire was divided into four sections. The first section described the
objective of the study and the survey and asked for the company’s details. It also provided
information on the Ecuadorian flower industry and the SC processes, as defined by the
SCOR model. The following sections contained the questions about the supply chain
processes. These were broken down to task levels. Respondents had to indicate which
sub-processes, activities, and tasks they performed for each process.

Twenty-nine companies answered the survey, which accounted for approximately
20% of the total turnover of the selected sample, i.e., USD 180,000,000. Falcon Farms is the
second-largest flower company, in terms of turnover, within this group of companies. The
tasks were graded according to their fulfillment: a positive answer scored a one, and a
negative answer scored a zero. Next, the average of the scores obtained for each sub-process
was calculated, and then the average of the processes’ scores was calculated for each of the
29 companies that answered the survey [51,69].

The importance of the SCOR model processes was determined by a group of stakehold-
ers in the Ecuadorian floriculture sector by means of an AHP model. For this purpose, an
online survey was undertaken. It was assumed that all members of the group had the same
level of importance in the decision-making processes [70]. The stakeholders were: represen-
tatives of floriculture companies (6), supply chain teachers (2), experts in floriculture issues
(1), and experts in quality control (1). The AHP methodology was applied to calculate
the weights of the Level 1 metrics and the attributes of the SCOR model. A questionnaire
was carried out that was divided into four sections. The first section described the study’s
objective and that of the questionnaire and requested information on the company or
institution’s identity. Furthermore, it included information on the Ecuadorian flower sector
and descriptions of the performance attributes of the Ecuadorian supply chain, as well as
the AHP hierarchy, with the objective of redesigning its elements, metrics, and processes,
and an explanation of Saaty’s scale for making the comparisons. The second section listed
the questions related to the pairwise comparisons of the supply chain processes’ attributes,
in order to determine their importance (10 questions). The third section presented questions
regarding the importance of the metrics for each attribute (7 questions). Finally, in the
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fourth section, the questions about the relevance of the performance metrics to the supply
chain processes were included (10 questions).

After collecting the preferences of the stakeholders by the processes considered, we
aggregated the preferences of individuals and obtained the preferences matrix from stake-
holders. This was used to calculate stakeholders” priorities. Table 6 shows the weights
given by the stakeholders.

Table 6. Weighted results by process.

No. Process Weight
1 Planning 0.4051
2 Procurement 0.1986
3 Manufacturing 0.1735
4 Distribution 0.1381
5 Return 0.0847

Source: Authors’ calculations.

We have a consistency ratio of CR = 0.0209 < 0.10, so the data comparing the main
criteria pairs is appropriate and does not need to be re-evaluated.

Once the weights of the processes were calculated, the scores for each company were
computed according to the results of the survey.

4. Results

We determined the supply chain performance level for each of the 29 companies
that answered the questionnaire using the survey data. Then, the individual results were
aggregated to determine the level of performance of the supply chain at the sector level.
According to the analysis and the classification proposed by Kusrini [64], the 29 firms
showed a good overall performance (see Tables 4 and 7). This rating was obtained because
the score achieved by each of the five processes of the SCs of the companies studied was
rated as “good” (G). However, it should be noted that, as the scores obtained for the
processes were less than one, all procedures need to be reconfigured and improved.

Table 7. Calculation of the sector-level performance metrics.

Process AHP Weight Average Performance Perfo.rmance
Metric

Planning 0.4051 0.86 G 0.35
Procurement 0.1986 0.88 G 0.17
Manufacturing 0.1735 0.79 G 0.14
Distribution 0.1381 0.88 G 0.12
Return 0.0847 0.80 G 0.07

1.00 0.85

Source: Authors’ calculations.

The turnover of the 29 companies showed a relatively low correlation (0.08) with the
SC performance index, which means that the supply chain performance does not explain
the sales behavior.

When considering each of the SCOR processes at the sector level, it should be high-
lighted that the processes with the highest GAPs (GAP: gap or difference between the
intended result and the actual result obtained by the research), weighted according to their
weight, were planning (0.06) and manufacturing (0.04) (see Table 8).



Horticulturae 2022, 8, 168 12 of 19

Table 8. Supply chain performance GAPs at the sector level by process.

Process AHP Weight Performance Metric GAP
Planning 0.4051 0.35 0.06
Procurement 0.1986 0.17 0.02
Manufacturing 0.1735 0.14 0.04
Distribution 0.1381 0.12 0.02
Return 0.0847 0.07 0.02
1.00 0.85 0.15

Source: Authors’ calculations.

To improve our analysis results and to better identify where the most critical points of
the SC are, we also examined the sub-processes.

Regarding the analysis of the sub-processes, of the 16 sub-processes examined (shown
in Figure 2), four were rated as “excellent” (E), eleven as “good” (G) and one as “average”
(A) (see Table 9). Hence, the floriculture sector should pay attention to the sub-processes
with “good” and “average” ratings.

Table 9. Supply chain performance GAPs at the sector level by sub-process.

Code Sub-Processes AHP Weight Performance Metric Performance GAP
Planning process o

! (PLAN) 4

1.1 Supply chain planning 80% G 20%
Linearity of the supply

12 chain (alignment of 85% G 15%
supply and demand)

13 Inventory management 92% E 8%
Procurement process o

2 (SOURCE) 20%

2.1 Strategic sourcing 92% E 8%

22 Supplier management 89% G 11%

23 Buying products and 8% G 18%
services

24 Management of 89% G 11%
inbound logistics
Manufacturing process o

3 (MAKE) 17%

31 Supplier relatiqnships 72% G 28%
and collaboration

3.2 Product 92% G 8%
Development of the

3.3 supply chain 74% G 26%
infrastructure

34 Sales logistics 77% G 23%
Distribution process o

4 (DELIVER) 14%

41 Storage and compliance 90% E 10%

42 Customer and business 86% G 14%
partner management

5 Return process 8%

Receiving returned

> goods and storage 78% G 22%
Repair and N i

52 refurbishment 93% E 7%

53 Customer expectation 9% A 31%

management

Source: Authors’ calculations.

By evaluating the different activities of each sub-process, we assigned each activity
the corresponding Kusrini rating. As a result, several activities with “good,” “average,”
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and “marginal” ratings need to be improved. The most critical activities, which received
the lowest ratings, are:
(1) Activities with a “marginal” rating:

- One-to-one (task) training, i.e., there is a training program for new employ-
ees (45%).

(2) Activities with an “average” rating:

- Methods for estimating needs related to the task, i.e., statistical techniques are
used to estimate the needs and validate the data sources employed to make these
estimates (59%);

- The authorization of casual purchases related to each task, i.e., casual purchases
that do not exceed a certain amount, as defined by the company, are autho-
rized (66%);

- Feedback from customers concerning each task, i.e., the company undertakes
customer satisfaction surveys at least once a year (52%);

- Workforce and skill versatility, i.e., workers regularly switch jobs since they know
how to do them (66%);

- Sales management related to each task, i.e., the company undertakes customer
satisfaction surveys (62%);

- Returned goods management, i.e., there is a system for classifying returned
goods (69%);

- Accounting transactions, i.e., inventory adjustments are regularly carried out as
part of the returned goods process (69%).

By examining the results at the company level, we can determine which companies in
the sector are having the greatest problems and, therefore, need to optimize their processes.
It also enables us to see which processes in each company are performing poorly. The
analysis at the company level can be done individually, or by groups of companies. Table 10
shows that no company received a “poor” or “marginal” rating; four companies were rated
with “average” performances, thirteen companies gave a “good” performance, and twelve
gave an “excellent” performance.

Table 10. Summary of the SC performance metrics for the 29 companies that answered the survey.

Performance

Performance Values . No. of Companies Performance Metric
Indicator

<40 Poor 0

40-50 Marginal 0

50-70 Average 4 0.60

70-90 Good 13 0.84

>90 Excellent 12 0.94
Total 29 0.85

Source: Authors’ calculations.

Together, the four flower companies with an “average” performance rating (see
Table 10) achieved a performance level of 60%. Their turnover ranged from USD 12,374 to
USD 2,400,000 during 2012-2019. The process with the highest GAP was planning in the
four companies, at 0.19; the remaining processes showed similar GAPs, close to 0.05 (see
Table 11).
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Table 11. Supply chain performance GAPs of groups of companies that answered the survey by

index performance.

13 Companies between

4 Companies between 50 and 70 12 Companies Higher Than 90

70 and 90
. Performance Performance Performance

Process AHP Weight Metric GAP Metric GAP Metric GAP
Planning 0.4051 0.21 0.19 0.35 0.05 0.39 0.01
Procurement 0.1986 0.14 0.06 0.18 0.02 0.18 0.01
Manufacturing  0.1735 0.12 0.06 0.13 0.04 0.15 0.03
Distribution 0.1381 0.10 0.04 0.11 0.02 0.14 0.00
Return 0.0847 0.04 0.05 0.06 0.02 0.08 0.00

1.00 0.60 0.40 0.84 0.16 0.94 0.06

Source: Authors’ calculations.

The thirteen floriculture companies that achieved a “good” performance rating have a
turnover ranging from USD 118,000 to USD 26,400,000 during 2012-2019. All together, they
achieved a performance of 84%. Planning and manufacturing stand out in these companies
as the processes with the highest GAPs (see Table 11).

The minimum turnover of the twelve flower companies that achieved an “excellent”
rating was USD 636,000, and the maximum turnover was USD 9,500,000 in the 2012-2019
period. Together, the companies achieved a performance level of 94% (see Table 10), which
can be considered as “excellent.”

The process that had the most GAPs was the manufacturing process, whereas the
distribution and return processes did not show any GAPs (see Table 11).

Regarding the sub-processes’ performance, in the group of companies (4) with average
performances, two sub-processes obtained a “poor” rating, eight sub-processes obtained
an “average” rating, and six sub-processes obtained a “good” rating. Therefore, no sub-
processes achieved an “excellent” rating in this group.

The sub-processes carried out by the group of companies with the lowest scores (i.e.,
“poor”) were supply chain planning (38%) and customer expectation management (25%).
The following sub-processes received an “average” rating: the linearity of the supply chain
(the alignment of supply and demand) (50%), inventory management (69%), strategic
sourcing (65%), buying products and services (63%), the development of the supply chain
infrastructure (63%), sales logistics (58%), receiving returned goods and storage (50%),
and repair and refurbishment (50%). Those considered to have a “good” performance
were supplier management (75%), the management of inbound logistics (70%), supplier
relationships and collaboration (75%), the product (75%), storage and compliance (70%),
and customer and business partner management (75%).

In the group of the companies (13) that achieved a good performance level, the analysis
by sub-processes resulted in five sub-processes with an “excellent” rating, eight with a
“good” one, and three with an “average” rating.

In this group, the sub-processes with an “excellent” rating were inventory management
(96%), strategic sourcing (95%), supplier management (90%), the product (92%), and repair
and refurbishment (100%). Those with a “good” rating were supply chain planning (81%),
the linearity of the supply chain (the alignment of supply and demand) (83%), buying
products and services (85%), the management of inbound logistics (88%), the development
of the supply chain infrastructure (73%), sales logistics (74%), storage and compliance
(89%), and customer and business partner management (77%), while those with average
scores were supplier relationships and collaboration (69%), receiving returned goods and
storage (65%), and customer expectation management (62%).

In relation to the group of companies rated as “excellent”, the analysis of sub-processes
resulted in twelve sub-processes with an “excellent” rating, and four with a “good” rating.

Regarding the third SCOR level, of the 48 activities studied, 24 achieved an “excellent”
rating, 16 activities showed a good performance level, seven activities exhibited an average
level, and one activity was considered to have a “marginal” performance level. Thus, the
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activities that the floriculture sector should pay more attention to are those with “good,
average, and marginal” ratings, which accounted for 51% of the studied activities.

5. Discussion

Our proposed methodology shows that it is possible to analyze the performance of
the supply chain at the sectoral level by applying the SCOR model and the AHP in a
representative sample of companies in the sector. In previous research, these analyses were
more limited. The majority did not disaggregate the SCOR model, and only studied the
first level, regarding the processes [44,46—49]. Other studies were on unique companies and
the results cannot be viewed as sectoral results [42,46,47]. There are some studies where
the proposed methodology only studied a stage in the supply chain, and only one element
in this stage. For example, Wang et al. [43] applied the model to a raw material supplier.
Other works analyzed the sector and does not use company data. These used focus groups
or stakeholders’” opinions instead [46]. Sutoni et al. [47] used observations, interviews,
literature reviews, and information or dates, but these were from a single company.

In general, an analysis of the individual processes, sub-process, activities, and tasks
would enable us to identify which process, sub-processes, activities, or tasks, are more
critical why they are more critical, what the causes are, and hence, how they can be corrected.
The methodology proposed makes possible this analysis at the individual level, for each
company, and at the sectoral level.

The proposed SC performance analysis method can be used with any company and
with any industry, since it allows the evaluation of groups of companies that make up
an industry or represent it, by aggregating the individual values. Additionally, it is a
tool that determines where problems lie and their causes. It also helps to increase the
competitiveness of firms and industries, and achieves long-term goals by supporting
company managers, governments, policymakers, and every industry in the design of
policies and measures to fix issues. Managers can use the results to benchmark their
company’s competitiveness and performance against other companies in their sector, or in
sectors with similar characteristics. In the policy field, sector-level analyses can be used for
planning purposes.

6. Conclusions

This study contributes to the current literature with a methodological proposal that
uses the SCOR model, combined with an analytical hierarchy process (AHP) to measure
the performance of supply chains within a given sector. We applied this methodology
to individual flower companies to assess the degree of compliance of their supply chain
(SC) processes and activities, with the standards set by the SCOR model regarding SC
performance. In addition, we determined which tasks or activities in each company were
not carried out and traced the origin of potential problems back to specific SC sub-processes,
which should be checked. Moreover, the aggregation of performance data at the individual
level enabled us to assess the performance at the sector level.

Here, we employed the proposed methodology to identify, calculate, and handle
potential SC performance issues in the Ecuadorian floriculture industry. By conducting an
in-depth study of Ecuadorian flower companies, we have been able to draw a comprehen-
sive picture of this industry.

Based on the results for the 29 companies that answered the survey, the SC performance
of the Ecuadorian flower sector is 85%. The results showed that all processes need to be
improved, especially the planning and manufacturing processes. When analyzing the
flower companies by groups according to their rating, the planning, procurement, and
manufacturing processes with an “average” rating (50-70) showed large performance GAPs.
Meanwhile, the planning and manufacturing processes of companies with a score of 70-90,
which is considered “good”, had the largest performance GAPs. Moreover, within the
group of companies with a performance score that was higher than 90, the manufacturing
process is the most critical.
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Therefore, Ecuadorian flower companies should work on the first five SCOR processes,
applying the standards suggested in the model. To excel, they should work on all pro-
cesses, which also depend on external factors, in order to improve the flower industry’s
supply chain.

When conducting studies such as this one, the sample must be as representative of
the industry as possible. Therefore, in general, obtaining a high response rate allows for
a better analysis and results that reflect the realities of the sector. Hence, the scope of
future studies about the Ecuadorian flower industry must be expanded to include a larger
number of companies and a broader field of analysis, considering performance attributes
such as reliability in compliance, the speed of responses, agility, costs, and the efficient
management of assets and their components.

Author Contributions: Conceptualization, I.M.-P. and 1.G.-P,; methodology, LM.-P,; software, L.O.RM,;
validation, LM.-P. and 1.G.-P; formal analysis, L.O.R.M.; investigation, L.O.R.M.; resources, L.O.R.M.; data
curation, L.O.R. M.; writing—original draft preparation, L.O.R M.; writing—review and editing, LM.-P.
and 1.G.-P; visualization, L.G.-P; supervision, LM.-P; project administration, LM.-P. All authors have read
and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: I Superintendencia de Compafiias del Ecuador (https:/ /www.supercias.
gob.ec/portalscvs/ accessed on 30 April 2021).

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Zeng, L.; Liu, S.Q.; Kozan, E.; Corry, P.; Masoud, M. A comprehensive interdisciplinary review of mine supply. Resour. Policy
2021, 74, 102274. [CrossRef]

2. Shen, W,; Hu, D.; Giinay, E.E.; Kreme, G.E.O. Evolution of supply chain management: A sustainability focused review. Int. |.
Sustain. Manuf. 2020, 4, 319-335. [CrossRef]

3. Moosavi, J.; Hosseini, S. Simulation-based assessment of supply chain resilience with consideration of recovery strategies in the
COVID-19 pandemic context. Comput. Ind. Eng. 2021, 160, 107593. [CrossRef] [PubMed]

4. Dos Santos, T.E; Leite, M.S.A. Performance Measurement System Based on Supply Chain Operations Reference Model: Review
and Proposal. In Contemporary Issues and Research in Operations Management; IntechOpen: Rijeka, Croatia, 2018; pp. 29-49.

5. Phadi, N.P; Das, S. The Rise and Fall of the SCOR Model: What after the Pandemic? In Computational Management. Modeling and
Optimization in Science and Technologies; Patnaik, S., Tajeddini, K., Jain, V., Eds.; Springer: Cham, Switzerland, 2021; pp. 253-273.

6. Lee, S.-Y. Sustainable Supply Chain Management, Digital-Based Supply Chain Integration, and Firm Performance: A Cross-
Country Empirical Comparison between South Korea and Vietnam. Sustainability 2021, 13, 7315. [CrossRef]

7. Liu, A,; Liu, H.; Gu, J. Linking business model design and operational performance: The mediating role of supply chain
integration. Ind. Mark. Manag. 2021, 96, 60-70. [CrossRef]

8. Trenggonowati, D.L.; Ulfah, M.; Arina, F,; Lutfiah, C. Analysis and strategy of supply chain risk mitigation using fuzzy failure
mode and effect analysis (fuzzy fmea) and fuzzy analytical hierarchy process (fuzzy ahp). IOP Conf. Ser. Mater. Sci. Eng. 2020,
909, 012085. [CrossRef]

9. Indah, PN.; Setiawan, R.E; Hendrarini, H.; Yektingsih, E.; Sunarsono, R.F. Agriculture supply chain performance and added
value of cocoa a study in Kare Village, Indonesia. Bulg. |. Agric. Sci. 2021, 27, 487—497.

10. Simao, L.E.; Somensi, K.; Davalos, R.V.; Rodriguez, C.M.T. Measuring supply chain performance: The triple E model. Int. J.
Product. Perform. Manag. 2021. [CrossRef]

11. Riahi, Y.; Saikouk, T.; Gunasekaran, A.; Badraoui, I. Artificial intelligence applications in supply chain: A descriptive bibliometric
analysis and future research directions. Expert Syst. Appl. 2021, 173, 114702. [CrossRef]

12.  Sundarakani, B.; Ajaykumar, A.; Gunasekaran, A. Big data driven supply chain design and applications for blockchain: An action
research using case study approach. Omega 2021, 102, 102452. [CrossRef]

13.  Hong, L.; Hales, D.N. Blockchain performance in supply chain management: Application in blockchain integration companies.
Ind. Manag. Data Syst. 2021, 121, 1969-1996. [CrossRef]

14. MacCarthy, B.L.; Blome, C.; Olhager, J.; Srai, J.S.; Zhao, X. Supply chain evolution—Theory, concepts and science. Int. ]. Oper.

Prod. Manag. 2016, 36, 1696-1718. [CrossRef]


https://www.supercias.gob.ec/portalscvs/
https://www.supercias.gob.ec/portalscvs/
http://doi.org/10.1016/j.resourpol.2021.102274
http://doi.org/10.1504/IJSM.2020.107131
http://doi.org/10.1016/j.cie.2021.107593
http://www.ncbi.nlm.nih.gov/pubmed/34511708
http://doi.org/10.3390/su13137315
http://doi.org/10.1016/j.indmarman.2021.04.009
http://doi.org/10.1088/1757-899X/909/1/012085
http://doi.org/10.1108/IJPPM-06-2020-0291
http://doi.org/10.1016/j.eswa.2021.114702
http://doi.org/10.1016/j.omega.2021.102452
http://doi.org/10.1108/IMDS-10-2020-0598
http://doi.org/10.1108/IJOPM-02-2016-0080

Horticulturae 2022, 8, 168 17 of 19

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.
31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.
42.

Silvestro, R.; Lustrato, P. Integrating financial and physical supply chains: The role of banks in enabling supply chain integration.
Int. J. Oper. Prod. Manag. 2014, 34, 298-324. [CrossRef]

Mason-Jones, R.; Naylor, B.; Towill, D.R. Lean, agile or leagile? Matching your supply chain to the marketplace. Int. ]. Prod. Res.
2000, 38, 4061-4070. [CrossRef]

Dan, B.; Zhang, H.; Zhang, X.; Guan, Z.; Zhang, S. Should an online manufacturer partner with a competing or noncompeting
retailer for physical showrooms? Int. Trans. Oper. Res. 2020, 28, 2691-2714. [CrossRef]

Diehlmann, F; Liittenberg, M.; Verdonck, L.; Wiens, M.; Zienau, A.; Schultmann, F. Public-private collaborations in emergency
logistics: A framework based on logistical and game-theoretical concepts. Saf. Sci. 2021, 141, 105301. [CrossRef]

Wei, S.; Yin, J.; Chen, X. Paradox of Supply Chain Integration and Firm Performance: The Moderating Roles of Distributive and
Procedural Justice. Decis. Sci. 2020, 52, 78-108. [CrossRef]

Zhao, X.; Wang, P.; Pal, R. The effects of agro-food supply chain integration on product quality and financial performance:
Evidence from Chinese agro-food processing business. Int. J. Prod. Econ. 2020, 231, 107832. [CrossRef]

Roy, V. Contrasting supply chain traceability and supply chain visibility: Are they interchangeable? Int. ]. Logist. Manag. 2021, 32,
942-972. [CrossRef]

Saqib, Z.A.; Zhang, Q. Impact of sustainable practices on sustainable performance: The moderating role of supply chain visibility.
J. Manuf. Technol. Manag. 2021, 32, 1421-1443. [CrossRef]

Khandelwal, C.; Singhal, M.; Gaurav, G.; Dangayach, G.S.; Meena, M.L. Agriculture Supply Chain Management: A Review
(2010-2020). Mater. Today Proc. 2021, 47, 3144-3153. [CrossRef]

Balaji, M.; Dinesh, S.; Kumar, PM.; Ram, K.H. Balanced Scorecard approach in deducing supply chain performance. Mater. Today
Proc. 2021, 47, 5217-5222. [CrossRef]

Leksono, E.B.; Suparno, S.; Vanany, I. Integration of a Balanced Scorecard, DEMATEL, and ANP for Measuring the Performance
of a Sustainable Healthcare Supply Chain. Sustainability 2019, 11, 3626. [CrossRef]

Mishra, R.; Singh, R.K.; Subramanian, N. Impact of disruptions in agri-food supply chain due to COVID-19 pandemic: Contextu-
alised resilience framework to achieve operational excellence. Int. J. Logist. Manag. 2021, ahead of printing. [CrossRef]

Xu, Y.; Li, J.-P; Chu, C.-C.; Dinca, G. Impact of COVID-19 on transportation and logistics: A case of China. Econ. Res. 2021, 1-19.
[CrossRef]

Es-Satty, A.; Lemghari, R.; Okar, C. Supply Chain Digitalization Overview SCOR model implication. In Proceedings of the 13th
International Colloquium of Logistics and Supply Chain Management (LOGISTIQUA), Fez, Morocco, 2—4 December 2020; pp. 1-7.
[CrossRef]

Lemghari, R.; Okar, C.; Sarsri, D. Benefits and limitations of the SCOR®model in Automotive Industries. MATEC Web Conf. 2018,
200, 19. [CrossRef]

Afifa, YN.; Santoso, I. Risk Analysis and Mitigation Using SCOR -Fuzzy ANP. Indian . Sci. Technol. 2018, 11, 1-13. [CrossRef]
Effendi, U.; Dewi, C.E; Mustaniroh, S.A. Evaluation of supply chain performance with green supply chain management approach
(GSCM) using SCOR and DEMATEL method (case study of PG Krebet Baru Malang). In Proceedings of the International
Conference on Green Agro-industry and Bioeconomy, East Java, Indonesia, 18-20 September 2018; IOP Conference Series: Earth
and Environmental Science. IOP Publishing Ltd.: Bristol, UK, 2019; Volume 230.

Kiris, S.B.; Borekgi, D.Y.; Kog, T. A Methodology Proposal for Supplier Performance Evaluation: Fuzzy DEMATEL Method with
Sustainability Integrated SCOR Model. In Advances in Intelligent Systems and Computing; Springer: Cham, Switzerland, 2019;
pp. 488-496.

Wang, C.-N.; Huang, Y.-F; Cheng, I.-F.; Nguyen, V.T. A Multi-Criteria Decision-Making (MCDM) Approach Using Hybrid SCOR
Metrics, AHP, and TOPSIS for Supplier Evaluation and Selection in the Gas and Oil Industry. Processes 2018, 6, 252. [CrossRef]
Lima-Junior, ER.; Carpinetti, L. Combining SCOR® model and fuzzy TOPSIS for supplier evaluation and management. Int. .
Prod. Econ. 2016, 174, 128-141. [CrossRef]

Lhassan, E.; Ali, R.; Majda, F. Combining SCOR and BPMN to support supply chain decision-making of the pharmaceutical
wholesaler-distributors. In Proceedings of the 2018 4th International Conference on Logistics Operations Management, Le Havre,
France, 10-12 April 2018; pp. 1-10.

Teixeira, K.C.; Borsato, M. Development of a model for the dynamic formation of supplier networks. J. Ind. Inf. Integr. 2019, 15,
161-173. [CrossRef]

Liu, Y.; Xu, J.; Xu, M. Green Construction Supply Chain Performance Evaluation Based on BSC-SCOR. In Proceedings of the 2018
15th International Conference on Service Systems and Service Management (ICSSSM), Hangzhou, China, 21-22 July 2018; pp. 1-6.
Wang, C.N.; Yang, C.Y.; Cheng, H.C. Fuzzy multi-criteria decision-making model for supplier evaluation and selection in awind
power plant project. Mathematics 2019, 7, 417. [CrossRef]

Wang, C.N.; Nguyen, V.T.; Chyou, ].T,; Lin, T.F; Nguyen, T.N. Fuzzy Multicriteria Decision-Making Model (MCDM) for Raw
Materials Supplier Selection in Plastics Industry. Mathematics 2019, 7, 981. [CrossRef]

Wang, C.-N,; Tsai, H.-T.; Ho, T.-P; Nguyen, V.-T.; Huang, Y.-F. Multi-Criteria Decision Making (MCDM) Model for Supplier
Evaluation and Selection for Oil Production Projects in Vietnam. Processes 2020, 8, 134. [CrossRef]

Saaty, T.; Vargas, L. Models, Methods, Concepts & Applications of the Analytic Hierarchy Process; Springer: Boston, MA, USA, 2012.
Kocaoglu, B.; Giilstin, B.; Tanyas, M. A SCOR based approach for measuring a benchmarkable supply chain performance. J. Intell.
Manuf. 2013, 24, 113-132. [CrossRef]


http://doi.org/10.1108/IJOPM-04-2012-0131
http://doi.org/10.1080/00207540050204920
http://doi.org/10.1111/itor.12910
http://doi.org/10.1016/j.ssci.2021.105301
http://doi.org/10.1111/deci.12438
http://doi.org/10.1016/j.ijpe.2020.107832
http://doi.org/10.1108/IJLM-05-2020-0214
http://doi.org/10.1108/JMTM-10-2020-0403
http://doi.org/10.1016/j.matpr.2021.06.193
http://doi.org/10.1016/j.matpr.2021.05.541
http://doi.org/10.3390/su11133626
http://doi.org/10.1108/IJLM-01-2021-0043
http://doi.org/10.1080/1331677X.2021.1947339
http://doi.org/10.1109/logistiqua49782.2020.9353936
http://doi.org/10.1051/matecconf/201820000019
http://doi.org/10.17485/ijst/2018/v11i24/117978
http://doi.org/10.3390/pr6120252
http://doi.org/10.1016/j.ijpe.2016.01.023
http://doi.org/10.1016/j.jii.2018.11.007
http://doi.org/10.3390/math7100981
http://doi.org/10.3390/math7100981
http://doi.org/10.3390/pr8020134
http://doi.org/10.1007/s10845-011-0547-z

Horticulturae 2022, 8, 168 18 of 19

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Wang, C.-N.; Viet, V.I.H.; Ho, T.P; Nguyen, V.T.; Nguyen, V.T. Multi-Criteria Decision Model for the Selection of Suppliers in the
Textile Industry. Symmetry 2020, 12, 979. [CrossRef]

Bukhori, I.B.; Widodo, K.H.; Ismoyowati, D. Evaluation of Poultry Supply Chain Performance in XYZ Slaughtering House
Yogyakarta Using SCOR and AHP Method. Agric. Agric. Sci. Procedia 2015, 3, 221-225. [CrossRef]

Palma-Mendoza, J.A.; Neailey, K. A business process re-design methodology to support supply chain integration: Application in
an Airline MRO supply chain. Int. J. Inf. Manag. 2015, 35, 620-631. [CrossRef]

Sellitto, M.A.; Pereira, G.M.; Borchardt, M.; Da Silva, R.L; Viegas, C.V. A SCOR-based model for supply chain performance
measurement: Application in the footwear industry. Int. J. Prod. Res. 2015, 53, 4917-4926. [CrossRef]

Sutoni, A.; Subhan, A.; Setyawan, W.; Bhagyana, F.O. Mujiarto Performance Analysis Using the Supply Chain Operations
Reference (SCOR) and AHP Method. J. Phys. Conf. Ser. 2021, 1764, 012155. [CrossRef]

Nguyen, T.T.H.; Bekrar, A.; Le, TM.; Abed, M. Supply Chain Performance Measurement using SCOR Model: A Case Study of the
Coffee Supply Chain in Vietnam. In Proceedings of the 1st International Conference On Cyber Management And Engineering
(CyMaEn), Online, 26-28 May 2021; pp. 1-7.

Defrizal, D.; Hakim, L.; Kasimin, S. Analysis of Rice Supply Chain Performance Using the Supply Chain Operation Reference
(Scor) Model and Analytical Hierarchy Process (Ahp) Method (Case Study: CV. Meutuah Baro Kuta Baro Aceh Besar District). Int.
J. Multicult. Multirelig. Underst. 2020, 7, 222. [CrossRef]

Novar, M.F; Ridwan, A.Y,; Santosa, B. SCOR and AHP Based Monitoring Dashboard to Measure Rice Sourcing Performance at
Indonesian Bureau of Logistics. In Proceedings of the 12th International Conference on Telecommunication Systems, Services and
Applications (TSSA), Kota Bandung, Indonesia, 4-5 October 2018; pp. 1-6.

Aliaga Rota, M.L.; Jané Portocarrero, J.J.; Merino Ascarrunz, R.C. Herramienta Para la Aplicacion del Modelo SCOR en el Sector
Confeccién del Pera. Master’s Thesis, Pontifical Catholic University of Peru, Lima, Peru, 2020.

Kusrini, E.; Rifai, M.A.B.; Miranda, S. Performance measurement using supply chain operation reference (SCOR) model: A case
study in a small-medium enterprise (SME) in Indonesia. IOP Conf. Ser. Mater. Sci. Eng. 2019, 697, 012014. [CrossRef]

Prasetya, W.; Natalia, C.; Dias, S.; Elnath, B.; Silalahi, A.; Monique, K. Performance measurement and analysis of coffee supply
chain with SCOR method (case study of North Sumateria coffee). IJRDO |. Bus. Manag. 2017, 3, 11.

Castro Romero, N.A. Diagnéstico y Propuesta de Mejora en la Gestién de Inventarios y Distribuciéon de Almacén en una
Importadora de Juguetes Aplicando el Modelo SCOR y Herramientas de Pronésticos. Master’s Thesis, Pontifical Catholic
University of Peru, Lima, Peru, 2015.

Lama, J.L.; Esteban, F.C.L. Analisis del modelo SCOR para la Gestion de la Cadena de Suministro. In Proceedings of the IX
Congreso de Ingenieria de Organizacion, Gijon, Spain, 8-9 September 2005; Volume 8, pp. 1-10.

Rojas Lopez, M.M. Propuesta de Implementacion del Modelo SCOR Para Incrementar la Efectividad de los Procesos de la Cadena
de Suministro de la Empresa Import y Export Panita E.LR.L. Industrial Engineering Thesis, Universidad Nacional de Trujillo,
Trujillo, Peru, 2018.

Rotaru, K.; Wilkin, C.; Ceglowski, A. Analysis of SCOR’s approach to supply chain risk management. Int. J. Oper. Prod. Manag.
2014, 34, 1246-1268. [CrossRef]

Girjatovics, A.; Pesoa, L.M.; Kuznecova, O. Establishing Supply Chain process framework based on SCOR model: Case study.
In Proceedings of the 59th International Scientific Conference on Information Technology and Management Science of Riga
Technical University (ITMS), Riga, Latvia, 10-12 October 2018; pp. 1-4.

Racine, N.; Hetherington, E.; McArthur, B.A.; McDonald, S.; Edwards, S.; Tough, S.; Madigan, S. Maternal depressive and anxiety
symptoms before and during the COVID-19 pandemic in Canada: A longitudinal analysis. Lancet Psychiatry 2021, 8, 405-415.
[CrossRef]

Yoon, J.A.; Choi, H.; Shin, Y.B.; Jeon, H. Development of a questionnaire to identify ocular torticollis. Eur. |. Pediatr. 2020, 180,
561-567. [CrossRef] [PubMed]

Hasibuan, A.; Arfah, M.; Parinduri, L.; Hernawati, T.; Suliawati; Harahap, B.; Sibuea, S.R.; Sulaiman, O.K.; Purwadi, A.
Performance analysis of Supply Chain Management with Supply Chain Operation reference model. J. Phys. Conf. Ser. 2018,
1007, 012029. [CrossRef]

Waaly, A.N.; Ridwan, A.Y.; Akbar, M.D. Development of sustainable procurement monitoring system performance based on
Supply Chain Reference Operation (SCOR) and Analytical Hierarchy Process (AHP) on leather tanning industry. MATEC Web
Conf. 2018, 204, 01008. [CrossRef]

Leal, J.E. AHP-express: A simplified version of the analytical hierarchy process method. MethodsX 2019, 7, 100748. [CrossRef]
Kusrini, E.; Caneca, V.; Helia, V.; Miranda, S. Supply chain performance measurement using SCOR 12.0 Model A case study in a
leather SME in Indonesia. IOP Conf. Ser. Mater. Sci. Eng. 2019, 697, 012023. [CrossRef]

Expoflores. Reporte Estadistico Anual 2020. Available online: https://expoflores.com /wp-content/uploads/2021/03/Anual-
Expoflores.pdf (accessed on 7 February 2022).

Tapia Bustamente, X.P.T. Estudio de la Cadena Productiva y su Impacto en la Rentabilidad de las Empresas Floricolas en la
Provincia de Cotopaxi. Master’s Thesis, Universidad Técnica de Ambato, Ambato, Ecuador, 2019.

Smits, P. Large Colombian Companies on Take Over Spree in Ecuador. Floribusiness Edition 2—April 2021. 2021. Available
online: https://www.hortipoint.nl/floribusiness/large-colombian-companies-on-takeover-spree-in-ecuador/ (accessed on 2
April 2021).


http://doi.org/10.3390/sym12060979
http://doi.org/10.1016/j.aaspro.2015.01.043
http://doi.org/10.1016/j.ijinfomgt.2015.03.002
http://doi.org/10.1080/00207543.2015.1005251
http://doi.org/10.1088/1742-6596/1764/1/012155
http://doi.org/10.18415/ijmmu.v7i7.1731
http://doi.org/10.1088/1757-899X/697/1/012014
http://doi.org/10.1108/IJOPM-09-2012-0385
http://doi.org/10.1016/S2215-0366(21)00074-2
http://doi.org/10.1007/s00431-020-03813-2
http://www.ncbi.nlm.nih.gov/pubmed/32979091
http://doi.org/10.1088/1742-6596/1007/1/012029
http://doi.org/10.1051/matecconf/201820401008
http://doi.org/10.1016/j.mex.2019.11.021
http://doi.org/10.1088/1757-899X/697/1/012023
https://expoflores.com/wp-content/uploads/2021/03/Anual-Expoflores.pdf
https://expoflores.com/wp-content/uploads/2021/03/Anual-Expoflores.pdf
https://www.hortipoint.nl/floribusiness/large-colombian-companies-on-takeover-spree-in-ecuador/

Horticulturae 2022, 8, 168 19 of 19

68. Superintendencia de Compariias del Ecuador. Informacion Financiera Empresas Ecuador 2021. Available online: https://www.
supercias.gob.ec/portalscvs/ (accessed on 30 April 2021).

69. Jenkins, S.; Solomonides, T. Automating Questionnaire Design and Construction. Int. J. Mark. Res. 2000, 42, 1-13. [CrossRef]

70. Marques-Perez, I.; Guaita-Pradas, I.; Gallego, A.; Segura, B. Territorial planning for photovoltaic power plants using an outranking
approach and GIS. J. Clean. Prod. 2020, 257, 120602. [CrossRef]


https://www.supercias.gob.ec/portalscvs/
https://www.supercias.gob.ec/portalscvs/
http://doi.org/10.1177/147078530004200106
http://doi.org/10.1016/j.jclepro.2020.120602

	Introduction 
	Materials and Methods 
	Case Study 
	Results 
	Discussion 
	Conclusions 
	References

