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Abstract
Paper aims: The study proposes a benchmarking instrument that enables managers to
critically assess the volatility management performance of a product’s supply chain to
identify areas on which to focus when managing supply chain volatility (SCV).
Originality: To the best of the authors” knowledge, the paper is the first to develop an
instrument to assess the current state of SCV management of a product’s supply chain.
Research method: The benchmarking instrument is based on volatility performance
data from 87 manufacturing firms. Additionally, a confirmatory case study in the
automotive industry is performed to demonstrate the applicability of the instrument.
Main findings: An industry benchmark is conducted that provides valuable
information for practitioners about the current state of volatility management
performance in the manufacturing sector. This is of high importance since performance
data generated by the focal firm itself are more valuable if they can be put into context
with the performance data of competitors.
Implications for theory and practice: Since SCV can originate from multiple sources,
a case-based evaluation of of SCV of a product’s supply chain is necessary. By applying
the instrument, managers will be enables to initiate purposeful strategies that focus on
the most pressing sources of SCV.
Keywords: Supply chain volatility++ Benchmarking++ Performance assessment++
Automotive industry.

1. Introduction

Managing supply chain volatility (SCV) is one of the core challenges
of modern supply chains (SCs) (Christopher & Holweg, 2011, 2017;
Handfield et al,, 2013; Wicland et al., 2016). Since volatility has been
a challenge across several decades, researchers have, on the one hand,
focused on describing the multidimensional sources of SCV and, on the
other, developed management strategies for dealing with it. However,
to efficiently manage volatility, SC managers need to assess the impact
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of those SCV sources on their particular SC first, before initiating
management strategies (Nitsche, 2018).

In general, to continually manage unintended changes in material flows
in a SC, managers need to regularly identify and understand the root
cause, assess the impact on the SC, implement mitigation strategies,
monitor changes, and learn from experience (Zsidisin et al., 2005). This
supply chain business continuity planning process, originally proposed
by Zsidisin et al. (2005), is widely accepted in the SC risk management
literature, motivating researchers not only to identify strategies for
dealing with risks, but also to develop different instruments to assess the
specificity of risks to a SC (Aven, 2016).

Nevertheless, research on the assessment of SCV is sparse. Christopher
& Holweg (2011, 2017) were the first to develop a SCV index that
assesses the state of SCV from a macroeconomic point of view. However,
a case-based evaluation of the current state of volatility of a product’s
supply chain, taking a microeconomic, focal firm point of view, is still
lacking. If implemented, it could assist managers in implementing more
target-oriented SCV management.

Based on this, the present study aims to develop an assessment
instrument that enables SC managers to critically evaluate the current
state of volatility of their products’ SCs and identify concrete needs for
action. The assessment is performed in such a way as to incorporate a
means of benchmarking, not only to provide managers with an assessment
of their SCV management performance, but also to show them how
they perform against their competitors. Consequently, this study aims to
satisfy the following research objectives (RO):

To achieve this, the following section will provide theoretical
background on benchmarking/performance measurement of SCs in
general and on the concept of SCV. Next, the SCV assessment model is
developed and presented. Based on that, the current state of SCV in the
manufacturing industry will be analyzed and further contextualized based
on a large-scale survey among 87 manufacturing firms aiming to propose
industry benchmarks for the assessment model.

2. Theoretical background
2.1. Benchmarking as a tool to assess performance of supply chains

In general, benchmarking is understood as an approach that involves
comparing the performance of own activities in a certain field to those
of others, with the aim of achieving superior performance (Camp, 1989).
The process of benchmarking has to be repeated on a regular basis with the
aim of continuously improving performance in order to stay competitive
(Dattakumar & Jagadeesh, 2003). Benchmarking s also a commonly used
tool in SCM because SC managers first need to measure performance in
order to identify problems (Peng Wong & Yew Wong, 2008; Shafice et
al, 2014).
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Because of the practical relevance of this approach, SCM researchers
have developed numerous benchmarking tools. Some of them aim
at assessing the performance of SCM in general (e.g., Shafiee et
al, 2014; Stewart, 1995; Supply Chain Council, 2008), but there
are also benchmarking models that specifically aim at measuring the
performance in dedicated areas such as SC visibility (Caridi et al., 2010),
SC collaboration (Simatupang & Sridharan, 2004), green initiatives
(Sangwan & Choudhary, 2018), carbon emissions (Acquaye et al,
2014), and others. An SC is understood as a complex system of
interacting organizations, thus, although benchmarking started on an
intra-organizational level, it has been expanded to an inter-organizational
level incorporating other stakeholders (e.g,, customers; suppliers) in the
benchmarking process (Peng Wong & Yew Wong, 2008).

Due to the variety of SC performance evaluation models, Estampe
et al. (2013) developed a taxonomy to characterize SC performance
evaluation models based on the decision level affected (strategic, tactical,
operational); type of flows analyzed (physical, informational, financial);
level of supply chain maturity (intra-organizational, inter-organizational,
extended inter-organizational, societal); type of benchmarking (internal,
external); contextualization; quality factors; human capital; and
sustainability. This taxonomy will be used to characterize the SCV
assessment tool developed here.

However, in order to establish a benchmark, appropriate qualitative
and/or quantitative performance measures have to be defined that
characterize the focus of the benchmark (Beamon, 1999; Chan, 2003).
Although research on how to measure and benchmark SC performance
exists (e.g. Gunasekaran etal., 2001), to the best of the authors knowledge,
specific research on on how to measure and benchmark the performance
of SCV management of a manufacturing firm is known. Therefore, the
next section provides an introduction to and conceptualization of SCV
to better derive suitable measures for assessing SCV.

2.2. Conceptualization of supply chain volatility

Although research on volatility in SCs has been described as one of the
most important tasks of SCM research today (Wieland et al., 2016), SCV
is not a novel phenomenon. Indeed, research on SCV started with the
discovery of the Forrester Effect (Forrester, 1958), later known as the
Bullwhip Effect( BWE) (Lee et al., 1997), which initiated a wide-ranging
discussion on how to handle volatile material flows in a SC. However,
the Bullwhip Effect does not explain the origin of SCV in full (Kim &
Springer, 2008; Nitsche & Durach, 2018). Numerous rescarchers have
investigated different sources of volatility, such as unpredictable changes
in demand, variable lead times, insufficient quality of supplied materials,
highly innovative markets, and others.

Nitsche & Durach (2018) were the first researchers to attempt to
synthesize this research on sources of volatility in a study that combined a
large-scale literature review with practitioner insights to propose a novel
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conceptualization of SCV that forms the basis of this research. According
to the authors, SCV is caused by 20 different sources that contribute
to five distinct dimensions of SCV: organizational, vertical, behavioral,
market-related and institutional and environmental volatility.

First, organizational volatility includes that part of SCV that is induced
by the focal firm itself (e.g., due to intra-organizational misalignment,
inaccurate forecasting, or self-induced price variations). Second, versical
volatility is induced by sources appearing endogenous, including SC
partners (e.g., long lead times, supply variability, missing SC visibility).
Third, behavioral volatility is understood as the part of SCV that is
induced by certain behavioral patterns of individuals in the SC that
cause unintended volatile material flows along the SC. More precisely,
bebavioral volatility is caused by two sources: erratic behavior of decision
makers in the SC (e.g., order batching or readjustment of plans) and
erratic behavior of customers (e.g., short-term demand changes). Fourth,
market-related volatility is induced by the market the focal firm is
positioned in (e.g., highly innovative products, high level of competition,
seasonality). Fifth, institutional and environmental volatility is induced
by sources appearing exogenous to the SC (e.g., national economic and
financial instability, political and legal instability) that are most likely very
hard for the focal firm itself to control (Nitsche & Durach, 2018).

Based on this conceptualization, (Nitsche, 2018) subsequently assessed
the impact of those sources and dimensions on SCV, although excluding
the fifth dimension due to its high context dependency. Consequently,
it was proposed that intra-organizational misalignment, inaccurate
forecasting, long lead times, erratic behavior of decision makers in the SC,
erratic behavior of customers and high level of competition are the six most
impactful sources of SCV.

3. Development of a benchmarking instrument to assess
Supply Chain Volatility

3.1. Introduction to the benchmarking instrument

In order to set the conceptual constraints of this study and the developed
instrument, we first apply the taxonomy of Estampe et al. (2013),
developed to guide SC managers who require an instrument to assess
the state of SCV in their products’ SCs. The decision level affected is
strategic as well as tactical, since the benchmarking instrument seeks to
assist managers in critically assessing their SC structures and adjusting
them in the medium and long term. The types of flow investigated
are mainly physical, because SCV results in a mismatch of supply and
demand side material flows at the focal firm (Nitsche & Durach, 2018),
but informational flows are also affected and investigated. Although the
developed instrument assesses SCV of a product’s SC at the focal firm,
the level of SC maturity has to be understood as inter-organizational since
it includes data directly connected to suppliers and also customers. The
type of benchmarking is external because the user of the benchmarking
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instrument will benchmark the volatility of its product’s SC against the
performance of other manufacturers according to different dimensions of
SCV. With regard to the contextualization of the developed instrument,
it should be noted that it has been developed specifically for use in
manufacturing companies. Quality management aspects and human
resource management, as well as sustainability initiatives, are outside the
scope of the benchmarking instrument (Estampe et al.,, 2013).

3.2. Measures to assess supply chain volatility

In order to assess the level of volatility of a product’s SC, it was first
necessary to define appropriate measures. Therefore, the study builds
upon the conceptualization of Nitsche & Durach (2018) with the aim
of assessing the state of volatility for the first four dimensions of SCV.
The fifth dimension of SCV - institutional and environmental volatility
— was excluded from the benchmarking instrument due to its high
context dependency, as argued by Nitsche (2018). Moreover, to make the
practical application of the instrument more feasible, we decided to limit
the number of variables for each dimension. Therefore, the measurement
of each dimension focuses on the most pressing sources of volatility in the
respective dimension, as proposed by Nitsche (2018). Development of
the model followed an iterative process. In a first stage, possible variables
have been identified as suitable for measuring certain sources of SCV
by the authors based on previous workshops and in-depth discussions
on that project. In a second stage, those measures were refined and
prioritized incorporating feedback of two additional SCM researchers.
Subsequently, feedback of one additional practitioner was incorporated
(that had not been involved in the research process so far) to come to
the final set of variables necessary for the benchmarking instrument. All
variables for the benchmarking instrument will be further described in
the following sub-sections.

3.2.1. Organizational volatility

Organizational volatility is mainly caused by intra-organizational
misalignment and inaccurate forecasting (Nitsche, 2018). Based on a
survey among 88 manufacturing companies, Wagner et al. (2014)
investigated how companies can align their organization by means of
sales and operations planning (S&OP). Building on this, they proposed
an S&OP maturity model that outlines the different areas of intra-
organizational alignment as well as the embodiment of each maturity
level. Based on that, in the proposed benchmarking instrument, intra-
organizational misalignment will be measured qualitatively via six distinct
characteristics of organizational alignment (formality of the planning
process, promotions planning integration, information availability and
exchange, planning efficiency, assignment of roles and responsibilities,
and integration of planning systems) using the proposed maturity level
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descriptions of Wagner et al. (2014), as shown in Table 1. The rating
of those maturity levels is performed, via a self-assessment by the user
of the benchmarking instrument, on a scale from 1 (low maturity level)
to 7 (high maturity level). Descriptions for maturity levels 1, 4 and 7
are given (see Table 1), but the user is also free to choose intermediate
maturity levels. It has to be stated that, for all qualitative variables of the
benchmarking instrument, it is reccommended that different perspectives
from different relevant departments of the manufacturer are included in

this self-assessment process.

Table 1
Variables to assess organizational volatility.

Varlahle
name

Type of

varilahle

Description

Intra-organizational misalignment

oA

0A,

0A

]

0A

.

oA

0A

zZ[1;7]

Z[1;7]

Z[1;7]

z[1;7]

Z[1;7]

zZ[1:7]

level of planning process formality

1: no formalized planning process

4: moderately formalized planning process

7: internally completely formalized planning process

level of promotions planning integration

12 no promotions and price changes planned

4: issues like promotions and price changes are planned and considered but insufficiently performed

7: issues like promotions and price changes are planned and considered sufficiently throughout the whole
organization

efficiency of information availability and exchange

12 Information is only partially available including many redundancies

4: partially centralized information storage; moderate friction losses in information flows

7: people receive only information they actually need; no friction losses in cross-departmental information flows

level of planning efficiency

12 no alignment of plans throughout the company

4: due to rudimentary alignment of plans, frequent re-planning is required
7: due to sufficient alignment of plans, re-planning becomes very rare

level of assignment of roles and responsibilities

12 no concrete assignment of roles and responsibilities with regards to planning tasks and activities

4: roles and responsibilities are clearly defined but not yet successfully implemented; no dedicated planning
process owner; people partially held accountable for their plans and performance

7: dedicated planning organization responsible for planning process owner and role descriptions; planning
organization entirely aligned with the business

level of integration of planning systems of different business functions

1: heterogeneous spreadsheets existent and in use

4: information from other systems need to be manually entered or uploaded (no interfaces)
7: one integrated system with one single version of truth

Inaccurate forecasting

MAPE1f
MAPE3f
MAPEGF
MAPE Iv
MAPE3v
MAPES,

R [0:1
R [0;1
R [0;1
R [0;1
R[0;1
R [0;1

1-month-ahead MAPE (family level)
3-month-ahead MAPE (family level)
6-month-ahead MAPE (family level)
1-month-ahead MAPE (product variant level]
3-month-ahead MAPE (product variant level)
6-month-ahead MAPE (product variant level)

In general, there are multiple measures to assess the accuracy of a
forecast in SCM (Hyndman & Koehler, 2006; Kerkkinen et al., 2009).
One of the more commonly proposed measures is the mean absolute
percentage error (MAPE) (Bowerman et al., 2005; Mentzer & Moon,
2005). This is also often used by practitioners and, in addition, was
considered appropriate by other benchmarking studies (Weller & Crone,
2012). To assess the level of inaccuracy in forecasting, the benchmarking
instrument includes the MAPE one, three and six months ahead on
product variant and product family levels, as shown in Table 1



Production, 2019, vol. 29, ISSN: 0103-6513 / 1980-5411
3.2.2. Vertical volatility

Although long lead times have been identified as the most impactful
source of vertical volatility, it was decided to incorporate the source of
variable lead times into the benchmarking instrument since the length
of lead time has to be assessed in combination with its variability in the
context of SCV (Nitsche, 2018; Nitsche & Durach, 2018).

Tobenchmark the SCV source of long lead times from a manufacturer’s
point of view, the user will be asked to state the supplier lead time
(period of time between ordering a component at the supplier and the
supplier having it ready for shipment) for suppliers of A-level components
(based on a traditional ABC analysis) belonging to the product as well
as their transportation lead time (period of time between having the
component picked at the supplier and having it transported to the
designated production site). Additionally, the average production lead
time of the final product as well as the delivery lead time (period of
time between shipping a customer order and having it received by the
customer) to the manufacturer’s A-level customers has to be defined.

Although long lead times induce SCV, they could be manageable
if lead times are always accurate and therefore plannable. In reality,
real-world SC lead times vary, making the planning process inaccurate,
which consequently causes SCV. To include this aspect in the SCV
benchmarking instrument, the source of variable lead times will also
be assessed. Therefore, the on-time delivery rate (OTDR, percentage
of goods delivered on time (Chan, 2003)) of suppliers of A-level
components of the product as well as the OTDR to the A-level customers
has to be stated as an indicator of variable lead times. Additionally, the
spread of lead times at the supply side is benchmarked by asking the user
to indicate, for the majority of deliveries (set at 95%), the minimum and
maximum times required to order them from the supplier and have them
shipped to and received at the production site. The necessary variables to
assess the level of vertical volatility are outlined in Table 2.

Table 2
Variables to assess vertical volatility.
Variable Type of Description
name varlahle
© LTS, R [D;0c[  supplier lead time of supplier iin days
: LTT, R[D;e[  transportation lead time from supplier iin days
-1
i LTP R[D;c]  production lead time in days
E LTC, R[D;oe[  delivery lead time to customer jin days
E QTDs, R[0;1]  on-time delivery rare of supplier 7
= : ; )
& 0TDC. R [0;1] on-time delivery rate to customer j
u i
=
= sp R [0 time window of arrival of majority of goods (950) of supplier i (longest time span — shortest time span between
- i c

ordering and receiving a good)
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3.2.3. Behavioral volatility

Behavioral volatility is induced by erratic behavior of customers as well as
erratic behavior of decision makers in the SC (Nitsche & Durach, 2018).
Both sources have been ranked among the most pressing sources of SCV
by SC managers (Nitsche, 2018). To assess both sources, qualitative
measures have been defined for the user of the benchmarking instrument
to rate via a self-assessment exercise.

Erratic behavior of customers is characterized by unpredictable
customer demand that causes a supply and demand mismatch at the
focal firm (Childerhouse et al., 2008; Germain et al., 2008). This can be
caused by changing customer preferences, fads, short-term order changes
or cancellations, and others (Childerhouse et al., 2008; Germain et al.,
2008; Johnson, 2001; So & Zheng, 2003; Van der Vorst et al., 1998).
Erratic behavior of decision makers in the supply chain involves decisions
thatare perceived as irrational from the recipient’s point of view (Nitsche,
2018) because they induce volatility along the supply chain. This can be
caused by overreactions to certain demand signals (e.g., higher orders than
usual, expected shortages), forward buying, ordering more than needed,
drastically reducing safety stocks, and others (Lee et al., 1997; Lee, 2002;
Nienhaus et al., 2006; Nyoman Pujawan, 2004; Wong & Hvolby, 2007).
The variables chosen to measure SCV caused by both sources are depicted

in Table 3.

Table 3
Variables to assess behavioral volatility.
Varlabl T £ Description
:;;ee vgr]::b?e (self-assessment, Indicate to what extend you agree to the following statement, 1(totally disagree] to
7 (totally agree)
E EBC, Z[1;7n In general, our customer demand is very hard to predict.
5
E EBC, z[1;7] Market trends are difficult to monitor because customer preferences change constantly.
5
B8 EBC, zhn Our customers often adjust already placed orders.
>
1]
o
2 EBC Z[1;7] Customer loyalty to our brand is relatively low and the customer changes its preferences constantly.
&=
B EBC Z[17] Qur customers often adjust orders (quantities or other specifications) in a short time window hefore planned
i ' delivery.
b EBD, z[1;7] At the end of the year we order more than we actually need to get a cash-back from our supplier.
% EBD, Zn Sometimes we order more than actually needed in order “to be safe”.
E EBD, AW Sometimes we order less than actually needed in order to reduce our safety stock level.
-
g i Z[1:7] Due to lack of confidence in our 1T system we adjust order quantities that are generated by the system based on
5 + ' personal experience.
E } Due to lack of confidence in our IT system we adjust forecasts that are generated by the system based on personal
g EBD, Z[1;7] :
= feelings.
L
2 EBD, Z[1;7] When we expect a shortage of a component (not clear yet), we order more than actually needed.
=
_@ EBD Z[1;7] Sales people place customer orders early in advance hefore an actual customer order exists.
&
o EBD, z[1;7] If the actual demand in one month is higher or lower than planned demand, we immediately adjust our future plans.
v
&5 EBD z[1;7] 1f we expect a price increase in the near future, we order more than we actually need to benefit from the cument price.
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3.2.4. Market-related volatility

Prior research evaluated high level of competition as the most important
source of market-related volatility (Nitsche, 2018). Fierce competition
is, inter alia, characterized by a high number of product variants offered
by the focal firm itself and/or a high number of substitutes offered at
the market (Randall & Ulrich, 2001; Taylor & Fearne, 2009), leading
to greater demand volatility at the single part level. Additionally, if
competitors are fighting for the same source of supply, a consequence
can be volatile material flows originating on the supply side (Nitsche,
2018). Table 4 outlines the qualitative variables chose for assessing the
dimension of market-related volatility.

Table 4
Variables to assess market-related volatility.
Varlable Type of D inion
yp [self-assessment, Indicate to what extend you agree to the following statement, 1(totally disagree) to
name varlable
7 (totally agree)
£ HC, Z[1;7]  We often lose customers to our direct competitors.
§ HC, Z[1;7]1  We are forced to an intense price competition with our competitors.
e
E HC, Z[1;71  We often have to tely on the same suppliers as our direct competitors.
E HC, Z[1:7] In our market, it is difficult for us to differentiate ourselves from our competitors.
U
X HC, Z[1;71  we offer a high number of product variants of our representative product.
L
f HC Z[1;7]1  There is a high number of substitutes for our representative product at the market.

&

3.3. Benchmarking instrument

The basic idea of the benchmarking instrument is that a user who would
like to assess SCV affecting a product’s SC will benchmark his volatility
management performance against others. Therefore, he inserts data that
have previously been collected and this is subsequently benchmarked
against data from other manufacturers with the objective of identifying
areas on which to focus when trying to manage volatility. SCV is a
reality in all supply chains and cannot be completely eradicated. However,
in order to stay competitive, managers need to know in what areas
their volatility management performance is worse than the performance
of others in order to initiate purposeful management measures. The
benchmark that builds the basis for this instrument was developed
through an online survey with 87 participating manufacturing firms from
different industries. Based on their feedback, a user of the benchmarking
instrument can assess the SCV of their product’s SC.

The assessment itself is done through a weighted scoring model that
calculates volatility scores from 1 (low volatility) to 10 (high volatility)
for four dimensions of SCV as well as an overall SCV score for the
product’s SC. In this way, the user will be enabled to dig deeper into
the assessment, secking to identify certain areas on which to focus when
managing SCV. Figure 1 provides a schematic representation of the
general structure of the benchmarking instrument. Every input variable
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has to be benchmarked using the benchmarking tables. Therefore, the user
has to check which group the input variable has to be assigned to and
choose the corresponding score. The calculation of the output scores of
the volatility dimensions as well as the overall SCV score will be further
described in the following sub-sections.

Input Benchmarking Qutput
Organizational SCVsource | Variable |p-quantil Scoring Organizational
Volatility Variables — [z - . _ ——p T
N - OA e 2 |1]2]3]4]|5]s 8| 910 Volatility Score
(Table I) -
MapElf | 8700 |1|2]3|4]s]6[7]s]o]i0
napesf | 790 |1|2]3[4]s]e[7]8]o]r0
Vertical Volatility fLance pAPES | e JUIELS LSOl TS0 1O - -
Variables | i, Foreeasting  ypappiy | sooo [1]2[3]a]s]s]7]s]o]o] Vertical Volatility
(Table II) MAPE3Y | 550 |1|2]3[4]s]sf7]s|o]i0 Score
MaPEy | 6400 | 1[2]3[4]s]6f7]s|o]10 Supply Chain
LTS, 6200 |1]2]3|4fs|e|7]s]o]r0] Volatility Score
Behavioral Longlead  |LTS: seo |1f2]3]4fs]e|7]s]9 o] Biasispai
Volatility Variables —9 [times LTS, o100 |1]2]3falslelzlgfolio] 5 Volatility Score
(Table III) N
I = 1fz2]3]4]s]6[7]8]o[r0
Erratic belt of
Market-related o EBD, e | 34 1 3[4]5]6 8910 Market-related
Volatility Variables =% oo & Volatility Scor
(Table IV) commettion |FCumse | 9% [1]2[3]4[s]s|7]s]o 0 olatility Score
.
Figure 1

Exemplary schematic representation of the structure of the benchmarking instrument.
3.3.1. Organizational volatility score

The Organizational Volatility Score (SCoy) is calculated as the mean
of the sub-scores for intra-organizational misalignment (SCoa) and
inaccurate forecasting (SCyapg):

SCOV=05.SCOA+OSSCMAPE (1)

The SCoa is derived from the benchmarking of the mean of the input
variables OA; to OAg. The SCyape results from the benchmarking of
MAPE variables described in Table 1. In general, a lower MAPE one
month ahead is of higher importance in the context of SCV than a
low six month ahead MAPE, since more expensive measures have to be
undertaken to match supply and demand in the short term (e.g, short-
term air freight instead of sea freight, higher stock expenses). Hence, to
calculate the SCyape a weighting is applied to incorporate the higher
importance of a short-term MAPE over a mid-term and long-term MAPE
into the SCyapr calculation:

SCagape =03 SCapaprap+ 03+ SCogapry +0.15+ SCapappsr+ 015+ SCogapay +0.05+ SCopapror + 0.05- SCy f i)

Without a doubt, the weighting itself can be questioned, since it is
not based on prior research, but the higher impact of a poor short-term
MAPE over a poor mid-term and long-term MAPE has been stated
by multiple practitioners who were involved throughout the process.
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Nevertheless, in certain circumstances where a six month ahead MAPE
is of high importance (e.g. if necessary components for production have
very long supplier lead times of more than six months), this weighting can
be adjusted by the user of the benchmarking instrument.

3.3.2. Vertical volatility score

Not only will the user of the benchmarking instrument be enabled to
assess the level of volatility that is induced by the company itself, as in the
case of the SCoyv, but the instrument will also enable the assessment of the
effect of certain members in the supply chain (e.g., suppliers, customers)
on SCV. The Vertical Volatility Score (SCyy) is calculated as the mean
of the two sub-scores of the assessment of long lead times (SCyrt) and
variable lead times (SCyrt):

To assess SCV induced by long lead times (SCrir), different
input variables have been defined, as shown in Table 2. SCyt itself
incorporates four sub-scores for the impact of supplier lead time (SCprs),
transportation lead time (SCrrr), production lead time (SCrrp), and
delivery lead time (SCrrc).

In general, those four lead times sum up to the supply chain lead time
(troral)> the time span between ordering components at a supplier and
having the final product shipped to the customer. The longer the lead time
gets, the more devastating the effects on SCV become. This being said, it
is proposed to weight the sub-scores by the share of their respective lead
time on the total supply chain lead time. It is therefore proposed to use the
median values of all supplier lead times (trts), transportation lead times
(turr), production lead times (tirp), and delivery lead times (trc) and
relate them to the median total supply chain lead time of the products SC
(ttotal)3

SCrr=7.-SCrrs*+7. tr SCLTT+ tt SCLTP+t Scl(m)

total total

To calculate the sub—scores SCrrs and SCLTT it is proposed to weight
the scores for each supplier by the share of purchasing volume of supplier
i (psi) in the total purchasing volume for the assessed product (pscorl)-
The same will be applied for SCyrc, where the score of each customer
will be weighted by the share of the sales volume of the customer (pc;) in
the total sales volume of the investigated product (peori). The sub-score
for the production lead time (SCyrp) results from the benchmarking of
the product’s production lead time (L'TP) using the benchmarking tables
independently from suppliers or customers.
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_) (PSi
SCLTS_Zi ( PStotal .SCLTS") (2.1.1)
ps;
SCLTT:Z ( PStotal 'SCLTTI') (2.1.2)
pCj
SC :Z(_'SCLTC-)
LTC - PCiotal J (2.1.3)

The assessment of volatility induced by variable lead times (SCyyt)
includes three sub-scores, in particular for the on-time delivery rate of
suppliers (SCorps), the on-time delivery rate to customers (SCorpc), and
for time window of incoming deliveries (SCsp). SCyrr will be calculated
as the mean of those three sub-scores.

1 1 1
SCyrr=3SCorpst3-SCorpct+3-SCsp (2.2)

As previously explained, the scores of each supplier for SCorps and
SCsp will be weighted by the share of the purchasing volume of the
supplier in the total purchasing volume. Consequently, the SCorpc for
each customer will be weighted by the share of sales volume of the
customer in the total sales volume of the investigated product:

pS;
SCorps= Z ( s SC OTDSl-)

- (2.2.1)
pc;
SC =Z(—-SCOTDC')
OTDC - PCiotal J (222)
) (P
SCep= Z ( PSioral "2 5P i) (223)

In providingall the inputs described, the user of the tool will be enabled
not only to assess vertical volatility in their product’s SC, but also to assess
which supplier or customer contributes most to the volatility that affects
their product’s SC.
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3.3.3. Behavioral volatility score

The Behavioral Volatility Score (SCgy) is calculated as the mean of the two
sub-scores for erratic behavior of customers (SCgpc) and erratic behavior
of decision makers (SCgpp). Those sub-scores themselves result from the
benchmarking of the mean of the input variables EBC and EBD, as
described in Table 3.

SCBVZOSSCEBC+OSSCEBD (3)
3.3.4. Market-related volatility score

To assess market-related volatility, the source of high level of competition
is measured via a qualitative self-assessment of six variables as described

in Table 4. Thus, the Market-related Volatility Score (SCyv) results from

the benchmarking of the mean of those input variables.
3.3.5. Supply chain volatility score

To calculate the total SCV score (SCscy) of a product, SC, SCoy, SCvv,
SCgy, and SCyy are necessary. As proposed by Nitsche (2018), the
corresponding four volatility dimensions do not impact SCV equally.
Based on an AHP among SC practitioners, Nitsche (2018) assessed the
impact of those four dimensions on SCV. In addition, he contextualized
this impact by the production strategy of the manufacturing firm and
proposed that the impacts of those four dimensions differ significantly
between make to order and make to stock supply chains. Building on
these findings, it is prosed to apply Nitsche (2018) proposed weightings
to calculate SCycy, and the weighing factor « is therefore introduced. The
user of the benchmarking instrument has to decide whether he wants
to apply the overall weighting factors including all production strategies
(including engineer to order), or the weighting factors for either make
to order or make to stock production strategies, as proposed by Nitsche
(2018). The corresponding weightings are outlined in Table 5.

Table 5
Weighting factors for the calculation of the overall supply chain volatility score.
S Independent from production Make to order production Make to stock production
Weighting factor oy Sty i
a,, 0.341 0.451 0277
o, 0.276 0.296 0234
o, 0.203 0.168 0.187
o 0.179 0.085 0.301

Consequently, SCycy is calculated as the sum of dimensional volatility
scores multiplied by their corresponding weighting factor:
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SCscy=0oy-SCoy+ayy-SCyy+apy-SChy+ oy SCyh)

4. Current state of supply chain volatility management
performance

4.1. Sample description

To gather required benchmarking data, a survey among manufacturing
firms operating in different industries was conducted from June to
July 2018. This was intended to cover a heterogeneous group drawn
from different types of manufacturing firms. To complete the survey,
participants first had to fill in general company-related data and
afterwards had to think of a representative product that is manufactured
by their company and that they know very well. Subsequently, all
questions were asked with reference to the representative product.
In total, 87 responses were collected from different manufacturing
industries, mainly from the machinery/equipment, automotive,
consumer goods, and chemicals/pharmaceuticals sectors. The surveyed
products mostly had make to order/assemble to order and make to stock
production strategies, and their production sites were mostly located in
western Europe. The sample demographics are outlined in Table 6.

Table 6
Sample demographics of SCV benchmarking.
Company-related Product-related
Manufacturing sc stion ® Total 1tz number of Production Turnover with  Location of main
industry Lkl AECCUL AL employees strategy ** the product ***  production site
Make to
Consumer up to order/ Western
goods 15 0OEM 54 50m € 6 upto 50 0O P 44 1-10m € 9 Europe 65
order
Madule/
Chewnciy Fyatem 29 51-250m € 1" 51250 6 Maketo oo i jpome 24 Dtemo
pharmaceuticals supplier stock Europe
(15t tier)
Component .
: i 251- E t 101-250
Automotive 20 supplier 12 1" 5515000 7 neeri g ™ 14 China 10
¥ 500m € order €
(2nd tier)
Electrom: . St":dard"fd 5 501- . s01- 251-500m - South Bast
ECHomeE AL SHREIST 1000m € 1000 € Asia
(31d tier)
Machinery/ B materiel 1001 501-1000
aCTMERN 53 supplier 6 1-2.5bn € 1 10 SOPUM g UsA/Canada 1
equipment (n_th fier) 2500 €
2501-
2.5-5bn € 6 5000 1 =1bn€ 20 Others 4
more
Others 8 than  5-10bn € 10 ]583(]]6 10
10bn € 7
20 more than 36

10000
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4.2. Benchmarking results

Table 7 outlines the benchmarking results of all questionnaire
participants. The average, median, and distribution of variables are
detailed. The categories for the corresponding volatility scores are ranked
in ten quantiles (deciles), meaning that the best values are assigned to the
best decile and given the lowest volatility score of 1, going up to a volatility
score of 10 for the worst values assigned to the worst decile. Values that
are very frequently represented sometimes form two or even three deciles.
This means that the user must use the average of the respective scores for
benchmarking,

Table 7

Benchmarking table including all production strategies.

Input

Volatility Score

SCV dimension  SCV source Variable Average Median Best in class Advanced Typical Catch up Latecomer
1 2 3 4 5 6 7 8 9 10
Intra org. OAavig 464 467 >=6.17 >55 >52 5 >467 >45 >4 383 327 <=2.27
misalignment
MAPEIf 927 600 <=2 <4.8 <5 <6 <10 <118 <20 >=20
Organizational MAPE3f 1567 1500 <=5 <6.6 <10 <15 <18 <20 <22 <30 >=30
Volatility Inaccurate  MAPE6f 2258 2000 <=5 <10 <112 <15 <20 <25 <30 <33 <40 >=40
forecasting  MAPElv 1086 1000 <=23 <36 <5 <64 <10 <101 <15 <20 =20
MAPE3v  17.98 1500 <=5 <8 <10 <15 <20 <212 <30 <342 >=342
MAPEGY 2492 2300 <=8 <10 <129 <154 <23 <28 <341 <40 <50 >=50
LTS 5048 3000 <=5 <128 <20 <288 <30 <468 <60 <784 <1108 >=1108
: LTT 11.04 500 ==I <2 <3 =4 <h <72 <134 <324 =>=324
Long lead times
LTP 2506 700 <=06 <1 <3 <5 <7 <10 <17 <30 <736 >=736
Vet LTC 872 400 <=1 <2 <3 <4 <5 <73 <10 <207 =207
Volatility
OTDS 8118 9000 >=97 >95 908 >90 >84.86 >80 >75 52  <=52
Variable lead
re OTDC 8728 9200 =989 >98 >95 946 >92 >90 >81  »705 <=705
sp 3904 2500 <=4 <68 <11 <162 <25 <30 <40 <484 <94  <=04
) Brratic behavior pp 0 562 360 <=2 <26 <3 <328 <36 <38 <42 <46 <52 >=52
Behavioral of customers
Volatili i i
v E"at;ﬁ?%e;?}a‘”m EBDavig  3.73 389 <=244 <278 <331 <36 <389 <407 <433 <444 <493 >=493
Market-related,  Jiighlewel of 0 o0 a0 417 <=287 <333 <383 <4 <417 <45 <467 <5 <55 >=55
Volatility competition

It can be observed that best-in-class companies in the area of
organizational alignment assess themselves with average scores of above
5.5 (on a 7-point Likert scale), while the worst companies scored mean
values below 3.27 for the six categories of organizational alignment.

For the SCV source of long lead times, the biggest share in the total lead
time is associated with the supplier lead time (LTS), meaning that this
area should be prioritized when trying to mitigate SCV originating from
long lead times in the SC. Companies with an average of above 110 days
of LTS for their main components form the worst decile of the companies
investigated. Best-in-class companies achieve very low LTS for their main
components of below five days. Although the median of on time delivery
rates on the supply and demand sides (OTDS and OTDC) are 90 percent
and 92 percent, respectively, the best companies demonstrate delivery
reliabilities above 99 percent.
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For sources of behavioral volatility, the majority of participants rank
themselves with scores below 4 (7-point Likert scale), meaning that a high
level of erratic behavior of decision makers as well as erratic behavior of
customers is not a given in all supply chains. However, companies with
erratic behavior scores of above 5 rank among the worst in class, resulting
in a high level of SCV originating from the behavioral dimension.

A more detailed assessment of the benchmarking values, analyzed
according to the production strategies for the products of the
participating manufacturing firms, is outlined in Table 8. Although
values do not differ immensely, it can be observed that MTO companies
seem to have better intra-organizational alignment that MTS companies.
This result stands in contrast to previous findings of Nitsche (2018), who
proposed that companies with make to order production strategies are
exposed to a high degree of intra-organizational misalignment since intra-
organizational processes for MTO products are not as well defined as for
MTS products. With regard to forecasting, it is interesting to see that,
based on the median values, MTS companies seem to perform better
than or as well as MTO companies one month in advance on a product
family and variant level. However, three and six months in advance, MTO
companies achieve better MAPE values, in some cases significantly so,
than MTS companies.

Table 8

Benchmarking table for make to order und make to stock production strategies.

Volatility Scare
SOV dun-nion O 561 somre v:]i:fre P;‘:_i.“t:;“ Average W N can Heit m diate Ravaneed Typical s R
1 2 3 4 5 6 7 8 9 10
Intra-org — MTO 477 5.00 >-6.33 >5.67 >5.35 >5 >5 >4.5 >433 >4 >3.55 <-3.55
misalignment MTS 445 4.67 >=5.67 #5.33 »5 >4.83 =4.67 >4.33 =4 »3.47 #3.03 <=1.03
VAPETF MTO 9.71 8.00 <=2 <5 <8 <10 <22 >-22
MTS 932 5.00 <34 <4 <5 <10 <176 <20 >=20
PR MTO 15.81 15.00 <=6.2 <10 <1z <15 <168 <20 <30 >-30
MTS 1638 16.50 <=5 <6 <73 =10 <16.5 <20 <22 <25 <285 >=28.5
Organizational i MTO 2365 20.00 <=6 <10 <125 <18 <20 <25 <30 <40 <45 >=45
Volatility Inaccurate MTS 22,63 23.00 <=5 <7.2 <18 <15 <23 <26.6 <30 <30 <385 >=38.5
forecasting MTO 10.57 10.00 <=2.5 <5 <8 <10 <147 <15 >=15
HAPHLY MTS 11.88 10.00 <=3 <3 <5 <6 <10 <104 <148 <20 <23 >=23
S MTO 17.04 15.00 <=7 <10 <15 <320 <30 +-30
MTS 20.29 19.00 <=5 <7.2 <0.3 <104 <19 <246 <30 <304 <385 >=38.5
— MTO 2496 20.00 <=7 <10 <15 <18 <20 <25 <37 <40 <50 >=50
MTS 26.38 30.00 <=6 <10 <12 <218 <30 <30 <35.5 <40 <48.5 >=48.5
MTO 49.05 40.00 <=4.65 <14 <20 <26 <40 <496 <60 <792 <104 >=104
L MTS 45.17 30.00 <=10 <135 <20 <274 <30 <31 <47 <60 <100 =100
i MTO 7.43 5.00 <=1 <2 <29 <3 <5 <74 <131 >=13.1
Long lead MTS 1436 5.00 <12 <2 <3 <4 <5 <76 <iz <26 <44 =44
times i MTO 2271 5.00 <=0.29 <l <19 <5 <712 <14 <204 <60 >=60
MTS 18.66 5.00 <=1 <2 <3 <5 <7 <16 <28.8 <64 >=64
Vertcal Volatiity - MTO 7.39 3.00 <=1 <1.64 <2 <23 <3 <5 <572 <10 <188 >-18.8
MTS 8.18 4.00 <=2 <2 <3 <4 <5 <10 <25 =25
MTO 8184 85.00 >-95 >92.6 =90 >90 >85 >84.04 >80 >75 >60 =60
e MTS 84.15 90.00 >-93 >97 =95 >90.8 =90 >88 >80 >79 =635 <=63.5
Veriable lead oo MTO 89.30 90.00 >-99 >98 >95 >922 >90 >85 >76 <=T76
times MTS 88.58 94.00 >-93 >98 >97 >95 >94 >93 >90 >B5 >75 =75
g MTO 38.33 25.50 <=3 <6 <95 <15 <25.5 <30 <425 <50 <805 <-80.5
MTS 34.29 25.00 <=7 <10.6 <15 <17.6 <25 <31.2 <40 <67 <=67
Erratic behavior MTO 373 3.40 <24 <272 <23 <32 <34 <38 <422 <4.88 <5.6 >=5.6
Behavioral of customers L0 -V0 MTS 3.37 3.40 <=1.8 <2.36 <2.92 <34 <34 <3.6 <3.88 <4.12 <4.72 ==4.72
Volatility Erratic behavior MTO 378 3.89 <-2.56 <278 «3.21 3.6 <3.89 <4 <433 <4.56 <497 >-4.97
of DM e MTS 393 4.00 <=293 <338 <3.62 <167 <4 <4.13 <433 <451 <498 >=4.98
Marketrelated  High level of e MTO 421 417 <25 <333 <4 <4.03 <4.17 <4.47 <4.68 <5.17 <55 >=5.5
Volatility competition MTS 4.19 417 <=3 <3.33 <3.5 <3.97 <417 <4.53 <467 <493 <5.5 >=5.5

According to the length of SC lead times, the best 10 percent of MTO
companies achieve shorter lead times for all four lead time categories than
MTS companies. However, comparing the median values of both groups,
MTS companies manage to achieve shorter lead times on the supply side.
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For transportation lead times, although median values are the same, it can
be observed that MTS companies in the catch up and latecomers groups
score significantly higher lead times than MTO companies. The worst
10 percent of MTS companies score above 44 days of transportation
lead time for their A-level components, while the worst MTO companies
manage to achieve at least 13.1 days of transportation lead time. Based
on this result, it seems that MTS companies rely more on global sourcing
than MTO companies. This could indicate that MTO companies, in
order to reduce waiting times for their customers, rely more on suppliers
from their region. Also, for the variability of lead times, differences
between MTO and M TS companies can be observed. Both on the supply
side as well as on the customer side, MTS companies manage to achieve
significantly better on-time delivery rates than MTO companies.
According to the dimension of behavioral volatility as well as for the
dimension of market-related volatility, slight differences between both
production strategies can be observed, but they are not significant.

5. Exemplary application in the automotive industry

To demonstrate the applicability of the developed instrument, a
confirmatory case study was performed. Therefore, the authors received
necessary data from the case study company and assessed their state
of SCV management based on the benchmarking instrument described
above. Afterwards, the results were discussed with two representatives
of the case study company to evaluate the applicability and whether the
benchmarking results meets the perception of the case study company.

The case study company Motion Tech (the name of the company has
been changed) is a globally operating supplier for bearings, clutches and
different sorts of customized modules for the automotive industry. With
more than 50,000 employees and an annual turnover of over 10 billion
euros, Motion Tech is among the leading suppliers in the automotive
industry. In the investigated case, Motion Tech serves as a first-tier
supplier for clutches operating with a MTO production strategy. The
corresponding manufacturing site is located in Germany. Following the
computation of input data provided by Motion Tech, the benchmarking
result was calculated (see Figure 2).
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Re SUltS Score
Organizational Volatility 3.30
Intra-Organizational misaligment 3.00
Inaccurate forecasting 3.60
Vertical Volatility 7.15
Long lead times 9.64
Supplier lead time 10.00
Transportation lead time 8.00
Production lead time 7.00
Delvery lead time 10.00
Lead time variability 4.67
Behavioral Volatility 4.50
erratic behavior of customers 4.00
Erratic behavior of decision makers m the SC 5.00
Market-related Volatility 2.00
high level of competition 2.00
Overall Volatility Score 4.24
Figure 2

SCV assessment of case study company resulting from a
benchmarking against manufacturers with MTO production strategy.

Looking into the results it can be observed that Motion Tech score an
above average overall score of 4.24. To identify areas for improvement,
the four dimensions have to be analyzed in detail. Motion Tech has an
advanced score in intra-organization alignment and forecasting, leading
to a score of 3.3 for organizational volatility. Especially for short-term
forecasting one month in advance, Motion Tech’s forecasting error
(MAPE) of 2% is among the lowest of all benchmarking participants.
SCV perceived at Motion Tech is — according to the benchmarking
instrument — mainly caused by the dimension of vertical volatility, more
specifically very long lead times. Their average supplier lead time ranks
among the worst of all benchmarking participants. The same holds true
for the delivery lead time of 20 days to their main customers, which
also ranks among the worst 10 % of all benchmarking participants.
Consequently, Motion Tech should focus on reducing their lead times
significantly in order to reduce volatility along their SC. This result was
also supported by both employees of Motion Tech. They argued that
their SC network is internationally dispersed and, especially on the supply
side, a large share of suppliers for their plant in Germany originate from
North America and China. They agreed with the recommendation that
they should strongly focus on localizing their supply base in order to
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reduce volatility. The low level of market-related volatility that has been
assessed, which is measured by the level of competition in the market,
is confirmed by Motion Tech’s employees. According to them, they
have around three relevant competitors in their market, but the level
of competition is relatively low. Since their products are mostly highly
customized products, their customers are not able to replace them as their
supplier at short notice.

In general, it can be stated, that in this specific case the benchmarking
instrument provided valuable insights for the case study and the
results were consistent with the subjective perception of Motion Tech’s
employees about their current state of SCV management. However,
during the discussion some limitations have been identified that will be
discussed in the “Conclusion and Final Remarks” section.

6. Implications

The aim of this study has been to propose a benchmarking instrument
that enables SC managers to critically assess the current state of SCV
for their products’ SCs. Building on prior research in the field of SCV
management, the benchmarking instrument assesses SCV according
to four distinct dimensions of SCV. The assessment was done via a
benchmarking exercise conducted among 87 manufacturing firms that
are ranked according to their SCV management performance within
those four dimensions.

For managers, the benchmarking instrument enables them to
investigate the volatility of a product’s SC and monitor it in the long-
run, seeking to identify areas on which to focus when trying to manage
SCV efficiently. With the help of the instrument, they are able to assess
whether the volatility of their product’s SC is induced by themselves, by
certain actors within their supply chain, by a high level of competition in
the market, or by irrational behavioral patterns of customers or decision
makers in the SC. Thus, the study is the first of its kind that facilitates
a holistic assessment of SCV, one of the core phenomena in SCM.
Consequently, the user of the tool will be able to track down the most
pressing sources of SCV for their specific case.

In addition, this study provides valuable information for practitioners
about the current state of volatility management performance in the
manufacturing sector. Based on the feedback from 87 manufacturing
firms, a benchmark has been condensed and incorporated into the
SCV assessment tool that facilitates managers to compare their SCV
management performance against others. This is of high importance
since performance data generated by the focal firm itself are more
valuable if they can be put into context with the performance data of
competitors. To add more value to this, the benchmark has been further
contextualized according to the production strategy of the participating
manufacturing firm. It can be observed that for some variables there are
essential differences between make to order and make to stock production
strategies, which adds further depth to the analysis of SCV performance.
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For researchers, the study provides a holistic approach to measure the
volatility of a product’s SC which can be the basis for further research.
Prior research in the assessment of SCV evaluated volatility in SCs from a
macroeconomic perspective via measuring the volatility of exchange rates,
raw material prices, and other factors (Christopher & Holweg, 2011,
2017). Although it is of importance to measure and monitor the volatility
of SCM-related market prices, from a practitioner point of view, a case-
based evaluation of their specific state of SCV is necessary to derive SC-
specific information and initiate more purposeful actions from it.

7. Conclusion and final remarks

By incorporating volatility management performance data from 87
manufacturing firms, this paper proposes a benchmarking instrument
that enables a case-based assessment of the SCV management
performance of a manufacturer. For practitioners especially, it is
important to identify areas on which to focus when seeking to manage
SCV observed in their products’ SCs. However, like every study, this one
also has limitations that must be pointed out.

First, the benchmarking data gathered from 87 manufacturing firms
provides a solid basis, but has to be extended to a larger scale in order to be
more reliable. The current sample size is, on the one hand, large enough
to enable the intended benchmarking, but, on the other, is too small to
extract more fine-grained analyses.

Second, the contextualization of benchmarking data according to
make to order and make to stock production strategies adds depth to
the analysis of benchmarking but can only be understood as a starting
point for further contextualization that is still necessary. Since it is the
first study of its kind, it was intended to cover a heterogencous group of
manufacturing companies, but for future analyses the sample size needs
to be increased and should be focused only on certain industries. In
particular, a more in-depth analysis of benchmarking data according to
different manufacturing industries (automotive, consumer goods, and
others) would be necessary and of particular relevance for practitioners,
since this would enable them to benchmark themselves against their
competitors. Unfortunately, due to the sample demographics described
in Table 6, such an analysis could not reliably be undertaken.

Third, the proposed benchmarking instrument assesses the impact of
certain SCV sources on volatility of a product’s SC via a benchmarking
of volatility management performance data. It thereby assesses the
performance of a product’s SC in a certain category according to the
benchmark, but it does not relate this to the impact on overall company
performance. This being said, this study has to be understood as a call for
further quantitative research on the impact of SCV sources on company
performance.

Fourth, the measuring instrument assesses the volatility performance
in certain areas of volatility management but does not relate this
performance with the resulting costs of achieving a good performance
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score in a particular category. For example, if a company achieves very high
on-time delivery rates on the supply and demand sides, the company gets
alow volatility score for the source of variable lead times, which indicates
to them good volatility management performance in that category. But
the measuring instrument does not take into account at what cost this
performance has been achieved. In the described case, the company
argued that they invest a lot into special freight to maintain good on-
time delivery rates. However, the relationship between cost and volatility
management performance certainly is of importance but was beyond the
scope of this research paper and still remains an area for future research.

Fifth, the benchmarking instrument is based on a weighted scoring
model. Therefore, assumptions had to be made. Although the calculation
of the overall Supply Chain Volatility Score (SCscy) is based on weights
proposed by Nitsche (2018), for the calculation of corresponding sub-
scores assumptions were necessary. For example, to calculate SCoy the
calculation of the sub-score SCyape is necessary that expresses the
impact of inaccurate forecasting on SCV. Therefore, we assumed that
an inaccurate short-term MAPE (one month ahead) on product variant
or family level has a bigger impact on a bad overall SCV score that an
inaccurate medium and long-term MAPE (three or six months ahead)
since more expensive countermeasures have to be initiated to avoid
negative effects of inaccurate forecasting. Although this assumption
seems intuitive and was based on practitioners’ feedback that have
been involved in the instrument building process, it was not based on
quantitative research and situations might occur where this assumption
does not hold true and the user of the instrument has to adjust the
weights. This being said, the weights to calculate all sub-scores were based
on assumptions and further quantitative testing would be necessary to
come to more fine-grained weights.

Sixth, although we aimed at reducing bias in the procedure of variable
definition for the benchmarking instrument by involving additional
feedback from researchers and practitioners, the variables chosen were
partially based assumptions and other variables could have been useful
as well. Since previous research on managing SCV did not focus on
measuring the performance of SCV management, this study has to be
understood as a first step in this area and further research on how to
measure SCV is still necessary.

Nevertheless, the study extends prior research on the assessment of
SCV that has so far taken a macroeconomic perspective by adding a
microeconomic view that is of particular importance for SC managers
who are managing SCV on a daily basis. To the best of the authors’
knowledge, the study is the first of its kind that seeks to assesses SCV
management performance in a holistic way.

8. Final note

This article presents an extended version of a conference paper that has
been presented at the 2018 POMS conference in Rio de Janeiro, Brazil.
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The conference paper has been published in the Springer proceedings of
the conference (Leiras et al., 2019). The extended version of the article is
also part of a cumulative thesis that has already been published (Nitsche,
2019).
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