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Abstract: Supply chain innovativeness (SCI) is the tendency of supply chain network 

towards non-stop creation and adoption of innovations. This tendency has a direct 

effect on both predictable and unpredictable disruptions. To manage these 

disruptions, resilient companies utilize innovativeness as a strategic tool. In contrast, 

failure to understand the market impact of innovation causes the companies to ignore 

innovativeness as compared with routine objectives of supply chain management 

(SCM). Key objective of this research is to propose a quantitative model to measure 

and evaluate SCI as a disruption management strategy in the global outsourcing 

environment. The model is based on three steps (a) identification of eleven 

dimensions of SCI, (b) integration of factors within each dimension and development 

of quantitative model, and (c) recognition of SCI as a disruption management 

strategy. The model results show that the innovative supply chains have flexibility to 

defend disruptions and ability to return to original shape even after severe disruptions. 

In contrast, non-innovative supply chain networks easily deform in the presence of 

supply chain disruptions. The combined effect of these eleven dimensions of SCI 

has a direct connection with both predictable and unpredictable disruptions. This 

model is used to analyze the textile industry but it could be adopted in other types of 

supply chain research after related adjustments. 

Keywords: Quantitative model; supply chain innovativeness; disruptions; 

outsourcing; textile industry 

 

1 INTRODUCTION 
Textile supply chains have a complex structure due 

to the independently separated divisions and a 

sequence of complicated processes required in each 

division [1]. These time-consuming and labor 

intensive processes create difficulty in 

synchronization of various activities and obstruct 

the implementation of modern SCM practices [2, 3]. 

Except for the distribution portion of the textile 

products, the dependent portion of global chains is 

ineffective and inefficient due to non-optimal 

inventories, lead times, transportation, and service 

levels [4]. A study in the traditional textile SCM 

found that the time a garment spent travelling 

through a pipeline, from fiber to retailer, was 66 

weeks, and, of that, only 11 weeks were taken up 

with processing. The balance of over one year was 

storage time [5]. In order to deal with these 

complexities in the textile SCM, many recent 

studies have identified the necessity for the supply 

chain integration and innovative capabilities [6-10]. 

Lee et al. [11] found that some of the most critical 
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issues faced by textile and apparel companies 

worldwide are related to inventory management, 

supply chains agility and flexibility, supply chain 

costs, responsiveness, reliability, and asset 

management. They claimed that relational, 

technological, and organizational culture 

capabilities are a solution to these issues. Rayyaan 

et al. [12] recognized that the textile supply chain is 

spanned across the globe with plenty of small, 

medium, and large enterprises, which hinders the 

collaboration due to communication problems 

among enterprises. They discussed that the 

traditional techniques and technologies cannot 

provide effective integration towards different 

enterprises across the supply chain. They 

highlighted the need for replacement of the 

traditional techniques with advanced information 

and communication technology. Ngai et al. [13] 

presented a comprehensive literature review related 

to available decision support and intelligent systems 

in the textile SCM. They concluded that the 

applications of these systems are confined to certain 

individual function areas, which results in 

suboptimal aggregated performance. They 

highlighted the research gap related to the 

implementation of more advanced technologies like 

radio frequency identification (RFID), emerging 

mobile technologies, and electronic commerce (EC). 

The challenges in adopting innovative capabilities 

have caused the failure of quick response, resulting 

in loss of competitiveness in the global environment. 

Therefore, the adoption and creation of innovations 

could dramatically improve the performance of the 

textile SCM. 

In order to remain competitive, companies 

outsource the manufacturing process to global 

markets but this causes the fragmentation of the 

supply chains across the globe, increasing the risk of 

supply chain disruptions. Recently, reshoring is an 

emerging trend due to the lack of practical decision 

making tools, and conflicting behavior of cost 

savings, capacity flexibility, and supply chain 

disruptions [3, 14-16]. However, innovative supply 

chains can prevent or mitigate these disruptions. 

Innovativeness is defined as how well the 

organization manages to repeat innovation process 

[17]. Organizational innovativeness can be assessed 

at the firm level but metrics for SCI will still have to 

be developed, tested and validated [18]. SCI is 

continuous improvement through creativity and 

ingenuity [19]. 

Innovative companies have dramatically influenced 

traditional supply chains. For example, fast fashion 

companies like Zara, H&M, and Uniqlo have 

replaced the rigid practices applied in the supply 

chains of basic textile products. These innovative 

companies retain steady growth due to higher 

responsiveness to supply chain disruptions. 

According to empirical evidence, both firm 

innovativeness and innovation magnitude are 

positively associated with supply chain resilience. It 

has been found that disruption severity is positively 

associated with innovation magnitude, and 

innovative firms are better at managing supply chain 

disruptions [20]. 

Much qualitative research exists in the field of 

innovativeness [21-30], but there is no accepted 

method to quantitatively measure and monitor the 

level of innovation in manufacturing [31]. A number 

of researchers have attempted to establish 

quantitative measures of innovativeness. 

Subramanian [32] identified three dimensions of 

innovativeness as the mean number of innovation 

adoption over time, mean time of innovation 

adoption over time, and consistency of the time of 

adoption. Srinivasan et al. [33] defined 

organizational innovativeness as deviation from 

existing practices or knowledge in generating new 

product or process innovations. Fell et al. [34] 

calculated cross-sectional innovativeness for a set of 

innovations as binary variables used to decide 

whether an innovation is adopted or not. They also 

calculated composite innovativeness as the ratio of 

“the difference between the mean time of adoption 

of an innovation and the time that individual 

adopted an innovation” to “the standard deviation of 

adoption time of an innovation”. Ayhan et al. [31] 

proposed a quantitative approach for measuring 

innovation in manufacturing processes based on 

four indicators: average labor utilization, 

cumulative bottleneck ratio, unit production time, 

and unit production cost. They calculated the degree 

of process innovation as the sum of the product of 

the weights and percent changes of these four 

indicators. In summary, the existing quantitative 

methods for the measurement of innovation and 

innovativeness highlight three important factors: (i) 

Percent change in the indicators of the innovation; 

(ii) Number of innovations adopted; and (iii) time of 

innovation adoption. In modern SCM practices, lack 

of understanding about benefits of innovativeness 

causes the companies to ignore it as compared with 

basic objectives of SCM. Moreover, existing 

literature on innovation and innovativeness does not 

sufficiently incorporate SCM into its analysis [35, 

36]. This is significant omission because innovative 

companies react quickly to prevent and mitigate the 

impact of supply chain disruptions by adopting an 

innovation through effective use of strategic tools. 

Therefore, the key aim of this paper is to propose a 

model of SCI as a disruption management strategy 

in a global outsourcing environment. To achieve this 



Sardar and Lee, Advances in Industrial Engineering and Management, Vol. 4, No. 1 (2015), 9-28 

 

11 

aim, this paper makes the following contributions to 

the existing literature: 

 Includes SCI as a disruption management 

strategy. 

 Identifies key dimensions of SCI to enrich 

the theory. 

 Proposes a quantitative model to measure 

SCI in the textile industry. 

Motivation of this study came from our in-depth 

discussion with executives in the leading global 

textile companies based in South Korea, and other 

Asian countries. We found that top management in 

the leading textile companies is facing severe 

competition in the global market. We were curious 

how to approach this problem by using a 

comprehensive disruption management strategy that 

could lead to the success of traditional textile 

industry. We found that supply chain innovativeness 

could replace ineffective practices implemented in 

the industry. Also, managers were excited to 

benchmark successful companies, so we 

incorporated this idea into the model. In the future, 

this research would be extended to perform more in-

depth analysis both empirically and analytically. 

Hence, the research provides both theoretical and 

practical insights to executives and the research 

community. 

2 CONCEPTUAL FRAMEWORK 
In this section, we propose eleven interrelated 

dimensions of SCI based on a literature review in 

the fields of innovativeness and SCM. Before this, 

we differentiate innovation, innovativeness, supply 

chain innovation, and supply chain innovativeness 

as follows: 

Innovation: An idea, practice, objective, or 

something else perceived as new by an individual, a 

group, or an organization [37, 38]. 

Innovativeness: The firm’s constant tendency or 

willingness to participate in support of new ideas, 

creativity and experimentation as well as to develop 

creative processes of technological and R&D 

leadership that result in new products, services or 

technological processes [36, 39, 40]. “Innovation 

differs from innovativeness, as innovation refers to 

innovation practice or output while innovativeness 

addresses innovative capability” [41]. 

Supply chain innovation: A change (incremental 

or radical) within the supply chain network, 

technology, or processes (or combinations of these) 

that can take place in a company function, within a 

company, in an industry or in a supply chain in order 

to enhance new value creation for the stakeholder 

[35]. 

Supply chain innovativeness (SCI): Based on 

above definitions, we define SCI as follows: Supply 

chain innovativeness is the attitude and capability of 

the supply chain participants to frequently create 

and/or adopt the supply chain innovations in the 

competitive environment. SCI is more concerned 

with repetitive behavior and capability that 

encourage the creation, adoption, and diffusion of 

supply chain innovations. 

Key aspects of SCM include supply chain strategy, 

product design, process/procedure design, 

technology, investment, transportation, internal 

collaboration, external collaboration, top 

management, employee, and consumer. We 

elaborate these eleven aspects of SCM with respect 

to the literature related to innovativeness, and 

establish eleven interrelated dimensions of SCI. 

Table 1 shows these eleven dimensions of SCI and 

factors included within each dimension. Magnitude 

of any dimension can be measured by using factors 

contained within it.  Here, we briefly provide a 

generalized view of each dimension of the SCI. 

2.1 Strategy Innovativeness 

Strategy innovativeness brings together strategic 

management with innovative capability. This 

capability makes possible the frequent modification 

or replacement of ineffective strategies according to 

dynamics of business environment. It makes a 

company to take immediate actions in case of 

discrepancies in the performance of the business. 

Strategy innovativeness cannot be successful 

without integration of different parties involved in 

the SCM. 

2.2 Product Design Innovativeness 

Product design innovativeness expresses the ability 

of a company to create and adopt new products and 

materials which should be compatible with 

consumer markets and environmental problems. 

This requires the availability of sufficient 

information, adequate skills, and consistency to 

produce novel products in the long term. 

2.3 Procedure Design Innovativeness 

Procedure design innovativeness is the innovative 

capability of the firm to create/adopt new methods 

in the production system according to supply chain 

dynamics. This capability makes possible the 

availability of diverse methods to deal with 

changing behavior of consumer products, which 

results in elimination of bottlenecks and enhances 

competitiveness.  
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2.4 Technology Innovativeness 

Technology innovativeness is the ability of 

company to adopt new technologies to improve 

supply chain processes. This capability requires 

adequate information about the selection of 

compatible technology and specific technical 

experience. Automation of the manufacturing and 

communications systems according to latest and 

suitable technology available in the market is the 

outcome of technology innovativeness.
 

Table 1. Dimensions of the supply chain innovativeness 
 

1. Strategy innovativeness 7. Internal collaboration innovativeness 

Degree of change of strategies Degree of mutual cooperation within supply chain network 

Growth opportunities Extent of e-collaboration between supply chain partners 

Competitor reaction to the firm’s strategies Degree of information security 

Interdependence of different strategies Effectiveness of communication within supply chain network 

Governance mechanisms Level of innovative culture between supply chain partners 

Buyer assistance to promote strategies Implementation of joint program between supply chain partners 

Tendency to respond to opportunities and threats Mutual trust within supply chain network 

2. Product design innovativeness Effective conflict management procedures 

Degree of newness of the product Quick implementation of feedback 

Consistency in producing novel products Strategic agreements for urgent capacity requirements 

Fraction of successful innovative products Alignment of production capabilities 

Compatibility with the supply chain flow Inter-firm knowledge sharing capability 

Compatibility with consumer needs 8. External collaboration innovativeness 

Compatibility with consumer culture Degree of cooperation with external organizations 

Degree of sustainability Extent of e-collaboration with external organizations 

Sufficient information on consumer markets Effectiveness of communication with external organizations 

Flexibility to maintain variety in the long term Innovative culture between internal and external institutions 

Degree of adoption of new materials Joint programs between internal and external institutions 

3. Procedure design innovativeness Joint product development 

Ability to introduce new techniques Exchange employees to work together 

Degree of adoption of advanced approaches 9. Top management innovativeness 

Availability of diverse planning methods Top management interest for innovativeness 

Flexibility of planning methods Encouraging for risk-taking and experimentation 

Uniqueness of new method Degree of trust on employees 

Reduced complexity or simple to understand Incentives to employees for innovativeness 

Ability to handle bottlenecks Training programs for employees 

Tendency to handle risk for new practices Effectiveness of promotion and awarding system 

Degree of responsiveness of the processes Availability of free time to employees for innovativeness 

4. Technology innovativeness Visibility of results 

Degree of technology upgradation 10. Employees innovativeness 

Rate of technology adoption Diversification of personnel skills 

Technical experience of the company Degree of cultural diversity 

Availability of external technical services Attitude of employees to accept the innovation 

Sufficient information on available technologies Education level of employees 

Rate of technology change in market Creativity of employees 

Degree of automation of the possible work Intelligence level of employees 

5. Investment innovativeness Persistence and endurance level of employees 

Investments in R&D Significance of employees decisions 

Investment in latest technology and techniques Proactive behavior of employees 

Early investment in new materials Problem solving skills 

Early investment in capacity expansions Emotional commitment level of employees 

Relation-specific investments Experience of employees 

6. Transportation innovativeness 11. Consumer innovativeness 

Degree of transportation system upgradation Frequent change seeking behavior of consumers 

Flexibility of transportation capacity Product knowledge of consumers 

Degree of environmental pollution control Positive response from consumers 

Flexibility of routing systems Product usage of consumers 

Flexibility of transportation mode changes Product involvement of consumers 

Degree of safety High inclination to purchase 

Compatibility with product Opinion leadership 

Efficient at border-crossings Attitude toward product/brand 

Availability of border-crossing alternatives Usage of multichannel 

Easy to deal with reverse product flow problems Market knowledge and connections 
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2.5 Investment Innovativeness 

Investment innovativeness is the ability of a 

company to create frequent opportunities for 

investments in each area of supply chain. The 

outcomes of these investments should bring 

considerable benefits to the company in the long 

term 

 

2.6 Transportation Innovativeness 

Transportation innovativeness is the capability of 

the company to frequently adopt effective and latest 

transportation system according to requirements. 

This requires the knowledge and skills related to 

advanced and available transportation systems. The 

adopted transportation system should be compatible 

with environmental issues, capacity requirements, 

route changes, mode changes, safety, quality, and 

border-crossing bottlenecks. 

2.7 Internal Collaboration Innovativeness 

Internal collaboration innovativeness is the ability 

of company to maintain a collaboration system that 

should align the objectives of each partner with the 

success of the company. This system should 

promote the joint decision making and common 

benefits to all supply chain partners. This requires 

the mutual trust, information security measures, 

frequent conflict management, skills alignment, 

knowledge sharing, and promotion of the innovative 

culture. 

2.8 External Collaboration Innovativeness 
External collaboration innovativeness is the 

capability of the company to maintain a flexible 

collaboration system that should promote 

cooperation with external organizations and 

competitors. This capability should address their 

common problems frequently, so that they may 

respond to these problems effectively. These 

problems may be related to capacity utilization, 

capacity shortage, product dynamics, employee 

skills, border-crossing bottlenecks, security 

measures, etc. 

2.9 Top Management Innovativeness 

Top management innovativeness is the ability of top 

management to create an innovative environment. 

This environment should encourage the risk-taking 

behavior of employees, trust between top 

management and employees, benefits to employees, 

and training programs for creation and adoption of 

innovations. The visibility of the outcomes of this 

environment is the important indicator of the 

success of top management innovativeness. 

2.10 Employee Innovativeness 

Employee innovativeness is the ability of the 

company to have employees with diverse skills, 

diverse culture, flexible attitude, and motivation. 

This can be achieved through recruitment and 

training of educated, experienced, creative, and 

intelligent employees. Motivation is an important 

element to promote the employee innovativeness. 

2.11 Consumer Innovativeness 

Consumer innovativeness is the capability of the 

company to maintain a culture that promotes the 

product knowledge of consumers, listening to 

consumer response, understanding the dynamics of 

consumer behavior and demand, and incorporating 

consumer preferences into the products. 

3 MODEL OF SUPPLY CHAIN 
INNOVATIVENESS 
In this section, we propose a quantitative method to 

measure the SCI in the textile industry based on 11 

dimensions identified in the previous section. We 

divide the textile companies in two systems: (i) 

Innovator Supply Chain System (SCS); and (ii) 

Imitator SCS. Imitator SCS is a global textile and 

clothing company that wants to benchmark its 

innovativeness performance against Innovator SCS. 

Innovator SCS consists of a composite of fast 

fashion companies like Zara, H&M, and Uniqlo. 

Recently, many textile and clothing companies are 

willing to adopt the best practices adopted by these 

successful fast fashion companies. These fast 

fashion companies have a tendency towards 

continuous creation and adoption of innovative 

strategies. Throughout the model development, we 

use real world examples from Innovator SCS based 

on relevant literature. Key references are as follows: 

[42-46]. We select these companies because they are 

well-known examples in the textile industry to 

illustrate the real-world significance of the problem. 

In other words, we use examples of these companies 

(Innovator SCS) only to develop a model for 

traditional textile supply chains (Imitator SCS) that 

want to become more innovative and competitive in 

the global market. Therefore, the examples of these 

companies are just for illustrative purpose, and there 

may be other successful companies that could be 

used as an Innovator SCS. 

3.1 Strategy Innovativeness 

Let 

Ⅎ Number of novel strategies adopted by 

innovator SCS 

𝜉 Number of novel strategies adopted by 

imitator SCS 

℧ Number of common strategies adopted by 

innovator and imitator SCSs 

𝜕 Number of strategy replacements or 

modifications made by innovator SCS 

ℷ Number of strategy replacements or 

modifications made by imitator SCS 
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Strategy innovativeness involves the 

creation/adoption of effective, novel, and common 

strategies for both Innovative and Imitator SCSs. 

The following are some strategies adopted by 

Innovative SCS: 

 Postponement strategies: Ensure basic stages of 

product design before the season by stocking 
incomplete products (e.g. undyed fabric) but 

complete/modify the design just before 

production based on recent feedback from 

stores. 

 Purchase order modification during production 

and sale: Retailers have authority to change 40% 

to 50% orders. 

 Outsourcing strategies: Recently, Zara has 

started production outsourcing to global 

markets [47]. 

 Capacity flexibility strategies: Zara has more 

in-house capacity to adapt market changes (i.e. 

only 60% capacity is used) in demand and 

prevent disruptions. H&M has higher flexibility 

due to more outsourcing and higher capacity 

utilization resulting in much lower fixed capital 

than Zara. 

Zara is always aggressive to modify/replace its 

existing strategies with more innovative strategies. 

Number of strategies adopted and strategy 

modifications/replacements by the Innovative SCS 

is a benchmark for the Imitator SCS. Incorporating 

these considerations, the strategy innovativeness of 

the imitator SCS is 

1

2
(
𝜉 − Ⅎ + ℧

𝜉
+
ℷ

𝜕
) ,             ℧ ≤ Ⅎ, 𝜉                      (1) 

In Equation (1), first term in the parentheses 

shows the degree of strategic alignment based on 

novel and common strategies between Innovator 

and Imitator SCSs. This term interprets that the 

number of common strategies has a greater effect 

than the uncommon strategies adopted by Imitator 

SCS. The second term shows the benchmarking of 

two systems based on strategy replacements or 

modifications. 

3.2 Product Design Innovativeness 

Let 

𝑒 Number of new products developed by 

innovator SCS 

𝑢 Number of new products developed by 

imitator SCS 

𝑡 Index of time periods considered for new 

product adoption, 𝑡 = 1, 2, 3, …𝑇 

𝐹𝑡 Number of new products adopted by 

innovator SCS in time period 𝑡 

𝑉𝑡 Number of new products adopted by 

imitator SCS in time period 𝑡 
𝑋 Mean of new products adopted in 𝑇 

number of time periods by innovator SCS 

𝑌 Mean of new products adopted in 𝑇 

number of time periods by imitator SCS 

Product design innovativeness involves 

creation/adoption of effective products taking into 

account frequency, consistency, and novelty. Zara 

brings 11000 different items annually (with 5-6 

colors and 5-7 sizes) and H&M brings 2000-4000 

different items annually in the consumer markets. 

These companies have a greater flexibility to 

maintain variety in the long term. Incorporating 

these aspects, product design innovativeness of the 

imitator SCS is 

1

3

{
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𝑋
+ (
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1

3

{
 
 

 
 
𝑢
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𝑌
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+
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 𝑋 (√∑ (𝑉𝑡 − 𝑌)
2

𝑇
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}
 
 

 
 

                 (2) 

In Equation (2), first two terms show the 

innovativeness based on new product development 

and new product adoption capability. Third term 

shows the innovativeness of two systems based on 

coefficient of variance for new product adoption 

capability over time. 

3.3 Procedure Design Innovativeness 

Let 

ℎ Number of advanced procedures adopted 

by innovator SCS 

𝑑 Number of advanced procedures adopted 

by imitator SCS 

𝕥 Index of time periods considered for new 

procedure adoption, 𝕥 = 1, 2, …𝕋 

𝑘𝕥 Number of products manufactured by 

innovator SCS in period 𝕥 
𝑟𝕥 Number of products manufactured by 

imitator SCS in period 𝕥 

Procedure design innovativeness involves the 

ability to create/adopt the advanced processes, 

methods, tools, and techniques to increase 

productivity and effectiveness. Following 
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procedures are adopted by innovative SCSs, for 

example: 

 Zara ensures availability of complete materials 

before actual production to deal with lead time 

uncertainty. 

 In addition to quick response, Zara has 

implemented lean manufacturing strategies in 

its supply chain. 

 Zara manages product lines independently to 

avoid bottlenecks. 

 Zara optimizes the greater number of designs 

using the same material but only in different 

ways. 

Procedure design innovativeness of the imitator 

SCS is 

1

2
{
𝑑

ℎ
+
∑ (

𝑟𝕥 − 𝑟𝕥−1
𝑟𝕥−1

)𝕋
𝕥=1

∑ (
𝑘𝕥 − 𝑘𝕥−1
𝑘𝕥−1

)𝕋
𝕥=1

}                                     (3) 

In Equation (3), first term shows the innovativeness 

based on advanced procedures adoption capability. 

To validate the effectiveness of this capability, the 

second term shows the productivity growth over 

time for both systems based on idea of increase or 

decrease in manufactured products with respect to 

the preceding time periods. 

3.4 Technology Innovativeness 

Let 

𝑎 Number of advanced technologies 

adopted by innovator SCS 

𝑥 Number of advanced technologies 

adopted by imitator SCS 

𝑏 Length of technical experience of the 

innovator SCS 

𝑦 Length of technical experience of the of 

the imitator SCS 

𝑐 Expected completion time of the 

technology adoption for innovator SCS 

𝑧 Expected completion time of the 

technology adoption for imitator SCS 

Technology innovativeness involves the 

creation/adoption of advanced technologies using 

technical knowledge and experience from internal 

and external resources within the appropriate time, 

in order to mechanize the possible resources in the 

SCS. Innovator SCS uses the following 

technologies: 

 Zara has 14 automated factories. Robots cut and 

dye the fabrics to create semi-finished products, 

which are then converted to consumer products. 

 Zara is motivated to implement advanced 

information systems to integrate its various 

business functions.  

Based on above definition, the technology 

innovativeness of the imitator SCS is 

1

3
(
𝑥

𝑎
+
𝑦

𝑏
+
𝑐

𝑧
)                                                       (4) 

3.5 Investment Innovativeness 

Let 

𝕒 Index of new investments adopted in the 

innovator SCS, 𝕒 = 1, 2, …𝔸 

𝑔 Index of new investments adopted by 

imitator SCS, 𝑔 = 1, 2, …𝐺 

𝔈𝕒 Net profit of innovator SCS for 

investment 𝕒  

𝔓𝑔 Net profit of imitator SCS for investment 

𝑔 

𝔘𝕒 Cost of investment 𝕒 for innovator SCS 

ℜ𝑔 Cost of investment 𝑔 for imitator SCS 

Investment innovativeness involves the 

creation/adoption of successful opportunities in all 

areas of the supply chain. Zara has a greater 

tendency to invest in all areas of its supply chain. 

Some areas of investments are given below: 

 Zara ensures early investment in new materials. 

 Zara invests in the control of manufacturing 

capacities in-house or by outsourcing. 

 H&M and Uniqlo have implemented more 

effective marketing investment strategies like 

advertisements than Zara. 

Based on above definition, investment 

innovativeness depends on the number of new 

investments and their success in terms of net profit. 

Therefore, to validate the success of new 

investments, we use the concept of return on 

investment for different investments. Incorporating 

these ideas, investment innovativeness of the 

imitator SCS is 

1

2

{
 
 

 
 
𝐺

𝔸
+

(
∑ 𝔓𝑔
𝐺
𝑔=1

∑ ℜ𝑔
𝐺
𝑔=1

)

 (
∑ 𝔈𝕒
𝔸
𝕒=1

∑ 𝔘𝕒
𝔸
𝕒=1

)
}
 
 

 
 

,   𝑜𝑟 

1

2
(
𝐺

𝔸
+
∑ 𝔓𝑔
𝐺
𝑔=1 ∑ 𝔘𝕒

𝔸
𝕒=1

∑ ℜ𝑔
𝐺
𝑔=1 ∑ 𝔈𝕒

𝔸
𝕒=1  

)                               (5) 

3.6 Transportation Innovativeness 

Let 
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𝑝 Index of transportation innovations 

adopted by innovator SCS, 𝑝 = 1, 2, … 𝑃 

𝑞 Index of transportation innovations 

adopted by imitator SCS, 𝑞 = 1, 2, …𝑄 

𝑅𝑝 Number of unique uses of transportation 

innovation 𝑝 for innovator SCS 

ℝ𝑞 Number of unique uses of transportation 

innovation 𝑞 for imitator SCS 

Transportation innovativeness involves the 

creation/adoption of advanced, compatible, 

sustainable, reliable, and flexible transportation 

capacity along with the ability to prevent and 

mitigate the effects of transportation bottlenecks. 

Zara has implemented a hub-and-spoke system to 

distribute the products to large number of global 

retail stores. This system is much faster than many 

of its competitors. For implementation of this 

system, Zara has access to advanced transportation 

capacity for different modes including rail, road, air, 

and water. Incorporating these ideas, transportation 

innovativeness of the imitator SCS is 

1

2
(
𝑄

𝑃
+
∑ ℝ𝑞
𝑄
𝑞=1

∑ 𝑅𝑝
𝑃
𝑝=1  

)                                                    (6) 

In Equation (6), first term shows the innovativeness 

based on the number of transportation innovations 

adopted by two systems. To validate the 

effectiveness of these innovations, the second term 

shows the transportation innovativeness based on 

the number of unique uses of new transportation. 

3.7 Internal Collaboration Innovativeness 

Let 

𝛼 Number of new internal collaboration 

programs adopted by innovator SCS 

𝛽 Number of new internal collaboration 

programs adopted by imitator SCS 

𝛾 Number of successful internal 

collaboration programs for innovator SCS 

𝜃 Number of successful internal 

collaboration programs for imitator SCS 

Internal collaboration innovativeness involves the 

creation/adoption of effective, secure, and 

compatible collaboration programs among the 

supply chain partners that are directly involved in 

the business. Following are some examples of the 

internal collaboration innovativeness: 

 Zara has implemented the latest communication 

systems to boost internal collaboration among 

suppliers, manufacturers, retail stores, and 

consumers. Zara has implemented joint 

decision making at headquarter level. 

 Zara has introduced strong cooperation 

programs to implement latest information 

technology. 

Based on above definition, internal collaboration 

innovativeness of the imitator SCS is 

 

1

2
{
𝛽

𝛼
+
(
𝜃
𝛽
)

(
𝛾 
𝛼
) 
} ,      𝑜𝑟       

1

2
(
𝛽

𝛼
+
𝛼 𝜃

𝛾 𝛽 
)               (7) 

In Equation (7), first term shows the innovativeness 

based on the internal collaboration programs 

adopted by two systems. To validate the 

effectiveness of such programs, the second term 

shows the internal collaboration innovativeness 

based on the number of successful programs. 

3.8 External Collaboration Innovativeness 

Let 

𝜗 Number of new external collaboration 

programs adopted by innovator SCS 

𝜎 Number of new external collaboration 

programs adopted by imitator SCS 

𝜑 Number of successful external 

collaboration programs for innovator SCS 

𝜇 Number of successful external 

collaboration programs for imitator SCS 

External collaboration innovativeness involves the 

creation/adoption of joint programs between firm’s 

internal and external members to enhance the 

sharing of knowledge, skills, and diversity. For 

example, Zara has signed various strategic 

agreements with local manufacturers. External 

collaboration innovativeness of the imitator SCS is 

1

2
{
𝜎

𝜗
+
(
𝜇
𝜎
)

(
𝜑 
𝜗
) 
} , 𝑜𝑟        

1

2
(
𝜎

𝜗
+
𝜇 𝜗

𝜎 𝜑 
)           (8) 

In Equation (8), first term shows the innovativeness 

based on the external collaboration programs 

adopted by two systems. To validate the 

effectiveness of such programs, the second term 

shows the external collaboration innovativeness 

based on the number of successful programs. 

3.9 Top Management Innovativeness 

Let 

𝔗 Number of new initiatives taken by top 

management in innovator SCS 

𝔛 Number of new initiatives taken by top 

management in imitator SCS 
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𝔜 Number of successful initiatives in the 

innovator SCS 

𝔏 Number of successful initiatives in 

imitator SCS 

Top management innovativeness is limited to high 

level executives including owners, partners, or some 

selected members in the SCS. Top management 

innovativeness involves the creation/adoption of 

effective initiatives taken by top management in 

order to motivate the supply chain employees to 

create/adopt the innovations. When Zara first 

launched its innovative supply chain model, many 

institutions suggested that it would fail. At that time 

the executives at the Zara were highly confident that 

this model was the best in the world. They took 

many initiatives to support the success of the 

business. For example, they initiated various 

programs to improve working environment at the 

suppliers and factories. Recently, Zara has 

implemented strong motivation and training 

programs for human resource management. Top 

management innovativeness of the imitator SCS is 

1

2
{
𝔛

𝔗
+
(
𝔏
𝔛
)

(
𝔜 
𝔗
) 
} , 𝑜𝑟     

1

2
(
𝔛

𝔗
+
𝔏 𝔗

𝔛 𝔜 
)             (9) 

In Equation (9), first term shows the innovativeness 

based on the new initiatives taken by top 

management in two systems. To validate the 

effectiveness of such initiatives, the second term 

shows the top management innovativeness based on 

the number of successful initiatives. 

3.10 Employee Innovativeness 

Let 

𝜓 Number of innovations adopted based on 

employee involvement in innovator SCS 

Θ Number of innovations adopted based on 

employee involvement in imitator SCS 

λ Number of successful innovations based 

on employee involvement in innovator 

SCS 

Ω Number of successful innovations based 

on employee involvement in imitator SCS 

Employees include the supply chain personnel (e.g. 

managers and employees) that participate in the 

success of SCS. Employee innovativeness involves 

the creation/adoption of successful innovations that 

are partially or completely based on the decisions of 

the employees. Employee innovativeness is driven 

by positive attitude, diversity of culture, diversity of 

skills, education level, creativity, intelligence, 

commitment, and experience. Employee 

innovativeness of the imitator SCS is 

1

2
{
Θ

𝜓
+
(
Ω
Θ
)

(
λ 
𝜓
) 
} , 𝑜𝑟      

1

2
(
Θ

𝜓

+
Ω 𝜓

Θ λ 
)                                    (10) 

In Equation (10), first term shows the 

innovativeness based on employee involvement in 

two systems. To validate the effectiveness of this 

involvement, the second term shows the employee 

innovativeness based on the number of successful 

innovations. 

3.11 Consumer Innovativeness 

Let 

∅ Mean number of new products adopted in 

𝑇 number of time periods by consumers in 

innovator SCS 

𝜕 Mean number of new products adopted in 

𝑇 number of time periods by consumers in 

imitator SCS 

𝑋 Mean of new products adopted in 𝑇 

number of time periods by innovator SCS 

𝑌 Mean of new products adopted in 𝑇 

number of time periods by imitator SCS 

Consumer innovativeness involves the number of 

new products adopted by consumers through change 

seeking attitude, involvement in the supply chain 

decision making, use of multiple channels, and 

product knowledge. Zara has highest flexibility to 

align manufacturing capability with changes in 

consumer preferences. Consumer innovativeness of 

the imitator SCS is 

1

2
{
𝑌

𝑋
+
(
𝜕

𝑌
)

(
∅ 

𝑋
) 
} , 𝑜𝑟        

1

2
(
𝑌

𝑋
+
𝜕 𝑋

𝑌 ∅ 
)       (11) 

In Equation (11), first term shows the 

innovativeness based on new product adoption 

capability of each SCS as a whole. To check the 

alignment of new product adoption capability of 

SCS with adoption capability of consumers, the 

second term shows the innovativeness based on the 

number of new products adopted by consumers. So 

far, we have established the measurement 

procedures for eleven dimensions of the SCI. Now, 

we integrate these dimensions to calculate the 

magnitude of the SCI for the imitator SCS. 

Let 

ℳ Magnitude of SCI for imitator SCS 

𝕢 Index of qualitative factors, 𝕢 = 1, 2, …ℚ 

𝑖 Index of SCI dimensions, 𝑖 = 1, 2,… 𝑛 
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⨂𝕢,𝑖 Strength of qualitative factor 𝕢 for 

dimension 𝑖 for the innovator SCS 

∯
𝕢,𝑖

 Strength of qualitative factor 𝕢 for 

dimension 𝑖 for the imitator SCS 

𝑗 Index of production destinations,                  

𝑗 = 1, 2, …𝑚 

𝑆𝐶𝐼𝑗 SCI for the imitator SCS at destination 𝑗 
𝔐𝑗 Supply chain resilience at destination 𝑗 
𝔔𝑗 Strength of the supply chain disruption 

risk at destination 𝑗 

Integrating Equations (1) to (11), we calculate 

magnitude of SCI for imitator SCS as 

ℳ =
1

3𝑛

[
 
 
 
 

{
 
 

 
 
𝑢

𝑒
+
𝑌

𝑋
+

𝑌 (√∑ (𝐹𝑡 − 𝑋)
2
 𝑇

𝑡=1 )

 𝑋 (√∑ (𝑉𝑡 − 𝑌)
2

𝑇
𝑡=1  )

 

}
 
 

 
 

+ (
𝑥

𝑎
+
𝑦

𝑏
+
𝑐

𝑧
)

]
 
 
 
 

+
1

2𝑛
[(
𝜉 − Ⅎ + ℧

𝜉
+
ℷ

𝜕
)

+ {
𝑑

ℎ
+
∑ (

𝑟𝕥 − 𝑟𝕥−1
𝑟𝕥−1

)𝕋
𝕥=1

∑ (
𝑘𝕥 − 𝑘𝕥−1
𝑘𝕥−1

)𝕋
𝕥=1

}

+ (
𝐺

𝔸
+
∑ 𝔓𝑔
𝐺
𝑔=1 ∑ 𝔘𝕒

𝔸
𝕒=1

∑ ℜ𝑔
𝐺
𝑔=1 ∑ 𝔈𝕒

𝔸
𝕒=1  

)

+ (
𝑄

𝑃
+
∑ ℝ𝑞
𝑄
𝑞=1

∑ 𝑅𝑝
𝑃
𝑝=1  

) + (
𝛽

𝛼
+
𝛼 𝜃

𝛾 𝛽 
)

+ (
𝜎

𝜗
+
𝜇 𝜗

𝜎 𝜑 
) + (

𝔛

𝔗
+
𝔏 𝔗

𝔛 𝔜 
)

+ (
Θ

𝜓
+
Ω 𝜓

Θ λ 
)

+ (
𝑌

𝑋
+
𝜕 𝑋

𝑌 ∅ 
)]                       (12) 

There are different qualitative factors identified 

within each dimension of SCI. Now, we incorporate 

those qualitative factors into the mathematical 

model. We assign “Strength” to each qualitative 

factor for each dimension of the SCI for both 

systems. The magnitude of SCI based on qualitative 

factors for the imitator SCS is 

1

𝑛
∑

∑ ∯
𝕢,𝑖

ℚ
𝕢=1

∑ ⨂𝕢,𝑖
ℚ
𝕢=1

𝑛

𝑖=1

                                                       (13) 

Integrating Equations (12) and (13), the SCI for the 

imitator SCS at destination 𝑗 is 

𝑆𝐶𝐼𝑗

=
1

2
(ℳ +

1

𝑛
∑

∑ ∯
𝕢,𝑖

ℚ
𝕢=1

∑ ⨂𝕢,𝑖
ℚ
𝕢=1

𝑛

𝑖=1

)

𝑗

       ∀𝑗                 (14) 

When a firm’s competitor implements a rewarding 

innovation, the firm observes a strong desire to 

survive in the global market. If firm does not 

respond to successful innovations, a disruption 

tends to occur and propagate in the supply chain 

network. Innovativeness enables the firms to 

respond to the supply chain disruptions effectively, 

and strong disruptions require strongly innovative 

responses [20]. Regardless of the strength of the 

disruptions, innovative behavior tends to 

prevent/mitigate the supply chain disruptions. The 

strength of supply chain disruption can be described 

in terms of disruption risk and disruption cost. The 

extreme point, where the SCI becomes equal to the 

strength of the supply chain disruptions, has 100% 

supply chain resilience. Therefore, supply chain 

resilience can be calculated as 

𝔐𝑗 =
𝑆𝐶𝐼𝑗

𝔔𝑗
, 𝔔𝑗 > 0          ∀𝑗                          (15) 

The strength of supply chain disruptions is different 

for different destinations across the globe due to the 

factors such as distance between supply chain 

partners, transportation and border-crossing 

bottlenecks, and capabilities of destinations. The 

strength of supply chain disruptions can be 

calculated as a function of supply chain disruption 

risk or cost. This can be achieved in several ways. 

Here, we describe a simple idea to estimate the 

strength of supply chain disruptions. 

 To calculate strength of supply chain 

disruptions as a function of disruption risk, we 

could identify the important sources of supply 

chain disruptions. For example: natural 

disasters, external environment, product 

complexity, transportation bottlenecks, 

accidents, strikes, and terrorism. Then, we 

could identify key factors that lead to 

disruptions within each specific source of 

disruptions. Then, we could calculate 

disruption risk index for each type of disruption 

as a function of these key factors. This may be 

achieved in several ways (For example, the 

number of parts in the product is the key factor 
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that leads to product complexity. Risk index can 

be calculated as a function of number of parts 

in the product. As the number of parts in the 

product increases, the risk also increases). 

Finally, we could calculate strength of the 

supply chain disruption as the weighted sum of 

the all types of risk index. Once the disruption 

risk and SCI have the same scale, we could 

calculate the supply chain resilience by using 

Equation (15). 

 To calculate the strength of disruptions as a 

function of disruption cost, we could calculate 

the expected disruption cost as function of 

individual type of disruption. Then, we could 

make a strategy to convert SCI and disruption 

cost into identical scales. Finally, we could 

calculate strength of the supply chain disruption 

as the weighted sum of all types of disruption 

cost. Once the disruption cost and SCI have the 

same scale, we could calculate the supply chain 

resilience by using Equation (15). 

If the magnitude of the SCI is almost zero and 

strength of disruptions is much higher, the company 

will take unlimited time to recover the loss due to 

disruptions. If a company with negligible SCI tries 

to respond the disruptions in an innovative way, the 

magnitude of SCI gradually increases. This 

behavior tends to decrease the time of recovery from 

the effects of the supply chain disruptions, resulting 

in an increase in supply chain resilience. 

4 NUMERICAL ANALYSIS 

In this section, we perform quantitative experiments 

based on the mathematical model. Zara has an 

excellent image in the global consumer markets due 

to environmentally friendly supply chain and 

continuous adoption of innovations, so many textile 

companies are eager to imitate Zara’s SCI. Now, we 

consider a global textile and clothing company (i.e. 

Imitator Company) that decides to follow Zara (e.g. 

Innovator Company) to fix its disrupted supply 

chain network. It collects the required data and 

measures its own SCI against the Innovator 

Company. Where possible, we use the real data from 

Zara. However, we did not perform full scale 

empirical data collection. To this end, we use the 

example dataset to analyze different circumstances. 

We design two numerical cases as shown in Table 2. 

First, we use the numerical data in the Case 1 (Table 

2) to illustrate the mathematical expressions derived 

for each dimension of SCI.  

4.1 Strategy Innovativeness 

The strategy innovativeness of the imitator SCS by 

using Equation (1) and numerical data in Table 2 is 

=
1

2
(
𝜉 − Ⅎ + ℧

𝜉
+
ℷ

𝜕
) , ℧ ≤ Ⅎ, 𝜉     

=     
1

2
(
9 − 11 + 7

9
+
17

20
)

= 𝟎. 𝟕𝟎 

 

 
Table 2. Input data for the mathematical model 

 
  

Parameters Case 1 Case 2 

4.1 Strategy innovativeness 

Number of novel strategies adopted by innovator SCS 11 

Number of novel strategies adopted by imitator SCS 9 Random between 4 

and 9 

Number of common strategies adopted by innovator and imitator SCSs 7 2 

Number of strategy replacements or modifications made by innovator SCS 20 

Number of strategy replacements or modifications made by imitator SCS 17 Random between 1 

and 17 

4.2 Product design innovativeness 

Number of new products developed by innovator SCS 40000 

Number of new products developed by imitator SCS 7200 Random between 

4000 and 7200 

Index of time periods considered for new product adoption 1, 2, 3, 4, 5 

New products adopted in each time periods by innovator SCS 10000, 12000, 11000, 9500, 10900 

New products adopted in each time periods by imitator SCS 2200, 1800, 1900, 

2000, 1898 

Random between 

2000 and 3999 

4.3 Procedure design innovativeness 

Number of advanced procedures adopted by innovator SCS 7 

Number of advanced procedures adopted by imitator SCS 4 Random between 1 

and 4 

Index of time periods considered for new procedure adoption 1, 2, 3, 4 

Number of products manufactured by innovator SCS in each period 

successively 

100000, 160000, 175233, 175239 
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Number of products manufactured by imitator SCS in each period successively 135500, 145699, 

150898, 176097 

135500, 145699, 

120898, 156097 

4.4 Technology innovativeness 

Number of advanced technologies adopted by innovator SCS 3 

Number of advanced technologies adopted by imitator SCS 2 Random between 1 

and 2 

Length of technical experience of the innovator SCS 7 

Length of technical experience of the of the imitator SCS 5 Random between 1 

and 5 

Expected completion time of the technology adoption for innovator SCS 45 

Expected completion time of the technology adoption for imitator SCS 51 Random between 51 

and 90 

4.5 Investment innovativeness 

Index of new investments adopted in the innovator SCS 1, 2, 3, 4 

Index of new investments adopted by imitator SCS 1, 2 

Net profit of innovator SCS for each investment successively 15000, 9500, 16500, 8500 

Net profit of imitator SCS for each investment successively 12000, 7500 7574, 7290 

Cost of each investment for innovator SCS successively 8000, 5500, 7000, 5500 

Cost of each investment for imitator SCS successively 9800, 7000 9715, 5786 

4.6 Transportation innovativeness  

Index of transportation innovations adopted by innovator SCS 1, 2, 3, 4 

Index of transportation innovations adopted by imitator SCS 1, 2, 3 

Number of unique uses of each transportation innovation successively for 

innovator SCS 

5, 10, 8, 9 

Number of unique uses of each transportation innovation successively for 

imitator SCS 

5, 4, 6 3, 2, 5 

4.7 Internal collaboration innovativeness 

Number of new internal collaboration programs adopted by innovator SCS 20 

Number of new internal collaboration programs adopted by imitator SCS 13 Random between 9 

and 13 

Number of successful internal collaboration programs for innovator SCS 17 

Number of successful internal collaboration programs for imitator SCS 9 Random between 1 

and 9 

4.8 External collaboration innovativeness 

Number of new external collaboration programs adopted by innovator SCS 12 

Number of new external collaboration programs adopted by imitator SCS 7 Random between 4 

and 7 

Number of successful external collaboration programs for innovator SCS 9 

Number of successful external collaboration programs for imitator SCS 4 Random between 1 

and 4 

4.9 Top management innovativeness 

Number of new initiatives taken by top management in innovator SCS 25 

Number of new initiatives taken by top management in imitator SCS 17 Random between 8 

and 17 

Number of successful initiatives in the innovator SCS 21 

Number of successful initiatives in imitator SCS 13 Random between 1 

and 7 

4.10 Employee innovativeness 

Number of innovations adopted based on employee involvement in innovator 

SCS 

25 

Number of innovations adopted based on employee involvement in imitator 

SCS 

17 Random between 8 

and 17 

Number of successful innovations based on employee involvement in 

innovator SCS 

21 

Number of successful innovations based on employee involvement in imitator 

SCS 

13 Random between 1 

and 7 

4. 11 Consumer innovativeness 

Mean number of new products adopted in T number of time periods by 

consumers in innovator SCS 

7476 

Mean number of new products adopted in T number of time periods by 

consumers in imitator SCS 

1568 11000 

For qualitative SCI, we assigned strength from Low to High (1 to 5) Minimum = 1, Maximum = 5 

 

4.2 Product Design Innovativeness 

 

The product design innovativeness of the imitator 
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SCS by using Equation (2) is

=
1

3
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= 𝟎. 𝟓𝟏 

Where, the values of F1, 𝐹2, 𝐹3, 𝐹4, 𝐹5  are 10000, 

12000, 11000, 9500, 10900, respectively. The 

values of V1, V2, V3, V4, V5  are 2200, 1800, 1900, 

2000, 1898, respectively. Mean of these new 

products adopted by innovator supply chain system 

in T time periods is 

𝑋 =∑
𝐹𝑡
𝑇

5

𝑡=1

=
10000 +  12000 +  11000 + 9500 +  10900

5
= 10680 

Mean of new products adopted by imitator supply 

chain system in T time periods is 

𝑌 =∑
𝑉𝑡
𝑇

5

𝑡=1

=
2200 +  1800 +  1900 +  2000 + 1898

5
= 1960 

4.3 Procedure Design Innovativeness 

We assume that number of product manufactured in 

the time period zero is negligible (i. e. 𝑟0 = 0, 𝑘0 =
0). Where, the values of 𝑘1, 𝑘2, 𝑘3, 𝑘4 are 100000, 

160000, 175233, 175239, respectively. The values 

of 𝑟1, 𝑟2, 𝑟3, 𝑟4 are 135500, 145699, 150898, 176097, 

respectively. The procedure design innovativeness 

of the imitator SCS by using Equation (3) is 
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4.4 Technology Innovativeness 

The technology innovativeness of the imitator SCS 

by using Equation (4) is 

=
1

3
(
𝑥

𝑎
+
𝑦

𝑏
+
𝑐

𝑧
) =

1

3
(
2

3
+
5

7
+
45

51
) = 𝟎. 𝟕𝟓 

4.5 Investment Innovativeness 

The investment innovativeness of the imitator SCS 

by using Equation (5) is 

=
1

2
(
𝐺

𝔸
+
∑ 𝔓𝑔
𝐺
𝑔=1 ∑ 𝔘𝕒

𝔸
𝕒=1

∑ ℜ𝑔
𝐺
𝑔=1 ∑ 𝔈𝕒

𝔸
𝕒=1  

)

=
1

2
(
2

4
+
∑ 𝔓𝑔
2
𝑔=1 ∑ 𝔘𝕒

4
𝕒=1

∑ ℜ𝑔
2
𝑔=1 ∑ 𝔈𝕒

4
𝕒=1  

)

= 𝟎. 𝟓𝟓 

Where, the values of 𝔓1, 𝔓2  are 12000, 7500, 

respectively. The values of ℜ1, ℜ2 are 9800, 7000, 
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respectively. The values of 𝔘2, 𝔘2, 𝔘3, 𝔘4 are 8000, 

5500, 7000, 5500, respectively. The values of 

𝔈1, 𝔈2, 𝔈3, 𝔈4  are 15000, 9500, 16500, 8500, 

respectively. 

4.6 Transportation Innovativeness 

The transportation innovativeness of the imitator 

SCS by using Equation (6) is 

=
1

2
(
𝑄

𝑃
+
∑ ℝ𝑞
𝑄
𝑞=1

∑ 𝑅𝑝
𝑃
𝑝=1  

) =
1

2
(
3

4
+
∑ ℝ𝑞
3
𝑞=1

∑ 𝑅𝑝
4
𝑝=1  

) = 𝟎. 𝟔𝟏 

Where, the values of ℝ1, ℝ2, ℝ3  are 5, 4, 6, 

respectively. The values of 𝑅1, 𝑅2, 𝑅3, 𝑅4 are 5, 10, 

8, 9, respectively. 

4.7 Internal Collaboration Innovativeness 

The internal collaboration innovativeness of the 

imitator SCS by using Equation (7) is 

 

=
1

2
(
𝛽

𝛼
+
𝛼 𝜃

𝛾 𝛽 
) =

1

2
(
13

20
+
20 × 9

17 × 13 
) = 𝟎. 𝟕𝟑 

4.8 External Collaboration Innovativeness 

The external collaboration innovativeness of the 

imitator SCS by using Equation (8) is 

=
1

2
(
𝜎

𝜗
+
𝜇 𝜗

𝜎 𝜑 
) =

1

2
(
7

12
+
4 × 12

7 ×  9 
) = 𝟎. 𝟔𝟕 

4.9 Top Management Innovativeness 

The top management innovativeness of the imitator 

SCS by using Equation (9) is 

=  
1

2
(
𝔛

𝔗
+
𝔏 𝔗

𝔛 𝔜 
) =

1

2
(
17

25
+
13 ×  25

17 × 21 
) = 𝟎. 𝟖𝟎 

4.10 Employee Innovativeness 

The employee innovativeness of the imitator SCS 

by using Equation (10) is 

=
1

2
(
Θ

𝜓
+
Ω 𝜓

Θ λ 
) =

1

2
(
17

25
+
13 ×  25

17 × 21 
) = 𝟎. 𝟖𝟎 

4. 11 Consumer Innovativeness 

The consumer innovativeness of the imitator SCS 

by using Equation (11) is 

=
1

2
(
𝑌

𝑋
+
𝜕 𝑋

𝑌 ∅ 
) =

1

2
(
1960

10680
+
1568 × 10680

1960 ×  7476 
)

= 𝟎. 𝟔𝟔𝟑  

In Section 4.2, we calculated mean number of new 

products (i.e. 𝑋 and 𝑌) adopted in T time periods. 

From Equation (12), magnitude of SCI for imitator 

SCS based on quantitative factors is 0.661. Now, we 

calculate SCI based on qualitative factors. We 

assign a random number from 1 to 5 for strength of 

a qualitative factor in each dimension of SCI. Based 

on Equation (13), magnitude of innovativeness 

based on qualitative factors for single dimension can 

be calculated as  

∑ ∯
𝕢,𝑖

ℚ
𝕢=1

∑ ⨂𝕢,𝑖
ℚ
𝕢=1

, ∀𝑖 

There are 11 dimensions of SCI, 𝑖 = 1, 2, …11 . 

Here, we explain calculations based on only first 

dimension of SCI that is “strategy innovativeness”. 

There are seven qualitative factors in strategy 

innovativeness, 𝕢 = 1, 2, … 7 . For strategy 

innovativeness, the values of qualitative factors 

𝕢1, 𝕢2, 𝕢3, 𝕢4, 𝕢5, 𝕢6, 𝕢7 are 3, 4, 2, 2, 3, 3, 2 for 

imitator SCS, and 4, 5, 4, 4, 5, 5, 5 for innovator 

SCS. The magnitude of strategy innovativeness of 

the imitator SCS based on qualitative factors is 

∯
𝕢1,𝑖1

+∯
𝕢2,𝑖1

+⋯+∯
𝕢7,𝑖1

⨂𝕢1,𝑖1 +⨂𝕢2,𝑖1 +⋯+⨂𝕢7,𝑖1

=
3 + 4 + 2 + 2 + 3 + 3 + 2

4 + 5 + 4 + 4 + 5 + 5 + 5

= 𝟎. 𝟓𝟗 

Similarly, we calculate magnitude of innovativeness 

of the imitator SCS for eleven dimension of SCI as 

0.59, 0.52, 0.53, 0.63, 0.64, 0.51, 0.47, 0.59, 0.61, 

0.48, 0.55. From Equation (13), magnitude of SCI 

for imitator SCS based on qualitative factors is 

0.557. 

1

𝑛
∑

∑ ∯
𝕢,𝑖

ℚ
𝕢=1

∑ ⨂𝕢,𝑖
ℚ
𝕢=1

𝑛

𝑖=1

= 𝟎. 𝟓𝟓𝟕 

Now, we calculate SCI based on combined effect of 

quantitative and qualitative factors by using 

Equation (14) at destination 𝑗 as 

𝑆𝐶𝐼𝑗 =
1

2
(ℳ +

1

𝑛
∑

∑ ∯
𝕢,𝑖

ℚ
𝕢=1

∑ ⨂𝕢,𝑖
ℚ
𝕢=1

𝑛

𝑖=1

)

𝑗

=
1

2
(0.661 + 0.557)𝑗 = 𝟎. 𝟔𝟏  

Now, we perform numerical experiments based on 

two different Cases described in the beginning of 

this section. In Case 1, we benchmark the 

performance of imitator SCS so that imitator SCS’s 

performance is very close to the innovator SCS. 
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Figure 1 shows SCI of imitator SCS based on 

mathematical model. The values on the vertical axis 

show the magnitude of SCI (from 0 to 1). Maximum 

value of SCI is 1, which shows the SCI of Innovator 

SCS. In Figure 1, the innovativeness loss is the 

difference between magnitude of the SCI of 

Innovator and Imitator SCSs. Once the SCI of the 

Imitator SCS is measured, the company can find the 

root causes of the problems in the supply chain and 

increase innovativeness throughout the supply chain 

network. Now, we describe the impact of 

globalization and outsourcing on SCI. Companies 

that relocate part of their production activities in 

international markets are more innovative than 

domestic firms [48]. We consider the case of Zara 

the Innovator SCS. Despite having its own facilities 

in its home country (i.e. Spain), Zara is leaning 

toward international outsourcing. This behavior 

dramatically changes the magnitude of SCI. 

 

Fig. 1. SCI of imitator system (Case 1) 

In Case 2, innovativeness loss is more than the Case 

1 (Figure 2). Therefore, SCI differs from one supply 

chain network to another. Also, there is qualitative 

and quantitative SCI inconsistency for some 

dimensions of SCI. For example, dimension 1 is 

strategy innovativeness. The innovativeness of 

imitator supply chain for quantitative factors is 

moving towards negative directions. If we closely 

monitor the root cause of the problem, we find that 

this behavior is due to the strategic misalignment 

between Innovator and Imitator SCSs. Strategic 

misalignment may be described as the discrepancy 

in the number of common strategies adopted by both 

systems. 

 

Fig. 2. SCI of imitator system (Case 2) 

The relocation of a manufacturing process may 

increase the strength of supply chain disruptions. 

Zara’s innovativeness makes it ready to respond any 

type of competition or disruptions. Besides routine 

disruptions, Zara is able to recover or even further 

improve its supply chain network. In addition, Zara 

is motivated towards adoption of continuous 

innovations. Successful companies are remarkably 

innovative and maintain their innovativeness level 

up to a certain level so that the SCI becomes equal 

to or more than the strength of supply chain 

disruptions. Supply chain resilience dramatically 

increases as the supply chain disruption risk tends to 

approach zero level. Figure 3 shows this 

phenomenon, where both the strength of the supply 

chain disruption and the magnitude of the SCI range 

from 0 to 1 (0-100%). The resilience level at value 

1 is the ideal trade-off between the strength of the 

supply chain disruption and the magnitude of SCI. 

If the strength of the supply chain disruption is near 

the zero level and the SCI level is l, the supply chain 

resilience tends to approach 100 times more than the 

ideal level. Due to this phenomenon, innovative 

companies spread their supply chains across the 

globe with little or no effects of supply chain 

disruptions. 

 
 

Fig. 3. Impact of SCI on the strength of the disruption 

5 INSIGHTS FOR MANAGERS 
Resilient supply chains have a capability to deal 

with supply chain disruptions. Resilience may be 

viewed as a key dimension of a firm’s survival, and 

innovativeness as one of the key enablers of 

resilience [20]. How can SCI be utilized to respond 

to supply chain disruptions? In this section, we 

propose several strategies to deal with this question 

based on the results drawn from previous sections. 

First strategy is to maintain a balance between all 

dimensions of SCI. We could estimate the 

magnitude of innovativeness for each dimension of 

SCI, and then identify the root causes of the low 

level of innovativeness. This can be achieved 

through analysis of individual factors within a 

specific dimension of SCI. On the other hand, some 

dimensions of SCI can have a high level of 

innovativeness. To balance the level of 
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innovativeness throughout the SCS, we could shift 

the focus of some efforts towards the dimensions 

with low level of innovativeness. Second strategy is 

to take strategic initiatives, regardless of strength of 

the supply chain disruption. If the strength of supply 

chain disruption appears low, a company thinks that 

its supply chain is already stable due to the lowest 

disruption risk and it does not need to take 

innovative steps. Suddenly, a global competitor 

emerges as a strong competitor and achieves a 

competitive advantage. The company experiences a 

shocking decline in market share. Regardless of the 

high or low level of the strength of supply chain 

disruption, the company needs to be adequately 

innovative by implementation of strategic initiatives. 

Third strategy is to synchronize the SCI with supply 

chain disruptions. We could collect the existing data 

on drivers of the expected and unexpected 

disruptions, understand the detailed mechanism of 

each disruption, determine how the disruption has 

caused    the    supply    chain    network    to    change

dramatically, and finally identify the dimensions of 

Table 3. Key drivers of product complexity 

No. Factors 

1 Variety of sizes 

2 Variety of designs 

3 Variety of materials 

4 Variety of products 

5 Variety of processes 

6 Variety of components 

7 Product modularity 

8 Number of parts or components needed to 

build the product 

9 Difficulty of generating different parts 

10 Interactions between parts or components 

11 Degree of product novelty/newness 

12 Production volume of running products 

13 Degree of order within the structure of 

elements of product 

14 Product structure complexity 

(Source: Sardar and Lee, 2014) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. Conceptual model of SCI as a disruption management strategy 
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SCI that were aggressively involved in resisting the 

supply chain disruption. Then, we could develop 

metrics of SCI based on experience learned from 

disruptions. Fourth strategy is to change the 

manufacturing destination based on appropriate 

level of innovativeness. For this purpose, we could 

select the best manufacturing destinations based on 

a trade-off between basic objectives of supply chain, 

strength of disruptions, and SCI. 

Figure 4 shows the general relationship between SCI 

and supply chain disruptions. It can be seen that all 

the dimensions of the SCI are directly or indirectly 

related to respond the different supply chain 

disruptions. For instance, the supply chain 

disruptions resulting from the product complexity 

are directly related to the product design 

innovativeness. In this case, companies prevent and 

mitigate the disruptions by increasing the product 

design capability. Similarly, drivers of any type of 

supply chain disruption correspond to related 

dimensions or factors within each dimension of SCI. 
For example, Sardar and Lee [8] identified key 

drivers of product complexity as shown in Table 3. 

Now, we compare drivers of product complexity 

with factors within product design innovativeness 

(see Table 1). High degree of product 

novelty/newness increases the supply chain 

disruption risk due to frequent variations in product 

characteristics. Product design innovativeness is the 

capability of the supply chain that promotes the 

frequent adoption of new products. In this way, 

product design innovativeness enables a company to 

respond uncertain consumer demand. In contrast, 

other areas of supply chain must also accept the 

frequent product innovations. Therefore, product 

complexity should not be considered only on the 

basis of product design characteristics. Product 

design complexity should be evaluated from the 

supply chain perspective. In this way, the product 

design innovativeness along with other dimensions 

of SCI will tend to defend the supply chain 

disruptions. Similarly, the combined effect of 

different dimensions of SCI has the potential to 

effectively respond to any kind of supply chain 

disruption. In the uncertain environment, companies 

need to be highly innovative in each part of their 

supply chain networks. Supply chain disruptions 

with greater uncertainty and severity would be 

responded with equivalent magnitude of SCI, in 

order to prevent strategic failure of the business. 

6 CONCLUSIONS AND FUTURE 
WORK 
This research is an effort to deal with SCI as a 

disruption management strategy. Results show that 

SCI can be measured with the help of 11 dimensions, 

where each dimension of the SCI has its own nature. 

If a manufacturing company (e.g. Imitator Company) 

wants to measure its SCI, it may benchmark its 

performance against role model firms (e.g. 

Innovator Company) in the same industry. To 

facilitate this idea, we propose a model that 

incorporates both quantitative and qualitative 

factors within each dimension of SCI. The SCI tends 

to prevent and mitigate the supply chain disruptions. 

If the strength of the disruptions is negligible and the 

company is highly innovative, this behavior tends to 

provide unlimited resilience in the supply chain. If 

the strength of the disruption is negligible and the 

company feels that it does not need to take steps to 

implement SCI. In this case, if a competitor of the 

company implements a rewarding innovation, the 

company suffers from the loss of the market share 

due to lack of innovative capability to defend and 

mitigate the disruptions. This behavior tends to 

create and propagate disruptions in the supply chain 

network. Therefore, a trade-off between SCI and 

strength of the disruptions would be considered a 

feasible option. In order to balance the trade-off 

between SCI and supply chain disruptions, a 

company could change the structure of its network 

by outsourcing to global markets. Globalization 

helps the companies to become more innovative. 

The following are some directions for future 

research: 

 The 11 dimensions of SCI contain various 

factors. These factors could be converted into a 

questionnaire to conduct empirical study to 

measure the SCI in different manufacturing 

industries. SCI is almost a neglected area in the 

supply chain literature. Empirical studies for 

different nature of supply chain networks would 

enrich the theory of SCI. 

 Future research is required to develop 

comprehensive metrics and models to measure 

the SCI. Then we would discover how these 

metrics and models have capability to respond 

different types of disruption. 

 It is not clear how the SCI affects the 

performance of the supply chain. Different 

trade-offs between SCI and routine objectives 

of the supply chain will further help to develop 

useful theories. 

 There may be mutual interactions between 

different dimensions of the SCI. Future 

research is required to develop rigorous 

methods that integrate different dimensions of 

SCI.  

 Future research is required to discover how the 

supply chain disruption management 

capabilities help the companies to become more 

innovative. 
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 SCI is still too much a subjective area. It will be 

a great achievement for the future studies if they 

discover the mathematical modeling 

approaches that incorporate the SCI in addition 

to other traditional objectives of the supply 

chain. 

 This research focused mainly on the textile 

industry. Its applications and modifications in 

other manufacturing and service industry is 

another interesting area for future research. 
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