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Abstract

Purpose — Researchers have long sought to understand how risks in supply chains (SCs) affect firm
performance. Yet, they have not fully subjected claims of how SC risks affect firm financial performance to
theoretical and empirical scrutiny. The purpose of this paper is to investigate the links between SC risks and
firm financial performance.

Design/methodology/approach — The author analyzes how SC risks affect firm financial performance
from the perspective of marginal financial performance (MFP) using survey and financial statement data.
The author employs structural equation modeling to examine the hypotheses using 106 Taiwanese listed
companies across 20 industries.

Findings — The findings regarding the importance of industry-specific risk, organizational risk, internal
business process risk, and demand risk are consistent with prior studies. The author finds that demand risk
has an MFP of —0.20, the highest negative effect among the risk variables. The findings also show that
industry-specific risk possesses an MFP of —0.16, the second-highest negative effect, despite having no direct
effect on financial performance.

Research limitations/implications — This paper examines how SC risks affect MFP via combining
survey and financial statement data. It does not assume the reported MFP estimates apply to all businesses in
other countries. However, future research could triangulate our findings.

Originality/value — This study combines survey and financial data to analyze how SC risks affect firm
financial performance. Specifically, it provides a methodology for estimating quantitative cause-effect
relationships between SC risk and firm financial performance, an important topic that receives less research
interest in the field of supply chain management.

Keywords Risk and performance, Financial performance, Risk measurement, Supply chain risk
Paper type Research paper

1. Introduction

In modern business environments characterized by ever-increasing competition and
globalization, managers use innovative technologies and strategies to achieve and sustain
competitive advantages (Chan and Qi, 2003). Because supply chains (SCs) consist of all
activities associated with the flow and transformation of goods from the raw material stage
to the end user (Handfield and Nichols, 1999), effective supply chain risk management
(SCRM) via coordination and collaboration among SC partners is key to ensuring
profitability and continuity (Brindley, 2004; Tang, 2006). Not surprisingly, a considerable
amount of literature has accumulated on the subject (e.g. Kleindorfer and Saad, 2005;
Ritchie and Brindley, 2007; Rotaru et al., 2014; Zsidisin, 2003; Zsidisin and Ellram, 2003).

One recent finding, for example, is that two organization-level factors, perceived
operational similarity and market leadership, significantly influence the risk manager’s
likelihood of learning what might trigger other firms' operational losses (Hora and
Klassen, 2013). Another finding is that improved internal integration of core business
processes within a company enhances demand visibility and thus decreases demand risk
(Kache and Seuring, 2014).

However, despite the panoply of studies that acknowledge the importance of SCRs to
firm performance (e.g. Bavarsad ef al, 2014; Cao and Zhang, 2011; Ghadge et al., 2013;
Ritchie and Brindley, 2007; Tracey et al, 2005; Zhao et al., 2013), relatively few analyze the
impact of supply chain risk (SCR) on firm financial performance. Although few studies do
examine the effects of SCR on financial performance, they largely rely on perceptual
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measures (e.g. Bavarsad et al, 2014; Cao and Zhang, 2011; Zhao et al., 2013), which fail to
provide real financial performance quantitatively.

Therefore, the main objective of this research is to assess how SCR affects firm financial
performance from the perspective of marginal financial performance (MFP) by using a
combined method of surveys and financial reports. Such assessment is significant, as the
primary aspect of SCR, according to its definition, involves assessing the impact of an
incident or failure in SC operations on financial performance (Zsidisin, 2003).

The rest of this paper is organized as follows. Section 2 reviews related studies, Section 3
delineates the test hypotheses, Section 4 describes the sample collection and presents the
research methodology, and Section 5 depicts the statistical tests and model building.
Section 6 discusses the implications of the research results. Section 7 presents the research
summary and conclusions.

2. Research background

A SC is an integrated process wherein raw materials become final products and then are
delivered to customers through distribution, retail, or both (Cohen and Moon, 1990). SCR is
the potential occurrence of an incident or failure in the process of planning, executing,
monitoring, and controlling SC operations that results in a financial loss for the purchasing
firms (Zsidisin, 2003). Whilst managing SCR is critical to maintaining competitive
advantage in the ever-changing business environment, SCRM via coordination or
collaboration among supply chain partners (Brindley, 2004; Tang, 2006), has drawn great
attention from practitioners and researchers alike.

Numerous academics and practitioners perform extensive research to develop SCRM
models by examining and identifying the determinants of risk performance in SCs
(e.g. Cucchiella and Gastaldi, 2006; Kleindorfer and Saad, 2005; Kraljic, 1983; Neiger et al.,
2009; Rao and Goldsby, 2009; Ritchie and Brindley, 2007; Rotaru et al., 2014; Wu et al, 2006;
Zsidisin, 2003; Zsidisin and Ellram, 2003). For example, based on an analysis of in-depth
interviews with purchasing professionals from nine manufacturing companies, Zsidisin
et al. (2000) note that purchasing organizations should create contingency plans and
implement process-improvement and buffer strategies in response to supply risks.

Lewis (2003) uses a case-based approach to develop a preliminary model of operational risk
based upon the input and outcome dimensions of causal events and negative consequences.
He then revises his model based on the empirical findings from four operational failure
case studies from a financial services provider, a retail firm, an industrial components
manufacturer, and an aerospace components manufacturer. Zsidisin and Ellram (2003) use
regression analysis to examine the relationship between supply risk sources and techniques to
manage that risk. Based on a sample of 261 purchasing organizations, they conclude that a
significant correlation exists, and purchasing organizations indeed address various sources of
supply risk by implementing management techniques that reduce the likelihood of
detrimental events.

Using a secondary analysis of the published and grey literature supplemented by case
studies, Finch (2004) notes that large corporations increase their exposure to the risk of
information management and maintenance by having small- and medium-size enterprises
as partners in critical positions in the SC. Gaudenzi and Borghesi (2006) propose an
analytical hierarchy process (AHP) model to identify SCR factors. Based on a case study of a
focal company, they conclude that the involvement of managers from different disciplines is
essential in establishing a complete risk analysis.

Ritchie and Brindley (2007) employ conceptual and empirical work in SC management
and other related fields to develop a conceptual SCRM framework that integrates the
dimensions of risk and performance to categorize SCR drivers. Tsai et al (2008) combine
transaction cost theory and the resourced-based view to develop a framework of risk events
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and then use the AHP to calibrate the relative importance of the risk events. Using a sample
of 116 retail chains, they conclude that outsourcing risk perception is positively related to
the range of logistical functions outsourced.

Subsequent work by Jiang et al (2009) uses a combined method of factor analysis and
logistic regression analysis to determine the reasons for labor turnover in order to help
managers deal with labor-related SCRs. Using a sample of 634 manufacturing workers from
various industries (e.g. electrical and electronic, plastic and rubber, machinery, industrial
chemicals, and furniture and fixture industries), they show that meager human resource
management practices, poor production and operations management activities, and unfair
buyer behaviors are significant predictors of labor turnover for migrant workers. Blos et al.
(2009) use an exploratory case study methodology to identify the SCRs in the automotive
and electronic industries and conclude that better SC communication, business training
programs, and the creation of a chief risk officer are significant practices to manage SCRs.

Based on a study of 223 purchasing managers and buyers of direct materials using the
structural equation modeling (SEM) technique, Ellis et al (2010) note that both the
probability and the magnitude of supply disruption are important to buyers’ overall
perceptions of supply disruption risk. Building on the risk management process in
Tummala et al. (1994), Tummala and Schoenherr (2011) propose a structured and ready-to-
use approach for managers to assess and manage risks in SCs. Colicchia and Strozzi (2012)
use a systematic literature-network analysis to outline a research agenda that facilitates the
development of models for managing SCRs.

Recently, Ghadge et al (2013) use a systems-thinking approach to develop a framework
for SCRM and test the framework using an industrial case study. They claim that their
framework is able to assess risk and predict failure points along with their overall risk
impact in the SC network. Using content analysis to execute a systematic literature review
of 103 articles published in ten leading logistics, SCM, and operations management journals,
Kache and Seuring (2014) examine the links among collaboration, integration, risk, and
performance in SCs and conclude that collaboration and integration are as central to SCM as
risk and performance management. More recently, Pradhan and Routroy (2016) use
SEM to examine the relationship between supply risk and supply management. Based on a
sample of 239 SC managers, they conclude that supply risk management has a direct
positive effect and an indirect positive effect (mediated by contract management) on supply
management performance.

Although many studies use a wide variety of measures to describe SCRM performance
and the input characteristics that affect the performance, relatively few investigate
the effects of SCRs on firm performance. Some studies (e.g. Bavarsad et al., 2014; Cao and
Zhang, 2011; Zhao et al., 2013) do examine SCRs’ impacts on firm performance; these studies,
however, focus on delineating the relationships between SCRs and firm performance[1].
Therefore, there appears to be a lack of research focusing on the impact of SCRs on
financial performance.

In addition, SCR models in the SCM literature largely rely on perceptual measures
(e.g. Chen, 2011, 2012; Ellis et al, 2010; Hora and Klassen, 2013; Zhao et al., 2013). The values
of these perceptual measures, such as a seven-point Likert scale measuring the extent to
which a respondent perceives performance as “strongly disagree” (=1) to “strongly agree”
(=7), test hypotheses or develop models.

Although the reliability and validity of such perceptual measures have been rigorously
proven (Ketokivi and Schroeder, 2004), perceptual measures, however, fail to provide real
financial performance quantitatively. This is significant, as the primary aspect of SCRs,
according to its definition, involves assessing the impact of an incident or failure in SC
operations on financial performance (Zsidisin, 2003). Consequently, there is a need for
research that explores and assesses how SCRs affect MFP[2].
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Some extant studies in the field of supply chain finance (SCF) research (e.g. Lanier et al,, 2010;
Pfohl and Gomm, 2009; Shi and Yu, 2013; Timme and and Wanberg, 2011; Wuttk ef al, 2013)
investigate the relationships between SC execution and financial performance; they,
however, concentrate on SC performance’s impacts on financial performance, or linkages
between SC and financial performance. Few focus on the effects of SCRs on financial
performance. For example, Presutti and Mawhinney (2007) use the balanced scorecard approach
(Kaplan and Norton, 1996) to demonstrate critical link between a firm'’s overall SC performance
and economic value added.

Pfohl and Gomm (2009) analyze the roles of financial flows in SCs and SC performance’s
impacts on these flows and thus develop a conceptual SCF framework that integrates the
objects, actors, and levers of SCF to optimize financial flows. Drawing on the resource-based
view of the corporation, Ellinger et al (2011) assess the relationships between SCM
competency and financial performance using Delphi-style opinion data from AMR
Research’s Supply Chain Top 25 rankings. They conclude that firms recognized by industry
experts for SCM competency have significantly higher financial performance than their
close competitors and industry averages.

Subsequent work by Wuttk et al (2013) notes that harmonization of physical and
financial flows across SC networks is important to overall SC performance. Using a case
study of six manufacturing firms, they propose a SCF adoption framework for managers to
better synchronize these flows, thus improving working capital and reducing costs.
Using content analysis to perform a systematic literature review of 49 research articles
published between 1990 and 2011, Shi and Yu (2013) conclude that effective SCM increases
both accounting- and market-based financial performance measures through the
improvements in revenue growth, operating costs reduction, and working capital efficiency.

Recently, based on an in-depth case study of two international banks, Silvestro and
Lustrato (2014) note that improved SC integration that requires an understanding of the
flow of physical and financial resources across supply networks enhances optimization of
manufacturer’s liquidity and working capital. Vazquez et al. (2016) use a two-factor ANOVA
model to examine link between SC performance and working capital management and
conclude that improved financial cooperation in SCs enhances production efficiency in
plants throughout the value chain.

3. Research hypotheses
Now the question is how to estimate the impact of changes in a risk construct in SCs on MFP.

To answer this question, we propose a conceptual corporate SCR financial model
(see Figure 1) consisting of six dimensions. The proposed model is based on an extensive
review of the interdisciplinary literature and consultation with several experienced
researchers and practitioners.

Central to our model is that industry-specific uncertainties and firm-level risks affect
SCR, which has a direct impact on corporate financial performance. Industry-specific
uncertainties are those that may not affect all sectors of the economy as a whole, but rather
specific industry segments (Rao and Goldsby, 2009; Ritchie and Marshall, 1993). Prominent
examples of industry-specific uncertainties are input market uncertainties, product
market uncertainties, and competitive uncertainties, which have certain impacts on SCR
(Miller, 1991).

For example, Miller (1991) states that unexpected changes in the demand for an
industry’s output may affect a firm’s output, increasing SCR for downstream members.
Simons (1999) notes that competitive risk that influences a firm’s ability to differentiate its
products from its competitors plays an important role in SCR and market competitiveness.
Fynes et al. (2005) conclude that competitive uncertainties in the market environment are a
critical contingency variable in conceptual and empirical studies in SCRM.
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A subsequent study, Tang (2006), demonstrates that input market uncertainty leads to
uncertain quality and reliability, thereby increasing SCR for downstream members.
Schoenherr et al. (2008) note that labor strikes, process breakdowns, supplier disruptions,
logistical failures, and political and competitive uncertainties adversely affect SC stability.
Jiang et al (2009) conclude that uncertainty in labor markets causes a reduction in
final-product quality that increases the level of inherent risk for downstream members
of the SCs.

Based on Miller (1991), Simangunsong et al. (2012) recommend coordination with
industry leaders to stabilize the market and reduce competitive uncertainties. Recently,
Selviaridis and Norrman (2014) suggest that firms in service SCs commonly transfer
competitive uncertainty in price and cost to downstream members of the SCs. Thus, we
propose that:

Hla. Supply risk is positively related to industry-specific uncertainties.
HI1b. Demand risk is positively related to industry-specific uncertainties.

Though researchers commonly suggest that external risk (ie. industry risk) adversely
affects SC performance (Rao and Goldsby, 2009; Simons, 1999; Simangunsong et al, 2012),
internal business risk has the potential to degrade SC operating conditions and, thereby,
their performance outcomes (Mann, ef al, 2010). Many scholars contend that supply
risk is contingent upon internal business management (Bavarsad et al, 2014; Kaplan and
Norton, 2001). Through a better internal business management, a focal firm can improve
collaboration with supplier firms and thus achieve a high level of lean supply operations
(Stratton and Warburton, 2003).

Simatupang et al (2004) report that firms seek ways to improve their internal
business processes to improve competitiveness in SCs by adopting the theory of
constraints approach. Rao and Goldsby (2009) suggest that uncertainties in internal
business processes and organization increase risk in product quality, which in return
affect the production or consumption of a company’s product. Kache and Seuring (2014)
report that improved internal integration of core business processes within a company
enhances demand visibility. In general, researchers suggest that the better organizational
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and internal business management is, the better SC performance is (Rao and Goldsby,
2009; Stratton and Warburton, 2003; Simangunsong et al., 2012). Hence, we hypothesize:

HZ2a. Supply risk is positively related to organizational risk.

H2b. Demand risk is positively related to organizational risk.

H3a. Supply risk is positively related to internal business process risk.
H3b. Demand risk is positively related to internal business process risk.

In particular, studies have long recognized SCRM as a key factor in business performance
(e.g. Chen and Paulraj, 2004; Cucchiella and Gastaldi, 2006; Ellis et al, 2010; Kache and
Seuring, 2014; Tan ef al, 1998; Trkmana and McCormack, 2009). For example, using a
sample of 474 manufacturing managers and LISREL analysis, Tracey et al (2005) show that
performance risk in SCM capabilities (outside-in, inside-out, and spanning) is an important
determinant of a firm’s business performance. Based on a systematic literature review,
Cucchiella and Gastaldi (2006) conclude that improved SCRM leans the production process,
increases consumer satisfaction, and enhances inside productivity, thereby producing better
business performance.

Though SC disruption risk has immediate or delayed negative effects on business
performance over the short run and/or long run, depending on the severity of the disruption
and the business’s recovery capabilities (Sheffi and Rice, 2005). Craighead et al. (2007) and
Hendricks and Singhal (2005, 2008, 2009) further note that return on sales, return on assets
(ROA) and stock returns are negatively associated with SC disruption risk. Trkmana and
McCormack (2009) state that the likelihood of supply disruption is a key challenge to SCRM.
Ellis et al (2010) explore and operationalize the relationships in the magnitude of supply
disruption, the probability of supply disruption, and overall supply disruption risk.

Cao and Zhang (2011) report that SC collaboration helps firms leverage resources and
knowledge of their suppliers and customers to reduce SCR. It thus has a positive impact on
business performance. Wagner et al (2012) uses regression analysis to examine
the relationships between SC fit (i.e. strategic consistencies between a product’s supply
and demand uncertainty and the underlying SC design) and the financial performance of the
firm. Using a sample of 259 manufacturing firms, they conclude that the higher the
products’ supply and demand uncertainty is, the lower the ROA of the firm has.

In addition, Kache and Seuring (2014) assess the links among collaboration, integration,
risk, and performance in SCs and suggest that SC collaboration and integration are central
to SCRM. Therefore, we hypothesize:

H4. Supply risk has a significant negative effect on firm financial performance.

Hb5. Demand risk has a significant negative effect on firm financial performance.

4. Research methodology
4.1 Participants and procedures
The survey instrument is based on a detailed examination of literature in the SCM and
organization-theory fields, as well as consultation with several experienced researchers.
Prior to the data collection, a panel of SC practitioners from different industries reviewed the
questionnaire for structure, readability, clarity, and completeness. The final version of the
survey questionnaire comprises two sections. The first section, composed of open-ended
questions, gathers detailed background information of the companies such as annual
revenue, capital, and industrial sector.

The second section of the survey consists of multiple-choice questions in which
respondents indicate on a seven-point Likert scale the extent to which levels of certain risk
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variables are in SC in the year. (If not otherwise indicated, all measures use a scale in
which —3 means “strongly disagree,” 0 means “neutral,” and 3 means “strongly agree.”
High and low scores suggest high and low risk, respectively.)

Data collection occurred in two stages. In the first stage, we contact the companies listed
on the Taiwan Stock Exchange. The reasons we choose the listed companies are that they
are commonly much larger and more representative of their industries, and they publish
annual and interim (semi-annual and quarterly) financial reports, making computation of
financial performance ratios possible.

The sample respondents were expected to have experience or knowledge in SCM.
The target respondents are CEOs, presidents, general managers, directors, or managers in
the industries, excluding those in financial services sectors. The sample companies cover
20 TSIC[3] codes: cement (TSIC 01), food (TSIC 02), rubber (TSIC 03), textiles (TSIC 04),
electric machinery (TSIC 05), electronics and cables (TSIC 06), paper and pulp (TSIC 09), iron
and steel (TSIC 10), construction and building materials (TSIC 14), tourism (TSIC 16), retail
(TSIC 18), miscellaneous (TSIC 20), chemicals (TSIC 21), computer and peripheral equipment
manufacturing (TSIC 25), optoelectronics (TSIC 26), internet-based workplace
communications (TSIC 27), electronic components (TSIC 28), electrical distribution
(TSIC 29), information services (TSIC 30), and electronics miscellaneous (TSIC 31). The 22
sectors include 1,402 companies in 2013.

Of the 1,402 listed companies on the Taiwan Stock Exchange that we invited to
participate in this research, 123 participated during the period of November to December
2013. On a seven-point Likert scale, they indicate the extent to which level of a particular
risk variable exists in their SCs that year. Out of the 123 responses received (17 incomplete),
106 are usable, resulting in a 7.56 percent response rate. Table I shows the characteristics of
the respondents.

In the second stage, we collect the 106 firms’ 2013 annual balance sheets and income
statements from the Taiwan Economic Journal (TEJ) database to compute financial ratios,
which we use to evaluate firm financial performance in 2013.

4.2 Measures and analysis

We choose profit margin (PM), ROA, and return on equity (ROE) to measure corporate
financial performance. The rationales are straightforward: PM indicates a firm’s overall
operating performance (Salancik and Pfeffer, 1980), ROA indicates how efficiently a firm’s
management generates income from firm resources (Mahajan and Singh, 2013), and ROE
measures how efficiently companies produce earnings from shareholder capital (Lau and
Sholihin, 2005). We calculate PM, ROA, and ROE using the following formulas:

Profit margin = Net income /sales @
Return on assets = Net income/total assets 2
Return on equity = Net income/stockholders’ equity 3)

We compute PM, ROA, and ROE using data from TE]J. The 106 listed firms’ PMs, ROAs,
and ROEs range from —89.69 to 37.21 percent, —25.93 to 29.41 percent, and —55.57 to
40.75 percent, respectively. The respective lower quartile, median, and upper quartile values
of the firms’ PMs are —0.80, 3.35, and 9.41 percent, those of the firms’ ROAs are —0.78, 2.20,
and 640 percent, and those of the firms’ ROEs are —1.28, 345, and 9.66 percent.
The respective mean values of the firms’ PMs, ROAs, and ROEs are 2.25, 2.80, and
4.18 percent, with corresponding standard deviations of 16.23, 7.47, and 12.66 percent.

Corporate
financial
performance




Downloaded by UNIVERSITY OF NEW ENGLAND (AUS) At 08:19 22 February 2018 (PT)

JOPM

Table 1.

Sample demographic
characteristics

(106 responses)

Variables Total responses Total companies in the industry in 2013 Percentage
TSIC

01 1 7 14.3
02 3 25 12.0
03 3 30 10.0
04 6 55 109
05 6 76 79
06 2 17 118
09 1 7 14.3
10 4 41 9.8
14 1 70 14
16 1 22 45
18 2 26 77
20 10 97 10.3
21 11 124 89
25 3 111 27
26 9 126 7.1
27 6 80 75
28 15 197 7.6
29 1 40 25
30 3 37 81
31 18 214 84
Firm Size

1-100 11

101-300 33

301-500 21

501-1000 21

1001-2000 10

2001-5000 7

5001-10000 2

10001+ 1

Job Title

CEOs/presidents 7

General managers 13

Directors 11

Senior managers 64

Others 11

The industry-specific risk, organizational risk, internal business process risk, supply risk,
and demand risk variables are based on a systematic review of literature concentrating on a
research question that tries to identify, appraise, choose, and synthesize all evidence
relevant to that question (Adams ef al, 2006). Important to the review process is the use of
explicit, reproducible criteria, an appraisal of the quality of the research, and the strength of
the findings (Tranfield ef al, 2003). We broadly adopt review methodology detailed by
Tranfield et al (2003) and Colicchia and Strozzi (2012)[4].

Industry-specific risk is measured on a seven-item scale based on the representative
studies, including Chen and Paulraj (2004) and Miller (1991). Sample items are “ISR1:
The industry faces high uncertainty of input markets,” “ISR2: The industry faces high
uncertainty of product markets,” “ISR3: The industry faces high policy uncertainty due to
frequent changes in government policy,” and “ISR 4: The industry is characterized by
rapidly changing technology.”

Organizational risk is measured on a seven-item scale based on representative studies,
including Finch (2004), Miller (1991), and Rao and Goldsby (2009). Sample items are
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“OR1: We face a high firm-specific input supply uncertainty due to competition of scarce
resources,” “OR2: We consistently face a lack of skilled labor, and it is difficult for us to
retain our skilled labor,” “OR3: Our accounts receivable is well managed, and we pay our
suppliers without delay,” and “OR4: We provide right incentives for supporting activity and
functional performance that contribute optimally to firm, not just for agency’s personal
welfare or sub-optimization across business functions.”

Internal business process risk is measured on a ten-item scale based on representative
studies, including Finch (2004), Kaplan and Norton (1996), Kleindorfer and Saad (2005), and
Rao and Goldsby (2009). Sample items are “IBPR1: We have a relatively high average cost
per transaction compared to our competitors,” “IBPR2: We continuously improve the
production-cycle time of our products,” “IBPR3: Our firm’s manufacturing process quality is
relatively low compared to our competitors,” and “IBPR 4: Time to market of new product/
service is relatively long compared to our competitors.”

Supply risk is measured on a nine-item scale based on representative studies, including
Kraljic (1983), and Lee and Billington (1993). Sample items include “SR1: The suppliers are
unable to handle our volume demand changes,” “SR2: The suppliers are unable to fully work
together with us to achieve our goals,” and “SR3: The suppliers are unable to consistently
meet our quality requirements,” and “SR4: The suppliers are unable to consistently provide
competitive pricing for the same goods and services.”

Demand risk is measured on a seven-item scale based on representative studies,
including Chen and Paulraj (2004), Tummala and Schoenherr (2011), and Zsidisin (2003).
Sample items include “DR1: Our master production schedule has a high percentage of
variation in demand,” “DR2: Our market has excess supplier capacity,” “DR3: Our market
constantly experiences new ideas and emerging technology for creating new products,” and
“DR4: The volume and/or composition of demand is difficult to predict.”

The methodology to test the hypotheses and, hence, to quantify the impact of SC risk on
firm financial performance is threefold. First, this study performs an isolated model analysis
of each risk dimension to evaluate the ability of the set of items to its associated dimension.
Items with factor loadings smaller than 0.50 are primary candidates for deletion. We assess
further deletion of a dimension’s item scales for refining the initial measurement instrument
through repeated model fittings based on examining standardized loadings, interpretability,
and content validity along with a minimum standardized root mean square residual (RMSR)
procedure (Wallace et al., 2004) [5]. This process of removing variables (i.e. item scales) with
excessive errors that contribute little valid variance to the measurement model reduces
measurement noise (Kaplan, 1990; Saklofske and Zeidner, 1995).

Second, this study develops the overall measurement model from the refined measurement
instrument based on the confirmatory factor analysis (CFA) (Hair et al, 2009; Harrington, 2008).
Third, this study uses SEM (Kline, 2010; Lee, 2007) to test our hypotheses and thus quantifies
the impact of each risk construct on firm financial performance.

5. Research results

This section depicts the statistical tests and model building. Section 5.1 analyzes the isolated
models. Section 5.2 delineates the analysis of the corporate SCR financial-measurement
model, and section 5.3 reports the test results of the corporate SCR financial model.

5.1 Analysis of isolated models

The first objective of analysis of isolated models is to create a parsimonious measurement
model for SCRs. The second objective is to generate sufficient conditions regarding the
sample size for a valid, stable factor solution. Table II lists the item scales ultimately
retained for each performance dimension. The fit measures for the isolated models based on
the refined scales concluded from repeated model fittings using an RMSR procedure show a

Corporate
financial
performance
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Table II.

Financial performance
and final survey items
in the SCR financial-
measurement model

Factor
Variable loadings Measure
Corporate financial ~ CR=0.75, AVE =0.83, RMSR < 0.01
performance
CFP1 0.78 Profit margin
CFP2 1.03 Return on assets
CFP3 0.90 Return on equity

Industry-specific risk CR =0.80, AVE =0.54, RMSR =0.03

ISR2 0.57 The industry faces high uncertainty of product markets

ISR4 0.74 The industry is characterized by rapidly changing technology
ISR6 0.60 The rate of process obsolescence is high in the industry

ISR7 0.96 The production technology changes frequently

Organizational risk

CR=0.80, AVE =0.61, RMSR < 0.01

OR1 0.66 We face a high firm-specific input supply uncertainty due to competition
of scarce resources

OR2 0.86 We consistently face a lack of skilled labor, and it is difficult for us to
retain our skilled labor

OR3 0.82 Our accounts receivable is well managed, and we pay our suppliers
without delay®

OR4 0.76 We provide right incentives for supporting activity and functional

Internal business
process risk

performance that contribute optimally to firm, not just for agency’s
personal welfare or sub-optimization across business functions®
CR=10.80, AVE =0.52, RMSR = 0.03

IBPR2 0.84 We continuously improve the production-cycle time of our products *

IBPR3 0.66 Our firm’s manufacturing process quality is relatively low compared to
our competitors

IBPR4 0.71 Time to market of new product/service is relatively long compared to our
competitors

IBPR5 0.64 Our production planning has a low level of accuracy

Supply risk CR =0.75, AVE =0.58, RMSR < 0.01

SR2 0.65 The suppliers are unable to fully work together with us to achieve our goals

SR3 0.89 The suppliers are unable to consistently meet our quality requirements

SR4 0.72 The suppliers are unable to consistently provide competitive pricing for
the same goods and services

Demand Risk CR=0.75, AVE =0.83, RMSR < 0.01

DR1 0.85 Our master production schedule has a high percentage of variation in demand

DR4 0.89 The volume and/or composition of demand is difficult to predict

DR7 0.99 Our products are with short life cycles

Note: *Reverse-coded item; item measure’s sign is reversed

good fit with the observed data. The RMSRs of the isolated models are either equal to or
smaller than 0.03, which indicates a good model fit (Harrington, 2008).

The respective composite reliabilities (CRs), average variance extracted (AVE), and
standardized factor loadings range from 0.75 to 0.80, from 0.52 to 0.83, and from 0.57 to 1.03,
respectively, which are higher than the recommended respective threshold values of 0.60,
0.50, and 0.50 (Fornell and Larcker, 1981; Kline, 2010). We therefore conclude that the item
scales provide an adequate and reliable measure of fit for the six dimensions of the
measurement model.

5.2 Analysis of overall measurement model

The objective of analysis of overall measurement model is to create a valid corporate SCR
financial-measurement model for testing the hypothesized model (Figure 1). The corporate
SCR financial-measurement model, which is congeneric, includes the corporate financial
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performance, industry-specific visk, organizational visk, internal business process risk, supply
risk, and demand risk constructs that correlate with all other constructs. To test for
convergent validity, we use the standardized factoring loadings, CR, and AVE to evaluate
the relative convergence among item measures. High loadings on a factor indicate that they
converge on a common point, suggesting high convergent validity (Harrington, 2008). All
standardized factor loadings range from 0.58 to 1.03 and are significant at the p < 0.001
level, suggesting the existence of convergent validity.

The square of a standardized factor loading addresses how much the latent construct
explains the variation in an item measure, which is termed the variance extracted of the
measure. Hence, an AVE of 0.5 or higher demonstrates adequate convergence. This
indicates that, on average, less error remains in the measures than variance explained by the
latent construct (Kline, 2010). As the bottom of Table III shows, the respective AVE values
of corporate financial performance, organizational risk, internal business process risk,
supply risk, demand risk, and industry-specific risk are 0.82, 0.61, 0.50, 0.50, 0.80, and 0.55,
respectively, suggesting an adequate convergence for all the constructs.

In addition, CR, computed from the squared sum of factor loadings for a construct,
divided by the squared sum of factor loadings and the sum of error-variance terms for the
construct, shows whether the measures consistently represent the same latent construct.
A CR of 0.6 or higher indicates convergent validity (Kline, 2010; Lee, 2007). The bottom of
Table III shows that the respective CR values of corporate financial performance,
organizational risk, internal business process risk, supply risk, demand risk, and industry-
specific risk are 0.75, 0.80, 0.79, 0.75, 0.75, and 0.80, confirming an adequate convergence for
all the constructs.

To test for discriminant validity, the extent to which a construct is actually distinct from
other constructs, we compare the AVE values for any two constructs with the square of the
correlation estimate between the constructs, which is a more rigorous test (Fornell and
Larcker, 1981). As seen in Table III, the AVE value of corporate financial performance is
0.82, which is greater than the square of the correlation estimate between corporate financial
performance and any of the other constructs. The AVE value of organizational risk is 0.61,
which is greater than the square of the correlation estimate between organizational risk and
any of the other constructs; likewise, the AVE values of internal business process risk,
supply risk, demand risk, and industry-specific risk are all greater than the square of their
respective correlation estimates. This comparison suggests that any latent constructs in the
measurement model explain more of the variance in item measures than they share with
other latent constructs, providing strong evidence of discriminant validity for the
measurement model.

The analysis results of the measurement model suggest an adequate fit with the data.
The model (%/df = 1.585, which is smaller than the threshold value of 2.000 suggested by

Corporate Internal Industry-
financial ~ Organizational — business Supply Demand specific
Variable performance risk process risk  risk risk risk
Corporate financial performance 1
Organizational risk 0.02 1
Internal business process risk 0.01 0.34 1
Supply risk 0.00 0.36 0.37 1
Demand risk 0.04 0.35 0.00 0.03 1
Industry-specific risk 0.01 0.00 0.04 0.02 0.59 1
Average variance extracted 0.82 0.61 0.50 0.50 0.80 0.55

Composite creditability 0.75 0.80 0.79 075 075 080

Corporate
financial
performance

Table III.

Squared correlations,
average variance
extracted, and
composite creditability
of the SCR financial-
measurement model
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Figure 2.
Corporate SCR
financial model

Table IV.
Summary of

Kline (2010); CF1=0.928 and TLI = 0.910 are both higher than the threshold value of 0.900
suggested by Fornell and Larcker (1981), and the RMSEA = 0.076 is smaller than the
threshold value of 0.080 (Kline, 2010; Lee, 2007).

5.3 Testing the corporate SCR financial model

This section describes how this study tests the hypothesized model and what the test results
are. We test the hypothesized model (Figure 1) using SEM (Kline, 2010; Lee, 2007).
The model-fit indices suggest that the model fits the data adequately, where the model
;(Z/df =1.607, CFI=0.926 TLI =0.911, and RMSEA = 0.076. This insignificant difference in
the relative y*(1.585 vs 1.607) strongly suggests model validity (Kline, 2010).

Figure 2 presents the results of the eight hypothesized relationships (H1a-H5) among the
study constructs, and Table IV summarizes the results of the hypotheses tests. Of the eight,
three are highly significant at the 0.001 level, two are significant at the 0.05 level, one is
mildly significant at the 0.10 level, and two are nonsignificant. H1a and H1b, which infer
that industry-specific risk has a direct positive impact on supply and demand risk,

ISR2 ISR4 ISR6 ISR7

0.59\0.77,/0.66~0.91

0.80\0.68 /0.65

Industry-

specific 0.227*

risk

0.34%%2

OR1 [%0.70

0.8
OR2 Organizational Corpor_ate
)82 risk financial
or 0 performance
OR4
ok 7020* *
0.58

.77 ¢1.03 \0.89

0.
CFP1 CFP2 CFP3
Internal

business
process risk

Significant path

0.78 /0.69\0.68 ~\0.67 — —— —  — oo Nonsignificant path

IBR2 || IBR3 || IBR4 || IBRS

Notes: *p<0.10; **p<0.05; ***p<0.001

Hypothesized path Standardized path coefficient ~ Result

Hla: industry-specific risk — (+) supply risk 0.22%* Supported
H1b: industry-specific risk — (+) demand risk 0.78%%%* Supported
HZ2a: organizational risk — (+) supply risk 0347 Supported
H2b: organizational risk — (+) demand risk 0.01 Not supported
H3a: internal business process risk — (+) supply risk 0.45%%% Supported
H3b: internal business process risk — (+) demand risk 0.15% Supported
H3: supply risk — (=) corporate financial performance -0.01 Not supported
H4: demand risk — (-) corporate financial performance —0.20%* Supported

hypothesis test results Notes: *p < 0.10; **p < 0.05; ***p < 0.001
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are significant at the 0.001 and 0.05 levels, respectively. The corresponding coefficients of
paths linking industry-specific risk to supply risk and demand risk are 0.22 and 0.78.
Parameter estimates using the maximum likelihood (ML) method find the total combined
effect of industry-specific risk through supply risk and demand risk on corporate financial
performance is —0.16, as shown in Table V.

H2a to H2b infer that organizational risk has a direct impact on supply risk and demand
risk. We find the connection highly significant at the 0.001 level (H2a) and nonsignificant at
the 0.100 level (H2b). The respective coefficients of the paths linking organizational risk to
supply risk and demand risk are 0.34 and 0.01. Parameter estimates using the ML method
(Table V) find the total combined effect of organizational risk through supply risk and
demand risk on corporate financial performance is —0.01.

H3a-H3b infer that internal business process risk has a direct impact on supply risk and
demand risk. We find the connection highly significant at the 0.001 level (H24) and mildly
significant at the 0.100 level (H2b). The respective coefficients of the paths linking internal
business process risk to supply risk and demand risk are 0.45 and 0.15. Parameter estimates
using the ML method (Table V) find the total combined effect of internal business process
risk through supply risk and demand risk on corporate financial performance is —0.04.

Tests of H4-H5 find that although demand risk directly affects (significant at the
0.05 level) corporate financial performance, however, supply risk has a nonsignificant
impact on corporate financial performance. The path coefficient that links demand risk to
corporate financial performance is —0.20, suggesting a direct negative effect of —0.20.

6. Discussion

Our findings regarding the importance of industry-specific risk, internal business process
risk, and demand risk on corporate financial performance are consistent with prior studies
(e.g. Cao and Zhang, 2011; Kache and Seuring, 2014; Miller, 1991; Rao and Goldsby, 2009;
Selviaridis and Norrman, 2014; Simangunsong et al., 2012; Stratton and Warburton, 2003).
The present study extends the state of knowledge of how SC risk affects firm financial
performance quantitatively.

Specifically, previous studies (e.g. Bavarsad ef al, 2014; Cao and Zhang, 2011;
Tracey et al., 2005; Zhao et al, 2013) focus on describing SCRM performance and the input
characteristics that affect firm performance. Few examine how SC risk affects firm financial
performance from the MFP perspective using a combined method of a survey and
financial reports.

As shown in Table V, for example, a 1 percent increase in industry-specific risk results in
0.22 and 0.78 percent increases in supply risk and demand risk, respectively, causing a
0.16 percent decrease in corporate financial performance. The results regarding the
important effects of industry-specific risk on supply and demand risk are consistent with
previous research (e.g. Fynes et al, 2005; Jiang et al., 2009; Schoenherr et al., 2008; Selviaridis
and Norrman, 2014; Simangunsong et al., 2012).

Industry-specific ~ Organizational  Internal business
risk risk process risk Supply risk Demand risk
Variable DE IE TE DE IE TE DE IE TE DE IE TE DE IE TE

Supply risk  0.22 022 034 0.34 045 0.45
Demand risk 0.78 0.78 0.01 001 0.15 0.15
Corporate
financial

performance -0.16 -0.16 -0.01 -0.01 -0.04 -0.04 -0.01 -0.01 -0.20 —-0.20

Corporate
financial
performance

Table V.

Direct, indirect and

total cause effects
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Likewise, a 1 percent 045 and 0.15 percent increases in supply risk and demand risk,
respectively, incurring a 0.04 percent decrease in corporate financial performance.
The results concerning the importance of internal business process risk on supply and
demand risk are consistent with previous research (e.g. Kache and Seuring, 2014; Rao and
Goldsby, 2009; Stratton and Warburton, 2003).

Further, a 1 percent increase in demand risk causes a 0.20 percent decrease in corporate
financial performance, suggesting that demand risk has an MFP of —0.20, the highest
negative effect among the variables. Industry-specific risk has an MFP of —0.16, the
second-highest negative effect despite having no direct effect on corporate financial
performance. This finding suggests that indirect SC risk may generate synergistic
interaction effects that are more significant than direct risk.

Tests of H2b and H4 reveal that organizational risk and supply risk have nonsignificant
impacts on demand risk and firm financial performance, respectively. These results are
somewhat unexpected, because the general perception in the reviewed literature suggests
that organizational risk affects demand risk and financial performance is significantly
subject to supply risk.

One possible explanation of organizational risk’s nonsignificant effect on demand risk is
that item scales ultimately retained for the construct of organizational risk are more relative
to supply side perspective, such as competition of scarce resources and paying suppliers
without delay (see Table II). Another explanation is that while organizational risk is
potentially important to demand for company products, firms in Taiwanese industries are
able to decouple demand in products from this risk through effective management of
buyer-supplier relationship. As a senior manager highlighted in a post-survey interview:

We always try to maintain a good relationship with our buyers. In the cases when our buyers are not
satisfied with service quality, or there are unanticipated, harmful effects incurred due to the
production or consumption of our company’s products, we respond promptly, with a full explanation,
to address and correct it. This minimizes the impact of dissatisfaction on customer loyalty.

Furthermore, prior SCRM studies ask survey respondents to directly indicate on Likert
scales the extent to which certain SCR variables likely affect financial performance, or to
which levels of certain SCR and financial variables are in a specific time period. Therefore,
one possible explanation of supply risk’s nonsignificant effect on financial performance is
that a perception gap exists between how respondents feel SCR variables affect financial
performance vs how SCR variables actually affect financial performance.

Another explanation may be that although supply risk is an important factor of demand
for company products, firms in Taiwanese industries may be able to decouple financial
performance from this type of risk through proactive management of supply side
relationship. As a senior manager highlighted in a post-survey interview:

We always try to maintain a good relationship with our suppliers. However, in the cases when our
suppliers are not able to provide competitive pricing for the same goods and services, we will first
try to negotiate it down and are ready to change our suppliers.

Nevertheless, more research is needed to clarify the unexpected results with regard to
organizational risk’s effect on demand risk as well as supply risk’s effect on financial
performance.

7. Conclusions

Extensive studies in the SCM field develop SCRM models through examining and
identifying the determinants of risk performance in SCs. However, few studies investigate
how changes in SC risks affect firm financial performance. This study therefore develops a
corporate SCR financial model based on the MFP perspective using the combined method of
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a survey and financial reports. Analysis of the SCR financial model reveals that demand risk
produces the largest negative impact (MFP = —0.20) on corporate financial performance,
and industry-specific risk generates the second largest negative impact (MFP = —0.16) on
corporate financial performance, although itself without direct effect.

By adding to the benefits of existing SCRM models (e.g. Bavarsad ef al, 2014; Cao and
Zhang, 2011; Ghadge et al, 2013; Ritchie and Brindley, 2007; Tracey et al, 2005; Zhao et al., 2013),
this study contributes a methodology for estimating the effects of SCRs on financial
performance. Thus, this study addresses part of the fundamental improvement of SCRM
performance models. Nonetheless, more research is needed to further clarify the nonsignificant
impacts of organizational risk and supply risk on demand risk and corporate financial
performance, respectively, although several possible explanations are provided.

Notes

1. For example, Zhao et al (2013) use the maximum likelihood estimation (MLE) method to examine
the relationships among supply chain risks (SCRs), supply chain integration (SCI), and company
performance. Based on a sample of 317 manufacturing plant managers, they show that
SCRs are negatively related to SC integrations, and SC integrations are positively related to
company performance measured by schedule attainment, competitive performance, and
customer satisfaction.

2. We define MFP as change in percentage of a construct (determinant) in SCRs resulting in change in
financial performance quantitatively.

3. The Taiwan Standard Industrial Classification (TSIC) was developed under the auspices of the
Office of the Directorate General of Budget, Accounting & Statistics of Executive Yuan.

4. Our review strategy consists of four steps. The first step forms a review panel composed of
domain-relevant academics and experts with an interest in performance measurement and SCM.
In the second step, we search databases for relevant studies of performance measurement and SCM.
In the third step, we use the Delphi method, a process composed of a structured design for group
communication for resolving complex problems (Linstone and Turoff, 2002), to develop an analytic
framework. In the fourth step, we sort measures into each construct of the analytic framework.

5. A Type I error (a) occurs when incorrectly rejecting a true null hypothesis; a Type II error ()
occurs when incorrectly accepting a false null hypothesis. A Type I error is affected by the Type I
error and sample size (Keller, 2008). Specifically, when decreasing the sample size and/or the
significance level of a Type I error (e.g., from a =0.05-0.01), it increases the value of the Type II
error (f). In this study, our significance levels of Type I errors and the sample size remain constant
throughout model building process. Therefore, although we deleted some item scales of each
dimension, it would not affect Type II errors.
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