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Abstract

Environmental impact reporting has become a lynchpin for global agri-food supply chain decision-making.
This importance has become heightened as governing bodies such as the European Union pass traceability
legislation in an effort to reduce Scope 3 emissions. Despite this heightened importance, few studies have
explored the role of supply chain management software in achieving sustainability goals within the agribusiness
sector. This article provides a current perspective on ongoing supply chain and logistics software issues
that might restrict the effectiveness of sustainability reporting. We argue that agribusinesses may struggle
to achieve sustainability targets effectively without proficiency in supply chain software. This research
contributes to the field by offering a nuanced understanding of the technological competencies required for
sustainability success in agribusiness. This article highlights the importance of developing and implementing
advanced supply chain management software to address the need for enhanced sustainability practices within
the agribusiness sector. Using interviews with pre-farmgate and post-farmgate agribusiness employees, we
demonstrate how these software skills will likely impact sustainability reporting and governance. Managerial
implications also include the need for targeted skill development to facilitate more sustainable agribusiness
management practices, as mastering such technological competencies is critical for adhering to evolving
global environmental standards.
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1. Introduction

Efficient supply chain management (SCM) requires information technology (IT) to fully integrate into any
sustainability solution, allowing a firm to maintain profitable agribusiness performance. Stated another way,
SCM is “the integrating function with responsibility for linking major business functions and business processes
within and across companies.” (Stadtler, 2014). Positions in SCM can be related to procurement (purchasing),
logistics (moving of products), and demand and supply planning (e.g. what is demand and supply at a given
time?), to name a few. These tasks are accomplished using Enterprise Resource Planning (ERP) tools and
other cutting-edge software along the agri-food supply chain system. Most, if not all, companies adopt these
ERP tools to maintain a competitive edge and improve environmental reporting efficiency. Other aspects of
SCM, such as procurement, demand planning, inventory management, and sales, range from 1980s-era IBM
operating systems (AS/400 systems) to modern software that can simultaneously analyze and visualize data.

In an era where sustainability factors are redefining success in agribusiness, mastering supply chain management
software skills has become more than a technical necessity; it’s a strategic imperative (Charlebois et al.,
2024). The need for these software skills is likely to grow as reporting and disclosure requirements impose
manageable data organization. This paper contends that without these critical skills, the ambitious sustainability
goals of firms in the food and agribusiness sectors remain elusive. We argue that akin to the transformation
by mechanization in agriculture, the next revolution in agribusiness sustainability hinges on the integration
and adept use of advanced supply chain software. The use of advanced software can potentially address the
fragmented data landscape in agri-food systems that help alleviate supply chain disruptions (e.g. COVID-19),
ensuring a safe and efficient food system in the future. This paper suggests that these software skills are
central to achieving sustainability milestones.

Despite this growing imperative, environmental impact reporting has not received much attention from
agricultural economists (Deconinck et al., 2023). This inattention might be due to the lack of comprehensive
datasets for economists to analyze, as some estimates suggest that agriculture is one of the least digitized
sectors (Goedde ef al., 2020; Neto et al., 2023). As such, the increased need for sustainability reporting
motivates improved data efficiency and software adoption to improve outcome-based analysis for achieving
sustainability and Scope 3 emissions targets. Technology-adopting firms must also focus on minimizing
transaction costs, as efficiency gains represent a “win-win” for innovation throughout the agri-food system.
To that end, there is a need to begin understanding available software and data accountability. Firms face
increasing pressure to report these environmental impacts but lack universal reporting and data accounting
systems, forcing a fragmented sector. Fragmentation of data collection within the agri-food system can
potentially increase transaction costs along the supply chain. Therefore, this article focuses on the first critical
step: to define what SCM software is being used by agribusiness management firms and to consider ways
that the collected data might improve sustainability and resiliency within the food system as we navigate
toward sustainability.

Minimizing transaction costs is imperative to the efficient operation and economic competitiveness of an
SCM firm, with evidence from firms that consider transaction costs to be performing better than firms that do
not consider them (Yousuf, 2007). Transaction costs and sustainability are usually two opposite views (e.g.
a sustainable practice may introduce a transaction cost). However, to implement these practices, firms must
consider the three main aspects of transaction costs: (1) information, (2) bargaining and (3) policy/enforcement.
Information refers to better, real-time data, bargaining refers to the cost of purchasing/selling goods, and
policy/enforcement refers to firms adhering to the cost of policy changes (Yousuf, 2007). We argue that
transaction costs in terms of sustainability extend to all three major cost categories. Without adopting
software to minimize these costs, transaction costs will remain high, and sustainable practices will remain
an expensive endeavor.
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Our methodology for this paper is to broadly address the entire agri-food system and hold formal conversations
on the current state of software adoption within SCM. While recognizing the vastness of SCM, the research
underscores diverse elements within the agri-food system, such as procurement, logistics, and demand
planning. By adopting this systematic perspective, we aim to provide a broader understanding of SCM in
agri-food systems.

The remainder of this article is organized as follows. Section 2 provides a background of SCM in the agri-food
system. Within the well-documented need to increase digital accounting in the agricultural sector, we
describe how supply chain traceability via SCM software is critical for sustainability and Scope 3 emissions
reporting. We map the food supply chain to describe how technology reduces the inherent transaction costs,
creating resiliency and sustainability issues across nodes in the system. Section 4 then describes our methods,
which involve a series of semi-structured, qualitative interviews with agri-food supply chain professionals.
Section 5 contains the results of these interviews, and Section 6 concludes with how these companies are
adopting new software and technologies to improve data reporting and recommendations for agribusiness
training programs.

2. Background

Managing a supply chain has become increasingly complex as agri-food systems globalize, creating traceability
difficulties and providing added room for fraud (Abaidoo et al., 2021, 2023). Additionally, agri-food firms
confront increasing pressure to systematically report their sustainability and Scope 3 emissions footprint.
This section provides background on the historical context of SCM and how recent issues have influenced
how companies manage their supply chains.

2.1 History of SCM

Supply chain management (SCM) has rapidly evolved to technological advances and modern market structures
in recent years. Studies have evaluated the changes in SCM by providing historical context on key supply
chain concepts (Hugos, 2018) and modern supply chain issues (Lambert and Cooper, 2000; Lambert and
Enz, 2017). No matter the evolutionary status of supply chains, the concept is centered around production,
inventory, location, transportation, and information decisions. The combination of these decisions is SCM
in its most basic form and defines the effectiveness of a supply chain (Hugos, 2018).

Understanding the movement of goods across geographic locations has been a seminal focus of economists,
with much of the basis for modern supply chains deriving from historical military strategies (Hugos, 2018).
Blanchard (2021) discusses how the idea of a modern supply chain was born out of these military strategies
and became a conventional discussion in the 1950s with the advent of studies on the “bullwhip effect,” where
small information changes downstream the supply chain led to significant fluctuations upstream of the supply
chain. This idea was related to supply chains that fluctuated more frequently as the delivery point was moved
further away (Blanchard, 2021). Early supply chain professionals created powerful management software
to trace these “bullwhip” dynamics. The term “Supply Chain Management” was adopted in the 1980s to
distinguish it from the conventional logistics management approach (Lambert and Cooper, 2000). In this
case, SCM encompasses transportation, distribution, and material management in one term, whereas logistics
merely describes the movement of goods from origin to consumption. Those definitions seem strikingly
similar, but SCM is unique for including multiple business processes across the supply chain and other
entities, while logistics only refers to internal material management decisions (Lambert and Cooper, 2000).
Distinguishing SCM from logistics creates a competitive advantage by adopting the idea that organizations
no longer compete autonomously but as a network of companies (Anderson et al.,1994).

Modern SCM has evolved rapidly over the last 23 years as companies increasingly work “business-to-business”
(Lambert and Enz, 2017). SCM has created an emphasis on relationships, where companies who best manage
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these relationships are the key players in the industry (Lambert and Enz, 2017). These relationships have
quickly become as important as adopting effective software solutions. Despite this knowledge, there is still
no standard approach to efficiently achieving the central goal of coordinating relationships with suppliers
and buyers to cut transactional costs and add value (Vallet-Bellmunt et al., 2011).

2.2 SCM adapting to world crises and sustainability reporting

Implementing a companywide SCM protocol is only one step of the process, with a recent focus on supply
chain resiliency that handles volatile markets and global disruptions (Ye et al., 2022; Montoya-Torres ef al.,
2021). Recent literature has consolidated these concerns using different research methodologies to cover
disruptive events, the economic survivability of firms, and risk management (Sodhi et al., 2012). Recent
literature has also discussed the trend of environmental impact reporting in food systems, emphasizing the
need for agricultural firms to improve their data reporting (Deconinck ef al., 2023; Neto et al., 2023).

The need for improved efficiency in data accountability has largely been motivated by increasing requirements
for these firms to report sustainability and Scope 3 emissions. Generally speaking, sustainability can be
considered a set of standards for a firm for their environmentally conscious activities, managing relationships
within a supply chain, and how accurate and transparent the firm is with data accounting. Scope 3 emissions
refers to carbon emissions upstream and downstream on the supply chain (Deconink et al., 2023). Neto et al.
(2023) highlighted the need for agri-food systems to improve data reporting, with only 42.94% of firms in
the agricultural sector collecting extensive data on their supply chains. In October 2022, the International
Sustainability Standards Board (ISSB), which sets global accounting standards, began requiring Scope 3
emissions reporting (Deconink et al., 2023; IFRS, 2022). Ingram and Maye (2020) discussed how setting
reporting standards may impact decision-making by agricultural firms since large amounts of data have little
value without improved data accounting tools in the sector. Agri-food firms will have to pivot in understanding
how to obtain, analyze, and report data while minimizing excessive transaction costs. Improving software
and data analytics holds implications not only for sustainability reporting but also for supply chain resilience.
For example, the deregulation of egg supply chains to allow more thorough price data transmission allowed
egg markets to regain equilibrium during the COVID-19 pandemic (Malone et al., 2021).

During the pandemic and subsequent supply chain crisis, many international and domestic firms began
exploring avenues for resilience within the global supply chain. Durugbo and Al-Balushi (2022) systematically
reviewed 250 journal articles published between 1996 and 2021. They found that operation strategies during
a crisis revolve around (1) critical supplies, (2) timely response with recovery, (3) safety with security and
(4) agility and visibility. One cutting-edge tool for mitigating future crises is Industry 4.0 by Strategic Market
Creation (SMC). Industry 4.0 is quickly transforming the concept of SCM into a completely digital platform,
creating “smart” supply chains (Szozda, 2017; Zhang et al., 2022). The Internet of Things (IoT) is a new
technology under Industry 4.0. It describes a network of objects embedded with sensors and software to
connect and exchange big data with other system devices (Zhang et al., 2022). Zekhnini et al. (2021) also
performed a systematic review of 176 papers published between 1994 and 2020 regarding smart, digital,
intelligent, and other technology-focused concepts of supply chain management, noting the implementation
framework to incorporate SCM 4.0 and the lack of knowledge on its use and effects on business, markets, and
humans. Integration follows what is known as a “Pyramid of Automation” that highlights how Industry 4.0
technologies interrelate to merge at an integrated management system, or ERP (SMC, 2023). Transitioning
to a digital supply chain requires significant up-front costs and long-term investments. But the payoffs to a
firm can be worth the time and money since 1) humans are primarily removed from the minutia of a supply
chain and instead focus on “exception management,” 2) all SCM data are uniform across a business, and
3) real-time visibility allows quick reactions (agility) to disruptions for risk minimization. Therefore, this
paper describes how technological advancements are used and the unique challenges of agri-food supply
chain professionals as they adapt to changing technology and government policies.
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3. Technology solutions for sustainable agribusiness supply chain management

Minimizing transaction costs within a supply chain is imperative for improving overall resiliency, efficient
data accounting, and visualization. Transaction costs have always been involved but have recently been
more prevalent from increasing calls for sustainability reporting and the recent supply chain crisis. During
the supply chain crisis, each node in the system faced unprecedented costs with disruptions/uncertainty,
increased lead times, inventory management, safety measures, and technology adoption as the leading
factors. Additionally, with increasing calls for sustainability reporting, such as sustainability or Scope 3
emissions, agri-food supply companies are positioned to adopt new technologies for improved agility and
data accountability. Figure 1 maps an agri-food supply chain and describes sustainability and resiliency
issues along each node.

The agri-food system has four primary nodes: input supplier, farmer/producer, processor/distributor, and
retailer/consumer. Personnel within each node must confront many sources of transactional costs and employ
technological solutions to alleviate issues along the supply chain. An input supplier (Node 1) is the buyer
and seller of pre-farm gate inputs such as fertilizer, seed, diesel, and machinery. Sources of transactional
costs within this node arose from global fertilizer, fuel, and machinery disruptions, resulting in product
shortages that increased lead times, cost of goods, and complicated inventory management. Furthermore,
an input supplier procures many chemicals and machinery that have an ecological impact, driving the need
for improved software for sustainability reporting. Farmers (Node 2) produce cash crops or livestock at the
farm gate as feed or food inputs in the supply chain. These farmers purchase fertilizer, seed, and machinery
from input suppliers to be used in their enterprises. Planting, harvesting, and delivering commodities also
has an ecological impact, such that software utilized in this node will help with post-farm-gate sustainability
reporting. Contracting with a downstream supplier can help limit the transactional cost of software adoption,
as is shown in the case of Italian wheat suppliers, who can manage better production and price risk from
guaranteed contracts with millers (Vigano et al., 2022). Contracting may require strict cultivation practices,
but these practices improve sustainability reporting for agri-food firms. The commodity is then delivered
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Figure 1. Supply chain map of technology solutions within the agri-food system.
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to “post-farm-gate” firms, such as processors/distributors (Node 3). A cash crop producer may deliver to a
grain elevator (Processor B), while the livestock producer delivers to a feedlot or meat processing facility
(Processor A). This node in the supply chain is plagued by labor constraints resulting from facility closures
and COVID-19 infections, forcing an expensive and shallow labor pool — this constraint was felt at every
node in the supply chain (Malone et al., 2021). Software adoption assists in limited labor as much of the
processing can be handled through automation. The software also helps report the environmental impacts of
processing goods. Lastly, the retailer and consumer (Node 4) also combat demand shifts and labor availability.
Employing improved software can help ensure demand at the correct times. Consumers have also shown
their willingness to pay for sustainable goods versus goods without sustainability reporting, with products
making sustainability claims averaging a 28% growth over the last five years compared to 20% for products
without sustainability reporting (Frey et al., 2023). The goal for these nodes within the agri-food system is
to find synergy between what is being done for sustainability reporting and how it can be improved through
innovative software. Minimizing the transaction costs in software adoption incentivizes investment and
ensures an accountable supply chain.

These issues are not the only problems impacting supply chain resiliency; they are at the forefront of
technological solutions. Recall Figure 1, where technological solutions are described for each node. One can
see that most of the solutions come from automation. Automation is being adopted to substitute human capital
when outside factors force facility closures and diminish labor availability. Additionally, automation has
increased global production capacity (e.g. an automated machine can run with minimal human interaction).
Better forecasting and data visibility improve efficiency along the supply chain, minimizing transaction
costs and allowing for cheaper goods on the retailer side. Figure 1 also includes specific software that will
be discussed later. The need to minimize transaction costs and improve the resiliency of the supply chain
are the main drivers of technology adoption such that supply chains can handle future disruptions.

4. Methodology

This study used a qualitative research approach. Semi-structured interviews have been used to examine
individual experiences and knowledge more deeply (Creswell and Poth, 2018). An interview guide was
developed and reviewed by a supply chain professional. This study received approval from the respective
universities’ Institutional Review Board. All participants received copies of the consent form. In addition,
participant information is anonymous per the IRB protocols. Any identifiable information has been removed
to protect confidentiality.

Potential participants were identified by examining major agribusiness that both originate and have offices
in the United States. Only U.S. firms were considered due to geographic constraints and the differences in
reporting requirements across countries. Contact was made with representatives at five firms, and twenty-six
individuals consented to be interviewed across the contacted firms. Firms and individuals within the firms were
selected to represent various segments of the agri-food supply chain, including production, manufacturing,
processing, and retailing. To get a more detailed assessment of current supply chain functions, selection
criteria were based on our interest in interviewing at least one professional from each segment in the food
system. Interviews were conducted between August 2022 and May 2023. Interviews averaged about an hour
and were conducted either in person or via Zoom. Each participant was asked the same set of questions.

5. Results

The interviewed supply chain companies are categorized as “pre-farm gate” (e.g. input suppliers and farmers)
or “post-farm gate” (e.g. processors, distributors, and retailers). Two of the contacted firms are considered
“pre-farm gate,” and three are considered “post-farm gate.” While the products they handle may differ
significantly, the sources of transactional costs and technological solutions do not. Each SCM professional
was asked about the role of software adoption in increasing system resiliency. Figures 2 and 3 are word
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Figure 2. Word cloud describing the pre-farm gate role of supply chain software in decreasing transaction
costs. Response to the question: “what is the role of software in reducing costs and increasing efficiency in

your company?”
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Figure 3. Word cloud describing the post-farm gate role of supply chain software in decreasing transaction
costs. Response to the question: “What is the role of software in reducing costs and increasing efficiency
in your company?”

clouds for responses to the question, “What is the role of software in reducing costs and increasing efficiency
in your company?” The size of a word in the figures relates to how many times it was mentioned — the most
significant words are the most important to a supply chain professional. Responses are divided between
pre-farm gate companies and post-farm gate companies.

Pre-farm gate responses are displayed in Figure 2. These companies employ software to increase automation,
efficiency, and inventory management. Automation is at the forefront for these companies when considering
reporting on a sustainable supply chain. However, automation is not always the answer, as pre-farm gate firms
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heavily rely on relationships to build a sustainable food system. These relationships can bolster sustainability
goals and incentivize firms in the supply system to work as a cohesive unit to minimize transactional costs
of software procurement; furthermore, relationships assist with building added value along the supply chain,
which is a welcome idea considering the upfront costs of software adoption and technical skill training (Filippi
and Chapdaniel, 2021). Efficiency in this context relates to the transfer and storage of goods that minimize
the transactional cost, with inventory management being a large part of this puzzle (e.g. improved inventory
management allows for greater efficiency). A case study in Spain showed that sustainable agri-food systems
must be innovative to be efficient in their reporting. The innovation of these firms is hindered by capacities
and financial resources (e.g. small or medium agri-food firms do not have the capital to expand), but it is
shown that most agri-food firms do not currently innovate based on sustainability and Scope 3 compliance
alone (Martinez-Filgueira et al., 2021). This is an important notion as sustainability and Scope 3 reporting
might eventually become some of the biggest barriers to entry into the future.

Post-farm gate responses are displayed in Figure 3. Post-farm gate companies are concerned with managing
data, inventory, forecasting, and demand planning to improve efficiency and minimize informational and
bargaining transaction costs since these firms almost exclusively deal with suppliers and retailers. Improved
data management also assists in data visibility and accounting, translating into better sustainability and Scope 3
reporting. Large commercial agri-food systems do not have a sustainable data management system, which
allows alternative food networks to promote a better “sustainability promise.” Even with a less profitable
agri-food system, as with alternative food networks, these systems can better report sustainability and Scope 3
emissions due to B2B relationships. Large commercial agri-food systems can use these small alternative
food systems to leverage a better data management scheme (Hunter et al., 2021). Furthermore, managing
data, inventory, and forecasting alleviates traceability issues along the food system. Zhou and Xu (2021)
reviewed 278 articles to describe traceability gaps within the agri-food system. This research showed that
large agri-food systems lack sustainability reporting and must improve their data accounting to integrate
traceability and optimized resource allocation. Integrating traceability with resource allocation helps large
firms manage data, inventory, forecasting, and demand planning.

5.1 Procurement

Most companies try to automate input purchases. For example, software like COUPA and Ariba create a
network of regular suppliers for which an automated order and payment can occur when inventories reach a
minimum level. Within this software are punchout catalogs, which make procurement as simple as shopping
at Amazon. Some bots make automating tasks like emails as simple as recording a macro in Excel. Moreover,
automation does not just increase the speed at which transactions occur but improves the data quality on
historical purchases, allowing procurement managers to mine data better for improved decision-making
and risk mitigation.

Such automation reduces human labor across all tasks but frees up labor for essential tasks. Procurement
managers do not just spend their days automating purchases, payments, and compliance; much of their time
is spent on exception management. An exception occurs when something that could be automated is diverted
to an actual person for scrutiny. While small input purchases are often automated, larger, more infrequent
purchases are flagged for procurement managers to ensure the purchase is truly needed and that that price
is competitive. The idea is like calling a company that diverts the call to chatbots, but the chatbots decide it
is not a query they can handle and forward you to a representative.

Procurement performance is handled in several different ways, using a variety of metrics. Companies hold
monthly meetings where they evaluate metrics like (a) which suppliers are delivering on time, (b) how many
times people have to “touch” a transaction, and (c) what type of purchases result in a suspension, meaning
an invoice is not paid due to a price mismatch or confusion of delivery dates. Performance metrics are
analyzed using software like Power BI, Tableau, SAS Visual Analytics, Knime and Alteryx, making it easy
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to import data and visualize results in a dashboard format. While many software packages are available
to aid procurement, interviewees typically use software from major companies like Oracle (e.g. SAP) and
choose software based on what they learn at conferences and online communities.

5.2 Logistics

While companies like UPS and Walmart will employ optimization software for logistics, many companies do
not have such complicated transportation problems and thus never use optimization software. Their logistics
problems instead require negotiating transportation rates, decisions on which warehouse and transportation
companies to use, and the like. Other companies face a different problem since they only have one supply
site, do not own any warehouses, outsource all their transportation, and have few delivery sites.

For such companies, their efficiency gains do not come through better optimization algorithms but
(a) negotiating better shipment rates, (b) developing good relationships with warehouses and transportation
companies, and (c) automating specific paperwork and transactions. Like procurement, automation is
preferred when feasible, not just for its speed and absence of human labor but because manual handling of
paperwork (referred to as “manual touch points™) creates errors, both in the execution of transactions and
communication. Additionally, it was remarked that logistical software is less about costs and more about
meeting customer needs efficiently. Valuable software for such tasks includes Salesforce and Agility, which
involve IT technologies such as customer relationship management.

However, companies still perform a considerable amount of number crunching using spreadsheet software,
where pivot tables, SUMIF statements and VLOOKUP functions are regularly used. Likewise, simpler data
analysis functions like COUNTIF statements in spreadsheet software may not be cutting-edge technology
but are still essential. Such tasks involve moving between dashboard software like Tableau and Power BI,
where data is obtained, and Microsoft Excel, where data is analyzed.

It should be noted that some professionals use SCM software primarily for downloading data and conducting
all their analyses in Excel. These tend to be more seasoned professionals who have developed extensive
expertise in Excel and do not have to share their data with many people. As dashboard software becomes
more sophisticated and can increasingly perform Excel routines like pivot tables, dashboard software alone
might someday be sufficient for acquiring and analyzing data. Such software exists but is not commonplace.
For example, the software Knime can also perform certain Excel routines. One SCM professional even
remarked that if they were at the point where a pivot table was required, they would instead use Knime.
Despite the prevalence of modern data analysis software, some companies still rely solely on SQL coding
for managing huge datasets. In this case, a programmer might use SQL code in Microsoft Visual Studio to
generate reports for managers.

Like procurement, specialized software and bots are used for automation. One company has specific
computers referred to as runners that only run bots. Creating bots is conceptually like recording a macro
in Excel, and software like UiPath is making the bot creation process increasingly convenient. However,
their creation still involves a considerable learning curve. One company has an internal consulting group
tasked explicitly with helping SCM professionals create bots in their department. Another company uses
consultants of a technology start-up to seamlessly integrate bots and develop proprietary software to cater
to their needs specifically.

Tracking shipments (referred to as “inventory control”) is imperative because of the perishable nature of
agriculture products, with various software packages like Oracle, Pi and SAP used to ensure on-time delivery.
Such software typically interacts with other software components that contain a master schedule, a timeline
of what will be produced, and when it will be produced. This information is then used with a bill of material
(BOM) to determine what inputs will be needed and which inventory requisition specialists are tasked to
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ensure they are available. In the case of an agri-food supply chain, many inventory requisition specialists
deal with products on a first-in-first-out (FIFO) basis, where they must strictly adhere to a master schedule
subject to the shelf life of inputs and outputs. Supply Chain Guru is another software package used to model
and simulate shipments to analyze the supply chain. This software helps explore shipping alternatives and
performance based on master schedules that have the potential to increase customer satisfaction and limit
product losses.

5.3 Demand planning

To know how much of a product to produce in a master schedule, one must forecast demand, a practice
referred to as “demand planning.” This process usually involves obtaining data on historical sales of the
product and using that as a baseline for what to expect in the future. Despite the importance of historical sales
data, effective SCM data collection allows a firm to explore novel downstream opportunities (Staples et al.,
2021). Multiple professionals commented that using historical data was not feasible since the data had no
context on pandemic disruptions. Some demand planners might download data and create charts of past sales,
while others will forecast with a sales team to fill orders. Dashboard software is increasingly used to create
such charts to visualize demand quickly. The idea that “a picture is worth a thousand words” is essential in
demand planning. If an analysis is performed on past sales, it will often involve simple tools like weighted
averages. Still, demand planning software has several “canned” tools that can be used, where the user can
ask the “model” to provide a forecast accounting for seasonality and trends. Still, the user might not know
what model is used. SAP-IBP (an SAP tool for Integrated Business Management) is a dashboard software
that can link with Excel to provide information on the model and where it might deviate from forecasts.
In cases with extreme deviation (like COVID-19), demand planners will manually adjust forecasts since
historical data lacks the context of outlier situations.

When companies were asked how they conduct forecasts, they listed three methods. One is “word of mouth,”
where they ask their customers how much they plan to buy — or meet with a sales representative to discuss
how demand will be met. Another is to use time-series statistical methods embedded in their SAP-APO
software (this is an SAP tool that helps managers forecast demand, create the master schedule, manage
available to promise, and the like). The third method uses machine learning, where demand is predicted
partly based on external variables. When they evaluate different forecast tools, some companies tend to use
the mean absolute prediction error as the accuracy measurement. In contrast, others remarked retroactively
linking forecasts with wasted goods as a performance measure.

It is common for demand planning to tout the use of artificial intelligence (Al). Occasionally, one of the
interviewees used a true Al tool like deep learning. Still, most interviewees who understand statistics and
machine learning believe that most Al for forecasting uses relatively simple methods. Still, companies must
use the phrase “Al” to sound cutting-edge. Industry 4.0 and C3.ai are examples of true Al

5.4 Sales, inventory and operations planning (SIOP)

Whether they use the acronym or not, most companies use SIOP, where after a master schedule has been
created, SCM professionals must convene to determine if any changes to the schedule must be made. Some
companies find the master plan (even if the plan is for the next five months) outdated after only a few
days—especially during COVID-19 and the supply chain crisis.

SIOP is referred to as “integrated business planning” by some. “Capacity planning” typically refers to
determining whether the company can meet the master scheduling plan and involves determining factors
like whether there will be enough labor, whether there will be enough factory floor space, and whether there
are enough raw materials to produce the planned amount. This determination is increasingly referred to as
supply-side SIOP instead of demand-side SIOP, which concerns how much they can sell.
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Meetings for SIOP rely on software for data and computations but also require human judgment. One
company indicated their SIOP meetings consist of 20 people or more. SCM professionals suggest that this
is “too many” in one sense but is necessary because one of the SIOP’s main objectives is to plan and ensure
all SCM professionals understand all the constraints involved in producing and selling the product. The
idea is that a large company has dozens of SCM professionals involved in a product without one person
understanding the whole supply chain. However, the different chain links must be coordinated for the supply
chain to work efficiently. By having many people attend this meeting, they can better understand everything
involved in the supply chain, allowing them to identify solutions to their constraints. For example, SIOP
planners will meet with demand professionals on how current inventories plan to meet demand and adjust
accordingly (i.e. there is not enough product in location “A” and must adjust inventories and operations in
another location to meet forecasted demand).

5.5 Supply chain innovation

Large companies with complex supply chains are likely to have internal consultants to help SCM professionals
identify, adopt, and master specific types of software. These consultants are not just in the job of managing
software, but people. A common phrase is “people, processes, data, and technology” (PPDT). You start with
the people, where you identify their problems. Then, you assess the process, where you try to understand
why this is a problem in the first place. The third step is understanding the data that are (as well as the data
that should be) available to help solve the problem, and then—only then—do you explore the software
technologies that can help the person overcome the problem. Much of this is “change management,” where
a change may be beneficial, but one also accounts for the obstacles to change. An example given by one
company is how to implement new software without causing disruptions across the supply chain. A difficulty
is finding software that seamlessly integrates into the company’s established “data lake” (extensive collection
of data) while maintaining communication and insight across the supply chain.

Identifying and adopting the proper software is necessary for an effective ERP, and the cost of implementing
an ERP can be hundreds of millions of dollars. It is essential to recognize that humans do all the actual
planning. ERP software is mostly just a system that can bring data from every part of the business into a
centralized, easy-to-access system. An ERP allows managers to accomplish the bare minimum needed to plan
and access data. The fact that this “bare minimum” for a company can cost over $100 million demonstrates
how important identifying new technologies can be.

In identifying problem-solving technologies, SCM innovators with positions like “Director of Supply Chain
Innovation” find consortiums of other SCM professionals helpful. An example is Gartner, a subscription-based
service that allows one to attend conferences, access timely research, and trade information with peers.
Gartner provides access to their Gartner Magic Quadrant (Figure 4), which evaluates vendors and their
software based on their (a) completeness of vision and (b) ability to execute. Various types of software in
a specific genre (e.g. procurement management) are plotted on a grid with four quadrants based on vision
and execution. Those with greater vision are further to the right, and those with high execution abilities are
further up, such that those in the upper right corner are considered leaders in that their software prepares the
company for the future and can fulfill their promises.

SCM software “accumulates” in that companies rarely adopt one system. SCM professionals may need
to exhibit “digital dexterity” in learning and using different software systems. One can never know which
software will achieve most of the market share. Companies that rate high in their vision in the Gartner
Magic Quadrant may seem to anticipate the future reasonably, but each of those companies will have a
different vision, and only time will tell which “vision” is most accurate. As such, companies will need to
adapt to a constant learning process and be able to pivot to the winning software when necessary. Typically,
winning software will encompass (1) a user interface, (2) consistent app development, (3) data science
tools, and (4) straightforward interpretation with seamless integration. The latter two points are especially

International Food and Agribusiness Management Review

739



Loy et al. Volume 27, Issue 4, 2024

Challengers Leaders
o ©
Q
¢}
O
[} o ©®
° o
o o ®
©
o
6]
o
Niche Players Visionaries

Figure 4. Gartner magic quadrants.

important as they influence sustainability and Scope 3 reporting outcomes the most. Robust data science
tools enable comprehensive analysis of emission sources along the supply chain while seamless integration
streamlines the reporting processes, thereby enhancing the accuracy and transparency of an agribusiness
firm’s reporting. Additionally, improved data science tools (e.g. data accounting/forecasting system) with
seamless integration (e.g. every node in the chain works together in a companywide decision) allow for
more data visibility within each node of the food system and improved B2B communication. Data visibility
and B2B communication will directly impact the scale of sustainability and Scope 3 reporting by allowing
for better data and communication if food system data within a node is unavailable.

6. Implications for agribusiness managers, scholars, and concluding remarks

This study explored and discussed several roles and perspectives of SCM agribusiness professionals,
focusing on how software influences and enhances various functions, namely data collection, accounting,
and visualization. The results of our interviews indicate that technology adoption is an integral part of an
efficient supply chain. Technology is adopted to increase efficiency in every aspect, especially regarding
sustainability reporting requirements. Industry 4.0, which encompasses [oT, digitizes the supply chain and
removes much of the labor requirements from SCM. Adopting these types of software alleviates much of the
transaction costs incurred in data collection for sustainability reporting. Still, the human aspect is essential
for managing when technology fails. For the foreseeable future, the labor cannot be entirely removed. Al
cannot design itself and lacks the necessary communication skills between buyers and sellers, but it does
excel at data analytics. Therefore, the idea of modern SCM is how humans and technology work in tandem
to improve data accounting and overall business performance. This collaboration between human expertise
and technology holds implications for sustainability, as it enables firms to better assess their environmental
footprint, implement better economic strategies, and drive improvement toward a resource-efficient
food system.
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Despite the importance of technology adoption for sustainability, technology is not a panacea for fostering
more sustainable food systems. For example, novel technology cannot build relationships with community
stakeholders, forge trust with producers, or make ethical decisions about resource usage (DeDecker et al.,
2022; Newman and Briggeman, 2016). Technology solutions cannot design themselves, understand buyers’
needs, or tend to sensitive contract negotiations. In the same spirit, computers excel in storing and processing
large amounts of data but cannot perform a SWOT analysis (Lagoudakis et al., 2020). As such, embedded
within this push toward heightened technology adoption is the need for additional training.

The adoption of ERP systems as a visualizer for the supply chain from all entities within SCM has become
a convention for large companies in the agriculture sector. Furthermore, integrating ERP systems and other
supply chain technologies, such as SAP-IBP, Microsoft Excel, Altryx, Salesforce, COUPA and ARIBA,
promotes visualization and agility. Integration enables B2B communication that assists in building and
maintaining relationships required for successful performance and optimal institutional data reporting.

Technology and information policies have significantly encouraged technology adoption in various sectors,
including agriculture. Governments worldwide have implemented funding initiatives and tax credits to
promote research and development in digital solutions, which benefits supply chain management systems
(Kweh et al., 2022). These tax credits have increased and motivated innovation quality participation within
firms in the United States (Kao, 2018). These policies enhance firms’ operational efficiency, decision-making,
and competitiveness. Many governments have also begun requiring environmental reporting impacts that
benefit a firm’s sustainability and public image. These initiatives have increased the need for improved data
accounting and visibility within the agri-food sector. Understanding the common software these firms use
will enhance the sector’s accountability.

U.S. Congress has crafted legislative efforts to develop strategies to enhance economic competitiveness
with the information and communication technology supply chain (e.g. H.R. 4028, H.R. 1354). To continue
building resilience in the supply chain, economic incentives can be generated through policies focused on
technological innovations (U.S. Department of Homeland Security, 2022). If implemented, these policies
could help build resilience in the supply chain and enhance the United States’ ability to compete in the global
economy. While environmental, social, and corporate governance scores have been a controversial topic on
the path to a more sustainable supply chain, a higher level of adoption of software programs with the ability
to track and record data in the supply chain may provide more objectivity for these measures. Policies must
incentivize the adoption of information technology innovations to have a more resilient agri-food supply chain.

In agri-food systems, software adoption encounters notable barriers that impede its integration. These barriers
encompass multifaceted challenges, prominently including (1) the complexity of technology, (2) limited access
to educational resources (most agribusiness courses teach Excel, but is rarely used in agri-food systems),
and (3) lack of practical experience (this point ties into the limited educational resources since most early
career professionals have limited experience in dealing with complex software). To mitigate these barriers,
experienced agri-food system managers possess the potential to alleviate these constraints by orchestrating
structured learning paths through online platforms (e.g. Udemy). This strategic initiative aims to cultivate
a comprehensive understanding and adeptness with contemporary and forthcoming software applications.

These managers can communicate with agribusiness faculty to harmonize the educational curriculum with
practical industry requirements. In practical terms, agri-food firms can promote and facilitate hands-on
projects to enhance early-career professionals’ communication, teamwork, and software proficiency. Such
endeavors within the firm serve a dual purpose, identifying and addressing knowledge gaps while bolstering
the adeptness of individuals in software-driven data accounting. This proficiency, in turn, substantiates the
efficacy of systems for reporting and meeting sustainability objectives within the agri-food sector.
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While this qualitative study provides a deeper and richer understanding of software’s use and role in current
SCM functions, the sample size provides a limited view of the magnitude and frequency of programs used
within the industry due to the geographic scope. Further investigation should explore a broader range of
firms, sizes, and countries to understand where the agricultural sector falls short in sustainability and Scope 3
emission reporting. Leveraging a larger sample size of firms in the future will allow for more focused and
detailed descriptions of SCM functions unique to agri-food systems (e.g. animal agriculture). Future research
also entails collaborating with industry and academics to develop an SCM curriculum, emphasizing technical
skill development and communication for emerging management scholars.
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