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Abstract Ling Wan

Chinese automotive supply chatn management has gained considerable atiention from
academic and practical research. There is ample work on supply’chain management,
however research on supply chain performance measurement and improvement is rare.
The research develops a framework for the evaluation of automotive supply chain
performance in China. In addition, the research presents indications from a study of
Chinese automotive companies with regards to their evaluation and attempts to propose
some alternatives for future improvement.

Objectives
The objectives of the thesis are:
1) Investigating and analyzing the current state of supply chain management
practices in the Chinese automotive industry.
2) Identifying potential drawbacks of Chinese automotive manufacturers supply
chain operations and trying to provide optimal solutions for the weakness.
3) Attempiing to develop a balanced and comprehensive measurement framework
to evaluate supply chain operations for the automotive industry.

Design/methodology/approach

Analytic Hierarchy Process (AHP) methodology divides the research into two parts:
performance evaluation and continuous improvements. The first phase aims at
evaluation of the supply chain performance of Chinese automotive manufacturers. The
second phase aims to find improvement alternatives from the practice based on the first
phase. Both gualitative and quantitative methods have been taken into consideration.
The data collection procedure was carried out ipn three stages: pre-survey, getting the
measurement scale and collecting metrics data. Primary data were collected through
semi-structured interviews, archival documentation and an exploratory survey.

Research limitations/Suggestion

Empinical research showed these limitations: Firstly, a limited sample number of
Chinese automotive manufacturers were involved and the distribution of automotive
companies’ survey may be different from that in large scale investigation. Secondly, the
importance of performance measures are derived from the survey, and the empirical
investigation may have different results because of participants’ managerial concerns,
thus the possibility of respondent bias cannot be ruled out. Even the research has
limitations, however the research based on deeply investigation and give practical
suggestions. Compared to previous research, this research is more comprehensive and
reliable, and suggestions are more applicable. Further research is necessary to focus on
the performance of supply chain integration and address participants’ relationship, such
as suppiters, retailers and customers.

3%
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Chapter 1 Introduction

In this section, the thesis first presents a brief review of the research from three ways: in
the first part, the thesis introduces the research background and lists reasons for
selection of the automotive industry. Then the thesis presents the objectives of the
research. In this section, the thesis also demonstrates the research main contents and
main 1ssues which arose during practical investigation. Lastly, a brief summary of each |

chapter is fully presented, and a structure of the thests also is attached.

1.1 Research overview

Since China implemented an opening-up policy in 1979, following 30 years of reforms,
its economy has developed at an unprecedented rate, and that momentum has been held
steady into the 21st century. The modemization of China’s economy provided
significant opportunities for both multinational automotive companies doing business
in China and domestic Chinese automotive companies {Wang and Yu 2006). The result
is that the Chinese automotive industry has grown dramatically. The impact of the
Chinese automotive industry on the global vehicle industry is also becoming enormous,
both as a vehicle market and as a vehicle exporter to other markets. However, at the
same time, there are growing concerns over the sustainability of the development of the

Chinese automotive industry, such as high manufacturing cost, low operational



efficiency and lack of standardization for supply chain management, which bring

additional problems (Wang and Yu 2006; Fu and Zhang 2008).

In the past years, many researchers have researched the Chinese automotive industry in
terms of automotive technology, market strategy and financial analysis. However much
less research can be found on automoti?e supply chain management. Also researchers
are more specific on the theory of supply chain management and its performance
instead of undertaking empirical investigations. Therefore this research attempts to
capture the state of supply chain management in Chinese automotive companies based
upon an empirical investigation and gives some suggestions for Chinese automotive

industry future development.

The automotive industry was chosen for this research due to:

» Firstly, the automotive industry make a significant economic contribution to many
countries, and is one of the largest manufacturing activities in the world (Sanchez

and Pérez 2005).

* Secondly, as China is becoming one of the world’s fastest growing markets for
automotive manufacturing, the Chinese automotive industry has also become a hot

topic researched by academics and practitioners (Wu 2005).



* Finally, the Chinese automotive industry is complex and different from the
automotive industry in the West. The Chinese automotive industry is at an
immature stage: the philosophy of customer-order-driven still needs to
implemented. Rapid growth and uncertain demand information put manufacturers
in a dilemma between inefficient production and over-capacity of production. Also
some transport infrastructure such as port construction and supply chain facilities —
for example train containers still need to be upgraded. All these factors make
supply chain operations even more complex. In the future, Chinese automobile
enterprises face not only competitors from domestic and international markets
(Chen, Shi et al. 2005), but also need to pay attention to their performance for
customers. Therefore this encourages China’s automotive manufacturers to acquire

further knowledge of supply chain management.

1.2 Research objectives

As mentioned earlier, much research has focused on Chinese automotive potential
market development and vehicle technology development (Luo 2004), and there is a
lack of research into supply chain practices and their performance in developing
countries, 1n general and China in particular (Saad and Patel 2006). Also there have
been many attempts to measure the performance at the operational level or focused on
tangible factors, such as financial factors, but very little research has focused on the

overall performance evaluation of supply chain management.



Therefore, the objective of this research is to evaluate supply chain management
performance in the Chinese automotive industry based on several sample automotive
companies. After exploring the performance of automotive supply chain management,
the research points out the weakness of supply chain management in the automotive
companies according to empirical investigation and experts’ view. Also the research
attempts to analyze the potential inhibitors for supply chain management in the
automotive industry and provides some implications for supply chain management
development in the future. Meanwhile, as most of the current performance measures
fail to provide balanced and comprehensive frameworks in this context, the research
attempts to propose a specific framework to measure supply chain management
performance at strategic, operational and tactical levels. This proposed performance
measurement framework integrates different participants’ concern, balances financial
and non-financial measures, and concems a company’s strategy and future

development.

Following the objectives of the research, in this thesis, the areas listed below are

included:

1) The research introduces supply chain management and supply chain management
development. The research in particular introduces automotive supply chain

management and different auntomotive supply chain procedures, including the



2)

3)

4)

5)

upstream supply chain, midstream supply chain, downstream supply chain and

green supply chain.

The research outlines performance measurement definition, function and history.

Also the research demonstrates performance measurement procedures and clarifies

-how performance measurements are applied in supply chain management.

The research demonstrates some well-known performance measurement methods
which have been proposed by different researchers. Meanwhile after
demonstrating each performance measurement method’s advantages and
disadvantages, an innovative performance framework consisting of the analytic
hierarchy process (AHP) approach will be introduced to evaluate automotive

supply chain management,

The research evaluates Chinese automotive supply chain performance from three
perspectives: strategic perspective, operational perspective and tactical perspective.
After evaluation, the research points out some weaknesses of Chinese automotive
supply chain operations in terms of customer satisfaction, financial return,

infrastructure investments and human resource management.

Finally the research develops some implications for automotive companies supply



chain management from performance evaluation and weaknesses analysis. These
implications in particular include management perceptions, logistics
standardization, supply chain integration and the reduction of the delivery time and

supply chain cost.

The research fully presents the practice of supply chain management in the Chinese
automotive wndustry. During the investigation, data collection was the main problem,

and this includes:

Firstly, companies are reluctant to give internal data. Some participants are
unwilling to spare time on sharing data or some data cannot to share due fo

business confidentiality.

Secondly, some data needed to be collected from different and disparate
departments. For example - employee productivity data needed to be collected from
financial departments and human resource departments, and this makes consistent

data collection difficult.

Thirdly some empirical data is unavailable or impractical. Thus the research not
only collected data from companies, but also fiom a variety of other ways to

supplement and confirm data, including public papers, industrial reports, and some



automotive associations,

The whole data collection and data analysis lasted for almost a year. The research has
had to adjust measures and formulas in order to fairly evaluate supply chain
performance while some data could be collected, such as a customer comi)laints ratio,
which had to be interpreted as a customer satisfaction ratio, and some formulas of
supply chain value measures had to be changed because the original data involved too

many participants.

1.3 Structure of the thesis

The thesis consists of eight chapters, and a brief illustration of each chapter is provided

in figure 1-1 below. The thesis is organized as follows:

Chapter 1 firstly briefly overviews the research background, then the research lists the

research objectives and demonstrates a basic structure of the thesis.

[n chapter 2, a review of the relevant literature to the research is undertaken. This

chapter 1s composed of three main sections:

In the initial main section, the research overviews the literature review of supply



chain management and automotive supply chain management. The research
introduces supply chain management and its development, and the research
emphasizes on relative literature on automotive supply chain and automotive
supply chain management. Meanwhile the research briefly introduces the global
automotive industry and then focuses on the Chinese automotive industry.
Characteristics of the Chinese automotive industry and Chinese automotive market

are mentioned in this part as well.

In the second main section of chapter 2, the research introduces performance
measurement definition, history, procedure and application in the supply chain
context. The research also overviews the various performance measurement
methods and summarizes different performance methods’ strengths and weaknesses.
These performance methods include the balanced scorecard and performance of

activity (POA) methods.

In the last part of chapter 2, the research explains different mathematical evaluation
methods which can integrate with performance framework for the evaluation.
These mathematical methods include: fuzzy comprehensive evaluation method and
data envelopment analysis (DEA). After comparison of different evaluation
mathematics’ advantages and disadvantages in the context of assessing the

performance of supply chain management for the Chinese automotive industry, the



research finally selects Analytic Hierarchy Process (AHP) as a suitable mathematic
used with the specific framework to evaluate the Chinese automotive supply chain
performance. The Analytic Hierarchy Process application and procedure will be

demonstrated in this part as well.

In order to come up with a suitable research approach and research strategy, Chapter 3
explains the research philosophy and relevant research approach. In this chapter, the
research discusses three main philosophies, including positivism, interpretivism and
realism. Also the research presents the research strategies that have been developed and
utilized for evaluation: survey, case study and phenomenological. Meanwhile the
research considers the research time horizon and demonstrates data collection methods,
such as sampling, survey and interview, and observation and so on. Finally the research
explains how to use tactics - triangulation methods to improve research reliability and

validity.

The methodology of the Chinese automotive supply chain performance evaluation used
in the thesis will be explained in chapter 4. The res;carch firstly demonstrates the
Analytic Hierarchy Process application and procedure to evaluate the Chinese
automotive companies’ supply chain performance and then the research develops a
'speciﬁc framework for the Chinese automotive companies. Also chapter 4 presents

each performance metrics’ explanations and formulas and proposes five steps to



develop an AHP application for evaluation of supply chain performance measurement.

In chapter 5, the research firstly selects sample automotive companif;s for evaluation.
Then the research calculates an expert scale on each metric and quantifies empirical
data. The research facilitates the manipulation of the complex measurement system into
a hierarchy of measures, and it then can be used with empirical data to assess the
implementation of supply chain management. The research presents a clear view on
performance measures with respect to each individual criterion for assessing the
automotive companies. At the same time, the research presents evaluation results, and
analyses seven automotive companies’ performance individually based on their final

SCOTCS.

Chapter 5 generally analyses automotive companies’ supply chain performance through
comparing and confrasting betv;leen companies. Chapter 6 Mer analyses seven
automotive companies’ performance in four sub-sections, namely from the customer
perspective, financial perspective, infrastructure perspective and human resource
management. This chapiter highlights the key issues and challenges associated with

supply chain management in the Chinese automotive industry.

After analysis of the evaluation findings, the research attempts to propose some

improvements for automotive companies to enhance competitiveness in the future. In

10



chapter 7 the research considers evaluation results and proposes improvements based
on improving manager conception and support, increasing long time delivery, reducing

high supply chain cost, and establishing logistics standardization.

In the last chapter, the research draws conclusions related to the performance
measurement of supply chain in the Chinese automotive industry. In this part, the
research firstly presents the contributions of the research and briefly overviews the
research methodeology. Then the research summarizes the main points from
performance analysis and improvement suggestion with regard to supply chain
operation. Finally the research points out limitations of the research and indicates future

research on performance measurement of supply chain integration.
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Chapter 2 Literature review

As discussed in the previous section, the thesis is divided into two parts: evaluation
performance and improvement performance. The first part is evaluation of the
performance of Chinesé automotive companies by using one of the performance
evaluation methods that are available. The second part islan analysis of supply chain
performance in the Chinese automotive industry and proposes some practical
implications for supply chain operations which will lead to performance

improvements.

In order to provide a literature foundation for the thesis’s findings, this chapter will
review these three main areas: in the first place, it is necessary to clarify the concept
of supply chain management, automotive supply chain and automotive supply chain
management. Also the Chinese automotive industry will be introduced in this section

in order to provide the knowledge for the basic background.

Secondly, the thesis illustrates performance measurement definitions and a related
literature Teview, including features such as performance measurement history,
performance measurement procedure and performance measurement application in
the supply chain context. In this part, the thesis also reviews and compares different
perfermance measurement frameworks which have been proposed by a number of

researchers.



In the final section, the thesis briefly demonstrates five different mathematical
evaluation methods which include fuzzy comprehensive evaluation method and data
envelopment analysis (ANN). The thesis compares the analytic hierarchy process with
other evaluating methods and points out their strengths and drawbacks. Then the
thesis places more emphasis on the analytic hierarchy process’s advantages and
applications, and also demonstrates the analytic hierarchy process’s approach to

measure supply chain performance.

2.1. Supply chain management

With increasing competition following market globalization and emphasis on customer
orientation, more and more companies strive to achieve competitive advantage by
using supply chain management (Gunasekaran, Pat(;l et al. 2001; Webster 2002). The
following section approaches the literature of supply chain management from three
viewpoinis - logistics and supply chain definition, supply chain management definition

and supply chain management development.

2.1.1 From logistics to supply chain management

Logistics has grown from military uses during two World Wars. Cavinato (1982)

accurately defined logistics as management of pre-production, in-production and
post-production, in other words, logistics management involves purchasing
14



(obtaining), producing, storage and distributing (Cox and Bvlackstone 2004). The
Council of Supply Chain Management Professionals (CSCMP 2006) clearly clarified
logistics as part of supply chain management. It is the process of planning,
implementing and controlling the efficient, effective forward and reverse flow of
storage of products, services and related information from the original point to

consumption point for the purpose of satisfying customer requirements.

In the 1990s, with increasing competition in market globalization and emphasis on
customer orientation (Gunasekaran, Patel et al. 2001; Webéter 2002), many
manufacturers strove to achieve competitive advantage by collaborating with their
suppliers and retailers to improve product quality, reduce lead time and cost. Various
new management philosophies evolved and emerged, such as supplier integration,
partnerships, supply base management, supplier alliances, supply chain
synchronization and so on (Londe and Masters 1994; Tan, Handfield et al. 1998; Tan,
Lyman et al. 2002). The term supply chain management (SCM) is most widely used to
describe this. management philosophy. This new philosophy was to devote the
company’s limited resources to improve productivity and efficiency, creating value to
achieve customer satisfaction (Chow, Madu et al. 2008). The Supply Chain Council
has developed a cross-industry standard for supply chain management--the
supply-chain operations reference model. Despite its popularity, there is no explicit

description of its specific activities and practices, and how it impacts firm

13



performance (Tan, Lyman et al. 2002).

2.1.2 Supply chain management definition

Various definitions of supply chain management have been provided in the past few
decades. Davis (1993) defined a supply chain as a simple network of material
processing with the following characteristics: supply, transformation and demand.
Henry and Carman et al (2006) considered supply chain management should involve
flows of material, information and finance in a complete value chain network which
includes suppliers, manufactures, distributors and customers (Lau, Lee et al. 2006). The
research summarized these definitions of supply chain as the network of autonomous or
semi-autonomous business entities involved upstream and downstream even further
expanded to re-cycling in different processes and activities. All entities on this network
should focus on building collaboration on core operational issues in order to deliver
value, either in the form of product, or service or combination of both, to its customers

(Baatz 1995; Lin and Shaw 1998).

As mentioned before, in recent years research in supply chain management has been
increasingly based on a network and process view. The supply chain is considered as
one single entity linking major business functions and business processes within

companies to enhance customer satisfaction (Spekman, Jr et al. 1998). The research

16



agreed with Stewart (1995) and the Global Supply Chain Forum (GSCF 2006)

described it as:

“Supply chain is the integration of key business processes which include plan,
source, make and deliver, from end user through original suppliers that provide
products, services and information that add value for customers and other
stakeholders.”

Stewart (1995) further complemented that supply chain management includes all
logistics management activities, as well as coordination of planning and controlling
process and activities, such as marketing sales, manufacturing operations, product
design and finance and information technology (GSCF 2006). It is a hierarchical and
strategic approach to planning supply chain demand, sourcing raw materials and
components, making products and parts, tracking inventory and order fulfillment, and

delivering to the customer and end user (Chow, Madu et al. 2008).

From the summary of definitions, the research proposes the definition of the supply

chain as:

“Integrating suppliers, manufacturers and distribution centers to get the right
products to the right place at the right time and in right condition. The major
purpose of the supply chain is to improve product quality and delivery service,

eliminate waste and satisfy customers. It has enabled firms to exploit supplier

17



strengths and technologies to support new product development (Morgan and
Monczka 1995), and seamlessly integrate logistics functions with transportation
partners to deliver directly to the ultimate customers. All the activities involved
include sourcing raw materials and parts, manufacturing and assembly,
warehousing and inventory tracking, order entry and order management,
distribution across all channels, delivery to the customer and upgrading
information systems necessary to monit;')r all of these activities (Lummus and

Vokurka 1999; Christopher and Towill 2001).”

2.1.3 Supply chain management development

The supply chain management phenomenon has received the attention of researchers
and practitioners in various topics. The underlying philosophy of managing the supply

chain has evolved to respond to business changing trends.

During the period from 1960 to 1975, corporations tended to have vertical structures,
and relationship with suppliers were win-lose interactions. Manufacturing systems
were focused on materials requirements planning (MRP), utilizing materials
requirements, planning techniques, inventory logistics management and push and pull

operation techniques for production systems (Poirier and Reiter 1996).

18



During the time from 1975 to 1990, manufacturers were still vertically aligned but
several manufacturers started to realize the benefit of functional integration such as
product design and manufacturing. Some manufacturers were involved in process
mapping and analysis to evaluate their performance. Various quality philosophies, such
as total quality management (TQM), and ISO Standards for quality measurement were
initiated by many manufacturers. The Malcolm Baldrige Aw:;.rd and Shingo Prize for _
recognizing excellence in these and other quality initiatives were initiated.

Manufacturing systems were focused on MRPII (Bruce 1997).

Since the 1990’s, with increasing economic development and market competition,
manufacturer structures are starting to align with processes. Strategic alliances among
organizations have been growing. Manufacturing systems have been enhanced with
information technology tools such as enterprise resource planning, distribution
requirements planning, electronic commerce, product data management, collaborative
engineering, etc (Aberdeen Group 1996). A number of factors have contributed to the

design and implementation of an integrated system:

* Firstly, there has been a realization that better planning and management of
complex interrelated systems, such as materials planning, inventory management,
capacity planning, logistics, and production systems, enables manufacturers’

productivity to be improved.

19



*  Secondly, rapid development in informatton and communication technologies has
stimulated strategic and tactical strategies essential to delivery of integrated
systems growth. The availability of such systems has the potential of

fundamentally influencing manufacturer integration issues.

2.2 Automotive supply chain and management

The research will present automotive supply chain management from two perspectives:

automotive supply chain procedure and automotive supply chain management.

2.2.1 Automotive supply chain procedure

The automotive supply chain is complex and very different from other supply chains
with respect to the supply chain process. The research divided the automotive supply
chain into four stages: upstream supply chain, midstream supplf chain, downstream
supply chain and green supply chain. The following section will explore the automotive

supply chain from these different aspects:

2.2.1.1 Upstream supply chain

As purchasers, automotive manufacturers procure components and materials (e.g.
repair parts, operating tools. etc) from core suppliers or indirect materials suppliers.

The activity of the upstream supply chain includes a company’s supplier selection,
20



supplier development and buyer-supplier relationship management (Mills et al., 2004).

In a traditional supply chain, manufacturers get order information from downstream
and make decisions about their order quantities without regard to the actual inventory
available upstream. If the upstream suppliers do not have enough inventories on hand to
fill the orders, it often leads to overtime production or extra costs. Today, vehicle
manﬁfacturers are building long-term mutual commitments with suppliers who are
willing to engage in continuous improvement and advanced technology, notably
e-procurement ', e-auctions® and e-business>, to help the communication between
upstream suppliers and manufacturers. This decreases automotive lead time, reduces
inventory costs and stimulates integration between upstream and downstream supply

chain (You and Zhu 2005).

2.2.1.2 Midstream supply chain

" The midstream supply chain is a process where vehicle manufacturing, assembly and
packing takes place. During past decades, the automotive manufacturing supply chain
developed from three stages: mass pfoduction, ‘leagile’ manufacturing approaches and

mass customization.

E-procurement means electronic procurement
E-auctions means ¢lectronic auctions
E-business means electronic business

[ A



1} Stage of mass production
The automotive industry was known as a typical industry adopting mass production.
Early in this century, the Ford Motor Company achieved the most famous and one of
the most strikingly successful example of mass production in the production of the Ford
Model T for 19 years (Zhang and Chen 2006). However mass production appeared to
decline in the 1960s. Several factors have contributed to this decline: technological
innovation slowdown, lack of investment, overregulation, oil shocks and other external
factors. In the 1980’s and early 1990’s, various approaches were attempted to respond
to competition, such as total quality management (TQM) invented in the U.S and
just-in-time production (JIT) invented in Japan. These management philosophies
strengthen the organization’s competitiveness by reducing waste and improving
product quality and efficiency of production. However the success of these approaches
1s limited, as customers become more demanding and global competition becomes
more intense, and these approaches failed to meet precisely specified customer

requirements (Duguay, Landry et al. 1997).

2} Stage of leagile manufacturing
The concept of ‘leagile’ supply chains was promulgated in the early 1990s ?n order to
search flexible manufacturing system to satisfy specified customer needs (Naylor,
Naim et al. 1999; Hoek 2000). The lean and agile manufacturing approaches were

developed in the 1980°s and were subsequently applied to automotive supply chain
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management. Christopher and Towill (2001) claimed the ‘leagile’ supply chain

developed out of two concepts:

*  Lean manufacturing approach: it can be traced back to the Toyota production
system (Womack and Jones 1996), it develops a value stream with focus on the
reduction and elimination of waste including time within the factory (Ohno 1988).

*  Agile manufacturing approach: Naylor and Naim et. Al (1999} developed the agile

operation where minimal lead times to exploit profitable opportunities and service
customer demand in a volatile market. '

Naylor and Naim et. Al (1999) defined “leagile” as follows:

“Leagile is the combination of the lean and agile paradigms within a total
supply chain strategy by positioning the decoupling point so as to best suit the
need for responding to a volatile demand downstream yet providing level
scheduling upstream from the marketplace.”

“The decoupling point is the point in the material flow streams to which the
customers order penetrates. It is here where the order-driven and the
Jorecast-driven activities meet. As a rule, the decoupling point coincides with
an important stock point - in control terms a main stock point - from which the
customer has to be supplied. (Hoekstra and Romme 1992)”

The automotive supply chain is complex with at least five major echelons ranging from
the hundreds of component suppliers through sub-assembly to final assembly line and
to retailers and end customers. Vehicle manufacturers developed an integrated
approach to matenals planning at the supply chain level, supported by the simultaneous

electric data interchange (EDI) transmission of requirements to all plants. To achieve
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leagility, the de-coupling point was located at the final assembly line, and customized
vehicles only enter final assembly or configuration when the precise customer
requirement is known (Christopher and Towill 2001; Bruce, Daly et al. 2004 )see

figure 2-1).

Figure 2- 1: Three type of supply chain operations
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3) Stage of customer-order-driven
Waller (2003) pointed out traditionally, the primary aim of supply chain management
for manufacturers is to optimize the availability of products, achieving a certain level of
availability at a certain cost, in order to avoid stock out, where there is no product to
meet the consumer’s requirements, and the customer is obliged to choose an alternative
product. Nowadays, in mature markets, Kuhn (2006) considered that increasingly

automotive manufacturers are aiming for a mass customization and
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customer-order-driven strategy. Adopting customer-order-driven production can
produce a number of benefits, including higher profits, low marketing costs and a

significant increase in customer loyalty.

The transformation to customer-order-driven production is difficult, however most
vehicle manufacturers work hard to transfer accurate customer order in a timely way in
terms of cost, design, production, capacity and supply aspects (Zhang and Chen 2006),
such as Volvo with its build-to-order (BTO) system (Eisenstein 2002), Ford with
building vehicles to online orders (Warner and Bank 1999) and BMW with customer

oriented sales and production (Holweg and Pil 2004).

2.2.1.3 Downstream supply chain

Johansson and McHugh et al.(1993) suggested that manufacturers extend after-sales
service as a part of the supply chain, and the downstream supply chain process includes
sale products and aftermarket operation. Vehicle manufacturers integrate their
downstream value chains in order to increase customer satisfaction with regards to
product quality, order cycle time, service level and cost. Furthermore, the downstream
supply chain is located at the end of the chain with dealers and end customers, and it
gasily makes demand information more transparent (Lyons, Coleman et al. 2004). Mills

et al (2004) stated that accurate visible real-time information, such as demand



information and customer requirements for all activities in the supply chain, from
procurement, transport, produce to store etc. can improve demand forecast and price
fluctuations, stimulate the efficiency of upstream operations and result in faster system

response time.

2.2.1.4 Green supply chain

The purpose of the green supply chain is to solve the dilemma between value seeking
and lowering the environmental damage of business. Srivastara’ view (2007) is
advocated that defined green supply chain management as integrating environmcnta}
thinking into supply chain management, including product design, material sourcing
and selection, manufacturing processes, delivery of the final product to the consumers,
and end-of-life management of the product after ts useful life. Table 2-1 provides an
example of detail of the scope of greening initiatives in the supply chain (Hoek 1999):
First of all, the supply chain involves multiple participants. The first row lists a number
of them, reaching as far as raw material_suppliers and retailers. All pf these participants
play important roles in the green supply chain. During the inittal production, the
suppliers selected recycle and re-use matenials. During midstream, environmental
friendly materials are selected for assembly, dis-assembly and transportation, then in
the downstream stages, participants take environmentally conscious, recycled products

and materials after their life cycles. A set of performance measures related to these



activities is identified and listed in the final row. Measurement such as transportation

can be assessed in terms of capacity of transport equipment. A high degree of utilization

is an indicator of transportation efficiency. The amount of useless space in a package

can be measured in terms of handled volumes to indicate the effectiveness of the

operation and the value of products retumned.

Table 2-1: Participants, activities and evaluation of greening efforts throughout

the supply chain
Upstream Midstream Downstream
Participants Raw materials | Main suppliers Wholesalers
suppliers Manufacturers Importers/distributors
Parts suppliers Retailers
Green activities Material selection | Design for | Packaging material
Re-use of materials | dis-assembly Returns handling
scrap, shred Returns shipment
transportation
Relation Emission rates, Volume of goods | Amount of useless
performance Energy disassembled. space in package.
measures consumption Utilization of Volume selected for
transport recycling
equipment

Source: Srivastara (2007)

The research summarized main factors significant in successful adoption of green

supply chains can be categorized as:

1) Government
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The scarcity of resources and degradation of environment has forced the Chinese
government, both local and national to release environmental regulatory and tax
policies. In order to control over-exploitation and over-consumption of resources, in
2001, the Chinese government has levied resource taxes and implemented
quota-pricing systems for some resources such as water (Bai and Hidefumi 2002).
Several organizations responded to this by applying green principles to their company,
such as using environmentally friendly raw materials, reducing the usage of petroleum

power, and using recycled paper for packaging (Zhu, Sarkis et al. 2006).

2) Market and competition
The second factor to adopt green supply chain is that companies are facing pressure
from competitors and customers. Lo and Leung (2000) asserted that the development in
consciousness of environmental problems such as global warming, toxic substance
usage, and decreasing non-replenishable resources, has stimulated many Chinese
consumers, especially younger consumers to develop environmental awareness and

require an improved environmental performance.

In addition, Zhu and Geng (2001) indicated valuable analysis: because Chinese
automotive companies failed to provide materials and products that meet these foreign
enterprises’ environmental requirements, most joint ventures or foreign direct

investment (FDI) companies in China purchase key raw materials and components
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mainly from their home countries, or from upstream suppliers in their supply chains
already operating in China. Chinese antomotive companies therefore have to face

pressures from green barriers from joint venture company competition.

In order to satisfy customers and survive in the market, companies have to raise
ecological efficiency by balancing economic benefits and lowering environmental risks

and impacts (Zhu, Sarkis et al. 2006).

3) Within the company
The two drivers mentioned earlier are from external factors. Sometimes a driver is from
the company itself. Numerous studies support that adopting a green supply chain can
bring benefits in reducing cost, increasing operational efficiency, eliminating material
waste and environment pollution, and generating brand reputation (Jorgensen 2005). In
terms of human resources, it also enhances employee morale from some green
programs such as wellness programs, and an ergonomic work environment (Gunther

2006).

2.2.2 Automotive supply chain management

After clarifying the four processes of the automotive supply chain, in this sector, the

automotive supply chain management characteristics and definition will be presented.
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Automotive supply chain management is defined in this research as:

“Automotive supply chain should considered as a single entity fo deliver value,
combination of product and service to satisfy customers. Supply chain
management links all of the partners including departments in organizations and
the external partners including suppliers, detailer, carriers, third-party
companies and information system providers(Gong and Wu 2008). All the
activities including, such as raw materials procurement, manufacturing and
assembly, inventory deployment and management, transportation management,
packaging and material handling and distribution products and so on (Li, Wang

et al. 2007)”

Rubesch and Banomyong (2005) described that the complete autometive supply chain

process includes the following processes:

Procurement and Press workshop
Manufacturers send orders to suppliers, then materials or components are delivered to
the manufacturers, and put on large and medium mechanical press production line for

uncoiling, blanking, painting and piling.

Welding workshop
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Different automotive manufacturers may have different production scales. In general,
for a total production capacity of 80,000 units, the welding workshop has around ten
production lines, one car adjusting line; and is equipped _with one conveyor line, and
automatic welding-machines, welding robots. These operations include forming body
panels, welding vehicle frames and putting in other components, such as engines, seats,
instrument panels and various other electrical, mechanical and decorative items

(Rubesch and Banomyong 2005).

Painting workshop

The painting production line consists of numerous sets of production equipment. The
painting technology is composed of seven parts, including pre-treatment line, sealing
glue line, intermediate painting line, colouring line, finish painting line, adjusting line,

and auxilhary line.

Assembling workshop

The assembling workshop has a long general assembly line, composed of push-bar
hanging line, common hanging line, plate ground line, and sub-assembling lines. In this
process, the vehicle will be equipped with an automatic guided lifting (AGV) sysiem,
for engine, chassis, rear axle, and fuei tank correspondingly. After assembly, the vehicle
is put on the end of the testing line for security and function test before delivery to
customers. -
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" Vehicle delivery

After vehicle assembly, car manufacturers outsource the delivery of new vehicles.
Typically, a third party logistics company is used for a number of functions, such as
pre-delivery inspection (PDI), delivery vehicle, and late-configuration of some parts of
the vehicle for customer specific requirements, such as decals, fitting of radtos or

alarms and other aspects (Holweg and Miemczyk 2002).

During manufacturing, each vehicle contains a data chip, recording the type of vehicle
and dealer and customer’s information. With this data, the company can easily control
each step of its vehicle manufacturing process from assembly to distribution and

after-sale service, and thus reduce production time and cost.

Operationally, the automotive supply chain is partittoned into several key stages
ranging from component procurement, raw materials storage with different members,
vehicle welding, vehicle trim and painting, vehicle assembly, to vehicle tésting and
final delivery. Totally, the supply chain cycle time typically on average is 143 hours
from raw materials to vehicle assembly, and analysis has showed that it includes a
value-adding time of 12 hours, and 8.9 hours of non-value-adding time which 1s skewed
towards the upstream processes, distribution and in particular, to raw material storage
(Lyons, Coleman et al. 2004). Finally, the research summarizes the process outlined in

figure 2-2 and shows the whole supply chain of manufacturing a vehicle as follows:
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Figure 2-2: Vehicle manufacturing process

wtp  Defivery

Source: Lyons and Coleman (2004)

Finally, the research summarized that the automotive supply chain has these particular

characteristics:

1) Each vehicle is composed of 20,000 auto parts. Manufacturers normally have
various vehicle models, and each needs a large variety of auto parts. The supply
chain starts from receiving the order from customers until finishing the delivery.
This process is considerably more complicated than most other industries (Gong

and Wu 2008).

2) Automotive manufacturers have upstream participants-suppliers and downstream
participant-dealers. For German luxury carmaker BMW's joint venture company
in China, there are a total of 150 local spare parts suppliers and more than 100

dealers by the end of 2008. Suppliers and dealers are located domestically or
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abroad and the network is a massive entity that needs to be managed (Sun 2009).
Thus manufacturers located in the middle of the supply chain play an important

role in supporting the whole supply chain cooperation and development.

3) Under heavy competition, manufacturers have to keep pace with customer demand
in designing the model and vehicle production. For BMW’s new vehicle series X5,
the manufacturers provided 8 different models, 12 different colours and 19
different engine sizes, and more than 60 other specific needs for customers.
Customer-order-driven production has been driving manufacturers to do more on
efficient supply chain management, such as supply chain integration, information

system development, and partner relationship management and so on (Sun 2009).

Since uncertainty on customer demand in the current competitive environment, the
leagile supply chain has emerged to cope with uncertainty and market volatility (Turner
and Williams 2005). Vorst and Dijk et al (2001) considered agility of a supply chain 1s
driven by customer demand which is characterized by uncertainty. As a result,
automotive companies delayed vehicle configuration as long as possible to the moment
when specific requirements from customers are clear. The automotive supply chain has
thus gained the greatest possible flexibility in responding to customer demands, and
vehicle assembly and delivery are also customized. Tu and Xu (2006) suggested that

the principle of the leagile supply chain should based on seeking design automotive and
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manufacturing components using a common platform, but final painting and assembly

does not take place until customer requirements are known.

2.3 An overview of the Chinese automotive industry

This section will review the global automotive industry first, then the thesis will review
the Chinese automotive industry including its automotive characteristics and the
provision of government plans and support. Finally the research will introduce the

Chinese automotive market.

2.3.1 Review of the global automotive industry

In 2007, global vehicle production reached a peak at 73.3 million, increasing 5.8%
compared with 2006 (Organisation Internationale des Constructeurs d' Automobiles
(OICA) Statistics 2009). However in 2008, it was affected by the global financial cnisis,
and the global vehicle production slightly decreased 3.7% at 70.5 million units. In 2009,
global vehicle production further decreased 13.5% and dropped to 61 million units

(Schmitt 2010).

According to Schmitt’s (2010) report (see table 2-2), in 2009 most countries sales are

still in decline, including sales in the USA which amounted to only 10.43 million,
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reducing 2.77 million units. Also, the economic downturn affected Japanese sales,
dropping to less than 5 million, the lowest point since 1978. Sales in Spain also fell to
the lowest point at 0.95 million in recent 15 years (ZhengJiang Auto News 2010). The
reasons why the global automotive industry is depressed are: substantial rising of petrol
price and the global financial crisis. In addition World crude oil demand growth and the
decline in petroleum reserves evoked the 2003 to 2008 energy crisis, and consumers
were encouraged to choose low petrol consumption vehicles (Arabia 2006). Meanwhile
the 2008 credit crisis placed pressure on vehicle raw materials which contributed

heavily to the sales steep dechne (Vlasic and Bunkley 2008).

Even though the global automotive market is depressed in 2009, however some
countries still have exhibited good sales, such as China where sales increased 45.5%,
reaching 13.64 million units. The reasons for high sales in the Chinese antomotive
market are: firstly because of high economic growth. In 2009, economic growth
accelerated to 8.7% over a year (USA Today News 2010). Secondly the vehicle sales
rise is due to the government stimulating vehicle market demand. These measures
included cuts in sales tax for small cars (BBC News 2010). In 2009, Germany also
achieved good sales at 3.81 million units because of government financial subsidy for
the vehicle trade. Korea sales have grown 21% relying on high vehicle export volume

(Sina Analysis 2010).

36



Table 2-2 Worldwide vehicle sales in 2009

China 13.64° | 145.5% | American 10.43 ] |121.2%
Germany 3.81 ] 123.2% | Spain 0951 117.9%
Korea 4.051121% Sweden 0.21] {16%
India : 1.43 § 118.7 Canada 1.46 ] 110.7%
Brazil 0.31] 111.35% [ Japan 4.61] 19.3%
France 2.26 } 110.7% | Australia 0.94) 17.4%
England 1.995}§ |64
Italy 2,16 10.17

Source: Schmitt (2010)

2.3.2 Characteristics of the Chinese automotive industry

The Chinese automotive industry started in the 1950s, but rapid modernization and
development began 1n the 1990s with the aid of foreign leading automotive
manufacturers’ direct investment and technology support. Since joining _the World
Trade Organization (WTO) in 2002, China has become both the fastest growing vehicle
market and the fastest growing vehicle producer (2006). Vehicle output and sales have
grown from less than two million vehicles annually before 2000 to over 9 million
vehicles in 2008 (Table 2-3) (Appendix 3) (Met 2008). Since January 2009, as tax cuts
on small cars and government vehicle subsidies in rural areas took effect, China took
the lead over the USA becoming the world’s biggest auto market (News Analysis

' 2009).

4 Unit: One million units
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Table 2-3: Aute preduction and sales data frem 2006-2009

Auto Produce growth ratio  Auto sales  growth ratio
2006 727.97 127.32% 721.60 125.13%
2007 888.24 122.02% 879.15 121.84%
2008 934.51 T521% 938.05 T 6.7%
2009 1379.04 T44.5% 1364.48 T45.5%

Source: The National Report on Automotive Industry (2009)

In general, the Chinese automotive industry has these characteristics (Han 2009; Zheng

2009):

1)

2)

Chinese automotive industry relies seriously on foreign investment

At present, there are 355 vehicle brands available on the market, including
commercial vehicles such as trucks and buses, however Chinese own brands only
accounted for 69%, foreign brands accounted for 31%. In more than 100 brands of
sedans, domestic vehicle brands accounted for only 33, and joint venture

automotive companies accounted for 87 % of Chinese sedan market share.

Economic vehicle has become the highlight of market demand

Due to the increasing cost of petrol and the development of environmental
awareness, the economic vehicle with low emission and low petrol consumption
has become popular, and economic vehicles with an emission volume of less than
1.6 liter took a larger market share. In accordance with the statistics from the China

Association of Automobile Manufacturers, in 2008, the total sales of sedans rose to

iz



———y = —

3)

4

5.04 million, taking up 74.7% of passenger vehicle sales (Bai and Chen 2009).

Commercial market is depressed

As passenger vehicles retained high demand for the market, commercial vehicles
are general relatively depressed. In 2008, commercial vehicles sold only
represen-ted 2.62 million units, taking up less than 40% of the passenger vehicle

market share.

High vehicle production but low vehicle export

As China's automotive industry maintains high growth, vehicle exports have played
a very small role so far. In 2008, China's exports of vehicles were .68 million units,
ranking in the top eight, far behind Japan, France and Germany which exported
more than 4 million units (see figure 2-3) (Xian and Wu 2008). Commercial
vehicles, such as light and heavy trucks, are slightly higher than passenger cars,
which accounted for approximately 65 % of total export vehicle units. The vast
majority of Chinese auto exports are unlikely to go to Europe or the United States,
but rather to countries nearer to China geographically, mostly destinations
including Russia, south-east Asia, Afiica, Latin America and the Middle East

(Mann 2008).
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Figure 2-3: Chinese vehicle export volume and growth ratio from 2002 to 2008

Chinese vehicle export volume
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Source: Xian and Wu (2008) and Mann (2008)

2.3.3 Government plan and support

In order to create an internationally competitive vehicle, the major government efforts
for the Chinese automotive industry include (Yang and Pillsbury 2007; Aervitz 2008;

Chao, Wang et al. 2009; Li and Shi 2009; Ping and King 2009):

1) Promote the consumption of automotives

In 2008, auto sales growth shrank with an increase of just 6.7 percent, the first
single-digit expansion since 1999 in an automotive market which is used to growth
rates of more than 20 percent. As the global economy slowed down, the Chinese
government has introduced a series of economic stimulus policies in order to boost the

confidence of the automotive industry, and also to mobilize the enthusiasm of
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CONSumers:

(i)  Reasonable taxation system reform
In April 2008, the Chinese government established a tax reform which
including cutting purchasing tax in half at 5%, down from 10%, a decrease of
petrol tax for energy-saving small engined vehicles and reduced consumption

tax for consumers (Liu 2009).

(ii) Provide financial subsidies

The Chinese government also introduced a new series of policies to boost
automotive consumption. The government offered subsidies for countryside
people purchasing new cars and encouraged old-car owners to scrap their old
vehicles for brand new ones by providing subsidies for trade-in (hang, Guo et

al. 2008).

(iii) Financial support for the second-hand auto market

The Chinese government further developed a support system for second-hand
auto sales, including simplifying second hand auto trade procedures,
providing auto trade information, and ensuring second hand after-sales
service. Also, the Chinese government offered financial subsidies for the

second-hand vehicle trade (Yan and Bin 2009).
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2) Support automotive industry research and development

The Chinese government encouraged domestic vehicle manufacturers to develop
autonomous research capabilities through joint ventures with foreign partnérs. Almost
all large international automobile companies have invested in China, such as General
Motors (GM), Toyota Motor Corporation (TMC), Ford and Volkswagen. The
government allows a foreign partner to have more than 50% ownership in a joint
venture company, such as in the case of Honda Automobile {(China) Co Ltd in the
Guangzhou Development Zone. Honda was allowed to have 65% ownership in a joint
venture, which was unprecedented. Recently, legislation came into force permitting
foreign companies in the automotive industry to have up to 70% of shares if they export

vehicles (Hui 2009).

The Chinese govermment believes electric battery operated cars will take a major
marketing role in the future. In 2009, Auto Industry Planning continues the trend of
encouraging auto manufacturers to build up their own research and development
capability particularly on energy saving and environmentally friendly technologies
{Ping and King 2009). The Chinese government offered tax subsidies to automotive
companies and local government agencies to purchase electric vehicles to stimulate the

¢lectric vehicle development,
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3) Restructure and consolidate the automotive industry

From 2001-2011, the Chinese government aims to restructure and consolidate the
automotive industry--from 180 individual manufacturers to two or three large
automotive groups and from several hundred parts suppliers to five to ten large supf)lier
groups. The ultimate goal of automotive-industry consolidation is to create two or three
globally competitive car producers which produce more than 2 million vehicles a year.
In addition there will likely be a further 4 or 5 automotive companies with an annual

production volume of more than 1 million vehicles.

Nowadays, the Chinese govermment encourages FAW, Dong Feng, Shanghai
Automotive and Chang’an Automotive to merge and acquire smaller automotive
companies across the country, whereas BAIC (Beijing Automotive Industry
Corporation), Guangzhou Automobile, Chery and CNHTCS5 are encouraged to conduct

automotive frade on a regional market.

4) Encourage vehicle exports
China exports a broad range of vehicles and auto parts (Bradsher 2008), however the

high technical content of vehicle and auto components such as chassis and electronic

* The headquarters of China National Heavy Duty Truck Group Co., Ltd. {CNHTC) is located in Jinan city,
Shandong province. It is famous for developing and manufacturing the first heavy duty truck —~ “HUANGHE" brand
vehicle model. A company successful introduced the “STEYR™ heavy duty tmick production project, and become a
leading company in the heavy-duty truck industry. Nowadays a company setting up a joint venture with VOLVQ to

manufactere the heavy duty trucks with up-to-date international level,
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and electrical parts only account for 18.3% of the total value of China's vehicle exports.
The big share of these products are low value-added vehicle and parts with low
technical content (See figure 2-4) (Ally 2008). In order to lift the value of vehicle and
auto parts, the government supports vehicle manufacturers engaging in technological
research and development (R&D}), and shifting from technology dependency on foreign

partners in joint ventures toward independent production (Mao, Zhang et al. 2008).

Figure 2-4: Chinese auto parts export value in 2007

Source: Automotive News (2008)

2.3.4 The Chinese automotive market introduction

In 2007, the Chinese automotive industry had showed strong sales and revenue growth.

In a total output of nearly eight million vehicles, China has sold approximately 2.49
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million commercial cars combined with truck and bus production and approximately
6.29 million passenger cars, representing a 22.02% increase over 2006 (See figure 2-5)

(appendix 5) (Li 2007).

According to the State Express report (Xinhua News 2007), much of Chinese
automotive industry’s growth has been contributed by increasing demand for passenger
cars which now account for more than two-thirds of China’s production, an increase of
22.1% compared with 2006. Meanwhile, sedans still dominate in passenger cars, with
the sales reaching 4.7 million units, accounting for 74.6% of the whole passenger car
market while sports utility vehicle (SUV) sell approximately 26,200 units, rising to
15.77% and Mini Passenger Vans (MPV) to more than 3.2% of market share, rising
14.89% to reach 20,400 units (See figure 2-6 and figure 2-7) (Automotive Industry

Report 2008).
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Figure 2-5: 2007 -2008 automotive production and sales chart
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Figure 2-6: Passenger vehicle sales from 2007-2008

Source: The National Report on Automotive Industry (2009)

The passerger vehicle sales from 2007 to 2008
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Source: Automotive Industry Report (2009)

In 2008, the total amount of China's automobile production and sales reached a new

high, with automotive output of 9.35 million and automotive sales of 9.38 million,
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while passenger vehicle production and sales are 6.74 million units and 6.76 million
units, and commercial vehicle production and sales 2.61 million units and 2.62 million

units (See figure 2-5).

By contrast, in 2008 the vehicle output and sales growth slowed down because of the
global financial crisis and China's economic slowdown. The automotive output
increased 5.21%, dropping down 16.81% compared with the previous year, the
automotive sales increased 6.70%, falling 15.14% compared with 2007, Nevertheless,

in 2008 China's vehicle consumption still exceeds Japan (Fu, Ru et al. 2009).

Figure 2-7: Passenger vehicle sales in 2008

The passenger vehicle sales in 2008
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Source: The National Report on Automotive Industry (2009)

In 2009, as automotive sales slowed with global economic and job concerns, the

Chinese government introduced an economic stimulus plan, such as financial subsidies
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and taxation reforms. Since February, China has become the biggest automotive market
in the world. According to the China Assoctation of Automobile Manufacturer’s
statement, in 2009 the overall vehicle sales rose 45.5% to 13.64 million, while China’s
passenger automotive sales took 75.7% of the market share rising to 10.33 million units
which included sport-utility vehicle, multi-Purpose Vehicles and other passenger

vehicles (Ying 2009).

2.4 Performance measurement

Operations performance measurement can provide important feedback information to
enable managers to monitor performance, reveal progress, enhance motivation and
communication, and diagnose problems (Rolstandas 1995; Waggoner, Neely et al.
1999). Over the last few years, performance measurement applied in supply chain
management has become more important. Lohman and Fortuin (2004) noted the main
reason 1s: companies start seeking ways to improve operational performance through a
better integration of operations across subsequent echelons and separate functions in
the value chain. However many critical drawbacks are clear from existing performance
measures. With the aim to fill this gap, the research attempts to propose an innovative

performance measurement for the Chinese automotive industry.

This part is organized as follows: the first section is the introductory section to

performance measurement. The second section is a related literature review of
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performance measurement in terms of function, history and process. In section three,

the research will focus on performance measurement in the supply chain context.

2.4.1 What is performance measurement?

With a massive literature on performance measurement, Neely et. al (1995) clearly

clarified the variety of definitions that exist as stated below:

* A performance measure can be defined as a metric used to quantify the efficiency
and/or effectiveness of an action.

¢ Performance measurement (PM) can be defined as the process of quantifying the
efficiency and effectiveness of action.

o A performance measurement system (PMS) can be defined as the set of metrics
used to quantify both the efficiency and effectiveness of actions.

Lohman et al (2004) further commented that a performance metric also is called
performance indicator (PI). Performance measurement is a procedure that integrates
PIs with software and databases to evaluate operational performance in a conststent and

complete way.

Neely et. al (2005) and Beamon’s {1996; 1999) view has been taken for this research on
dividing supply chain performance measures into two: single performance measures

and joint performance measures.
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* Single performance measures

From the literature review on manufacturing strategy, the key dimensions of
manufacturing’s performance can be defined broadly in terms of quality, delivery speed,
delivery reliability, and price (cost) (Leong, Snyder et al. 1990; Neely, Gregory et al.
2005). Table 2-4 shows thE; multiple dimensions of single supply chain performance
measures. Taking an example, practitioners measure manufacturing’ performance in
terms of quality, measures selected from the perspectives of product feai‘ureS, reliability,
technical, and service and so on. These questions include: whether products are
qualified and safe to use? Are customers satisfied with products and service? How to

improve products on function and aesthetics?

Single performance measures are commonly used by many researchers and
practitioners because of their simplicity. However single performance measures fail to
provide balanced measures at various points along with the manufacturing process.
Also single performance measures evaluate performance only on one characteristic of
an objective, and measures are not based on the company’s strategy and can not provide

guidelines for operational action.

50



Table 2-4: The multiple dimensions of quality, time, cost and flexibility

Quality Time Flexibility Cost

Features Manufacturing lead | Material quality Manufacturing
time cost

Reliability Qutput guality
Rate of production Value added

Technical introduction New product

Durability Selling price
Deliver lead time Modify product

Service ability Operational cost
Due-date performance | Deliver ability '

Aesthetics Service cost
Frequency of delivery | Product volume

Humanity

Value

Source: Neely, Gregory and Platts. K (2005)

¢ Joint performance measures

Joint supply chain performance measures mean adopting a number of various
performance measures as an entity. A large number of different types of performance
measurement are available making measure selection difficult, and so Beamon (1999)
proposed useful suggestions for companies creating measurement systems that they
should base their decision on these questions: what to measure? How are multiple
individual measures integrated into a measurement system? How and when are

measures re-evaluated?

Stainer (1997) recommended performance measurement should be based on the
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characteristics of a manufacturer’s operations, whatever performance measure or set of
performance measures are used to determine the efficiency and effectiveness of an
existing operational system, or compare competing alternative systems. Stoop and
Bertrand (1997) suggested that joint performance measurement provides necessary
information about management progress feedback for decision makers, and diagnosing
problems supports companies to set up appropriate parameters to monitor and guide

performance improvements.

2.4.2 Performance measurement history

Ghalayini and Noble’s (1996) claim on dividing performance measurement

development into two main phases was supported:

The first phase began in the late 1880s and went through to the 1980s. In this phase,
performance measurements primarily emphasized management accounting systems.
These financial measures include company profit return on investment and productivity

and so on.

The second phase started in the late 1980s as a result of global economic integration.
Companies began to seek higher-quality products with lower costs and more variety. In

order to regain a competitive advantage, companies not only shifted their strategic
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priorities from low-cost production to quality, flexibility, short lead time and
dependable delivery, but also implemented philosophies of new technologies and
manufacturing management, such as computer integrated manufactur@g (CIM),
flexible manufacturing systems (FMS), just-in-time (JIT), optimized production

technology (OPT) and total quality management (TQM) and so on (Neely 2003).

The globalization of business also has made significant impact on supply chain
management strategy and performance. The trend has been for companies to source
globally and therefore they have to invest in supply chain facilities and software, and
shorter manufacturing and delivery lead times, and constantly adjust supply chain

strategies to meet new requirements from custormers.

As shown in table 2-5, traditional performance measures have many limitations that
make them less applicable in today’s competitive market. Such as the fact that they are
based on financial measures and only evaluate middle and high managers, they are not
related to a company’s strategy, they are inflexible, expensive and confradict
continuous improvement. Therefore in response to the need for new challenges, various
new performance measurement approaches that should be used to drive improvement
have been developed and presented by many researchers and have been implemented

by many companies (Ghalayini and Noble 1996).
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Table 2-5: Comparisons between traditional and non-traditional PM

Traditional performance measures

Non-traditional performance measures

Based on traditional accounting system

Based on company strategy

Mainly financial measures

Mainly non-financial measures

Intended for middle and high managers

Intended for all employees

Lagging metrics (weekly or monthly)

On-time metrics (hourly, or daily)

Difficult, confusing and misleading

Simple, accurate and easy to use

Lead to employee frustration

Lead to employee satisfaction

Neglected at the shopfloor

Frequently used at the shopfloor

Have a fixed format

Have no fixed format (depends on needs)

Do not vary between locations

Vary between locations

Do not change over time

Change over time as the need change

Intended mainly for monitoring

Intended to improve performance

Not applicable for JIT, TOM, etc.

Applicable

Hinders continuous improvement

Help in achieving continuous
improvement

Adapted from Ghalayini (1996)

2.4.3 Performance measurement procedure

Several researchers, including Bourne and Lohman, indicated useful suggestions on

performance measurement procedure. They asserted the procedure of performance

measurement may conceptually be separated into phases of design, implementation,

and use (Bourne, Mills et al. 2000; Lohman, Fortuin et al. 2004):

¢ The design phase is about defining manufacturers’ strategic objectives and

selecting performance measures.
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¢ In the implementation phase, procedures translate both financial and
non-financial measures into specific objectives that provide guidelines for

operational action for middle and lower management.

¢  After collecting and processing the data that enables the measurements to be
made regularly, in the use phase, managers review the measurement results to
assess whether operations are qualified and whether the strategy is successfully

implemented.

The appropriate measures are derived from several rounds to review and revise. Review
and revise processes imply that the measured objective may change, the definition of
measures may change, and a measure may even be deleted or replaced (Neely, Gregory
et _al. 1995). Also the availability of data is one of the considerations in the design
process, and there is more attention on updating performance measures once they have
been implemented. Kaplan and Norton (1992) emphasize using documents, interviews,

and executive workshops for gathering information and building consensus.

2.4.4 Performance measurement in the supply chain context

Many companies are trying to improve supply chain performance measurement.

Gunasekaran et. al (2001) and Tsang et. al’s (1999) made valuable comments on the
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flaws of performance measurement in the supply chain context, stated as below:

D

2)

3)

Performance measurements are not connected with the company’s strategy.
Several functional or regional departments are each responsible for one aspect or
one part of the supply chain and only top management is responsible for the total

performance measurement results (Gunasekaran, Patel et al. 2001).

Lack of balanced approaches for performance measurement. Kaplan and Norton
(1992} clearly point out, while some researchers and managers have concentrated
on financial performance measures, others have concentrated on operational
measures, thus an inequality can lead to metrics that cannot be presented in a clear
picture for organizational performance. Maskell (1991) suggested that financial
performance measurements are important for strategic decision and non-financial
measures are important for controlling manufacturing and distribution operations.
Thus Maskell proposed a useful suggestion as building a balanced manufacturing
performance measurement integrates multiple measures, such as intemal and
external, fimancial and non-financial measures, performance drivers and outcome

measures.

Lack of a system viewing the supply chain as one entity and measurement process

across the whole. Chan and Qi’s view is advocated (2003) that performance
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measurement need to define supply chain measure performance as a whole and
drilldown to different measures on different aspects and different participants,

including suppliers, detailer and customers.

4) Lack of a clear distinction between metrics at strategic, tactical, and operational
levels (Gunasekaran, Patel et al. 2001). Gunnasekaran and Patel (2001) noted
metrics are used in performance measurement to influence the decisions to be
made at strategic, tactical, and operational levels. However, manufacturers fail to
classify operational levels for supply chain management. Thus the research
considers classification of metrics should based on these three levels, and each
metric can be assigned to a level where it would be most appropriate. For example,
in dealing with operational measurement, one of most suitable metrics can be
accessed from capacity utilization, where day-to-day capacity utilization rates can

be measured and monitored.

It is clear that for effective management in a supply chain, measurement objectives
must consider the overall supply chain goals and the metrics to be used. The
measurement frameworks should represent a balanced approach and be classified at
strategic, tactical and operational levels, and integrated various financial and

non-financial measures, as well.
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2.5 Overview of different performance methods

The appropriate design of performance measurement for modem manufacturing
companies is an increasing concern for both academics and practitioners. Many authors
have proposed vanous performance frameworks. This research will review literature on

a number of the most significant supply chain performance measurements and metrics.

2.5.1 Balanced scorecard

The balanced scorecard (BSC) was originally proposed by Kaplan and Norton (Kaplan
and Norton 1992) and is built on four perspecttves and integrated performance metrics

for strategic, operational and financial levels (see Figure 2-8):

(1) Financial perspective (the mnvestor or shareholder’s views),

(2) Customer perspective (the performance attributes valued t¢ customers);

(3) Internal processes perspective (the long-term and short-term means to achieve the
financial and customer objectives);

(4) Innovation and learning perspective {(capability to improve and create value).
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Figure 2-8: The balanced scorecard

Financial perspective

Goal Measures How do we look to
How do customers sharcholders?
see us?
What must we
excel ai?
Customer perspective Internal process perspective
Goals Measures Goal Measures

'

Innovation and leaming
Goal Measures
Can we contitiue to

improve and create
value?

Adapted from: Kaplan and Norton (1992)

The balanced scorecard provides answers to four basic questions. The research applies

Kaplan and Norton (1992) theory in the automotive industry as:

Financial perspective:
The financial measures address the question of how automotive manufacturers provide
financial return to their shareholders or investors. These specific measures including

revenue and sales growth, return on equity.

Customer perspective
The customer measures address how automotive manufacturers offer satisfactory

service to customers? These specific measures include new vehicle models, on-time
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delivery, and vehicle cost, manufacturing time and so on.

Internal processes perspective
Internal business process measures address how automotive manufacturers improve
internal processes to maximum operational efficiency? These specific measures

including product cycle time, manufacturing productivity and so on.

Innovation and learning perspective

Innovation and leaming measures address the question of how automotive
manufacturers improve and innovate vehicle technology and desiga to create more
value and satisfy customers. These specific measures including vehicle model design

and new product development.

The balanced scorecard is a performance measurement based upon an integrated
framework incorporating strategic non-financial performance measures with traditional
financial metrics. It provides feedback on both the intemal business processes and
external outcomes. Also, the system evaluates a company’s efforts for future
improvement. However, the balanced scorecard is primanly designed for semior
managers to provide them with an overall view of performance. Thus it is more
manageable to apply it to the strategic business rather than the operational level

(Ghalayini and Noble 1996).
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In additton, the system focuses on four major area of performance. Simply adding new
metrics to the financial ones could result in hundreds of measures, thus the system
integrates a company'’s strategy with a purposely limited number of key metrics in order
to avoid information overload. The total number of measures should be limited to
between 15 and 20 or three to four metrics for each of the four perspectives. Thus the
metrics need to be carefully selected and specific for the company (Business

Knowledge Center 2008).

2.5.2 Input and output concept

Some performance measurements put emphasis on the horizontal flows of materials
~ and information within the organization. Most notably are Brown (1996) and Lynch

and Cross (1991).

Brown’s framework, which is shown in Figure 2-9, attempts to measure three main

elements of the operations process: input, transformation and output (Brown 1996):

e /nput measures are mainly concerned with volume and quality of product
components, skilled employees and customer requirements.

e Process measures are concerned with design of products and services, production
and products delivery.

e  Qutput measures are concerned with the quality of products and service, and
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financial results.

»  Quicome measures are concemed with the satisfaction of the customers.

The selection of the right measures depends on a number of factors. Brown (1996)
argues that cach stage of this framework is the driver of performance. Inputs such as
raw materials, capital and skilled employees, can lead to the procéss system, which can
lead outpuf that offers qualify products to customers and provides financial returns to
shareholders. At some point, customers are served by the process System which will

either achieve ot not achieve the outcome intended for them.

Neely and Bourne (2000) clearly identified differences among the input, process and
output measures, and the framework promoted a comprehensive approach to
measurement of operations and process. However the research agrees with Jonsson and
Lesshammar’s (1999) comments on the framework which primarily addresses issues
within the processing system, such as product design, productivity, cycle time and
waste, but fails on evaluation of information flow which is critical for the whole
operation. Moreover the framework is difficult to operate during practical
implementation because of difficulty to define metrics for each operations process and

qualify these metrics.
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Figure 2- 9: Inputs, processes, outputs, outcomes

lnput Processing
system Output
Skilled ' i Outcome Goal
motivated Design  of
- employees products Products Delighted
and service Customers
Customer N _ Services N Repeat
requirements "] Production - "| Customer
of product Financial Needs met Business
Raw materials results
Delivery of
Capital service Output Outcome
Process measures measures
Input Ineasures
Measures

Source: Brown (1996)

2.5.3 Result and determinants concept

Result and determinants concept was proposed by Fitzgerald (1991). Fitzgerald
suggested that there are two basic types of performance measures which can be applied
to any organization: related to results and determinants of results. Measures that are
related to results are: competitiveness and financial performance while measures that
focus on the determinants of results are: quality, flexibility, resource utilization and

innovation (see table 2-6).

Result and determinants concept has advantages in analyzing the relationship between
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the determinants and resuits and provides a balanced framework for operation
evaluation. However the research considers that the result and determinants concept has
difficulty in defining a set of determinants of the end results that reflects company’s .
objectives and assesses their performance appropnately. Also for measuring
process-based supply chain performance in manufacturing companies, the framework

is not appropriate due to the emphasts on hard factors and end results.

Table 2-6: Results and determinants framework

Framework Dimensions of Measures
Performance

Results Competitiveness Relative market share; Sales growth

Financial Performance | Profitability;  Liquidity;  Capital
. structure

Determinants | Quality Reliability; Courtesy; Availability
Flexibility Volume; Delivery speed; Specification
Resource utilization Productivity; Efficiency
Innevation Performance of the innovation process

Source: Fitzgerald (1991)

2.5.4 Financial and non-financial performance measures

The Institute of Chartered Accountants of Scotland (ICAS) (ICAS 1993) developed a
new performance measurement framework, based on the different ways in which
businesses use performance measures for: business planning (encompassing a wide
Ivariety of non-financial performance measures) and monitoring operations (including

mainly traditional financial measures).



The ICAS’s framework has strength on integrating Iall the financial and non-financial
performance measures and attempting to integrate all factors to measure the whole
performance. Financial related meirics included company’s re\}enue,- gross margin,
return on investment and sales growth and so on. Non_-fmancial metrics included
produce efficiency and flexibility, human resource management, customer retention
and growth, product and service innovation @d so on. The financial and non-financial
performance measures are appropriate to supply chain performance measurement as it
enables the incorporation of soft issues, however the research considers the framework
is inappropriate as it depends significantly on hard and financial performance

measures.

2.5.5 Framework by. Beamon

Beamon (1999) asserted the use of resources, the desired output and ﬂexibility are
critical to successful supply chain management, therefore, a supply chain measure
should emphasize these three separate measures types: resource measures (R), output
measures (O) and flexibility mcasurf-:s (F). Beamon (1999) further clarified the different

purpose of each measure type (See Table 2-7).
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Table 2-7: Goals and purpese of performance measure types

Performance Goal Purpose
measure
Resources High lével of efficiency | Efficient resource management is
critical to profitability

Output High level of customer | Without acceptable output, customers will
service turn to other supply chains

Flexibility Ability to respond to a | In an uncertain environment, supply chains
changing environment | must be able to respond to change

Source: Adapted from Beamon (1999)

Beamon (1999) propesed a good view that performance measurement should coincide
with the company’s strategic goals. This framework allows study of the interactions

among the measures and ensures a minimum level of performance on different aspects:

o  Resource measures are generally measured in terms of the minimum requirements
(quantity) or a composite efficiency measure. Measures include inventory levels,

personnel requirement, equipment utilization, energy usage, and cost.

*  Ouiput performance measures must not only correspond to the company’s strategic
goals, but must also correspond to the customers’ goals and values. Output
measures include customer responsiveness, quality and the quantity of the final

product.

o Flexibility measures evaluate a supply chain’s ability to accommodate volume and
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schedule fluctuations from suppliers, manufacturers, and customers, such as .

volume flexibility, delivery flexibility, new product flexibility.

Beamon’s framework has advantages in listing detailed performance measures, and
emphasizing process flexibility fo respond to environmental change. However the
research asserted Neely and Mills’s (2000) view that the framework does not address
the relationship with suppliers and many output performance measures are difficult to

express numerically, such as product quality.

2.5.6 Performance measurement questionnaire

Performance measurement questionnaire (PMQ), presented by Dixon et al, consisted of
three stages for measuring performance and encouraging continuous improvement

(Dixon, Nanni et al. 1990).

e In the first stage, general data are collected from companies, and respondents
assess the companies’ competitive priorities and build a performance measurement
system, It consists of items labeled as “improvement areas”. They are placed in the

centre of the questionnaire as shown in Table 2-8.
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Table 2-8: Section of part two of PMQ

Long-run  important
improvement

of Improvement areas

Effect of  performance

measure on improvement

None =>>>> -Great
123 45 6 7
1 23 4567

1 23 4567

Quality

Labour efficiency

Machine efficiency

Inhibit >>>> Support
1 23 4567
1 23 4567

1234567

Adapted from: Ghalayini and Noble (1996)

e In the second stage, respondents are asked to circle a number on each side of the

table in order to identify areas where there is a need to improve and whether the

current performance measurements are appropriate to support activity.

e In the third stage, respondents are asked to compare and contrast what is most

important for companies and then the respondents are asked to provide appropriate

performance measures that best evaluate their own performance and any other

general comments.

The performance measurement questionnaii'e (PMQ) identifies the improvement areas

of the company and their associated performance measures. In addition PMQ attempts

to determine the extent to which the existing measurement system supports such as

improvement areas. However the research advocates Ghalayini and Noble’s (1996)

view that the performance measurement questionnaire (PMQ) failed to link areas of

improvement and performance measures in the manufacturing process. Also the
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performance measurement questionnaire (PMQ) does not take into account the concept

of continuous improvement.

2.5.7 Performance of activity (POA)

A supply chain should be viewed as one single entity and managed as a whole, Chan
and Qi (2003) proposed an innovative approach to assess supply chain performance:

the concept of performance of activity (POA).

The selection of the dimensions is based on actual requirements: internal people and
external customers, the metnics can be divided into: hard measures and soft measures.
The hard measures include cost, time, capacity, productivity, and utilization; the soft

measures include: effectiveness, reliability, availability and flexibility.

The concept of POA integrates supply chain performance measurement. Pcrfonnance
. metrics cover a broad range, including inputs and outcomes, both tangible items and
intangible items. It not only provides an approach to identify and select the
performance measures, but also develops benchmark performance among the processes

and activities.

The research recommends that the POA concept is appropriate to process-based
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manufacturing. However, it does not address the extemal environment, such as

competitors and support continuous improvement for the future development.

2.5.8 Frame work by Gunasekarn

Gunasekaran et al. (2001) proposed a new supply chain performance framework. The
metrics discussed in this framework are classified into strategic, tactical and
operational levels of management. Rushton (2001) directly distinguished the influence

of different levels of management:

e The strategic level measurements affect the top level management decisions, very
often reflecting investigation of broad based policies, company’s financial plans,

competitiveness and organizational goals.

e The tactical level measurement of performance offers valuable feedback to
mid-level management decisions. It deals with resource allocation to achieve

results specified at the strategic level.

e  Operational level measurements and metrics require accurate data and assess the
impacts of decisions upon low level managers. Supervisors and workers are

operational objectives to the achievement of tactical objectives.
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According to Gunasekaran et al’s view, these metrics have been to be assigned to where

they can be best dealt with by the appropriate management level and for fair decision

making. An example is given, the total cycle time, assigned at the strategic level based

on an overall system dectsion in a supply chain and can be used and managed by the top

managers. In Table 2-9, Gunasekaran et. al (2001) show the metrics for the evaluation

of supply chain performance:

Table 2-9: A framework on metrics for the performance evaluation

Strategic Level

Tactical Level

Operational Level

| Total supply chain cycle time
Total cash flow time

Customer query time

Level of customer perceived
value of product

Net profit vs. productivity ratio
Rate of return on investment
Range of product and services
Variations against budget

Order lead time

Flexibility of service systems to
meet particular customer needs
Buyer-supplier partnership level
Suppiier lead time

Level of supplier's defect free
deliveries

Delivery lead time

Delivery performance

'Accuracy of forecasting

techniques

Product development cycle time
Order entry methods
Effectiveness of delivery
invoice methods

Purchase order cycle time
Planned process cycle time
Effectiveness of master
production schedule

Supplier assistance in solving
technical problems

Supplier ability to respond to
quality problems

Supplier cost saving initiatives
Supplier's booking in
procedures

Delivery reliability
Responsiveness to urgent
deliveries
Effectiveness of distribution

planning schedule

Cost per operation hour
Information carrying cost
Capacity utilization '
Total inventory as:
[m.:omjﬁg stock level
Work-in-progress

Scrap level

Finished goods in transit
Supplier rejection rate
Quality of delivery
decumentation

Efficiency of purchase order
cycle time

Frequency of delivery
Driver reliability for
performance

Quality of delivered goods
Achievement of defect free

deliveries

Adapted from Gunasekaran (2001)
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Gunasekaran’s framework Eas been developed from the literature and provides metrics
* for the strategic, operational and tactical level based on the supply chain process. The
research considers Gunasekaran’s framework is very useful in performance evaluation
as it incorporates issues such as suppliers’ performance and customer satisfaction. But
the framework does not identify improvement, and it is too complex to adopt for the

model to be used in this evaluation.

2.5.9 Summary

The previous section has sought to illustrate various performance measurement
frameworks, the research finally summaries each measure framework’s key features,

strength and weakness in table 2-10:
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Table 2-10: Performance models and their weaknesses

Framework Key Features Strength Weakness
Balanced Identifies financial, | Very wseful tool for | More focuses on sirategic
customet, internal business, | management. It integrates | business rather than
scorecard and innovation and learning | non-financial measures, soft | operational level,
perspectives. issues, and encourages
by Kaplan and continuous improvement, | Also limited metrics for
Norton (1992) | 1ntegrating financial and evaluation.
non-financial, internal and
external measures.
Input and Provides a comprehensive | Introduce a process-based | Fails on evalvation of
output concept | approach to manage and | approach to measure three | information flow which is
by Brown measwre operations, Also | main  elements:  input, | critical for the whole
(1996) identifies differences among | transformation, output by | operation.And difficult to
the input, process and output | using quantitative approach. | apply during implementation.
measures.
Results and Two types of performance | Attempts w0 identify the | Difficult 1t find the
determinants measures are  proposed: | relationship between the | determinants  and  not
concept by related to results and | result measures and the | appropriate to manufacturing
Fitzgerald et determinants of results, determinants measures. company due to emphasis on
al.(1991) hard factors and end result.
ICAS (2000) Both financial and’ | It attempts to integrate all | The framework fails for

non-financial performémce
measures based on planning

and monitoring operations

factors to measure the whole

performance.

significant depending on hard
and financial performance

measures.

Framework by

Beamon (1999)

Uses resources, owiput and
flexibility as components. Tt
provides a  quantitative
approach  for flexibility

measurermnent.

It provides 2 detailed
performance measuvre list,
and emphasizes flexibility to
respond to emvironmental

change.

The framework does not
address the relationship with
suppliers and many output
performiance measures are
difficult to express

numerically, such as product

quality.




Performance Present three stages for | Questionnaire structure for | Not to link areas of
measurement questionnaire | identifying performance | improvement and
measurement | and place emphasis on | measures and encouraging | performance measures on the
. . identifying performance | improvement. manufacturing process. Also
(uestionnaire improvement areas. PMQ failed to take into
by Dixon et al. account the concept of
(1990) continuous improvement,
Performance The concept of POA coversa | It not only provides an | It is appropriate to integrate
of activity by broad range of performance | approach to identify and | supply chain performance
Chan and Qi metrics, including inputs and | select the performance | measurement, however, it
(2003) outcomes, both tangible | measures, but alse develops | does not address external

items and intangible items.

benchmark for operations.

environment and support

continwous improvement

Framework by

Gunasekarn et
al. (2001)

It provides metrics for

strategic, operational and
tactical level based on basic

process.

It could be very useful in
performance evaluation due
to incorporating issues such
as suppliers performance

and customer satisfaction.

The measures is developed
from the literature, however
the framework does not
identify improvement area,
and too complex to adopt this

model.

Source: the author

2.6 Overview of different mathematical evaluation

methods

The previous section introduced a wide range of performance methods and their

framework. In this section, the research will review five different mathematical

evaluation methods that can integrate with performance framework for the evaluation.

These mathematical methods include: fuzzy comprehensive evaluation method, grey

comprehensive evaluation, data envelopment analysis (DEA), artificial neural network
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(ANN) and analytic hierarchy process (AHP). The research will select the most suitable
method-The Analytic Hierarchy Process to evaluate supply chain management in the

automotive industry.

2.6.1 Fuzzy comprehensive evaluation method

Fuzzy mathematics was developed by professor L.A. Zadeh who is an automatic
control expert from the United States (Zadeh 1978). Fuzzy comprehensive evaluation 1s
a branch of fuzzy mathematics which is further developed by Chinese researcher
PeiZhuang Wang (Wang and Han 1989). Fuzzy comprehensive evaluation method is a
mathematical method to comprehensively evaluate things that are not easy to be clearly

defined in the real world (Shao 2009). In many real-world applications, the data for
evaluation are often collected from investigation by using natural la-nguage such as
poor, fair, good, very good and excellent which are used to reflect a kind of general
situation of the investigated entities rather than a specific case, thus it has the potential
to be regarded as an efﬁciént measurement for the subjective performance

measurement (Nagano, Yamaguchi et al. 1995; Guo and Tanaka 1998).

Fuzzy comprehensive evaluation is a simple and flexible method used in practice,
however the primary issue associated with this method is natural language may not

determinate appropriate weight to be used in calculating metncs for performance
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evaluation (Wang and Xie 1996).

2.6.2 Grey comprehensive evaluation

Grey Systems theory is a new method developed by Chinese professor Julong Deng in
1982 (Deng 1985). Grey systems emphasize studying general uncertainty and various
possibilities of investigating information from different sources (Jun 1990). Grey
systems theory uses a black-grey-white color spectrum to draw out valuable
information from the generating and developing of the partially known or known
information. The grey comprehensive evaluation firstly sets the objective of
performance measurement and chooses metrics and then is used to investiéate the
relation of each metric between participants and in a sample case which has the best

performance, the higher the relationship ratio the better.

2.6.3 Data Envelopment Analysis (DEA)

There are two non-parametric approaches for evaluating efficiency: Data Envelopment
Analysis (DEA) aﬁd Artificial Neural Network (ANN). DEA is a linear programming
based methodology for evaluating performanc'e by comparing different Decision
Making Units (DMUs) productivity based on multiple inputs and outputs (Chames,
Cooper et al. 1978; Johnes 2006). The efficiency on performance measure of a Decision

Making Unit (DMU) is defined by its position relative to the frontier of best
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performance established mathematically by the ratio of weighted sum of outputs to
weighted sum of input (Norman and Stoker 1991). The ratio of weighted outputs and
inputs produces a single measure of productivity called relative efficiency. If DMUs
have a ratio of 1 that is referred to as efficient given the required inputs and produced
outputs. If the units have a ratio less than 1 that refers less efficient relative to the most

efficient units (Seiford 1996).

2.6.4 Artificial Neural Network (ANN)

An Artificial Neural Netwolrk (ANN) is “a mathematical model that is inspired by the
functional aspects of biological neural networks. In most cases, an ANN changes its
structure based on external or internal information that flows through the network
during the learning phase. Learning in biological systems includes adjustments to the
synaptic connections that exist between the neurons. Modem neural networks usﬁally
used to model complex relationships between inputs and outputs or to find patterns in
data” (Wikipedia Website 2010). In recent years, an ANN has been used as a powerful
non-parametric approach for modeling the nonlinear relations in a number of efficiency
evaluations. The radial basis function neural networks (RBFNN) have proved
significantly beneficial in the evaluation and assessment of complex systems (Aslani,

Momeni-Masuleh et al. 2009).
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2.6.5 Analytic Hierarchy Process (AHP)

AHP, is a popular decision structuring and analysis tool, originally proposed by
Thomas L. Saaty in the early 1970’s. AHP is a mathematical theory of value, reason,
an;l judgment, based on ratio scales for the analysis of multiple-criteria
decision-making problems (Saaty 2001). In reality, AHP is a comprehensive
framework which 1s designed to model real world decision problems when we make
multi-objective, multi-criterion and multi-actor decisions for any number of

alternatives (Erdogmusa, Arasb et al. 2006).

An AHP model typically consists of a set of complex tssues which have an impact on
the solution to the problem. It breaks down the decision problem to a hierarchical
structure and derives priorities for the elements in each level of hierarchy according to
their impact on the elements (e.g., criteria or objectives) of the next higher level (Saaty
1983). Pairwise comparisons are made on a scale of relative importance where the
decision maker has the option to express the preferences between two elements on a
ratio scale from equally important (i.e., equivalent to a numeric value of one) to
absolute preference (i.e., equivalent to a numeric value of nine) of one element over

another (Saaty 2001).

AHP has been widely used in different decision-making processes by academics and

practitioners. Erdogmusa et. al (2006) summarized the application of the Analytic
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Hierarchy Process covering: policy development in the energy market (Chedid 2002;
Chedid.R.B 2002); macroeconomic forecasting (Blair, Nachtmann.R et al. 2001);
university resource allocation (Kwak and Lee 1998); information system project
selection (Schniederjans and Wilson 1991); and information resource planning for
health—care systems (Lee and Kwak 1999); evaluation of natural resources (Jaber and
Mohsen 2001); working preferences for banks (Ta and Har 2000); software selection
(Lai, Wong et al. 2002); supplier evaluation (Mohanty and Deshmukh 1993); selection
of electric power plants (Akash, Mamlock et al. 1999); choosing alternative fuels for
land transportation (Poh and Ang 1999); decision of agricultural technologies
apphication (Alphonce 1997); determination of a distributed system reliability (Fahmy
2001); and selecting the location for a restaurant (Tzeng, Teng et al. 2002), distribution
centre (Kengpol 2002}, convenience store (Kuo, Chi et al. 2002), facility location

(Yang and Lee 1997) and so on.

AHP also has been extensively applied and sometimes combined with other
mathematical programming methods in developing business and manufacturing
operation pcrfomiancg evaluation (Lee, Kwak et al. 1995; Rangone 1996). Rangone
(1996) considered AHP is used io measure the performance on the basis of
multi-attribute criteria. AHP can help evaluators to assess the overall contribution to
achieving the objective, by linking the priorities of performance measure at every level

of the hierarchy structure (Rangone 1996). Application areas are as follows:
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manufactuning performance (Rangone 1996); operational performance of intensive
care units (Dey, Hariharan et al. 2006); performance of third-party reverse logistics
providers (Meade and Sarkis 2002 ); information sharing capabilities (Shore and
Venkatachalam 2003); and logistics performance of the postal industry (Ramadhan,
Wahhab et al. 1999 ; Chan, Lau et al. 2006); process performance (Frei and Harker
1999) and other advanced manufacturing systems justification and selection

(Wabalickis 1987).

2.6.6 Discussion of mathematical methods

In the previous section, the research presented five different mathematical methods that

can be used 1n perforinance measurement.

Fuzzy comprehensively evaluation and grey comprehensive evaluation have common
characters: they are simple and easily computerized using a database and available data
or information can base on vagueness and uncertainty, and option. The calculation of
fuzzy comprehensive is similar to the AHP, they need to determine the importance of
each evaluation metrics by expert judgments and determine the relative weight of
metrics by multiplying the vector of the metric weight and the each metric (Zhang, Lin
et al. 2002). Fuzzy comprehensive evaluation methods mostly reflect the nature of

subjective assessment without limitation of scale. However the metric weight is usually
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given by the experts based on experience can not help with subjectivity (Zhu 2005).
Contrarily AHP is better at comparing metrics and computing metrics weight based on
1-9 points. Also compared to AHP, grey comprehensive evaluation is difficult to decide
the best performance sample and to set up the optimal sample data. Otherwise the
method is good on presenting the evaluation results rather than to clearly present data

for analysis.

Both DEA and ANN are more difficult on calculation compared the previous two
methods. DEA is able to measure multiple inputs and outputs, however DEA appears
efficient simply because of its pattemn of inputs and outputs and not because of any
inherent efficiency (Wong and Wong 2007). Moreover the inputs an_d outputs measures
that contribute to the objective of performance measurement used in DEA do not
require assigned numeric weights and modeling preferences for analysis, thus DEA
may not provide the useful information to the evalnator about metrics priority or value
(Wong and Wong 2007; Banwet and Deshmukh 2008). Thus integrating experts’
judgment can provide more information in terms of metrics comparison, metrics

selection, value, and performance weakness improvement.

After consideration of the above factors, eventually AHP was selected as a precise and
effective performance evaluation method used in this research. AHP has several

advantages used in this research: firstly AHP is easily understood and the calculation
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can be computeﬁicd by using several softwares, such as expert choice and AHP
software. Secondly AHP is a flexible tool and can be applied to any hierarchy of
performance measures, whatever the number of levels, of measuring metrics and of the
scope of performance measures. Thirdly AHP enables people to refine their definition
and perception of problems and criteria and considers relative priorities based on an
objective measure and criteria. AHP provides a structure for the problems and
facilitates managers to better understand the problems and better control the overall
operational and procedure performance measures. Finally AHP decomposes a complex
problem into criteria and elements, AHP tracks the logical consistency of judgments
and provides a scale and method for measuring intangibles for establishing priorities

(Satty 1995).

Conclusion

The research has explored six parts in chapter 2. Firstly the research introduced supply
chain management. Following automotive supply chain management has been
mentioned as well. In third part, the research clarified the Chinese automotive industry
and its characteristics. Performance measurement definition and history, procedure and
application have been demonstrated in the fourth part. Then in the next part, the
research demonstrated and compared five different mathematical evaluation methods.
Finally the research chose AHP as a suitable method used in e‘valuation of practical

supply chain operations in the Chinese automotive industry.
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Chapter 3 Discussion of methodology
theory

An overview of the research was provided and an outline of the research structure and
objectives in chapter one. Chapter 2 outlined a literature review of performance
measurement and the Chinese automoftive industry. In the context of this discussion so
far and the selection of AHP as the chosen methodology, the purpose of this chapter is

to:

*  Discuss the research philosophy, including positivism, interpretivism and realism.
* Expound the research approach including deductive and inductive.

*  Present the research strategy that has been developed and utilized in the research

¢ Consider the research time horizon

* Present data collection methods, including tactics used to obtain a high level of

reliability and validity.

3.1 Research philosophy

The relationship between research philosophy and research method is important. The
research should assess clearly what research philosophy will be adopted before

conducting the research project. Easterby-Smith et al (2002) highlighted the factors
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behind research philosophy which allow the researcher to:

e Take a more informed decision about the research approach;
¢  Decide which methods are appropriate for the research;

¢  And to think about constraints which may impinge on the research

There is no common agreement regarding the types of key research philosophies.
Saunders et al (2009) suggest there are three most common research philosophies:
positivism, realism and interpretivism, while Riege (2003) point out there are four
main research philosophies: positivism, realism, critical theory and constructivism.
Stiles (2003) points out the main research philosophies as positivism, symbolic
interactions, ethnomethodology, realism, idealism and phenomenology. Taking these
views, the research focuses on three main philosophies that dominate the literature:

positivism, interpretivism, and realism.

3.1.1 Positivism

Positivists believe that reality is stable and can be observed and described from using an
objective method, rather than being inferred subjectively through sensation, reflection
or intuition (Levin 1988; Smith, Thorpe et al. 1991). They contend that phenomena
should be isolated and that observations should be repeatable (Smith, Thorpe et al.
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1991). Positivist research is theory driven, and has a defined research plan which is
designed to prove that a predefined hypothesis is true (Clark 2004). Quantifiable
observation allows researchers to familiarize themselves with the problem or concept to
be studied. The emphasis is on facts and causes of behavior, with the information in the
form of numbers that can bé quantified, and summarized using a mathematical process
for analyzing the numeric data and expressing the final result in statistical terminology

(Bogdan and Biklen 1998).

3.1.2 Interpretivism

The interpretivist research philosophy assumes that the world 1s just as people
perceive it to be (Cavana, Delahaye et al. 2001), therefore the aim of interpretivist
research is for researchers to “uncover the socially constructed meaning as it is
understood by an individual or a group of individuals” (Cavana, Delahaye et al. 2001)
and to “describe it in a way that is meaningful for these research participants”
(Saunders 2003). Saunders (2003) claimed the role of the interpretivist is to seck to
understand the subjective reality-of those that they study in order to be able to make
sense of their motives, actions and intention (Saunders 2003). In other words, social
constructionism suggests that reality is subjective and it is socially constructed and

given meaning by people.
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3.1.3 Realism

Stiles (2003) suggests “if positivism is considered to locate at one end of the spectrum
of paradigms and interpretivism towards the other end, then realism bridges these
perceived extremes, overlapping each”. Realism accepts people’s understanding of
the world emanated from their personal perspective and therefore knowledge of a
situation needs to be examined ‘“insight out™ (Stiles 2003). However this
understanding is qualified by the realist researcher’s appreciation that this form of
knowledge might be “partial or incomplete” and therefore needs to be complemented
by the use of a theoretical framework that “‘determine the underlying mechanisms that
influence people’s action” (Stiles 2003). The realistic philosophy shares two features
with a positivism philosophy: a belief that the natural and the social sciences should
apply the same kinds of approach to the collection of data and to explanation, and a
commitment to the view that there is an external reality to which scientist direct their

attention (Bryman 2001).

Based on the differences of the three philosophies, the study can be classified best as
more interpretivistic. This is because the objective of this research is to evaluate
supply chain performance in the automotive industry and propose some improvement
suggestions in terms of weaknesses of supply chain management that exist. This

research is of an exploratory nature which is a kind of social constructionism. Cooper
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and Schindler (1998) stated that “exploratory studies tend toward loose structure with
objective of discovering future research tasks” and “exploratory research is usually
small-scale research undertaken to define the exact nature of the problem and gain a
better understanding of the environment within which the problem occurred”

(McDaniel and Gates 1999).

Otherwise an interpretivistic approach is appropriate, because no theories have been
found to describe the study phenomenon. We do not know the characteristics of
supply chain management performance in the Chinese automotive industry. The

research needs to seck to explain a phenomenon based on practical investigation.

In conclusion, the objectives and conditions of the research fit well with adopting the

interpretivism philosophy of the exploratory nature of this study.

3.2 Research approach

Saunders et al. (2009) claimed that there are two most commonly research approaches
deductive and inductive. These two research approaches both comprise the steps of data

collection and theory development, but they are in opposition to each other.
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Saunders et al (2009) defined a deductive approach as developing a theory or
hypothesis based on existing facts and ;heories in a particular area, for which the
researchers design a research strategy and test a theoretical proposition. Opposed to the
deductive approach is the inductive approach, Saunders et al (2009) defined an
inductive approach as researchers collecting data and developing a theory as result of

data analysis. Dick (2002) suggested that the deductive can be considered going from

theory to practice, while the inductive approach is going from practice to theory.

Saunders et al (2009) further clarified the major difference between the two research

approaches as shown in table 3-1:

Table 3- 1: Deductive and inductive research

Deduction _ Induction

¢ Scientific principles +  Gaining an understanding of the

¢ Moving from theory to data meanings humans attach to events

* Need to explain causal relationships *  Close understanding of the research
between variables context

J* Collection of quantitative data *  Collection of qualitative data

*  Application of controls to ensure validity | *  More flexible structure to permit changes
of data of research emphasis as the research.

e  Operationalisation of concepts to ensure progresses
clarity of definition *  Realization that the researcher is part of

*  Highly structured approach the research process

*  Researcher independence of what is *  Less concern with the need to generalize
being researched

+  Necessity to select samples of sufficient
size in order to generalize conclusions

Source: Saunders et al (2003)
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An inductive research approach is considered the most appropriate for an
interpretivistic research philosophy (Saunders 2003). Otherwise an inductive approach
is applicable to business and management studies where established theories are
unlikely to be available (Remenyi 2004). This research develops analysis and
suggestioﬁs for the automotive supply chain management from practical investigation
based on sample automotive companies. Thus the research follows the inductive

approach,

3.3 Research strategy

Hussey and Hussey (1997) identified that “there are four types of research purpose
existing: exploratory, descriptive, analytical or predictive”. Whatever the purpose of
the research, empirical evidence is important and necessary. They defined empincal
evidence as “data based on observation or expenence”. The research design has an

empirical research approach to explore automotive supply chain performance in China.

A large number of research strategies have been identified which included (Galliers and
Land 1987; Miles and Huberman 1994; Hussey and Hussey 1997; Paul. D and
E.Ormrod 2001; Leedy and Ormrod 2004): laboratory experiments and field
experiments (commonly used in pure scientific research); surveys (often used where

massive data are involved with quantitative analytical techniques); case studies (which
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seek to understand social phenomena within a particular setting); simulation (involve
copying the behavior of a system); Forecasting/futures research (involves the use of
techniélues such as regression analysis to make predictions) and modeling (where
particular models are developed as the focus. of the research activity); operational
research (which looks at activities and seeks to understand their relationship, often with
particular emphasis on operational efficiency). For the purpose of this research,
research strategies considered here are: survey, case study and phenomenological

study.

3.3.1 Survey

Galliers (1991) explained that surveys enable the researcher to obtain data about
practices, situations or views at one point in time through questionnaires or interviews.
Thus surveys are a common approach in business and management research, offering
an opportuntty to collect large quantities of data or evidence (Saunders et al. 2003).
Saunders et al (2003) further emphased that a survey is “the collection of a large
amount of data from a sizeable population in a highly economic way”. In contrast,
interviews rely on closer direct contact between the researcher and interviewees, also
the number of interviewees are smaller than survey participants. According to the
research objectives, the research needs to investigate academics and practitioners’

opinions and suggestions on empirical collection. Thus a survey is administered to get
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experts feedback before the practical data collection and interviews are also used as part

of the empirical data collection.

3.3.2 Case study

There are a number of researchers who describe the case study approach, Saunders et al
(2003) captured common elements of these definitions and defines case study research
as “a strategy for doing research which involves an empirical investigation of a
particular contemporary phenemenon within its real life context using multiple sources

of evidence”

Benbasat et al. (1987) defined a case study as examining “a pheﬁomenon in 1its patural
setting, employing multiple methods of data collection to gather information from one
or a few entities (people, groups or organizations)”. Multiple cases are more valid and
generalisable compared to a single case (Lee 1989). Yin (1999) identified multiple

methods as following:

*  Direct observation of activities, phenomena and environment;
* Indirect observation or measurement of process related phenomena;
* Interviews - structured or unstructured;

»  Documentation, such as journal, conference paper or news about the company and

91



its operations;

* Records and charts about previous use of technology relevant to the case.

This research used case studies as the research strategy to empirically investigate a
“particular phenomenon” (Saunders 2003), the research following Hussey and

Hussey’s (1997) recommended procedure:

*  Firstly, the research selects a number of possible automotive companies after a

preliminary investigation.

¢ Secondly, the research gathers empirical data including both qualitative and
quantitative data through a series of semi-structured interviews. In addition
documents and observations are assembled as well as the gathering a number of

artefacts (documents and so on) to assist in extending data collection depth.

*  Finally the research analyzes the collected data and submits in the form of a report

for academic purposes.

3.3.3 Phenomenological study

Leedy and Ormrod (2001) clearly described the purpose of phenomenological study as
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“to understand an experience from the responders’ point of view”. The
phenomenological study focuses on the respondent’ perceptions of the event or

situation and the study tries to analyze the question of the expertences.

The method of collecting data is through 1-2 hours interviews in order to understand
and interpret a responder’s perception on the meaning of an event. The research
conducts semi-structured interviews to collect data on each metric’s scale based on 1-9
point and explore academics and practitioners’ perceptions of automotive supply chain
operations. The research follows Creswell’s suggestions in terms of procedural format
(Creswell 1998): Firstly the researcher writes the research questions to explore the
experts’ view on supply chain operations, including supply chain operational weakness
and recommendation for improvement. Secondly the researcher conducts the
interviews, then analyzes and reports experts’ perceptions on Chinese automotive

supply chain management.

3.4 Time Horizon

For all types of research, the time limit is very crucial for most researchers. Saunders et
al (2009) identified two types of studies: cross-sectional studies and longitudinal
studies. Saunders et al (2009) defined cross-sectional studies as “the study of a

particular phenomenon at a particular time”, while longitudinal studies investigate
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phenomena several times if there have been any changes or developments over a period
of time. The cross-sectional research is in the form of a “one-shot” which means data
are gathered just once to answer a research question. Longitudinal research is in the
form of “multiple-shots” which means a study can be done several times over a period

of time in order to answer a research question.

The research collects multiple sources from Chinese automotive companies over a
restricted period of several months. The research design is “the study of a particular
phenomenon at a particular time”, and data has to be collected at one point in time.

Thus the research 1s a cross-sectional design.

3.5 Data collection methods

A wide variety of possible data collection methods are available, The research uses
multi-method approaches to collect data. Each of these major data collection methods

used during this research study will be explored in more detail.

3.5.1 Sampling

Many authors agree that two types of data sampling exists (Welman and Kruger 1999;
Gerson and Horowitz 2002), Castillo (2009) distinguished these two data sampling

techniques as:
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Probability sampling is a product of a randomized selection processes which
includes simple random sampling; systematic sampling; stratified random
sampling, and cluster sampling.

Non-probability sampling is usually selected on the basis of their accessibility or
by the purposive personal judgment of the researcher. Non-probability sampling

is a sampling technique where the samples are gathered in a process that does not
give all the individuals in the population equal chances of being selected.

Miles and Huberman (1994} classified non-probability sampling as: the accidental
sample, the quota sample, the purposive sample, the self-selected sample and the
incomplete sample. Leedy and Ormrod (2001) stated that purposive sampling is used
where people or other units are chosen for a particular purpose, implying the use of
judgment on the part of the researcher. In this research, there are more than a hundred
automotive companies in China. Hence a particular sampling approach was used for
evaluation and analysis. The research only chose the top ten companies, as not only do
these companies take a big market share, but also bigger companies were more
accessible to get the data required. The sampled automotive companies “tend to be
purposive rather than random”. Also the research applied the purposive sampling
method on a small pre-survey to ensure the procedure of empirical data collection
reliability. The research drew experts from academic published journals, conference
attendance lists or employee lists. These experts either have efficient knowledge of the
supply chain and AHP research or have massive experience in supply chain operations.
'Considering the nature of the research, the purposive sampling method is selected as

the most appropriate.
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3.5.2 Survey and Interview

Data was collected from a variety of sources, including documents and people. Two
means of collecting data from people were used: surveys and interviews. The research
used both a small pre-survey and expert interview. A small pre-survey was conducted at
the first stage for two reasons: firstly, to avoid inapplicable questions, ambiguous
wording, and its appropriateness for interviewing and collecting data. Secondly, the
initial performance metrics and formulas afe reviewed by several academics and
practitioners, and their feedback and advice are used to modify an interview assessment
form. Forms of research questions included “if performance metric selection is correct”
“if the metrics’ formula is correct” and “where to collect these data”. At the second

stage, the expert interview is used.

Welman and Kruger (1999) described three types of interviews as:

*  Structured interview: offers a series of fixed responses, using closed
questions.

*  Semi-structured interview: offers free responses from participants to specific
questions. '

*  Unstructured interview: allows the participants to express themselves
without any restriction.
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A semi-structured interview is used when the researcher wants to fully understand the
perception or experiences of interviewees or wants to learn more about their answers
to the questionnaires (Creswell 1994). Semi-structured interviews allow researchers to
understand more fully respondents’ opinions compared with a mailed guestionnaire.
An interview is a good data collection technique to get in-depth information and it is
particularly useful for getting the story behind a participant’s experiences (Borg, Gall
et al. 1989). An interview is the process of the communication between the

interviewer and interviewee.

A semi-structured interview is appropriate to this research because of its ability to
combine depth and objectivity. It allows experts to express of their opinions in tenﬁs
of supply chain operations in Chinese automotive companies. However interviews are
a method that takes much time and may lead to bias. So it is important to design
appropriate questions and the process of the interview. The research follows Rubin

and Rubin’s recommendations for designing interviews (Rubin and Rubin 1995):

At the first stage, the researcher separately asks interviewees to assign importance to
the metrics, sub-metrics and sub-sub metrics in the hierarchical model by pairwise

comparison. The researcher introduces the research topic and interview’s objectives.
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And Satty’s 1-9 points® scale of 10 measurement items that contribute to the
performance of supply chain management are applied during the interview. The
researcher records experts’ score and reasons for their judgment. Also the researcher
checks consistency of experts’ score by using Yaahp software. If an expert’s scale is

inconsistent, the researcher will encourage an expert to revise their earlier judgment.

At the second stage, in order to obtain more knowledge regarding supply chain
management in the Chinese automotive companies, the researcher gmdes the
discussion by asking specific questions. These questions are essentially focused on
issues related to the implementation of supply chain management in the Chinese
automotive industry, especially developed towards identifying any weakness of
management and how to improve it. The designed questions for the interview are

summarized as follows:

* Do you think supply chain management is important to automotive companies?
¢+ What do you think of the current supply chamn operations in the automotive
industry in China? Do you think the current supply chain management in

automotive companies 1s inefficient?

$ The measurement items are measured ont a nine-point scale, ranging from an anchor 1-uquat importance,
3-moderate importance, 5-essential or strong importance,7-very strong and demonstrated importance, 9-extreme
importance.
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»  What is the gap between practices of supply chain operations in China and those
in developed countries, such as American, Japan and Germany?

*  What are the main problems with supply chain management at the moment?

*  What are the challenges faced by automotive companies in the immediate future?

*  What inhibits the development of supply chain management in the Chinese
automotive industry?

* What are your suggestions for automotive companies to improve their

management?

During interviewing, all the questions are addressed and clarified. In keeping with the
semi-structured interview, conversations are allowed to proceed at their own pace
(Sutton and Callahan 1986). The same questions are asked to each of the different
~ interviewees, although the researcher is allowed to modify the order of the questions
based on the context of the conversation, change the wording of questions and to lead
to particular or additional questions that experts are familiar with (Robson 2002).
Each interview time is approximately an hour, although the time varies from 30
minutes to two hours depending on the work schedule on the day of visit. Repeat

visits are sometimes needed to pick up additional contacts.
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3.5.3 Primary and secondary data

A considerable quantity of empirical data was gathered during this research. Primary
data and secondary data are both used. Ghauri and Gronhaug (2002) defined primary
data as original data collected by researchers for the research questions and secondary
data are information collected by other researchers for other different purposes.
Saunders et al. (2003) clarified primary data collection techniques including
interviews, questionnaires, focus groups and case studies and so on. Compared to
secondary data which may be only superficial, primary data can be more in-depth and
informative. Among secondary data collection techniques, documentation review is a
quick and accurate means to collect existing information and historical information.
The method used here is to collect data through reviewing the formal company

documents and reports about production, sales and finance (Saunders et al 2003).

Both primary and secondary sources are major sources of data used in this research.
Primary data was directly collected from the sample automotive companies, whilst
secondary data are collected and used in quantitative analysis of performance metrics.
Archival documentation includes feasibility studies, public and internal financial
reports, companies’ memos and proposals, newspaper articles, and related journals and

books are reviewed and analyzed.
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3.5.4 Observation

Gtillham (2000) and Powell (1997) considered observation as a valuable data collection
method to complement interviews. Gillham (2000) defined observation as watching
what people do, listening to what they say, and sometimes asking them to clanfy
questions. Neuman (2000) pointed out that the researcher becomes an instrument that

absorbs all source of information.

Observation allows the researcher to identify possible additional artefacts and
documents as part of the data collection activities. This research used a tour to observe
some retailers and manufacturers in order to add depth and variety to the data collected.
There are two purposes to these tours: firstly, to complement and verify the information
collected from interviews and documentation. Secondly, to collect Chinese automotive
companies’ empirical data for some sub-sub-metrics, such as vehicle delivery time and

customer dissatisfaction areas.

3.5.5 Data reliability and validity

Denscombe (1998) described reliability as obtaining the same finding even when
another researcher does the research. McMillan and Schumacher (1993) stated that
reliability is addressed through siudy designs and data collection strategy to maximize

the consistency of the researcher’s interactive style, data recording, data analysis, and
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nterpretation of participant responses from the data. Many authors (Gillham 2000;
Easterby-Smith, Thorpe et al. 2002) considered that triangulation is an efficient
approach to increase the quality and validity of the qualitative research methods. Darke
et al. (1998) advocated the use of triangulation to avoid bias on the part of the -
researcher, either in terms of the researcher influencing participants’ behavior or in
terms of bias the researcher introduces herself into the conduct of the research.
Gillham (2000) also advocated triangulation as a method of validating the research. The
triangulation used here following Stakes’ recommendation in this research (Stake

1995):

» Data source triangulation: use variety of data within the same research (Denzin and
Lincoln 2000).

* Investigator triangulation: use several different researchers to collect data, review
and analyze the findings.

*  Theoretical triangulation: the use of multiple theoretical perspectives in research to
collect data and analysis.

= Methodological triangulation: use a variety of data gathering tools and techniques

In this research, multiple sources are used, and these include empirical data which was
directly collected from automotive companies, and indirect data collected from public
sources or internal sources such as automotive conferences and automotive supply
chain associations. Also other data sources such as researcher’ observation and

interviewees’ views are used. During research evaluation and analysis, the research also
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considers these factors:

1) Comparing data collected from different sources, choosing the latest or
authoritatixlfe data and complementing observation data with interview perception.

2) Considering the perspectives of people from different points of view, such as
employees’ view, customers’ views, and managers’ views and so on.

3) Considering good points from other researcher’s research and expert’s view.

Also in order to check reliability and validity of metric selectioﬁ, the resecarch
establishes pre-survey procedures at the initial data-gathering phase to ask experts’
opinions on an empirical data collection form. During the semi-structured interviews,
the researcher contacts experts from both supply chain research and supply chain
operational areas. The research takes two rounds to collect experts’ view and finally
uses an average score to reduce experts’ diversity. Moreover, considering some
empirical data are not available, the research expresses empirical data in percentage or
ratio, and uses Huo and Ma’s theory (2002) to quantify empirical data to reduce the data

difference.

3.6 Summary

In this Chapter the overall research design, and the underlying research philosophy, the
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research approach and the research strategy are discussed, as summarized in Figure 3-1.
The research has characteristics of an interpretivistic research philosophy, and can
probably best be classified following an inductive research approach. The appropriate
research strategies used for supply chain performance evaluation in the Chinese
automotive industry are survey, case study and phenomenological study. The research
1$ a cross-sectional design. Data collection methods include sampling methods, surveys
and interviews, primary data and secondary data, and observation. Possible criticism
regarding the research reliability and validity are discussed as well. The research
attempts to enhance the research reliability and validity by taking appropriate

triangulation methods in terms of data source, investigator, and methodologies.

" Figure 3- 1: Research philosophy, approach and strategy

( -
Research philosophy Interpretivism

Research approaches

Phenomenclogical

-

Research strategies Study

Sampling Survey and Primary  and Observation
\ Data collection methods .
intervicw secondarv data

Source: the author

Research strategy
S
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Chapter 4 Methodology of evaluation

In this section, the research will present the evaluation methodology of how to fulfill
the research goals. In the first part, the thesis introduces performance measurement
application. Secondly the research lists the procedure of analytic hierarchy process
(AHP) application to evaluate supply chain performance in the Chinese automotive
industry. In the following part, the research clarifies principles of performance
measurement and explains framework metrics with formulas. Finally an AHP

application based on this research will be demonstrated.
4.1 Performance evaluation application

4.1.1 Performance measurements method selection

As mentioned in chapter 2, many performance measureﬁuents methods have been used
in evaluation, such as the financial performance measurement system, including the
Balanced Scorecard (BSC) (Kaplan and Norton 1992), Results and Determinants by
Fitzgerald (1991), performance measurement questionnaires (Dixon, Nanni et al. 1990)
and non-ﬁnancial performance measurement system, including the Input and Output
concept by Brown (1996), Performance Of Activity (POA) by Chan and Qi (2003), and

other computer aided manufacturing approaches.
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However, for the purpose of this research, these performance measurements have a
range of limitations or are too uni-dimensional for manufacturing supply chain
evaluation. Their limitations include some or ali of the following (Shepherd and Gunter

2006):

e They are difficult to apply and adopt, especially some data used in the criteria are
difficult to collect, such as the loss of automotive sales and the value of supply
chain management,

e They omit the balance of financial and non-financial issues. The objective of
automotive supply chain management is to balance operational cost and efficiency,
thus it is necessary to integrate financial and non-financial criteria;

» They fail to address the relationship between participant along the supply chain,
such as suppliers, manufacturers, retailers, and cu;stomers;

e The measurement system is not aligned correctly with strategic goals, company
culture or reward systems;

o They encourage short-term optimization by forcing managel:s to minimize the

variances from standards, rather than seek to improve continually;

In order to solve these problems, the research attempts to develop an innovative
performance evaluation framework specific for the Chinese automotive industry. The

research chooses a specific performance measurement in the form of AHP as the best
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aliernative for evaluating supply chain management in the automotive industry. This

alternative has advantages:

1)

2

The design of a manufacturing performance measurement is aimed at monitoring
and controlling the correct implementation of the manufacturing operation and
strategy (Rangone 1996). Manufacturing performance should be able to assess the
overall operations and provide competitive priorities for companies. The
automotive supply chain is a complex area and highly unique, and it has many
dimenstions to be fitted into. Choosing the most suitable alternative, which fulfils
the entire set of various metrics, is essential. Thus the research introduces AHP to
deal with a set of measures and evaluates the supply chain performance of

automotive companies.

AHP is a flexible theory of measurement for dealing with quantifiable and
intangible criteria (Vargas 1990). Most of the current performance measures fail to
clearly distinguish various levels, such as the strategic, tactical, and operational
especially in a supply chain (Saad and Patel 2006). AHP breaks the performance
measurement system into a hierarchical structure. The research builds an AHP
hierarchy structure based on the three main strategic, tactical, operational measures.
The hierarchical structure consists of four levels: the evaluation goal, main

measures and sub-measures and empirical data, respectively on a top level, middle,
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sub-middle and bottom levels.

3) The objectives of the research are to evaluate supply chain performance in the
automotive industry and propose suggestions for some improvement for
automotive companies. AHP allows the possibility of setting a complex evaluating
hierarchical structure, and to undertake comparisons with the importance of each
measure’s relative to its impact on the evaluating goal. The sensitivity analysis can
help automotive managers understand the weakness of their performance and

prioritize the areas requiring improvement (Agarwala, Shankara et al. 2006).

With the focus on automotive supply chain management, the industry needs to develop
its own specific performance evaluation framework. Meanwhile AHP is an easy and
flexible applicable tool to evaluate current Chinese automotive supply chain
performance and generate suggestions for supply chain management improvements in
the future. Thus the research integrates an innovative evaluation framework with AHP
as a very suitable tool for evaluating and analyzing companies’ supply chain

performance measurement in the automotive industry.

4.1.2 Analytic hierarchy process introduction

AHP is a multicriteria theory of measurement used to derive relative priority scales of
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absolute numbers from individual judgments. It includes several performance criteria
and integrates all financial and non-financial criteria into a single overall performance
score of a manufacturing system (Saaty and Alexander 1981; Saaty 1994; Forman 1996;
Saaty 2005). In these approaches, the calculation procedure is as follows (Yurdakul

2002; Lin and Hsu 2003):

4.1.2.1 Building an AHP hierarchy

Firstly, the objective of performance measurement i1s defined, and then criteria,
sub-criteria and sample companjes are determined. The AHP method divides a complex
performance measurement into a hierarchical system of elements. After building the
hierarchical structure, pairwise comparisons between criteria are made to establish their
weights, which reflect the relative importance of each criterion, and the overall

importance of elements are rated.

4.1.2.2 Establishment of pair-wise comparison matrix

After building the hierarchical structure, pairwise comparisons between criteria are
made to establish their weights, which reflect the relative importance of each criterion,
and the overall importance of elements are rated. Satty’s 1-9 scale (see table 4-1) for
AHP preference can be used to express the subjective assessment of the relative
contribution of criteria to performance objective (Satty 1994; Satty 2005). Thus, the

importance of factors is determined.
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Table 4- 1: Scale of relative importance

Intensity of Importance

Definition

Equal importance

Moderate importance

Essential or strong importance

Very strong importance

C-NESE R NN R

Extreme importance

2, 4, 6, 8

Intermediate value between adjacent scale values

Source: Satty (1994, 2005)

In pairwise comparison, researchers or experts compare two elements and determine

the contribution of factors to the result (Saaty 2005). The relative importance of two

elements is rated by using a scale with the values 1, 3, 5, 7and 9. Let C;, G, ...

,C,be

the set of elements, while a;; represents a quantified researchers and experts’ judgment

on a pair of elements C;, C;. If C, is considered “slightly more important” than C, “3”

points are given to a,;. Contrarily, if C; is “slightly less important” than C; 1/3 point is

given to 1/a;;. If C; is considered “strongly more important™ than C; *“5” points are

given to a;3. Contrarily, if C;1s “strongly less important” than C,, 1/5 point is given to

1/a;3. Similarly, if C, is considered “demonstrably more important” than C,, “7” points

are given o ajy,, and 1/7 ts given to 1/a;, as C; is “demonstrably less important” than C,;.

Then, an n-by-n matrix is yielded as follows:
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Ci & G - Ca

Cf aiz  aiz - A |
Cfl/az 1 a3 - am
A=[3ij]=C3 1/ais las 1 : (1)
 BETTS 1 an
Gl l/a 1/aza -+ lanr 1|

While (1) aij>0
(2) a5 = Vay, (i#))

Gyag=1(@,j=12,3,..,0)

4.1.2.3 Eigenvector and eigenvalue calculation

After a pairwise comparison matrix A is structured, then the weights (Wi,
Wi, Wi, Wy ) of a set of n elements (criteria C;,Cs, Cs...... Cn)and a consistency
ratio (CR) can be calculated. The weight of » elements (criteria) that reflect the

recorded judgments can be obtained by solving for the eigenvector.

Du and Pang (2005) introduced a short and useful computational way to get the

eigenvector:

(1) Multiphed elements of each row in matrix A: (2)

m



(2) Calculate the n-th square root of AM;:

W, =2/,
(3) If matrix A is a consistency matrix, eigenvector W = [Wl, W, W.......... ?HZ]T
can be calculated as:
7

I L

27,

=

After the eigenvector of the matrix is derived, next is to calculate the eigenvalue which
is used to assess the strength of the consistency ratio of the comparative metrics.
Satty (1990) developed an equation about consistent matrices. Writing out the system

Aw=An.xW in detail, an equation of the largest eigenvalue Ana is shown below:

Satty (1994) also suggested that this is a simple way to obtain the maximum eigenvalue
Amax (lambda max) when w is available in normalized form. Add the columns of A and

take the scalar product of the resulting vector with the vector w:

iaijWFZmaWi

=
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We obtain

n

> iijj=i[iau Jf-:Z'/lmaxWi:;lmx -

=l =l =1 =l

The research takes Du and Pang’s (2005) simple formulation to get 4_,,, showing as:

_y )
‘max “ nW; (3)

4.1.2.4 Consistency test

Séaty (1994) proposed utilizing the consistency index (C.1.) and consistency ratio (C.R.)

to check the consistency of the comparison matrix.

The consistency index of a matrix of comparison 1s given by

A —n

Cl =D 4)
n-1
and C.R. is defined as following:
CR= a (5)
RI

The consistency ratio is obtained by forming the ratio of C.1. and the approprnate one of
the following set of numbers, each of which is an average random consistency index

computed by Forman (1990) which created randomly generated reciprocal matrices
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using the scale 1/9, 1/8, 1/7...... L....... 7, 8, 9 and calculate the average of their

eigenvalues. This average is used to form the Random Consistency Index (R.1.)

N 1 2 3 4 3 6 7 8 9 10 11 12 13 14 15

RI ¢ 0 .52 .89 L1f 125 135 140 145 149 151 154 156 157 1.58

R.1 represents the average consistency index over numerous random entries of same
order reciprocal matrices. If C.R.< 0.1, the judgments are considered consistent,
otherwise if C.R. > 0.1, the judgment may be thought of inconsistent and there may be a

need to improve the consistency of the comparison by changing the hierarchy.
4.1.2.5 Calculate final importance
Finally, the AHP combines the relative weights of » elements on each level of a

hierarchy, and the overall score of performance is presented. The research briefly

summaries the main steps of the AHP approach as shown in figure 4-1:
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Figure 4- 1: Decision process flowchart for AHP
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4.2 Performance evaluation procedure

Source: Liang (2003)

Therefore research applies the analytic hierarchy process (AHP) to measure the

performance of supply chain management in the Chinese automotive industry. The

details of developing the performance measurement are shown below (see figure 4-2):
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First of all, the objectives of performance measurement need to be defined, whichl
includes deciding what to measure and which areas should be emphasized; then the
research réviews the performance measurement literature, especially focusing on the
reéommendations for designing supply chain performance measurement systems which

have been proposed by different authors.

Subsequently a range of appropriate metrics are derived from the literature review. Also
the research considers the attitudes from managers who are engaged in the auto industry
and experts who are from academic research because they understand this area with

their experience and knowledge.

At the third phase the research should explain the reasons for the choice of each
performance measure and present measurement formulations. After building a
hierarchy of metrics, the AHP method is applied to compare and evaluate several

automotive manufacturers from the strategic level, operational level and tactical level.

Finally, in the last section the implications of this research are discussed for the

automotive industry and some possible suggestions for improvement are proposed.
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Figure 4-2: The framework of analytic hierarchy process application
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Source: the author

4.3 Principles of performance measurement

For the purpose of this research, five key principles are highlighted for building an
effective AHP evaluation framework. These principles are discussed below in the next

section.
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4.3.1 Principle 1: Link performance measurement to company’s

strategy

Performance measurement evaluates operational performance in order to reach defined
goals that are derived from the company’s strategic objectives (Lohman, Fortuin et al.
2004). The attributes of supply chain performance are identified and performance
measures based on the company’s strategy sclected. An automotive company’s strategy
is to satisfy the customer and reduce operational cost. Thus the research considers
evaluating customer service from the dehvery reliability and delivery flexibility points
of view, and evaluating financial return for managers’ and shareholders from their

desired perspective.

4.3.2 Principle 2: Integrate input and output metrics

Traditionally, performance measurement has concentrated on output measures, such as
profits and customer satisfaction. However these have failed to connect input and
output within the industry (Tan, Platts et al. 2004). The input process central in
determining output performance and thus performance measurement should clanfy the
link between input and output in c;rder to make a systematic operational improvement.
Thus the sets of performance measures are defined ﬁ'_om input, process and output

perspectives, In terms of input perspective, it was considered that advanced facility,

technological improvement and innovation, and successful human resource
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management are “inputs” for efficient supply chain management. In terms of process,
this includes supply chain value measure, supply chain time efficiency measure, and
equipment utilization measure. In terms of output perspective, the research considers
customer service and financial return are efficient supply chain management “outputs”.
The framework integrates input, process and output meirics which will enable

managers to better control business activities.

4.3.3 Principle 3: Support continuous improvement

~ Continuous improvement as a_ strategic tool is used by companies to enhance
competitiveness. However many companies failed t0 maximize their supply chain
potential because each participant pursues their own independent goals (Lee and
Billington 1992). Schroeder et al. (1986) suggested that supply chain performance
measurement should be un&erstandable by all supply chain participants and support
continuous improvement to ensure minimum costs and maximum opportunity for

manipulation.

4.3.4 Principle 4: Performance measures from different perspectives

Globerson (1985) proposed that performance measures should be selected from the
people actively involved. Thus the research sets up performance measures according to

different perspectives, including customers, employees, managers and shareholders
19



each of whom are involved in the antomotive sector. From the customer perspective, as
mentioned before, the framework emphasizes supply chain management reliability and
flexibility. From the manager perspective, the framework addresses efficient
management on asset management and financial development. From the shareholder
perspective, the framework evaluates profit return and equity return. And from the

employee perspective, the framework considers employee’s productivity and welfare.

4.3.5 Principle 5: Balance financial and non-financial metrics

Most companies realize the importance of financial and non-financial performance
measurement, however they continue to fail to present a balanced evaluation. Maskell
(1991) clarified that financial performance measurements are important for strategic
decisions, while non-financial measurement can help better handle day to day
operational management. Thus the research attempts to balance a set of financial and
non-financial measures at various points of the supply chain which relate to strategic,

operational and tactical management.

4.3.6 Summary

Considering the above factors, this research attempts to develop automotive companies’

supply chain evaluation framework from these considerations:
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Firstly the research attempts to link evaluation framework to a company’s strategy.
Thus the research defines strategic metrics which are compatible with an
automotive company’s strategy. Strategic measures are related to the idea of
satisfying customers and reducing operational cost. Thus the evaluation approaches

from two areas: customer service measures and financial measures.

Secondly, the research connects input and output, and the evaluation framework
emphasizes operational process. The operational level evaluates the efficiency of
the current automotive manufacturers’ supply chain operations. Evaluation metrics
include supply chain value measures, efficient time measures and equipment

utilization measures.

Thirdly, the research supports a company’s continual improvement. The research
relates the tactical level evaluation to a company’s strategic maintenance and
improvement for future development. The framework considers that the main
factors necessary for supply chain operations are: facility, technology and
employees. In terms of facility, the research evaluates infrastructure investment. In
terms of technology, the research evaluates through product improvement and
innovation. And in terms of employees, the research evaluates through employee

productivity and employee satisfaction.
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Fourthly, the research considers different participants’ needs. The research
evaluates financial measures from both managers and shareholders perspective, and
evaluates supply chain performance through delivery reliability and flexibility from
customer’s perspective. Also the research evaluates salary growth and employee

satisfaction from the employees’ perspective.

Finally, the research integrates both financial measures and non-financial measures.
The financial measures include some commonly used metrics, such as return on
asset, net profit and sale growth. And the non-financial measures include metrics
related to operational management, such as product cycle time, equipment

utilization and new product development.

4.4 Development of framework with metrics

As discussed in previous sections, the research develops a framework from several
considerations. Consequently the framework for the automotive supply chain

performance evaluation is developed as (See appendix 3):

(1) Strategic measurement: in many manufacturing companies, customer satisfaction
is treated as an intermediate strategic goal and financial performance is viewedas a
final strategic goal (Vickery, Jayaram et al. 2003). Christopher (1998) indicated
that the strategic objective of supply chain management is to reduce cost and
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(3)

improve service. In the automotive industry, the strategic objective of efficient
supply chain management is to offer excellent product and service to customers
and provide financial return and profit to managers and shareholders. Therefore, in
this research, customer service and company’s profits are considered as strategic

MEAsSUres.

Operational measurement: operational evaluation is to assess how efficiency
supply chain management can be applied in the manufacturing process. Supply
chain operations should balance supply chain cost and product cycle time
(Nightingale, Brady et al. 2003; Huang and Zbang 2006). Thus operational
measurement assesses current supply chain operafions from an operational
perspective based on supply chain value and efficiency of cycle time. Otherwise,
Lambert (2008) pointed out how efficient processes and other activities in the
supply chain affect the final customer and financial performance. Equipment
utilization reflects the availability of resource management, optimizing equipment
utilization can help to reduce supply chain cost, short delivery time and improve
supply chain efficiency, thus utilization of equipment as an appropriate measure is

also used in the operational measurement (Chan and (1 2003).

Tactical measurement: tactical measures support a company’s high level efficiency

operation and long-term strategy (Kaplan and Norton 1996; Sun, Ma et al. 2004;
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Wang and Yuan 20Q6). The research considers efficient supply chain management
should be based on three key elements: facility, technology and employee. Thus
tactical measures are approached from infrastructural investment, improvement
and innovation, and human resource management. A substantial investment on
advanced and professional supply chain equipment and facility can maximize
operation and process efficiencies. Consecutive technological improvement and
innovation can provide more value-added product and service to satisfy customers
and ultimately provide profit to shareholders. Also human resource management
can help to improve the level of management, increase the working efficiency, and

support managers to be more effective (Joseph and Chang-jun 2009).

The metrics discussed in the research are classified into strategic, operational and
tactical measurements. The research assigns metrics to where they can be best dealt
with by the appropriate management level and for decision making (Gunasekaran, Patel
et al. 2001). In the next section, the metrics and formulas which will be used in the AHP

calculation are explained.

4.4.1 Strategic measurement

The fundamental objective of supply chain management is to balance high customer

service and low cost (Vickery, Jayaram et al. 2003). Thus the research will assess from
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an intermediate management perspective: customer service, and a final management

perspective: financial measurement.

4.4.1.1 Customer service (Cy)

Customer service may be composed of different dimensions, however customer service
typically encompasses delivery performance and the ability to respond to customer
requirements quickly and effectively in gaining a competitive advantage for
manufacturing companies (Weng 1999). Therefore this research attempts to evaluate
delivery performance from two aspects: reliability and flexibility. According to
Martin’s view (2005), delivery reliability and flexibility is not just reflected in delivery

performance, but also reflected stock availability and order processing performance.

D, Customer reliability

There are many measures which can be used to evaluate supply chain operational
reliability. Considering the Chinese automotive supply chain management is still
immature, thus the research evaluates customer reliability from basic questions. These
three basic questions are developed from customer basic needs to advanced needs:
firstly, if an automotive company is capable of meeting customers’ order needs, then if
an automotive company is capable of delivering products on-time or before the order

time, finally if an automotive company is capable of satisfying customers.
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Consequently, reliability performance is measured by the percentage of completed

customer orders, on-time delivery and customer satisfaction ratio.

M; Percentage of completed order

As mentioned before, completed order is a customer basic need. Some authors, such as
Yurdakul (2002) and the balanced scorecard proposed by Kaplan and Norton (1992),
used a similar measure of unfulfilled customer order to evaluate customer reliability. In
order to easily collect data, the research compares unfulfilled customer order to the
percentage of completed order as recommended by Kumar and Ozdamar et al. (2005).
Zhao and Li (2008) claimed percentage of completed customer orders during a certain
time period can reflect supply chain operational efficiency. The research adopts
completed order formulas from Huo and Ma (2002) to evaluate quality of delivery. The
research measures percentage of completed order as the percentage of actually

completed customer orders to the total customer orders during the time T (unit 1s day).

During the time T, the company received customer orders N times, presuming the time
i (1<igN), the number of customer orders is P, T;, and the actual number to fulfill the
customer orders is P, T;, then the equation to calculate the percentage of completed

customer orders during the time T can be expressed:
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Where: P, represents the percentage of completed customer orders in the year T;
P, Tirepresents the customer demand for products in the year T;

P..T; represents the actual product number for customers in the year T;

M; Percentage of on-time delivery

Stewart (1995) suggested that another important aspect of delivery performance is
on-time delivery. On-time delivery is used as the most frequently used measure and it
can be affected by many factors, such as customer information shared with suppliers
and retailers (Carr and Pearson 1999), just-in-time manufacturing (Karmarkar 1989,
Sakakibara, Flynn et al. 1997) and advanced technology and equipment (Ettlie and

Reza 1992; Roth 1996).

The research adopts formulas suggested by Zimmermann and Seuring (2009). The
research measures on-time delivery by calculating the percentage of on-time deliveries.
The on-time delivery includes product delivery on time or before the promised

schedule. The equation is stated as below:
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Vorp % 100%

Porp=
TD
Where: Porp represents the percentage of on-time delivery in the year T,
Votp represents the number of on-time deliveries in the year T;

V1p represents the total number of product deliveries in the year'T;

M; Percentage of customer satisfaction

Similar measures are used to evaluate customer reliability include the percentage of
customers retained or the percentage of sales loss. The research originally used the
percentage of customer complaints recommended by Yurdakul (2002), however during
the practical data collection, this had to changed to (;ustomer satisfaction in order to

simplify data collection. The research defines percentage of customer satisfaction as the

ratio of the number of satisfied customers to total customer numbers.

Pc =-—->(]00°A)

L)

Where: P.represents the percentage of customer satisfaction in the year T;
N; represents the number of satisfied customers in the year T;

Nyt represents the total customer numbers in the year T;
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D; Customer flexibility

Vokurka and O’Leary-Kelly (2000) emphasized that achieving manufacturing
flexibility may add value to customers. Zhang et.al (2002) and Kumar et al.(2006)
suggested that manufacturing companies should develop the ability of flexibility to
meet an increasing variety of customer expectations without excessive costs, time,
organizational disruptions or performance losses. Yurdakul (2002) suggested
evaluation of a manufacturing system’s flexibility in matching changes in customer
needs can be approached from product set-up time, product volume or product vanety
and so on. Thus the research considers performance measurement with regards to
customer flexibility from order cycle time, delivery time flexibility and volume
flexibility. The research uses order cycle time to identify customer order respond time,
and this is used to compare the time which takes the supply chain to reqund to
customer orders. Delivery time flexibly and volume flexibility are used to evaluate how

efficient and effective manufacturers respond to customer time and quantity needs.

M, Order cycle time

The measurement of product order cycle time is not only relevant both in the context of
customer service, but also serves as a feedback to control the operations (Schonberger
1990). Similar measures to evaluate product order cycle time included product delivery
time (Yurdakul 2002) and customer query time (Bigliardi and Bottani 2010). Order

cycle time in this research was defined as the lead time between receipt of customer
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order and final delivery of the goods, and includes the following time elements

(Christopher 1992; Vickery, Droge et al. 1997; Gunasekaran, Patel et al. 2001)

(Showing in Figure 4-3):

Figure 4- 3: Order cycle time elements

Order entry time (through forecasts or direct order from customers)

Order planning time (design+communication+scheduling time)

Total order

cycle time

Order sourcing, assembly and follow up time

Product delivery time

Source: Christopher (1992); Vickery and Droge el.al (1997); Gunasekaran and

Patel et al. (2001)

The research selects the simple way to evaluate the average cycle time to respond to a

customer order during year T by using the formula:

OC™ = —I—ZN:T i
N oci

i=]

Where:

Toci represents each cycle time to response to different customer orders during period

T;
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M; Slack time of vehicle delivery

The slack time of vehicle delivery reflects how well the supply chain can respond to
customers’ requirements (Carr and Pearson 1999). The research used an equation
recommended by Huo and Ma (2002). The equation evaluating the average slack time

of vehicle delivery can be expressed by:

Presuming t’ is the average vehicle delivery time, L; is the longest time for vehicle
delivery, E; is the shortest time for vehicle delivery, for J customers (J=1, 2, 3....,j), the

total slack time is calculated as:

J

IST=Y (L, -1}

5=

For J customers, the total shortest time is calculated as:

So the flexibility for the time of vehicle delivery can be expressed as:

J

2((L=7)-(E,-1))

ST =42

4

Z(Lj_r')

J=1
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M Vehicle volume flexibility

Huo and Ma (2002) described vehicle volume flexibility to evaluate adaptability of a
manufacturing system fo match their product to the customer needs. Vehicle volume
flexibility refers to the ratio of manufacturer’s productivity to market demand. The

research adopts a formula from Huo and Ma (2002), and is stated as:

anu

ar

Rwr =

x100%

Where: Ryr represents the percentage of manufacturer’s productivity to the total
market demand in the year T;
Vmau represents the number of vehicles that was produced by manufacturers in
the year T;

Dy represents the total number for market demand in the year T;

4.4.1.2 Financial measurement (C2)

Financial performance is concerned with both the perspectives of operation managers

and the company’s shareholders. There are a number of financial measures which can
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be used in this research, however, considering most financial data are confidential,
many automotive companies are refuctant to release financial information. Thus 1n
order to collect data, the research only chooses financial measures that are publicized
on the company’s annual report. The research captures a set of financial performance
measures which provide important implications for shareholders, such as pre-tax return
on assets (ROA) and sales growth rate. The research also captures a set of non-financial
performance measures which provide impdrtant implications for managers, such as
asset turnover ratio and stock turnover ratio. Financial measures are accessed from two
perspectives: manager’s perspective and sharcholder perspective. In terms of
manager’s perspective, the research firstly evaluates an automofive company’s
profitability by using a measure of return on assets. Then the research evaluates how
efficiently current supply chain management is in coordinating the use of its assets,
such as relative to asset turnover and stock turnover and how well it affects sales and
profit growth. From a shareholder’s perspective, the research mainly focuses on
evaluating how well a company generates profit to shareholders. Net profit margin and
return on equity are considered appropriate because they are directly reflecting the

profitability for shareholders.

D; From the manager’s perspective
Gunasekaran et. al (2004) observed that supply chain assets include accounts plant,

property, equipment, and inventories. With increasing economic inflation and
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decreased current liquidity, the company has to improve the productivity of capital and
facilities to minimize the cost associated with each asset. Thus the research evaluates

performahce from the following:

M; Return on assets

Keebler and Plank (2009) indicated pre-tax return on assets (ROA) is commonly used
to measure a company's ability to produce net profits by effectively utilizing its assets.
The higher the ratio, the more effective the company is at using its assets to produce
profits (Kauffman 2006). Brewer and Thomas W (2000) described the return on supply
chain assets calculated by dividing consumer profitability by the average company
assets deployed during the period. The research defines return on assets s calculated by

dividing pre-tax revenue by average assets in the year T.

_ REcnd - R.Esta
" TAssetss + TAssetend
2

Rroa x100%

Where: RE,q represents the final pre-tax revenue in the year T;
RE;,,, represents the initial pre-tax revenue in the year T,
TAssety, represents the initial total assets in the year T;

TAsset.,q represents the final total assets 1n the year T;
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Asset operations

Asset operations measures evaluate how efficiently a company’s assets are used during
operation. The research evaluates asset utilization from total asset furnover ratio and
stock turnover. Asset utilization indicates the efficiency of a company’s management

on asset utilization. And stock turnover indicates the level of inventory management.

M; Total asset turnover ratio

This is a measure of how well assets are being used to produce revenue. The higher the
measure, the more efficient the operation management (Investorworld 2006). The
research accepts Bian and Liu et al’s (2007) recommendation and defines total asset

turnover ratio (ATO) as a company's net sales divided by its total assets.

B NS
" TAssetus + TAssetend

2

Rato x 100%

Where: NS represents a manufacturer’s net sale in the year T;
TAssety, represents the initial total assets in the year T,

TAsseteqq represents the final total assets in the year T;

My Stock turnover ratio
Slack, Chambers et al. (1995) indicated effective management of inventory in the
supply chain is crucial for customer service quality. Some researchers used inventory

measures to evaluate customer service, such as number of inventory turns proposed by
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Bigliardi and Bottani (2010). Stock turnover ratio evaluation used in this research is to
measure the efficiency of inventory management in an automotive company. The
company’s inventory policy, volume and stock location clearly influence the size of
total inventory (Martin 2005). Stock turnover ratio shows how well inventory is
managed by calculating the inventory turnover times during a fiscal year. This ratio is
helpful in evaluating under-stocking, overstocking, stock obsolescence and the need for
inventory improvement. The quicker stock is turned over indicates the greater the sales
and the greater profit (AIB 2006). The research adopts the formulas from Bian and Liu
et al.’s (2007) research and measures stock turnover ratio by dividing the annual sales

by average stock in the year T.

T
Rsm=-—S——X100%

N

Z Srock f N
i=]

Where: S represents the sale of vehicle upits in the year T;

Financial development capability

Financial development capability indicates a company’s business and financial
potential, and helps the company to improve operations and plan for the future. The
research evaluates automotive manufacturers from auto sales growth rate and profit

growth rate. According to Chan and Qi (2003), outcomes of supply chain activities and
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process are to add value to products and services. Similar measures used to evaluate
financial development capability includes growth in market share that was proposed by
Sahay, Gupta et al. (2006). However the research finally selects auto sales growth and
profit growth because they are typical and more common used to reflect the ability of

supply chain management and the effect of a company’s strategies and planning.

M Auto sales growth rate

Annual sales growth rate measures the rate of change in a company's annual sales.
Much research has linked product sales growth to product profitability, as it helps to
improve operating efficiency and maintain market share (Kauffman 2006). Thus the

research defines the formula of auto sales growth rate as:

ST _ST-I

ST—I

Rsale = X 100%

Where: ST represents the sale of vehicle units in the year T;

s represents the sale of vehicle units in the previous year T-1;

M;; Profit growth rate
Annual profit growth rate is used in the analysis of product sales forecasting, and
identifies the company’s development capability (He and Zhang .2004; Yin and Zhang

2005). The research defines the formula of profit growth rate as:
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T -1
R-Proﬁ1= P_PTE—_ x 100%

Where: P" represents the profit of manufacturers in the year T;

P™! represents the profit of manufacturers in the previous year T-1;

D, From the shareholder’s perspective

Martin (2005) suggested that performance measures should also concern shareholder
value. From a shareholders’ viewpoint, cost is a necessary aspect in accessing the
performance of the business activities and process. The research chooses two economic
indicators which are frequently being used to measure shareholder value, namely net
profit margin and return on equity (ROE). These metrics evaluate the effectiveness of

cost control based on recording operation inputs and output.

M, Net profit margin

. Chia and Goh et al. (2009) described net profit margin as one of the most commonly
used measures in financial evaluation, and similar measures include profit before tax.
Net profit margin is an indication of how effective a company is at cost control,
assuming that the higher the net profit margin is, the more effective the company is at
converting revenue into actual profit. The net profit margin is a good way of comparing
companies in the same industry (Investor Words 2008). Here the research adopts

formulas from Chia and Goh et al. (2009) and measures net profit margin ratio by
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dividing the net profit by the annual sales revenue in the year T:

P =-&e'—><100%

mar
sale

Where: P, represents a manufacturer’s net profit in the year T;

R.qe represents a manufacturer’s sales revenue in the year T,

M, 3 Return on equity

There are a number of well-known financial measures such as return on investment
(ROI), return on equity (ROE) and return on asset (ROA) which can be used in this
research, however the research only select return on equity {ROE) because it is
available on the company’s annual report. Return on equity (ROE) measures the value a
company has created for its stockholders (Stewart 2006). It is used as a general
indication of the company's efficiency, in other words, it determines how much profit is
able to be created by using equity which is provided by stockholders. ROE used in this
is equal to a fiscal year’s pre-tax revenue divided by total equity investment, expressed
as:

RE,, - RE,

Sia

R = TEquiny,, + TEquity
2
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Where: RE.4represents the final pre-tax revenue in the year T;
REg represents the initial pre-tax revenue in the year T;
TEquitys, represents the initial total equity investment in the year T;

TEquity.nd represents the final total equity investment in the year T;

4.4.2 Operational measurement

The research évaluates supply chain operations from three perspectives: supply chain
value, efficiency of lead time and equipment utilization. As mentioned in the previous
part, the efficiency of a supply chain can be evaluated by using the supply chain cost
and time. Product cycle time and cost are important advantages in the modern business
environment, especially during customer order driven supply chain systems in the
automotive industry. Also equipment utilization plays an important role in supply chain
operation and its evaluation result can provide valuable feedback that can be used to

improve supply chain performance on efficiency and effectiveness.

4.4.2.1 From a value perspective (C3)

Omnginally the research used supply chain value added ratio to evaluate how much value
- is created by the supply chain. The calculation is expressed by dividing supply chain
value by supply chain cost. However during practical data collection, the research

needs to collect financial data from suppliers, manufacturing and retailers. The
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collection procedure is long and difficult, thus had to be abandoned. Finally the
research accepts Kumar and Ozdamar et al. (2005) recommended using supply chain

cost to evaluate supply chain value.

M4 Supply chain cost ratio

Managers who want to reduce product cost and satisfy customers need to be more
concerned with supply chain management. Many factors can result in significant
supply chain cost, such as holding high inventory, frequent transport delivery, high
material procurement, amount of equipment and facility investment (Gua 2005; Huang
and Zhang 2006). How to implement a flexible supply chain strategy to reduce cost are
issues commonly faced by managers. The research attempts to measure supply chain
performance from a value perspective by using supply chain cost ratio. Kumar and
Ozdamar et al. (2005) described the formulas of the supply chain cost equal to product
sale by product cost. However product cost is commonly considered confidential by
business. Consequently the research uses the formulas propbsed by Chao, Xue et al.
(2007), where the supply chain cost can be calculated by dividing supply chain cost by

total sales in the year T. The formula is expressed as:

SC_.,
P = x100%
7S

cost

Where: SCcost represents the supply chain cost in the year T;

TS represents the total sales in the year T;
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4.4.2.2 From a time perspective (C4)

M;i;s Efficiency of time

In today's markets, the speed of response to customer demands is a key competitive
advantage. Customers only care about the total cycle time from demanding to receiving
the vehicle and they are umimpressed by a short manufacturing time if the other parts of

the delivery chain make response time slow.

[n general, the product cycle time may be divided into value activity time (NV) and
non-value activity time (NVA). Value activity time means manufacturing operations
tirne, and non-value activity ttme is the time between manufacturing operations, such as
materials handling, product quality inspections, inventories, waiting or rework

(Blackbum 1992).

In this research, product delivery time refers to the time from receipt of customer orders
until the product is received by customers. This research agrees with Kumar and
Ozdamar et al.’s (2005) description of measuring the efficiency of responding to
customer demand by using the ratio of ideal delivery time to average delivery time in

reality.

Rd: =N DTFd

2.DT./N

i=1
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Where: DTjq represents the 1deal product delivery time to customers in the year T;

DT,.nrepresents the product delivery time to customers in the year T;

4.4.2.3 From equipment utilization perspective (C5)

Equipment utilization rate is also called the “operating rate”. It indicates how much a
company's installed equipment has been actually used over a period of time. It refers to
the relationship between actual produced output and potential output that could be

produced with the installed equipment (Fang, Li et al. 2007).

Equipment utilization rate is one of the most important measurements in a supply chain
operation, as it impacts upon various other activities, suph as preventive maintenance,
asset replacement planning, driver reimbursement costs, delivery truck size and
composition, budgeting and so on. According to Slack et al. (1995), optimizing
equipment utilization can help manufacturers to increase product cycle time and
produce costs, improve customer satisfaction, and gain in flexible deliverability. Since
transport management and warechouse management are closely linked to supply chain
management, they make significant the impact upon supply chain cost (Cavinato 1992).
Thus for the purpose here, the research considers to assess equipment utilization from '

two issues: transport capacity utilization ratio and warehouse capacity utilization ratio.
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M;s Transport capacity utilization ratio

Transport capacity utilization is being developed by some supply chain researchers
used as a measure of efficient transportation practice (Sarkar and Mohapatra 2008). In
order to cut costs, maximizing the utilization of transport capacity is being used by
many manufacturers. Every mode of transport has a standard loading capacity, which is
defined by the weight or the volume of the product. To determine how well the capacity
of transport in the Chinese automotive industry is used, the research classified trucks as
heavy-loading, light-loading and average product-loading. Subsequently the research
used the average product-loading truck as an example, and the transport capacity
utilization ratio can be calculated by dividing the average practical truck capacity by the

standard truck capacity (Wang and Chi 2004):

Ry =2 X 100%

Where: Py, represents the practical truck’ s capability in the period T;

-

ST\ represents the standard truck’s capacity in the period T;

M;; Warehouse capacity utilization ratio
The optimal utilization of storage capacity is a key issue for manufacturers with

undersized warchouses, especially in situations where storage areas are expensive.
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There are several factors that can influence warehouse capacity utilization, such as
package size, storage design, storage pallets and racks and so on. Better utilization of
storage space can increase product storage area and reduce inventory cost (Nightingale,
Brady et al. 2003). The research accepts Wang and Chi’s (2004) suggestion and
evaluates warehouse utilization by using the ratio of actual used stofage area to the total

storage area over the time. The equation 1s shown as:

_ Ay L 100%
Tot

area

Wi

Where:
Rycu represents the ratio of warehouse capacity utilization ratio in the period T;
Actar, represents the actual storage area for completed products in the period T;

Totuen Tepresents the total storage area for completed products in the period T;

4.4.3 Tactical measurement

Tactical measurement is considered to evaluate supply chain operations which are
crucial for long-term financial and customer strategies. Kaplan and Norton (1996)
stated continuous improvement and innovation are important for a company’s future
development. Infrastructure investment and human resource management are essential

for manufacturers to achieve success. Thus the research attempts to approach tactical
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measures from threé main perspectives: hardware perspective, technology perspective
and software perspective. In terms of hardware perspective, the research will evaluate a
company’s investment on supply chain operational infrastructure. In terms of
technology perspective, the research will evaluate from a company’s technology
improvement and innovation. Final m terms of software, the research evaluation

focuses on human resource management, such as employees’ satisfaction ratio.

4.4.3.1 Infrastructural investment (C6)

Mg Infrastructural investment

Infrastructural investment measurement stresses the importance of infrastructural
investment for the future of the supply chain, such as new equipment, new facilities and
new technology. Wang and Yuan (2006) suggested that infrastructural investment can
be applied to reduce the lead time and improve product quality and operational
performance. It also helps to achieve ambitious long-term financial growth. Wang and
Yuan (2006) recommended the simple way to evaluate the rate of infrastructural

investment as:

Vi
R‘mfra = -P_'F_Iﬂ:ﬁ X 100%

Where: Vinsarepresents the investment on supply chain infrastructure in the year T;
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P represents the profit of manufacturers in the year T;

P™' represents the profit of manufacturers in the previous year T-1;

4.4.3.2 Improvement and innovation (C7)

- Traditional financial measures encourage managers to adopt a short-term sales figure
instead of considering operational continuous improvement and innovation. Metrics of
improvement and innovation evaluate a manufacturer’s capability of implementing
tebhnology research and applying research improvement and innovation to ensure a
company remains competitive and retain its customers. New product development is
used as a direct measure to evaluate the result of technology improvement and
innovation, and employee training ratio is a simple measure to assess implementation
of improvement and innovation. Thus the research will evaluate tactical development

from two perspectives: new product development and employee training rate.

M;9 New Product development

Some researchers used new product development to evaluate supply chain customer
service, such as a metric of new product introduction proposed by Agarwal and
Shankar (2002) or used new product development to evaluate supply chain
competitiveness, such as new product development presented by Sahay and Gupta et al.

(2006). In this research, new product development is used to measure a company’s
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capability of developing new products to meet customer demands. Thus new product
development flexibility is measured by tﬁe ratio of making new vehicle models to total
models. Considering the antomotive industry is under heavy competition, vehicle
models are rapidly out-of-date and are upgraded frequently. The research expressed the

equation as dividing the new product models to the average total vehicle models:

Pr = Qe x 100%
(erp + QETP):’Z

Where: Ppr represents the percentage of new vehicle product to the total vehicle
models in the year T;
Qe represents the number of new vehicle models in the year T, new vehicle
models included newly introduced vehicles, newly developed vehicles,
redefined vehicle models, new hybrid vehicle and so on;
Qstp represents the initial total number of vehicle models in the year T;

Qe represents the final total number of vehicle models in the year T;

Mg Employee training rate

Nowadays, manufacturers in the auto industry have replaced almost all routine work by
computer-controlled manufacturing operations for manufacturing, processing and
assembly (Sun, Ma et al. 2004). Therefore encouraging and facilitating employees to

engage in education and training are important for management. In order to evaluate
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employee training rates, Kumar and Ozdamar et al. (2005) proposed the training
utilization rate and Chia and Goh et al. (2009) investment in employee training. Kumar
and Ozdamar et al. (2005) described employee training rate by using the ratio of
number of training places utilized compared with the number of planned training places
over time. It is difficult to define the concept of training utilization during the
investigation. Chia and Goh et al. (2009) evaluated employee training by using
investment in employee training, however, in the Chinese automotive industry, there is

no specific financial data regarding training investment.

Finally the research evaluated employee education and training by calculating the
average education and training time spent on each employee during the period r . This
formula has advantages as: firstly it is easier to collect data, secondly the formula
emphasizes how much training time there is for employees and its effectiveness. The
formulation can be expressed by dividing the total time of training and education

programmes by the total working time of employees:

N
2.7,
R, = x100%

el
emplovee

Where: R, represents employee’s training rate in the period #;

Temployee TEpresents the working time of employees in the period r;
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4.4.3.3 Human resource management (C8)

In this part, the research attempts to evaluate human resource management from three
perspectives, namely: employee productivity, salary growth rate and employee
satisfaction ratio. Chow and Heaver et al. (1994) indicated the use of input-output ratios,
also known as productivity, is commonly used in supply chain performance evaluation.
Input/output measures have advantages as they can be used to evaluate goal attainment
in rhany areas. Employee productivity is used in this research as an outcome measure to
indicate how much output can be generated by each employee. Employee productivity
is a direct measure to reflect how successfully human resource management is
transformed into financial outputs. Then the research considers how employee salary
growth can significantly link to employee productivity. It can provoke employees to
being more efficient and effective. Also Chia and Goh et al. (2009) insisted employee
satisfaction ratio is the most frequently measured indicator under the human resource
mapagement perspective. Employee satisfaction ratio is particularly useful for
performance because it directly reflects effective human resource management.
Consequently the research will evaluate employee productivity, salary growth rate and

employee satisfaction ratio.

M;; Employee productivity
Kaplan and Norton (1996) stressed that employee productivity has the aggregate

impact of satisfying customers. Liu and Yan (2006) described the simplest is to measure
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productivity by calculating each employee’s revenue, however, this measure has some
limitations. For example, one problem is that the cost associated with the revenue is not
included, so revenue of each employeé can increase while the company’s profits
decrease. Therefore another way to ineasure employee productivity is taken which is to
measure the valune-added of each employee. The research expresses the equation as

shown below:

_ Revnue - Cost

employee

Rep x100%

Where: Remue represents a company’s revenue in the year T;
Cost represents company’s costs in the year T, including operational cost,
" material cost and employees’ salary and so on;

Nemployee Tepresents the number of employees in the year T;

M, Salary growth rate
There are various factors that lead to employee satisfaction such as opportunity for
personal growth, adequate authority, an 1nteresting and challenging job, appreciation of
work, good working conditions and so on. However salary growth is a major factor that
affects employee satisfaction. Fair rewards can give employee motivation and stimulate
employee’s internal potential (Zhang 2005; Wu and Chen 2009). The research

calculates an average salary growth in a company as:
151



T _ T
S S,f x100%

g

Where: Ry, represents the rate of average salary growth in year T;
sT represents a company'’s average employee salary in year of T;

ST represents a company’s average employee salary in the year of T-1;

M>; Employee satisfaction ratio

Employee satisfaction is a fundamental ingredient for success of human resource
management. In today’s environment it is important for a company to retain their
employees. Some researchers, such as Chia and Goh et al. (2009) used employee
turnover every year to evaluate employee satisfaction. Higher retention rates means
employees are more loyal and committed to the company, employees with higher job
satisfaction care more about the quality of their work and create a higher-performance
(Pao and Xiao 2007; Song 2007). In order to capture most information on employee
satisfaction, the research finally selects employee satisfaction ratio. This is measured
by dividing the satisfied employee’ numbers by total employee number, and the

*

equation is expressed as:

7 The research measure employee satisfaction wsing the 5 point scale “Extremely satisfied”, “Very satisfied”,
“Somewhat satisfied” “Not very satisfied” and “Not at all satisfied™
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hY
P =P 100%
emploves

Where: Scppioyee represents the number of satisfied employees in the year T, and
satisfied include extremely satisfied, very satisfied, and somewhat satisfied
employees;

TNemployee represents the total number of employees in the year T;

4.4.3.4 Summary

Finally, the research summarizes 23 measures and their formulas from strategic,
operational and tactical perspectives. The details are listed in Table 4-2, Table 4-3 and

Table 4-4:
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Table 4- 2: Strategic measures and formulas

Customer service measurement

Metrics Descriptions Related literature Formulas
M, The ratio of the | Yurdakul (2002); if’ .
Percentage | completed Zhao and Li (2008);] , _ g <100%
of orders to total | Kumar and Ozdamar et| i PT
completed orders al. (2005); Huo and Ma i=l
order (2002);
My The percentage | Stewart (1997);, Wacker Poroe Voroxl 00%
., | Percentage | of delivering on | (1996); Carr and Pearson ™ '
= |of on-time | or before the | (1999); Karmarkar
,'E delivery promised (1989); Sakakibara ct. al
& schedule (1997); Ettlie and Reza
(1992); Roth (1996);
Zimmermann and
Seuring (2009);
M3 The ratio of | Yurdakul (2002) Pc=—1is—xl 00%
Percentage | satisfied T
of customer | customer
satisfaction | number to total
trade number
M, Order | The average | Schonberger (1990); ot =—I—iTm
cycle time cycle time to | Vickery et. al (1997); N&G
respond to | Bigliardi and Bottani
customer order | (2010);Christoper
(1992); Schonberger
(1990) ; Droge et al.
f= (1997); Patel et al
2 (2001)
35 | Ms Delivery | The  average | Wacker (1996); Carr and J . ' E
= lslack time |slack time of | Pearson(1999); o E( i=£)
vehicle delivery | Karmarkar (1989) i( L,-r)
Sakakibara et. al (1997) s
Ms Volume | The measures | Huo and Ma (2002) Ror = Vo000
flexibility indicate Dunes
manufacturer’s
productivity

Source: the author
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Financial measurement

Metrics Descriptions | Related Formulas
Literature
M; Return | ROA measures | Gunasekaran et. al REws- REas
on assets a  company's | (2004); Keebler and R"":mxm%
' ability to | Plank (2009); Brewer 2
produce profits. | and Thomas W (2000);
Kauffman (2006);
Stewart (1995)
Mg  Total | ATO measures | Invest world (2006); NS
asset how well assets | Bian and Liu (2007); | ™~ Thsstort Thsstimn 7
turnover are being used | Martin (2003) 2
v ratio to produce
= revenue
% My Stock [ It shows how | Martin (2005); Slack et. Row e g7 < 100%
2 |turnover |well inventory [al (1995) Lee and| ™ g 00
< | ratio is managed Billington (1992); =
S Stewart (1995);
s Christopher  (2005);
: Levy (1997); Bigliardi
el and Botani (2010); AIB
= (2006)
Mis  Auto ] It measures the | Sahay and Gupta et al, g7 g™
sales growth | rate of change | (2006); Kauffman | Rk = N x 100%
rate in auto | (2006)
company’s
annual sales
M Profit | It identifies the | Sahay and Gupta et al. pT_p
growth rate [auto company | (2006); He and Zhang | Rywm= = x100%
development (2004); Yin and Zhang
capability (2005)
- M;; Net | It measures | Martin  (2005); Chia P =£x1 00%
% | profit how effective a | and Goh et. al. (2609); R, e
% 4 margin company is | Wikipedia (2007);
B 3 making profit | Investor word (2008)
Z M Return | ROE measuses | Stewart (2006) RE,_,~ RE,,
E on equity the value R = TEquity,,, + TEquity,,
= created for 2
stockholders

Source: the author
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Table 4- 3: Operational measures and formulas

Metrics Descriptions | Related Literature | Formulas
M;4 Supply |1t  evaluates | Gua (2005); Huang s
chain cost | supply chain |and Zhang (2006);} P _ =———x100%
ratio cost Kumar and Ozdamar
(2005); Chao and
- Xue et al. (2007)
SE. I Mys It measures | Blackburn  (1992); R = DT,
& |Efficiency |the efficiency | Kumar and Ozdamar | i DT /N
2 loflead time [ of lead time | (2005) =l
ﬁé based on NV
T== and NVA
2 Mg It measures | Cavinato (1992); »
£ | Transport |the transport | Sarkar and _fzﬂ-‘g"‘/N 0
@ P P R = x100%
& | utilization | capacity Mohapatra  (2008); 5o
ratio Wang and Chi (2004)
M;+ It evaluates | Cavinato (1992), Act
Warehouse | warehouse Nightingale and | R = ﬁ‘"X]OO%
utilization | utilization Brady et. al (2003); o=
ratio Wang and Ch (2004)

Source: the author
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Table 4- 4: Tactical measures and formulas

Metrics Descriptions | Related Literature Formulas
2 | My It evaluates a | Wang and Yuan (2006) v
E | Infrastruct |company’s R, = PT‘";’T_] x100%
= | wural infrastructural i
~ | investment | investment
M,y New | It measures | Agarwal and Shankar Pos = Qne < 100%
product capability of { (2002); Sahay and (Qsre+ Qerr)/ 2
o | development | developing Gupta et al. (2006),
a;a new products | Vokurka and
@ O’Leary-Kelly (2000)
E_ Mo it evaluates | Kumar and Ozdamar et i T
E | Employee | employee al. (2005); Chia and | p = ® L 100%
tl'aillillg tl'ai]ling and | Goh et al (2009), emplovee
rate education Garvin (1991); Sun and
Ma et al. (2004)
M, It indicates { Kaplan = and Norton
K Revaee- Cog 0
Employee how much | (1996); Liu and Yan{ Re= x100%
S | productivity | output can be | (2006) nployee
§n generated by
8 each '
g employee
2 | Mz Salary |It evaluates | Zhang (2005); Wu and §7 g
§ growth employees’ Chen (2009) R, = g x100%
= salary growth
=
=
£ | My It measures § Chia and Goh et -al S
= \ . _ _Demployee o |
T | Employee |employee’s | (2009); Pao and Xiao | P = ———x100%
satisfaction [ satisfaction (2007); Song (2007) employee
ratio

4.5 AHP application based on this research

Source: the author

This section will demonstrate an AHP methodology which has been selected as the best

option to apply to evaluate supply chain performance in the automotive industry. There

are five major steps which are as follows:




4.5.1 Step 1: Constructing the hierarchical model

The first step is to identify critical factors that have a major impact on the success of
automotive supply chain performance. Three critical factors include strategic
performance, operational performance and tactical performance. All the critical factors
for successful supply chain management are thén sub-divided into sub-critical success
factors which @ere verified by experts and managers in the automotive industry. The
strategic measures sector was further classified into customer service and financial
measurement, and operational measures comprise suppiy chain value, efficiency of
lead time, and equipment utilization; tactical measurements include three aspects, -
namely infrastructure investment, improvement and innovation, and human resource
management. Then sub-sub factors can be classified in the same w;ay. Figure 4-3 shows
the hierarchical framework for performance measurement in the automotive industry,
The first level (Level I) identifies the goal of AHP for measuring supply chain
performance, the second level (Level II} identifies the strategic measurement,
operational measurement and tactical measurement of the entire system, while the third
level (Level 1) identifies the critical success sub-factors with respect to the strategic,
operational and tactical measurement. The fourth level (Level IV) identifies the critical
success sub-sub-factors for éutomotivc manufacture performance measurement. The
final level (Level V) consists of empirical data which has been collecied from sample
automotive companies in China. The conceptual framework of performance

measurement 1s shown in figure 4-4:
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Figure 4- 4: The conceptual framework of performance measurement

Measurement performance of automotive supply chain

e

Strategic measurement Operational measurement  Tactical measurement

T

Customter service Financial

| T~

Reliability Flexibility

T

Percentage of completed order  Percentage of on-time delivery  Percentage of customer satisfaction

1aaay

Source: The author

4.5.2 Step 2: Performing paired comparisons

The research builds pa&ed comparisons as following:

(1) Comparisons of critical factor

Firstly, the research presents paired compansons of the critical factors that influence
performance measurement. The application of this step in the example is shown in
Table 4-5. A pair-wise comparison matrix is constructed and solved for its principal

eigenvector®, denoted as A4, as an outcome of this step.

¢ Similar name: weighted priority or e-vector
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Table 4- 5: Pair-wise comparison and normalized matrix of the factors

PM Factors (A) Strategic Operational Tactical Overall importam:e9
(Br) (B2) (B3)

Strategic (B,) 1 a b —

Operational (B;) 1/a° 1 ¢ —

Tactical (B;) 1/b l/c | —

Source: The author

As shown from the paired comparison matrix A, alphabet “a”, “b”, “c” represent 1-9
scale which used to express expert’s judgment. Assume strategic factor B, is
moderately more important than operational factor B,, scale “a” is given. Contrarily, B,
1s moderately less important than strategic factor By, the reciprocal of “a”, scale 1/a is
given. Similarly if strategic factor B, is strongly important than tactical factor Bs, scale
“b™ is given. Contranily, tactical factor B; is strongly less important than strategic factor

B,, the reciprocal of “c”, scale 1/c is given.

(2) Comparisons of sub-factors and sub-sub critical factors

Secondly, the research presents and compares sub-factors according to their influence
on the critical factors (see Table 4-5). The relative effects of each criterion towards the
overall performance measurement are considered. For each criterion, a pairwise .
comparison matrix is constructed and principal eigenvector of each individual matrix is

obtained. These principal eigenvectors represent the dependencies (effects) among

¥ Similar name: weight or e-vector
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criteria. These effects are denoted by B, and the effect of criterion i to criterion j is
shown as B— B; (take an example of B, which is shown in Table 4-6). Sequentially, a
similar method can be applied in the same way for sub-sub factors which are shown in

table 4-7 and table 4-8:

Table 4- 6: Comparison of the relative weight of measures under strategic

operations
Strategic ( By) Customer Service Financial Measurement Relative
: (Cn (Cy) weight
'L Customer service (Cy) | 1 a -—
;J Financial Measurement (C,) 1/a 1 —_
|

Source: The author

Similarly, as shown from the paired comparison of strategic matrix By, assume
customer service factor C, is moderately more important than operational factor Cs,
scale “a” 1s given. Contrarily, C; is moderately less important than strategic factor C;,

the reciprocal of “a”, scale 1/a is given.

Table 4- 7: Comparison of relative weight of measures under customer service

Customer  service Reliability (D,) Flexibility (D;) Relative weight
(89Y)

‘i Reliability (D)) 1 : a -

| Flexibility (D,) 1/a 1 -

Source: The author
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As shown from the paired comparison matrix of customer services C,, assume
customer reliability factor D; 1s moderately more important than customer reliability D,
scale “a” ts given. Contrarily, D is moderately less important than strategic factor D,

the reciprocal of “a”, scale 1/a is given.

Table 4- 8: Comparison of relative weight of measures under reliability

Reliability Completed On-time Customer  Relative weight
(Dy) order delivery satisfaction

Percentage  Percentage  Percentage

(Ey) (E2) (E3)

Cotmpleted order 1 a b —_
Percentage (E,) '
On-time delivery 1/a 1 ¢ —
Percentage (E;)
Customer - 1/b l/c 1 —
satisfaction
Percentage (E;)

Source: The author

Also, as shown from a matrix of customer reliability D,, assume completed order
percentage E; is moderately more important than on-time delivery percentage E;, scale
“a” 1s given. Consequently, E; is moderately less important than E, thus the scale 1/a is
given. Similarly scale judgments also can give on on-time delivery percentage E; and

customer satisfaction percentage Es.
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4.5.3 Step 3: Deriving relative-importance-weight of the factors

Once the pair-wise comparison matrix has been structured, the next step is to determine
the relative-importance-weight of each critical success factor, sub-factor and

sub-sub-factor by pair-wise comparison.

The preference within each set of elements of the AHP hierarchy will be determined by
applying Saaty’s 1-9 scales, which are presented in Table 4-9 (below). A normalized
matrix will be derived from these pairwise comparisons. The numerical representations
for each element in the nine-point scale are derived through a combination of interview
and consensual discussion with experts. Once a pairwise comparison matrix is
structured for each set of elements, the weights can be obtained by solving for the

eigenvector.

" A nine-point intensity and definitions of the pair-wise comparison used for

prioritization are given in Table 4-9:
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Table 4- 9: Nine point scale for pair-wise comparison

Intensity of Definition Explanation
importance
1 Equal importance Two activities contribute equally to the
object
3 Moderate importance Experience and judgment slightly favor
one activity over another
5 Essential or strong Experience and judgment strongly favor
importance one over another
7 Very strong and | An activity 1s favored very strongly over
demonstrated importance, another; its dominance of the demonstrated
importance in practice
9 Extreme importance, The evidence favoring one activity over
another is of the highest possible order of
affirmation
2,4,6,8 Intermediate value, when compromise is
needed
Reciprocals | If activity 1 has one of the A reasonable assumption
of above above non-zero numbers
assigned to it when
compared with activity j,
then j has the reciprocal
value when compared with i.
Rationals | Ratios arising from the scale | If consistency were to be forced by

obtaining » numerical values to span the
matrix,

Source: Saaty (1980, 1994)

4.5.4 Step 4: Calculating the weight of critical factors

The research calculates the relative-importance-weight of the critical factors,

sub-factors and sub-sub factors by using the software Yaahp. Yaahp is a free Chinese

software which has been specifically derived for AHP calculation. The total




contribution of critical factors to the overall performance measurement is obtained by
multiplying the importance of its parent criteria and the relative importance of the
criteria. The research takes an example of matrix A, and the formulation is shown as

below:

Wi= ijCij (i=1,2,3,.....n)

i=

Where: the matrix denoted by A, of each criterion i. where » is the total number of

criteria.

4.5.5 Step S: Computing the final performance score and rating

performance

After getting the relative-importance-weight of the critical factors, subsequently the
research synthesized both the rela%ive weight of critical factors and empirical data by
using software Excel. Finally the research calculates the final scores which are based on
the sample automotive companies and evaluates how well each of the automotive

companies’ supply chain performs according to their score.

Summary

All in all, AHP application in this research for the Chinese automotive supply chain
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management evaluatton divided into five steps: firstly the automotive industry measure
framework in form of the hierarchical model. Secondly, paired comparisons of each
critical factor, sub-factor and sub-sub critical factor that influence supply chain
management performance measurement were built. After building paired companisons,
were calculated the relative weight of critical factor, sub-factor and sub-sub critical
factor by using 1-9 scales. Finally the research multiplies relative weight and quantified

empirical data and analyses automotive companies performance based on final score.
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Chapter 5 AHP application and
performance evaluation

This section is made up of two parts: firstly the research calculates automotive supply
chain performance. In this part the research explains the backgrounds of the seven
companies selected for the analysis and demonstrates application of the analytic
hierarchy process. Secondly, the research evaluates each company’s supply chain
performance individually according to their score. In this part, each company’s new

technology, new managerial philosophy, and new facility utilization are also presented.

5.1 AHP application and calculation
5.1.1 The selection of automotive companies for analysis

China has diversified in the automotive industry, where joint venture brands make up
three quarters of the domestic car market (Lei 2006). Consistent with the purpose of this
research, the research first defines Chinese automotilve companies as those companies
that builds manufacture and produce vehicles in the domain of China. These include

foreign companies and joint venture compantes.

In order to evaluate supply chain performance in the Chinese automotive industry, the
top ten major automotive companies that handle the total automotive trade of the

couniry amounting to 83.44% have been chosen (Q1 and Chen 2008)(see figure 5-1).
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During the data collection, three companies dropped out for various reasons. Firstly,
Guangzhou Automobile Industry Holding Co. Ltd refused to provide internal data
regarding the company’s finance and some progressing business schedules. Secondly,
Shanghai Automotive Industry Corporation bought a 20% stake of Chery in 2001, and
consequently Chery Automobile Co. Ltd supply chain operation is now centrally
organized by the Shanghai Automotive Industry Corporation. Thirdly, Geely Holding
Group Co. Ltd entered the Hong Kong stock market. The company annual reports
comply with Hong Kong stock exchange regulations, and thefefore some financial data

are not available for the research.

Figure 5- 1: The Top Automotive Sales in China, 2007 (Uni¢t: 10 thousand units)

1137

514

Source: Research in China (2007)

Lastly, China First Automotive Works Group (FAW) failed to provide overall supply

chain operation data, and so the research had to choose the biggest completely owned
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subsidiary-FAW Sihuan Automotive Co from its three publicly traded subsidiaries10,
28 divisions, 14 holding companies, and 26 joint ventures companies. In the end, seven
leading companies have been chosen, which include four domestic companies, two
joint-venture companies and one state owned company (see figure 5-2). These
companies are: Shanghai Auto Industry Corporation (SAIC), China First Automotive
Works-Sihuan (FAW), Dongfeng Motor Corporation (DFM}, Chang’an Auto Co, Ltd,
Beijing Automotive Industry Holding Co. Ltd, Huachen Automobile Holding Co. Ltd,
and Hafei Motor Co. Ltd. The research presents seven companies, the characteristics of

which are shown in table 5-1 (see appendix 6):

Figure 5- 2: Ten automeotive company characters

Ten automotive company characters

Jont-venture
company , 2=

BDomestic company
= Domestic

! B State-owned company
Tcompany, 4

Siate-owned

QJoint-venture company
company, 1

Source: the anthor

I° Three subsidiaries are FAW Sihuan Automotive, Co. Ltd, FAW Car Co. Ltd and Tianjin FAW Xiali
Automobile Co. Lid
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Table 5-1: Seven sample automotive companies’ profile

Company Total Character | Employees | Car sale | Main product/ Brand name
Name assets"' uni¢?
Shanghai 106.9 Domestic 73,000 155.40 | The main businesses inclade manufacturing
Autemotive billion | Company and sales of passenger vehicles, commercial
Industry vehicles and vehicle parts, including power
Corporation train, chassis, electronic and electric parts.
First 116.7 Domestic 129,492 143.50 { The company products include economical
Automotive | billien Company passenger cars, medium and heavy trucks,
Works sieel wheels, and components for both FAW
(FAW) and other manufacturers.
Dongfeng 26.89 Domestic 116,000 113.73 | Major businesses include the manufacture of
Motor billion Company whole serial commercial vehicles, passenger
Corporaticn vehicles, auto parts and components, as well
(DFM) as vehicle manufacturing equipments.
Chang’an 224 Domestic 30300 85.77 It operates eleven car-making factories and
Auto Co, Ltd | billion Company forms a complete model line including low-,
middle- and high-class passenger and
commercial vehicles.
Beijing 424 State-owned 45,000 69.41 Various vehicles including jeeps, light-duty
Automotive billion Company trucks and ftraveling vans. Besides, the
Industry company also offers high guality agriculture
Holding Co. machine and engineering machinery to cities
Lid nationwide.
Huachen 32 Joint 8,000 30.05 The company’s products are minibuses,
Automobile billion venture commercial and passenger vehicles and
Holding Company automotive components, such as gasoline
(Group) Co., engines for use in minibuses, sedans, SUV?
Lid. and light trucks.
Hafei Motor § 27.5 Joint 11,000 24.31 Products ranging from single
Co., Ltd. billion venhure mini-automobiles to economic and middle
Company class cars. The main automobile products
include tnini trucks, minivans, mini-bus,
mini-cars, 3-box cars and small passenger
and sedan cars.
Source: the author
" Cumency is YUAN

w2

Unit: 10 thousand units
SUV is Sports Utility Vehicles
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In 2007, these seven auto companies sold 6.22 million units, taking up 70.8% of the
market. In 2008, the market share for these auto companies slightly dropped, but the
sales of seven automotive companies reached 6.72 million units, increasing 7.9%
compared to the previous year (see table 5-2). The research lists the seven automotive
companies’ sales below. These are Shanghai Automotive Industry (1.72 million), Faw
(1.53 million), Dongfeng (1.32 million), Chang’an (0.86 million), Beijing Auto (0.77

million), Huachen Auto (0.i9 million}, and Hafer Motor (0.22 million) (See table 5-2).

Table 5-2: The sales of top automotive companies (Unit: 10 thousand units)

Company name Sales in 2007 Sales in 2008
Shanghai Autometive Industry 1554 172
FAW 143.5 153.3
DongFeng Motor 113.7 132.1
Chang’an Auto 85.8 86.1
Beijing Auto Industry 69.4 77.2
HuaChen Auto 30.1 28.5
Hafei Motor 24.3 224
Total Units 622.2 671.6
Marketing share 70.8% 71.6%

Source: China Association of Automobile Manufacturers (2009)

5.1.2 Expert scale calculation

The research evaluates the performance of Chinese antomotive industry supply chain
management by using the analytic hierarchy process (AHP). This procedure has been

approached by three steps: firstly, the experts’ scale is assembled which is based on a
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nine-point scale and calculates the relative weight of performance measures. Secondly,
the research quantifies automotive company empirical data, and finally the research

synthesizes both the relative weight of measures and empirical data.

5.1.2.1 Expert scale collection procedures

Afier developing the performance hierarchy, a total of seven in-depth interviews were
conducted to determine the relative weights of autemotive supply chain performance
measures. These interviewees included three researchers who were undertaking
research on supply chain management or the automotive industry and four practitioners
who were general managers or supply chain managers of automotive companies.
During the interview, respondents were asked to make pairwise comparisons using a
nine-point scale, hike the one shown in table 5-3. For instance, if customer reliability is
judged to be “moderately important™ compared with customer flexibility according to
their importance of contribution to evaluate customer service, a score of 3 is given.
Conversely, if customer reliability is bmsidered to be “moderately less important”

compared with customer flexibility, a score of 1/3 is given.
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Table 5-3: Nine-point measurement scale for the AHP

Degree Verbal Judgment Degree Verbal Judgment
1 Equally Important 1 Equally Imp;rtant
2 Between Equal and Moderate 172 Between Equal and Moderate
Importance Less Importance
3 Moderately Important 1/3 Moderately Less Important
4 Between Moderate and Strong 1/4 Between Moderate and Strong
Importance Less Importance
5 Strongly Important 1/5 Strongly Less
[mportant
6 Between Strong and Very 1/6 Between Strong and Very Strong
Strong Importance less importance
7 Very Strong Importance 1/7 Very Strong Less Importance
8 Between Very Strong and 1/8 Between Very Strong and
Extreme Importance Extreme Less Importance
9 Extreme Importance 1/9 Extreme Less Importance

Source: Satty (1990)

The AHP allows the judgments of several people to be considered in the assessment

process. Thus determining the relative importance of each measure is normally a

collective process. In order to ensure that several managers and management

accountants were involved in the AHP, three different approaches were taken:

(1) Firstly, the research carefuily selected expert interviews in two rounds to measure

supply chain performance in the automotive industry. During the first round, the

objective of the interview was to clarify and explain supply chain performance

measurement and its measures. Also, the research listed the reasons they provided

for their choice and translated judgments into quantitative items.
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During the second round, the research provided an anonymous summary of the
experts’ opinions from the previous round as well as the reasons they provided for
their judgments. Thus, experts are encouraged to revise their earlier answers in

light of the replies of other experts.

(2) Afier two rounds, the range of expert answers decreased and the group will
converge towards the "correct” answer. Finally the research took the median scores
of the final round to determine the result. The research also shows quartiles. The
quartiles and median indicated that expert scales are focused and consistent. The

formulation is shown below:

Assuming » number experts participating in the survey, the scale of experts on one

metric can be arranged as:

X=Xz 9, CL N <Xn

While » 1s odd number, the median score can be calculated: M= X

el
2
Xn.rz + X(m-z);z

n is even number, the median score can be calculated: M= 5

”: 1}, and the lower quartile is Q,=X;

The position of the lower quartile j =

The position of the upper quartile j'= , and the upper quartile 1s Q3:=Xj’

‘3(n+1)]
| 4
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5.1.2,2 Metrics weight calculation

The research presented an approach to calculate each metric relative weight by using

Yaahp software (a Chinese version of AHP software) as follows:

Step1: Building supply chain performance measurement structure

Firstly, the research sets the objective of supply chain performance measurement (A},
then the research evaluates the performance from three perspectives, namely strategic
performance (B,), operational performance (Bj) and tactical performance (B3).
Furthermore three main measures are sub-divided into sub-measures. Take an example
of strategic measurement. The objective of strategic management is to provide
excellent service and products to customers and provide good financial retumn to
shareholders. Therefore the research divides strategic measures into customer service
measures (C;) and financial measures (C;). Next, the resecarch evaluates customer
service measures from a product reliability (D)) and product flexibility (D) point of
view. Subsequently, the same approach can be applied to other measures. The basic

structure is presented below (see figure5-3):

175



Figure 5- 3: Performance measurement hierarchy
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Step 2: Calculate each matrix based on expert scales

After building supply chain performance structure, the research collects experts’ scale,

the final results are shown in the table 5-4:

Table 5- 4: Expert scales and median, quartile values

Seven expert scales on performance i
Lower Upper Final
Name measures Median Quartile | Guartile Range resuit
1 2 3 4 5 6 7
B1:B2 5 3 5 3 3 1 3 3 3 5 2 3
B2:B3 2 3 3 2 2 3 3 3 2 3 1 3
B1:B3 6 5 7 5 5 3 5 5 5 6 1 5
Cl1:.C2 5 3 1 2 5 1 3 3 1 5 4 3
D1:D2 1 1 3 1 2 2 2 2 | 2 1 2
D3:D4 | 2 3 1 2 3 2 1 2 1 3 2 2
C3:C4 1 1 1 1 2 2 2 1 1 2 1 1
C4:C5 1 3 3 3 2 2 3 3 2 3 1 3
C3:.C5 1 2 3 3 3 3 3 3 2 3 1 3
C6:C7 1 121 2 2 |12} 2 2 2 172 2 2 2
CrCg8 | s | 1/5] 1 S{ 12| 1/5)1/5 1/5 1/5 1/2 3 1/5
Ce:CB | 1/5 | 1/51 3 13|15 (1/3]173 173 1/5 1/3 2 1/3

Source: the author

For the matrix of measuning performance of automotive manufacturers (A), six experts

considered that a strategic measurement is the most important factor which contributes

to performance measurement compared with others. Customers today are not only

interested in the product they are being offered but all the additional elements of service.

High quality customer service helps to create customer loyalty and increase sales and

profits (see table 5-5).
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Table 5- 5: Performance measurement A matrix

Performance measurement A Consistency scale: 0.0370
Weight to Goal: 1.0000

Performance | Strategic Operational Tactical Relative

measurement | measurement | measurement | measurement | weight

A B1 B2 B3 Wi

Strategic 1.0000 '| 3.0000 5.0000 0.6370

measurement

B1

Operational 1/3 1.0000 3.0000 0.2583

measurement

B2

Tactical 0.2000 1/3 1.0000 0.1047

measurement

B3

Source: the author

For the matrix of strategic measure (B,), since experts came from different
backgrounds, their opinions are divided into a comparison of customer service (C;) and
financial measurement (C,). Researchers paid more attention to customer service while
practitioners thought financial measurement is of the same importance as customer

service (see table 5-6).

Table 5- 6: Strategic measurement Bl matrix

Strategic measurement B1 Consistency scale: 0.0000
, Weight to Goal: 0.6370

Strategic Customer service | Financial Relative weight

measurement B1 Cl1 measurement C2 | Wi

Customer service | 1.0000 3.0000 0.7500

C1

Financial

measurement C2 ] 1/3 1.0000 0.2500

Sourece: the author
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For the matrix of customer service (C,), experts thought product reliability (D) and
flexibility tDz) are equally imj:ortant, however for the immature Chigese automotive
industry, there are many flaws with supply chain management which need to improve,
and product reliability is likely to be more important than product flexibility (see table

5-7).

Table 5- 7: Customer service C1 matrix

Consistency scale: 0.0000
Weight to Goal: 0.4777

Customer service C1

Customer service | Product reliability | Product flexibility | Relative weight
Cl D1 D2 Wi

Product reliability | 1.0000 2.0000 0.6667

D1

Product flexibility | 1/2 1.0000 0.3333

D2

Source: the author

For financial measurement (C,), evaluating operation performance (Ds) is slightly more

important than financial return for shareholders (D4) (see table 5-8).

Table 5- 8: Financial measurement C2 matrix

Financial measurement C2

Consistency scale: 0.0000
Weight to Goal: 0.1592

Financial From From Relative weight
measurement C2 managers’ shareholder’s Wi

perspective D3 | perspective D4
From managers’ | 1.0000 2.0000 0.6667
perspective D3
From shareholder’s | 1/2 1.0000 0.3333
perspective D4

Source: the author
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For the operational measurement matrix (B;), experts indicated supply chain

management should be based on a balance of operational cost (Cs) and lead time (Cy).

Both metrics are moderately more important than equipment utilization (Cs) (see table

5-9).

Table 5- 9: Operational measurement B2 matrix

Operational measurement B2

Consistency scale: 0.0000
Weight to Goal: 0.2583

Operational From value | From time | From equipment | Relative
measurement perspective | perspective utilization weight
B2 C3 C4 perspective CS | Wi
From value | 1.0000 1.0000 3.0000 0.4286
perspective C3

From time | 1.0000 1.0000 3.0000 0.4286
perspective C4

From 1/3 1/3 1.0000 0.1429
equipment

utilization

perspective C5

Source: the author

For the tactical measurement matrix (B;), human resource management (Csg) is

recognized as the most valued asset in developing and executing organizational strategy.

Infrastructural investment (Cg) is an essential factor for efficient supply chain operation

and moderately more important than improvement and innevation (C5) (see table 5-10).
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Table 5- 10; Tactical measurement B3 matrix

Tactical measurement B3

Consistency scale: 0.0000
Weight to Goal: 0.2583

Tactical Infrastructure | Improvement | Human Relative
measurement B3 | investment and resource weight
Cé6 Innovation C7 | management | Wi
C8

Infrastructure 1.0000 2.0000 1/3 0.2297
investment Cé

Improvement and | 1/2 1.00600 0.2000 0.1220
Innovation C7

Human resource | 3.0000 5.0000 1.0000 0.6483

management C8

Source: the author

Step 3: Finally, the Yaahp software calculated the input data as (see table 5-11):

Table 5- 11: Final result of measures and ranking

Measures Relative Weights |
D1 Product reliability 0.3185
D2 Product flexibility 0.1592
D3 Manager' perspective 0.1062
D4 Shareholder's perspective 0.0531
C3 Value added ratio 0.1107
C4 Lead time effective 0.1107
C5 Equipment utilization rate 0.0369
C6 Infrastructural investment 0.0241
C7 Improvement and innovation 0.0128
C8 Human resource utilization 0.0679

Source: the author
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5.1.3 Automotive empirical data calculation

As shown in Table 5-11, the respective weights of the ten evaluative measures are
calculated by Yaahp software, listed as: product reliability (D1:0.3185), product
flexibility (D2:0.1592), manager’s perspective (D3:0.1062), shareholder’s perspective
(D4:0.0531), value added ratio (C;:0.1107), lead time efficiency (C4:0.1107),
equipment utilization rate (Cs:0.0369), information system capability (C4:0.0241),
improvement and innovation {C;:0.0128), human resource utilization (Cz:0.0679).
Following, the next step is to calculate the scores of performance measurement based
on the measures’ relative weight and empirical data from seven automotive companies

by using Excel.

5.1.3.1 Quantifying empirical data

Firstly, the research needs to quantify all uncertain companies’ data into analytical
measurements between [0, 1] . The research divided the companies’ data into two

categories and quantified these data in two ways (Huo, Ma et al. 2002):

¢ Positive data refers to data which is as much as possible for managers, such as

return on investment (ROI), auto sales growth and so on.

¢ Negative data refers to data which is as less as possible for managers, such as

supply chain cost, customer complaints number and so on.
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(1) the research quéntiﬁed positive data as:

1, X, 2x

imin

f(x,.)

x}.—x

imax fmin

0, x, <x,

Figure 5- 4: Quantifying positive data model

HEAN

Source: Huo and Ma et al. (2002)

While: X represents the maximum data for measures;

Ximip represents the minimum data for measures;

(2) the research quantified negative data as:

0, X; > Xy
X . —X,
Fmax j
f(xi) 7 X 2%, 2 Xy
ximax _xi‘rnin
1, X; < Xiio
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Figure 5- 5: Quantifying negative data model

-~

F{x:)

Source: Huo and Ma et al. (2002)

While: X, represents the maximum data for measures;

Ximin represents the mimmmum data for measures;



The research presents the original empirical data of seven automofive companies as

below;

Table 5- 12: The original empirical data of seven automeotive companies

Number | Type | Min | Max | C1* 2 3" 47 cs5® c6” C7°
Ml 0 50% | 100% 100 100 993 983 975 981 977
M2 1 50% | 100% 92 93 89 84 91 87 82
M3 1] 50% | 100% 943 95.7 93 90 90.6 91 89.7
M4 l 3 days| 30days 9.5 11 10 12.5 12 13 13.5
M5 l 0 3 1.83 1.62 2 2.6 1.5 1.86 2.3

Mé ) 50% | 100% 100 104 97 9516  107.6 91  90.56
M7 1 10% | 10% 5.40 207 395 322 409 -520  1.87
M8 1 0 5 0.93 1.23 085 063 299 070 046
M9 1 0 10% 10.12 5.87 458 468 805 830 085
M10 1 0 100% | 21827 4424 2963 1606 4053 7801  6.29
MIl1 T 0 300% | 3394 2938 2102 2049 64248 5740 591
M12 ) -10% | 10% 5.84 1.69 462 508 137 406 4.0
M13 1 -10% | 10% 10.96 3.56 769 665 16 -6.49  3.89
Ml14 l 0 30% 12 103 13 1.2 14.4 15 13.5
M15 1 0 1 0.44 0.4 0.5 0.31 0.4 033 029
MI16 () 50% | 100% 82 75 70 73.5 80 71 67.5
M17 T 30% | 100% 85 75 714 736  8L3 817 68

Mi18 1 0 50% 12 10 93 85 2.0 8.8 8.1

M19 ) 0 20% 198 1664 1715 154 14 1443 1307
M20 t 0 15% 10 145 6.6 8.3 10 7 3

M21 1 0 |5umi'| 63¢ 075 042 22 08 13 089
M22 T 0 10% 7.6 8 5 7 11.3 6.5 438
M23 1 50% | 100% 83 gl 75 78 796 747 72.5

¥ C1 is Shanghai Automotive Industry Cooperation

3 €2 is Changchun Faw-Sihuan Automobile Co. Ltd
1% C3 is Dongfeng Motor Cooperation
17 C4 is Chang'an Auto Co. Ltd
18 (5 is Beijing Autometive Industry Holding Co. Lid

1% €6 is HuaChen Automotive Holding Co. Ltd

¥ 7 is Hafei Motor Co. Ltd
2! {nit is ten thousands YUAN

Source: the author
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After quantifying, the data presents as (see table 5-13):

Table 5- 13: The quantifying empirical data of seven automotive companies

Metrics Cl1 C2 C3 C4 C5 Cé C7

1Percentage of completed order 1.00 1.00 099 097 095 096 095
2 Percentage of on-time delivery 0.84 086 0.78 0.68 082 074 0.64
3 Percentage of customer satisfaction 0.89 091 0.86 080 081 082 0.79
4 Order cycle time 0.76 070 074 065 067 063 0.61
5 Delivery slack time 039 046 033 013 050 038 023
6 Volume flexibility 100 1.00 094 090 1.00 082 0.81
7 Pre-tax return on assets (ROA) 0.77 061 070 066 071 024 0.60
8 Total asset turnover ratio (ATO) 0.19 025 0.17 013 060 014 0.09
9 Stock turnover ratio 1.00 059 ‘046 047 081 083 0.09
10 Sale growth rate 1.00 044 030 0.16 041 078 0.06
L1 Profit growth rate 1.00 098 0.07 0.07 100 0.19 0.02
12 Net profit margin 0.79 059 073 076 057 030 0.71
13 Return on equity (ROE) 1.00 068 089 084 1.00 0.18 0.70
14 Supply chain cost ratio 0.60 066 0.57 063 052 050 055
15 Efficiency of lead time 044 040 050 031 040 033 0.29
16 Transport capacity utilization 0.64 050 0.40 047 0.60 042 035
17 Warehouse capacity utilization 0.79 064 059 062 073 074 054
18 Infrastructure investment 024 020 019 0.17 0.18 0.18 0.16
19 New product development 099 084 086 077 070 072 0.66

0 Employee training rate 067 097 044 055 0.67 047 033
21 Employee productivity 1.00 0.15 008 044 0.17 026 0.18
2 Salary growth rate 0.76 080 050 070 1.00 065 0.48
23 Employee satisfaction ratio 066 062 050 056 059 049 045

Source; the author

5.1.3.2 Final overall weights calculation

Following the quantification of the automotive empirical data, the research integrated
the measures of relative weight and data to calculate the final overall weights. The

research takes an example of Shanghai Automotive Industry Corporation. Table 5-14

186



shows super matnix A, detailing the result of the relative measures importance and

empirical data for automotive company supply chain performance measurement.

Table 5- 14: Supply chain performance weighted index and empirical data

A

B1 (0.6370) B2 (0.2583) B3 (0.1047)

C1 (0.75) C2 (0.25) C3 c4 Cs Cé C7 cs

Dl D2 D3 D4

0.3185 0.1592 0.1062  0.0531 0.1107 0.1107 0.0369  0.0241 0.0128 0.067%

M1 1 0

M2 0.84 0

M3 0.89 0

M4 0 0.76
M5 0 0.39
M6
M7
M3
M9
M10
M1l
M12
M13
M14
M15
M16
M17
Mi8
M19
M20
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Source: the author
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For example, in the super matrix denoted by 4, of each measure 1. where 7 is the total

number of measures. The research calculates the final overall weight of Shanghai

Automotive Industry Cooperation based on the formulation as:’
Wi = ijCij (1=1,2,3,....n)
i=1

(1) Firstly, ten measure weights were calculated by multiplying the ten measures
relative weights and the quantified empirical data. The research presents examples of

the calculation of weights D,-D4. Similarly, the same calculation can be applied for

measures from C; to Cy:

1.00
W, =—0.3185>=<| 0.84 | = 0.86950
0.89
[ O.767]
., = 0.1592 =] 0.39 | =0.34228
| 1.00 |
[ O.77 ]
0.19
., =0.1062><] 1.00 | =0.4205S
1.00
| 1.00 |
[ O.79 ]

Wpa = 0.0531x| "1 | = 0.09505

(2) Secondly, the overall scores of Shanghai Automotive Industry Cooperation are

calculated by sum of each measures final weight. The formulation is:
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W

Shanghai — W+ WD: +Wpgeimeene +We, + Wes

Similarly, the same calculation can be applied to the other six automotive companies

{see appendix 13). The final scores of the seven automotive companies’ performance

measurements are shown below (see table 5-15):

Table 5- 15: Final scores of seven automotive companies

Automotive Company Final Weighting
IC1 Shanghai Automotive Industry Cooperation 2.087
ICZ Changchun FAW-Sihuan Automobile Co. Ltd 1.892
|C3 Dongfeng Motor Cooperation 1.674
|C4 Chang'an Auto Co. Ltd 1.572
[C5 Beijing Automotive Industry Holding Co. Ltd 1.918
|C6 HuaChen Automoitve Holding Co. Ltd 1.600
[c7 Hafei Motor Co. Ltd 1.405

Source: the author

5.2 Evaluation of supply chain performance

In this section, the research evaluates the seven automotive companies’ supply chain

performance based on their final score and performance.

5.2.1 Ranking One: Shanghai Automotive Industry Corporation

Shanghai Automotive Industry Corporation (SAIC) takes top ranking in the supply
chain performance measurement investigation. Comprehensive supply chain

management accounts for its high scores. The SAIC achieved success on several
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pérfonnance criteria, especially: a high score on financial measurement (C2), efficient
equipment utilization (C5) and high development on improvement and innovation (C7),

but slightly weak on order cycle time (M4) and Icfﬁciency of lead time (M15).

In recent years, SAIC has enhanced supply chain management by:

(1) Forming a complete lean-manufacturing based system that includes every
aspect of the entire supply chain such as purchasing, manufacturing, delivery,

sales, after-sales and quality management (Shanghai Auto 2006).

Also SAIC has adopted lots of industry leading computer controlling
technologies in manufacturing and management. Shanghai GM fully
implemented the most advanced information system solution-SAP IS-AUTO. It
integrated and optimized value information on manufacturing, purchasing,

financing, quality control, marketing logistics, and after sales system.

(2) According to recent research, SAIC achieves 100% on completed orders,
* higher than all other companies. SAIC utilizes the world’s leading flexible
manufacturing system which allows the production of different-platform
vehicles on a single production line. It covers the whole line for producing
complete vehicles, including press, body, paint and general assembly, as well as

the entire process for manufacturing powertrain including engines and
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transmissions (Huang 2006).

(3) In terms of development on improvement and innovation, in 2007, the

company released 25 new passenger vehicle models which include newly

developed vehicle and redefined existing vehicle models. Table 5-16 shows the

company’s major subsidiaries and its brands. SAIC has one of the biggest

research and development centers in China. In 2007, SAIC invested 1.92 billion

yuan (around US 28.1 million dollars) to strengthen its technology centre

(Bradsher 2007). Hu Maoyuan, SAIC president said "The investment will be

used to develop more than 30 own brand vehicles models, these vehicles will

cover a wide price range from 65,000 yuan (around US 9503 dollars) to 300,000

yuan (around US 43,860 dollars)" (Yan 2008).

Table 5- 16: SAIC major subsidiaries and vehicle brands

Major subsidiaries Major vehicle brand

SAIC-motor ROEWE, MG7, MG3SW, MGTF

Shanghai Volkswagen SANTANA, SANTANA 3000,
TOURAN, OCTAVIA, POLO,
PASSAT

Shanghai GM BUICK, REGAL, LACROSS, GLS,

EXCELLE, SAIL, AVEO, LOVA,
EPICA, SAAB, CADILLAC, PARK
AVENVE

SAIC-South Korea's Ssangyong

REXTON, KYRON, ACTYON,
RODIUS, NEW CHAIRMAN

Source: SAIC website (2007)
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3.2.2 Ranking two: Beijing Automotive Industry Holding Co. Ltd

Beijing Automotive Industry Holding Company Ltd (Beijing Automotive) ranks
second place in the performance measurement investigation. The company has
advantages in financial performance, including high asset turnover (M8), profit growth
(M11) and return on equity (MI13). Beijing automotive also performs well on
equipment utilization, including transport capacity unitization (M16) and warehouse
capacity utilization (M17) and low supply chain cost (M14). But in terms of flexible
delivery time (M5) and new product development (M19), the company still needs to
improve. The interesting issue associated with Beijing Automotive management is that
employee salary growth is higher than other companies, but employee satisfaction is

lower than other companies.

In recent years, the company undertook several reforms of supply chain management.
Take an example of Beijing Foton Auto, a complete subsidiary of Beijing Automotive
Industry. Originally, Beijing Foton Auto had its own warchouse and transport
department. In 2002, Foton Auto set up Beijing Foton Logistics Co. Ltd which is an
independent third party logistics company. Foton Auto provides a physical distribution
facility, such as trucks, storage trailers, pallets, and warehousing. Foton Logistics
Company provided a service specialization in warehouse and delivery based on
customer’s requirements. Afier a year’s trial, Foton supply chain cost has dropped 2 %,
saving up to 2.7 million yuan, and the delivery time has reduced to an average of 5 days
(Zhang 2006).
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Also, Beijing Automotive Industry successfully implemented an advanced IT system
including manufacturing execution systems (MES), enterprise resource planning (ERP)
and product lifecycle management (PLM) programs. The product lifecycle
management (PLM) program is a core component of Foton enterprise informatization,
providing shared information between platforms to help vehicle design, manufacture,

procurement, customer service and market operations (Liang 2005).

5.2.3 Rank three: FAW-Sihuan Automotive Co. Ltd

FAW-Sihuan Automotive Co. Ltd (Faw-Sihuan) shows good performance on customer
service, such as 100% of customer’s orders are finished (M1), 93% of orders are
finished in time (M2), and 95.7% of customers are satisfied with the company’s
service. Also Faw-Sihuan has advantages in employee training (M20) and employees’
satisfaction (M23) and salary growth (M22). The company even made an improvement
in infrastructure investment, employee workplace environment and employee training
support, however employee productivity (M21) is far lower than other companies and

supply chain cost is the highest among all companies.

In order to increase supply chain efficiency and reduce costs, FAW-Sihuan, a complete
subsidiary of First Automotive Works consolidated supply chain operations which were
handled by each manufacturing plant contracting individually with logistics companies.

In 2002, FAW Qiming Information Technology Co. Ltd, a wholly-owned FAW
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subsidiary was established. It has 405 employees and has developed a series of
independent management software products. This automotive management software
covers the whole automotive supply chain. The main core products include global
positioning system (GPS), product data management (PDM) system, and
manufacturing execution system (MES), and supply chain management (SCM) system,
office automation (OA), sales management system (TDS) and so on. These sofiware
have been successfully applied to 14 manufacturing plants and 3000 auto parts

suppliers, vehicle distributors and retailers (Xie 2007).

FAW has also exploited the capability of new product development and IT technology.
It manages the largest and most extensive research and development centre in China,
with a 40 year history, currently employing over 1,800 people with a capital investment
of 2 billion yuan (around 29.24 milhon USS$), designing vehicle, chassis, drivetrain and
other components. The centre is also a government authorized testing center for
development, modification, evaluation, and testing of future vehicles (FAW New

2008).

5.2.4 Rank four: Dongfeng Motor Cooperation

Dongfeng Motor Cooperation, shortened to Dongfeng, has good performance on

completed customers’ order (M1) and new product development (M19), however in
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terms of human resource management (M21, M22 and M23), supply chain efficiency
(M4), and equipment utilization (M16 and M17), the company still needs fo improve.
In recent years, Dongfeng, has sought methods to improve low supply chain efficiency,

reduce vehicle cycle time and improve equipment utilization (Guo and Qing 2005 ):

(1) Flexible transport modes application

Dongfeng combined railroad and trucking transport delivery to reduce supply
chain cost and delivery time. The company selects railway delivery for large
materials™ and vehicles. This takes longer but can save cost. For small and
medium-sized materials and parts delivery, the company selects trucking
transport because it is flexible and faster. Significant savings in vehicle
manufacturing time have been achieved and for Dongfeng, the average cycle
time for a passenger vehicle is now only ten working days, 2% only behind

SAIC.

(2) Transport utilization improvement

Dongfeng also redesigned the transport facility to improve equipment
utilization. Take an example of 4-ton transport trucks, Dongfeng used to

select 4-ton transport trucks which can carry two vehicles and the transport

2 Large materials include body, chassis, axle, wheels, engine, gearbox and so on.
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utilization was 25 %. Now Dongfeng has changed to 3-ton light-duty trucks
and extended the trucks’ floor, and the new model trucks can be fitted for 3
unit vehicles reducing loaded waste and petrol cost. Transport utilization has
grown to 50 %. Moreover Dongfeng arranged two-way delivery between
different manufacturing plants, resulting in better utilization of transport and

reduced empty-loaded delivery (Sheng and Zhong 2008).

(3) Modern procurement system application

Dongfeng built an integrated procurement system instead of its manual
procurement processes. The new procurement system allows suppliers to
check forthcoming orders and payments, and also provides timely
information regarding vehicle parts purchase and delivery to manufacturers.
It helps to reduce administration costs and speed up vehicle order cycle time

(Gua and Hao 2007).

5.2.5 Rank five: Huachen Automobile Holding Co. Ltd

[n 2007, Huachen Automobile Holding Co. Ltd (Huachen) sales grew 78.01%, ranking

in the top two, just behind SAIC. The company’s four main models: BMW-Brilliance

series, Junjie sedan, Zunchi sedans and Kubao coupe contributed to high growth on

vehicle sales (M10). As the company experienced unprecedented development on the
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automotive market, the issues of supply chain management emerged. The main
problems are related to financial management. In 2007, HuaChen’s return on assets
(M7) is -5.2%, and Net profit margin (M12) and Return on equity (M13) is -4.06% and
-6.49% respectively. Also supply chain cost (M14) is much higher than other

automotive companies, and represented 15% of company sales.

Huachen has improved its supply chain performance through the three following

approaches (Ma and Wei 2006):

(1) Enhanced co-operation with suppliers

Huachen enhanced its co-operation with suppliers to reduce the material cost
and manufacturing lead time. BMW-Brilliance, a joint venture between
BMW and Huachen, set out the most important steps to localize its
production in China. At the beginning of 2006, when BMW Birilliance
imported parts from the BMW group, the number of local suppliers was only
46, and procurement cost was two billion yvan. In 2007, more and more local
suppliers took part in the BMW Brilliance’s supply chain team. BMW
Brilliance suppliers reached more than 100, and local purchases grew to 3.6

billion (Company's Website News 2007).

(2) Improve production capacity

In order to increase market share and satisfy customer demand, Huachen
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planned to increase production capacity. In 2006, BMW Bnilliance had
production lines that have the capabilify of manufacturing 30,000 units a year,
however the sales of BMW series 3 and series 5 cars reached more than
40,000 units, thus Huachen set up a second manufacturing plant. After the
completion of the new plant, production capacity can reach 50,000 units a

year, increasing by 66% (Xu, Jing et al. 2007).

(3) Improve IT system application

Huachen encourages its subsidiaries to implement an IT system and use
computer networks for efficient management of the production and supply
chain. At present, Huachen Jinbei, one of Huachen’s subsidiaries, has been
implementing intranet information systems for its production, finance, and
human resources manaQement. At the same time, Huachen keeps on updating
its information system to meet customer needs. These systems include dealer
management system (DMS), customer relationship management (CRM)

systems and others.

5.2.6 Rank six: Chang’an Auto Co. Ltd

According to the research, Chang’an (Chang’an Auto Co. Ltd) has strengths on net

profit margin (M12) and employee productivity (M21). Comparatively Chang’an has

weaknesses on several aspects: from the customer service perspective, Chang’an
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on-time delivery (M2) and customer satisfaction (M3) still need to improve. From the
financial perspective, Chang’an asset turnover ratio (M8), sales growth rate (M10) and
profit growth rate (M11) is low. Also Chang’an has issues on supply chain cost (M14),
efficiency of lead time (M15) and infrastructure investment (M18). In the future,
Chang’an should increase infrastructure investment to improve supply chain efficiency

and reduce the product cycle time to satisfy customers.

Chang’an realized the company needed to adopt a modern enterprise resource planning
(ERP) package. In 2000, the company implemented several Oracle E-Business Suite
modules which included an enterprise resource planning (ERP) system. The packaging
integrates 38 disparate sub-systems and operations covering manufacturing, inventory
and procurement. A centralized supply chain management not only lowers
administration costs, but also improves information sharing, data accuracy and

operational efficiency (Oracle Consuliing 2008).

In 2003, Chang’an upgraded the ERP system for automating operations, such as
accounting, manufacturing, and logistics. The ERP system streamlined the supply chain
and promoted better communication with suppliers. The company’s net profit increased
173% in the 2006 fiscal year (Chang'an Auto website 2007).

Also the implementation of inventory software has enabled Chang’an to efficiently

manage inventory, reduce equipment utilization waste and increase material usage. The
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company cut inventory cost from 120 million yuan to 83 million yuan, and no longer
needed to maintain a 80,000-square meter warchouse to store products (Oracle

Consulting 2008).

5.2.7 Rank seven: Hafei Motor Co. Ltd

Hafei has good performance on product cycle time (M4), delivery slack time (M5) and
net profit margin (M12), but in the future, Hafei supply chain management nee&s to
improve a number of areas in terms of financial measurement. Hafei has extremely low
asset turnover ratio (M8), stock turnover ratio (M9), and sales growth rate (M10) and
profit growth rate (M11). Equipment utilization, transport capacity utilization (M16)
and warchouse capacity utilization (M17) also need to improve. In terms of human
resource management, Hafei should provide better welfare for employees (M22, M23)

and encourage and support employee training programmes (M20).

Shi-feng Guan, a deputy chief of the operation strategy department, said “Hafei is one
of the earliest companies who implemented an information system, an excellent
information system provides a good platform for communication between different
participants”. In 2006, Hafei built an enterprise web information system, covering 100
retailers and 1000 repair sites in China. After a one year trial, Hafer procurement and
inventory costs were reduced by 11 %, the cycle time for procurement and

manufacturing reduced by 25 % and the average cost for each vehicle reduced by 1020
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yuan (Zhou, Deng et al. 2006).

Moreover, Hafei seeks strategic advantages by using third party logistics. The service
included two parts, one part is inbound material flow management, inventory control,
container and packaging management. The other part is providing vehicle just-in-time
delivery to reduce the delivery time and improve customer service. Also the third
logistics party service helps Hafei to better control supply chain operations, reducing

operational costs and improving product quality (Huang and Lin 2005).

5.2.8 Conclusion

After analysis of seven automotive companies’ performance separately, the
characteristics of automotive companies supply chain management can be summarized

as:

1) Automotive companies focus on supply chain software development which
mentioned in the previous section, such as leading computer technology
implementation, supply chain management software and advanced manufacturing
systems application. However automotive companies failed to support human
resource management, such as employee education. According to the investigation,

it shows that employee training courses are more focused on market strategy or
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2)

3)

vehicle design rather than supply chain operation education.” Also the average
employee satisfaction is only 77.69%. The problems include: employee’s feel
stressful, work environmert need to improve, and communiéation between
managers anci employees needs to be enhanced. Thus automotive companies still

need to do more on several aspects.

High growth in the automotive industry development continues and automotive
company sales retain high growth. The research found almost all automotive
companies still face financial problems. Some companies have problems in asset
operation and investment return for shareholders, and some companies have
problems in terms of profit margin and supply chain cost. Take an example of
Beijing automotive company. In 2007, Beijing automotive company profit growth
15 642.48%, ranking number one in seven companies, But the cbmpany’s net profit
margin is only 1.37%, far behind the other six companies. The same situation is
faced by Hua Chen automotive company. In 2007, sale growth of Hua Chen is
78.1%, ranking number one in seven companies, however Hua Chen return on asset

is -5.2%, and shareholders cannot receive profit from their investment.

Finally companies face problems of enhancing efficient supply chain management.
The study showed that the average efficiency of lead time is only 0.38, which
means the actual vehicle delivery time is twice the ideal, and too much time in

wasted on zero-value activity. Also equipment utilization is relatively low. The
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lowest transport capacity utilization and warehouse capacity utilization is only 67.5%
and 68% separately in Hafei Automotive company. Thus in the future, automotive
companies should emphasize supply chain efficiency improvement and maximum

equipment utilization.
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Chapter 6 Analysis of supply chain
performance

The previous chapter demonstrated AHP application in performance measurement and
evaluated seven automotive companies’ supply chain performance individually. In this
chapter, the research will further evaluate the automotive industry based on seven
sample companies from four perspectives: customer’s perspective, financial
perspective, infrastructural perspective and human resource management perspective.
In terms of a customer perspective, the research analyses from a customer satisfaction
area and dissatisfaction area; In terms of a financial perspective, the research points out
two characteristics of automotive companies: high growth on sales and profit but low
profit and assets return; In terms of an infrastructure perspective, the research presents
two issues: inefficient equipment utilization and shortage of investment on
infrastructure; And in terms of a human resource management perspective, the research

assesses from employee satisfaction ratio and training utilization rate.

6.1 Analysis from a customer perspective

[n this part, the research attempts to analyze automotive supply chain performance from

both sides: customer satisfaction and customer dissatisfaction.

204



6.1.1 Customer satisfaction

According to J.D. Power and Chinese Automotive Associates 2007 Sales Satisfaction
Index (SSI) Study, the overall satisfaction in the automotive industry is 764 points, up
27 points compared with the previous year. The 2007 SSI study is based on rlesponses
from more than 17, 396 new vehicle owners covering 48 vehicle brands in 26 cities.
The research measures overall customer satisfaction by examining seven factors (listed
in order of importance): vehicle purchasing process, dealer service, vehicle selection,

sale price and promotion, design and quality and waiting time.

Figure 6- 1: 2007 Customer satisfaction index study

B vehicle purchasing proces
B Dealer service

O Vehicle selection

o Waiting time

® price and promotion

e Design and quality

Source: Tews (2008)

As shown from the customer satisfaction index study (see Figure 6-1), vehicle
purchasing process, dealer service and vehicle selection achieved high customer

satisfaction. Shanghai Automotive Industry Corporation (SAIC) ranks the top,
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receiving a score of 831 out of a potential 1,000. Following SAIC in rank are First
Automotive Works (FAW) (823) and Guangzhou Automotive Industry Group (819)
(2008). A lot of automotive companies focused on what customers want and attempt to
improve in areas which affect customer satisfaction, such as in the area of service

quality and vehicle price (Tews 2008).

According to the research investigation, the average customer satisfaction ratio is 92%.
Most customers are satisfied with new product development, vehicle price and
promotion and vehicle design. The research investigation showed that for the new
product development ratio, Shanghai Automotive Corporation, First Automotive
Works and Dongfeng Company ranked the top three out of seven automotive
companies. The average of these seven companies’ new vehicle models ratio 1s 15.78%
which means new products took up more than 15% of total vehicle models (see figure

6-2).

Figure 6- 2: Automotive companies’ new product development ratio
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Source: the author
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Beijing Automotive Research showed that, in 2006, there were more than 334 new
vehicle models available in China, including more than 117 new passenger vehicle
models. Customers are satisfied with more options for vehicle models. In 2007, more
than 80 new passenger vehicle models were placed in the market which means that
automotive companies established a new vehicle model every four days. Completed
new vehicle models were 48, accounting for 60 % of the total new vehicle models in

China (Nu and Zhang 2006; Zhu and Wang 2008).

Take the example of DongFeng Motor Group. The research found that in 2007
Dongfeng Motor produced 40 new commercial vehicles models, inciuding 32 new
truck models and 8 new bus models (Dongfeng Annual Results Announcement 2008).
Dongfeng Nissan, one of Dongfeng Motor Group’s passenger vehicle manufacturers,
achieved annual sales of more than 450,000 units and introduced eight new vehicle
models to China, and Dongfeng Peugeot also grew its sales 14.5 % by relying on three

new vehicle models (Yan 2009),

6.1.2 Customef dissatisfaction

From a customer dissatisfaction perspective, the research found most customers are
dissatisfied with new vehicles which are out of stock and require a long customer

waiting time.
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6.1.2.1 Qut of stock

The research investigation showed the average percentage of completed orders for the
automotive industry is 98.7% and the percentage of on-time delivery for customers is
88.3% (see figure 6-3). Out of stock in the market is an issue for automotive companies.
The research considered reasons for out of stock are: firstly, the major automotive
companies are joint ventures and most automotive parts are exported from other
countries and so it takes long time to procure auto parts and transfer them to China.
Otherwise many new models, especially those in high demand but limited supply, have
too many orders which cannot be fulfilled in time. Chen Lei, an Chery Auto's senior
salesman said: “the cheapest Chery auto is only 30,000 yuan (US 4386 dollars), now
the Chinese new year is coming, at least 10 vehicles are sold in our shop every day, 80 %
of which are bought by individual buyers. Many products are out of stock, so buyers
have to wait for months."

Figure 6- 3: The percentage of completed order and on-time delivery

Seven automotives' empirical data

150.0%
Pacentage of
100.0%% completed
order
@ Parcentage of
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delivay
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SAIC | FAW |Dongbng{Chang'an Automot Huachen | Fafi

O Percentage of completed order | 100.0% | 100.0% | 99.3%% [ 98.3% | 97.5% | 9B.1% | 97.7%
& Percentage of on-time dedivary | 92.0% | 93.0% | 89.0% | 84.0% | 91.0% | 87.0% | £2.0%

Source: the author
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The research suggested that in order to prevent the product from becoming out of stock,
the automotive manufacturers should enhance integration with partners, sharing vehicle
demand information seamlessly across the supply chain. Furthermore, the research
advocated Zhou and Xue et al.” s advice (2007) that the automotive companies should
develop a pre-caution system, whereby both the vehicle orders and inventory items are
transferred automatically. For example, a vehicle which a customer requires is found to
be out of stock in one of the dealer’s inventory. After an inquiry, if companies find the
vehicle is situated within another inventory which belongs to the same company, in this

case, stock could be repositioned to where the demand exists.

6.1.2.2 Long waiting time

The research investigation showed another area for customer dissatisfaction is the long
waiting time to obtain a vehicle. Automotive companies should consider the customers’
waiting time for fulfillment of a requested order. According to the online survey based
on 100 respondents, 72 customers were willing to wait two weeks for a new vehicle and
only 15 customers will wait up to eight weeks (Zhao and Xiong 2008). The research
investigation showed the average cycle time is 11.6 working days from receiving

customer orders to final vehicle delivery, and dunng a promotion or the Chinese

traditional festival, customers have to wait longer (see table 6-1).
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Table 6- 1: Seven automotive companies’ delivery. time and order cycle time

Dong Chang’ | Beijing Hua
SAIC FAW feng an Automotive | chen Fafei
The longest delivery time | 7.5 days 9 days 7 days 9 days 8 days | 9.5days 10 days
The shortest delivery time 2 days 2.5 days 1 days 25days 3.5 days 3 days 3 days
Order cycle time 9.5 days 11 days 10 days | 12.5 days 12 days | 13 days 13.5 days

Source: the author

In Japan, the average vehicle production time is 28.5 hours, with 56 hours for a BMW
7-Series and 35.8 hours for a Ford. However in China, vehicle manufacture needs four
to five days (unit: eight hours a day) and delivery time is five to seven days. Tang and
Qiana (2007) traced reasons as there is often a disconnection between departments and
software systems among suppliers and retailers along with the supply chain. This
wastes time used in processing, product planning, manufacturing and delivery. Today,
automotive companies such as Shanghai Automotive Industry Cooperation and
Huachen Automotive are looking to product lifecycle management (PLM) solutions to
reduce time to the market. PLM is not only driving forward product innovation to
attract new customers, but it is also transferring product information from its initial
concept through to design, launch, production and final delivery—with internal and
external partners to the automotive companies (Yang and Chen 2008). It speeds up
order cycle times and integrates information between departments fo synchronize

critical product data throughout the product lifecycle.
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6.2 Analysis from a financial perspective

In this part, the research represents characteristics of the Chinese automotive industry
from a financial perspective: high growth on sales and profit, low profit and assets

return.

6.2.1 High growth on sales and profit

In 2007, China’s automotive indusiry has maintained fast growth, and sedan cars
accounted for an increased percentage. In the Chinese market, the total vehicle trade
reached 1017.61 billion yuan (around US148.77 billion dollars). Compared to the
previous year, vehicle sales are increasing 209.11 billion yuan (around US 30.57 billion
dollars), growing by 25.86 % (Center for Information Industry Development (CCID)

2008).

The research investigation revealed that more than 100 companies, Shanghai
Automotive Industry Corporation had an outstanding performance in China. As
mentioned in the previous section, Shanghai Automotive’s joint ventures with General
Motors and Shanghai Volkswagen Automotive Company make various passenger cars,
such as Buick and Santana. Also Shanghai Automotive signed a cooperation agreement
with Nanjing Automobile Corporation (NAC), developing new vehicle models,
.including MG 7 and ROEWE 750 .(Bi 2007). In 2007, the automotive company

recorded the highest growth in China at 155.4 units, and profit growth of 339.39% (See
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table 6-2).

Table 6- 2: Seven autemotive companies’ financial data

Year 2007 | M8 M9 M10 Mi1 M12 MI13 M14
Total
return o Inventory Profit _ Return
Full name on asset urmover Sale erowth Net profit | on
assets | turnover ratio growth rate rate margin equity
(ROA) | ratio (ROE)
SAIC® 5.40% 0.93% 10,12 | 2182.68% | 33939% 5.84% | 10.96%
FAW-Sihuan | 2.07% 1.23% 5.87 44.24% | 293.83% 1.69% | 3.56%
Dong feng 3.95% 0.85% 4.58 29.63% ] 21.02% 4.62% | 7.69%
Chang’an 3.22% 0.63% 4.68 16.06% 200.49% 5.08% | 6.65%
i"";‘“‘g , 4.09% |  2.99% 8051  40.53%| 642.48% | 1.37% ] 16.00%
utomolive
Hua Chen -5.20% 0.710% 830  78.10% | 57.40% -4.06% | -6.49%
Ha fei 1.87% 0.46% 0.85 6.29% 5.91% 4.10% | 3.89%
Average 2.20% 1.11% 6.06 342.50% | 197.22% 2.66% | 6.04%

Source: derived from company reports by the author

[n addition to Shanghai Automotive, Beijing Automotive’* also has achieved high

value growth in vehicle sales and profit. The average sales and profit growth for the

seven automotive companies are 342.50 % and 197.22 % respectively. Generally, the

automotive industry keeps growing strongly, except the Huachen Automobile

Companies. In 2007 Huachen Automobile lost approximately 0. 229 billion yuan

during the first three quarters, and profit has fallen from 20.8 % to 11.1 %. Mr. Lei Shi,

as a director and chief financial officer of Huachen Automobile Component Co., Ltd.,

said several factors contributed to the profit and equity loss, losing market share,

3 Short name for “Shanghai Automotive Industry Corporation”
# Short name for “Beijing Automotive Industry Holding Co. Ltd”




vehicle price slumping and increasing matenal costs. In the future, Huachen plan to
introduce Chinese-built 3 and 5 series BMW sedans and strengthen their cooperation
with supply chain participants to reduce material procurement and vehicle

manufacturing costs (Qian and Meng 2007).

6.2.2 Low profit and assets return

The empirical data showed that automotive companies have strong performance in
terms of sales and profit growth. However net profit margins are relatively low. The
average return on assets 1s only 2.20 % for Chinese automotive companies and the net
profit margin is 2.66 % compared with 4.20 % for the American automotive industry
(see figure 6-4) (Wang and Ma 2008). The research believed high transport cost and
mefficient inventory management are main factors for the low financial retum.

Figure 6- 4: Financial data comparison between China and the USA
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6.2.2.1 High transport cost

The research revealed that factors causing high transport cost are: in China, transport
infrastructure is underdeveloped in some developing cities. Most manufacturing
material and vehicles are delivered by truck for short distances. As petrol costs and
highway taxes are increasing, this transport mode not only suffers in delaying vehicle
delivery time, but also increases transport costs. Moreover, Liu and Qiu et al.(2007)
described in order to deliver vehicles over long distances, automotive companjes have
to use a combined transportation mode. According to research undertaken at Northern
Jiaotong University, a new vehicle has to be loaded and uploaded more than ten times
during each delivery on average. Different transport and packaging causes lower

vehicle transport efficiency and adds extra operational cost.

Moreover, the research thought that Chinese automotive companies failed to provide
real-time information to participants, such as truck drivers, suppliers and retailers. Take
an example of a delivery truck that has the capability of carrying 12 vehicles each time,
the major delivery trucks actually achieve only 68% - 73% of potential capacity on
average. The main reason for delivery trucks failing to ﬁlaximize their capability 1s that
automotive companies cannot access information quickly and consequently organize
the task more efficiently. Thus the research proposes that Chinese automotive
manufacturers should develop an automatic vehicle tracking systenﬁ (AVTS) widely to
monitor vehicle shipments which allows vehicles to be tracked and data collected in

real time, such as track location, product volume etc. This will help managers to
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schedule the delivery in advance and increase the efficiency of delivery operation and

inventory management.

6.2.2.2 Inefficient inventory management

With inevitable uncertainty of demand and lead time requirements, inventory acts as a
buffer between supply and demand fluctuations. As a result, maintaining the
appropriate levels and types of inventory is essential to provide quality and timely
service to customers. However overstocking products take up the companies’ capital
and reduces asset return and profit growth. According to Guodu Securities Research
Centre, in 2007, the total inventory value of the Chinese automotive industry was 43.70
billion yuan and 23.72 % companies’ assets are tied up in inventory (Jing and Waller
2008). The research investigation showed the inventory tumover for Chinese
automotive companies is 6.06 which means that every 59.4 days the inventory turns

over once while the figure is only 43.9 days for the American automotive industry.

Jiejing Jiang, as a supply chain project manager of FAW, said that the Chinese
automotive companies should reduce inventory value and improve capital efficiency
through better inventory management, Ding and Cui et al. (2006) advise Chinese

automotive companies may optimize inventories through:

» Developing jusi-in-time delivery system to improve information reliability and
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reduce forecasting variability.

» Build a regional distribution center (RDC) to reduce the inventory and respond

more efficiently to the retailers and customers' orders.

Shark (2008) described an example of BMW’s new distribution system, which focuses
on a new BMW Regional Distribution Center (RDC) established in the province of
Guangzhou since 2008. The centre keeps at least 387 vehicles for safety stock and
supplies vehicles to 25 linked retailers in South China. With the operation of three
Regional Distribution Centers in Beijing, Shanghai and Guangzhou, BMW can now
offer quick vehicle delivery service for all retailers to cover the Chinese mainland. For
urgent customer requirements, vehicles can be delivered automatically out of one of

three regional distribution centers to all retailers in China over-night.

6.3 From an infrastructure perspective

This section will consider fwo characteristics of supply chain infrastructure

performance: inefficient equipment utilization and low infrastructure investment.

6.3.1 Inefficient equipment utilization

In recent years Chinese automotive companies have seen a rapid expansion, and by
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2007, the Chinese automotive production capacity was more than 10 million units.
Recently Shanghai Passenger Car Company 2 launched its 150,000-unit-a-year
production facility, where its self-developed sedan Roewe 550, Roewe 750 and some
MG vehicle models are expected to be made. With its manufacturing plants being built
in Yizheng and Pukou, Shanghai Passenger Car Company will boost its production
capacity to 400,000 units. However the Roewe sales in 2007 were only 17,000 units and
sales of MG-7 car models were less than 5,000 units, both falling short of the sales
expectation (China Car Times 2008). Sichuan FAW Toyota, one of the joint ventures
between FAW Group Corporation and Toyota Motor Corporation, introduced a
100,000 unit-a-year production facility in 2006. The expansion will boost the
production capacity of Toyota and FAW’s joint venture to 570,000 units. In contrast,
the venture only sold a total of 282,600 vehicles in 2007. Chinese manufacturer Haima
[nvestment Group Cooperative also built two piants to triple its annual car production
capacity to 450,000 units, however in 2007 the domestic manufacturer only sold

130,000 cars (China Automotive News 2008).

As shown in table 6-3, in 2007, companies’ sales are far less than production capacity.
In 2008, only FAW Car Cooperative, Shanghai Passenger Car and Guangzhou Toyota
had sales more than their production capacity. Signs of overcapacity in China's

automotive industry have become apparent.

% Shanghai passenger car is one of Shanghai automotive industry corporation (SAIC) subsidiary companies.
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Table 6- 3: Automotive companies’ production capability and sales

Automaker Production capacity | Sales, 2007 Sales, 2008
(Units) (Units) (Units)
FAW Car Co 200,000 8,000 298,953
Shanghai passenger car | 300,000 25,000 444,756
Chery 650,000 381,000 356,093
Geely 530,000 181,500 221,800
Haima Auto 450,000 130,000 100,000
FAW Toyota 570,000 282,600 366,045
Guangzhou Toyota 200,000 170,000 306,230
Beijing Hyundai 500,000 260,000 294,506
Dongfeng Nissan 450,000 271,900 350,520

Source: Company press release (2009)

From 2003 to 2008 the average capacity utilization ratio 1s 73.83% (see figure 6-5). In

2007, Chinese automotive capacity utilization ratio was 72.23% while Japan was

97.5 %, Germany was 84.5%, and USA was 78.60%. The Chinese passenger vehicle

production capacity even reached botto.m at 55 % (Wu and Chu 2009).

Figure 6- 5: 2003-2008 capacity utilization in the automotive industry
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Kwan (2005) indicated that reasons for investment growth in Chinese automotive
production capability include high demand from the automotive market, and foreign
automakers expanding into China. Low production capability utilization also causes
supply chain equipment unitization to drop. According to the investigation, the research
found the average of vehicle transport capacity utilization is 74.1% and the average of
warchouse capacity utilization is 76.5 % (see table 6-4). Along with low equipment
uttlization, manufacturing cost and supply chain cost are accumulated. In order to
eliminate waste, the research follows Jiang and Wu (2006} and Zhu and Jiang’s (2007)

recommendations for automotive companies:

¢ Improving sale forecasting accuracy and system flexibility, and building a supply

chain management system based on vehicle demand scheduling.

¢ Enhance mutual collaboration with suppliers and retailers. Improving exchange

information quantity and quatity, this will help to reduce the product cycle time and

provide better service to the final customers.

Table 6- 4: Transport capacity utilization and warchouse capacity utilization

eijing
ATC AW IDongfeng [Chang'anjAutomotivejHuachen|Fafei |Average

fravsport e2p2eio 8 0%4) ?5.0%' w00 135 sood TLowersed 7414

Jutilization

'Warehouse capacity]
|utilization

SS.O%I?S.O%I 71.4% 73.6% 81.3%| 81.7%|68.0% ?6.6“Vj|

Source: The author
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6.3.2 Shortage of investment on infrastructure

In recent years, due to high demand for vehicles, automotive companies have expanded
investment on production equipment. However investment on supply chain equipment
only takes up 9.38 % of vehicle profits and this lags behind other developed counties
* (Zhong and Xie 2008). Thus the research suggests that in the future, automotive
companies should increase investment on supply chain infrastructure in terms of both

hardware and software.

6.3.2.1 Hardware investment

Automotive companies should increase investment to upgrade logistics equipment and

technology from these aspects:

1) During the investigation, the research observed some small automotive
manufacturers still use outdated equipment, and this equipment represents low
efficiency and low security. Thus the research suggests that manufacturers should
develop advanced logistics equipment, such as using professional storage
equipment, building automated storage systems and setting up automatic sorting
and monitoring equipment. It will not only help to save shipping and storage costs,
but also can reduce manufacturing setup time. Take an example of the professional
delivery truck. For Chinese automotive manufacturers, the container is the safest

package for vehicle delivery, especially for long distance transport, however, due
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to various truck sizes, new vehicles have to be packaged and re-packaged several

times, causing product damage and delaying delivery time.

2) Secondly, the research proposes information based identiﬁcatic-m and control
equipment should be widely applied by automotive manufacturers; these include
bar codes, electronic data interchange (EDI), radio ﬁeqﬁency (RF) tag, GPS
{global positioning system) and so on. Take an example of GPS. After s.etting up
GPS, manufacturers can store, exchange, and process in-time delivery information.
The information includes customer order data, route arrangement, road traffic and
truck position, and it helps staff to be ready before the delivery truck armves. Also
the research encourages manufacturers sharing information with suppliers and

retailers to help making better arrangements and reducing vehicle cycle time.

6.3.2.2 Software investment

Li and Lin (2008) claimed the development of automotive IT application 1n the Chinese

automotive industry has gone through three stages:

1) From 1980-1992, IT applications used research and development for automotive

design, such as CAD?®, CAM?” and CAE*.

8 CAD is computer aided design.
7 CAM is computer aided manufacturing
% CAE is computer aided engineering
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2) From 1992 to 2003, IT applications concentrated on manufacturing management,
such as CIMS?, digitai control system, plant management system and financial

management.

3) Since 2003, IT applications used on management, such as ERP?, electric-business,

sSCM?’

As shown from the IT investment structure in the Chinese automotive industry (see
figure 6-6), in 2006, total IT investment is 3.57 billion, accounting for 4.6% of the
vehicle industry profit. While the hardware investment is 1.78 billion, taking up 49.87%
of total IT investment, software investment is 1.17 billion, taking up 32.93%. In 2007,
IT investment in the automotive industry is 4.12 billion, growing 15.5%. The industry
continues to make significant investments in modemizing IT infrastructure and
application. However since 2007 the growth ratio of IT investment has slightly dropped
down every year, and the growth ratio has reduced from 17.2% to 3.1% (Wei, Yan et al.

2009) (see figure 6-7).

2 CIMS is computer integrated manufacture system
3 ERP is enterprise resource planning
3 SCM is supply chain management
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Figure 6- 6: IT investment structure
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Figure 6- 7: IT investment and growth ratio from 2004 to 2009
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In 2009, IT investment is 4.49 billion, in which IT service accounts for 18.1% and
software and hardware separately takes up 21.9% and 60% (see figure 6-8). In these IT
investments, 60% is coming fr%;m big auto manufacturers, 31.6% comes from medium
auto manufactures, and only 7.9% comes from small auto manufacturers (see figure 6-9)
(Wei, Yan et al. 2009; Xu and Tian 2009). In recent years, the key IT system applied to
the automotive system is the ERP system (Chen and Liu 2006). According to research
undertaken at the Hubei College of Finance and Economics, ERP systems have
mereased 27.5 % in 2007 and mostly have been widely applied in large automobile

enterprises and large parts manufacturers {(Cai and Shi 2007).

Figure 6- 8: 2009 IT investment structure

O IT bhardware
BT software

OIT service

21. 9%

Source: Xu and Tian (2009)
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Figure 6- 9: 2009 IT investment
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In 2004, FAW-Volkswagen took the lead in implementing SAP/R3’ % to integrate
customers, manufacturing and distributors during material procurement, production,
finance, sales, spare parts and customer management (Li 2003). In 2007, Chang’an
Auio Company implemented an e-business suite from Oracle - the complete set of
Oracle products include Oracle database, ERP, CRM and SCM (Tech Republic 2006).
Also, Jianghuai auto (JAC) has deployed the ERP system in two branches, and ERP

applications cover its suppliers and retailers.

The research summaries the most popular IT software which has been implemented in

the automotive upstream supply chain and downstream supply chain, these include:

e ERP system: standardizing the supply chain operations and improving efficiency.

32 SAP R/3 is the former name of the main enterprise resource plasining software produced by SAP AG.
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e Production and manufacturing system: establishing agile manufacturing
environment.

e SCM/E-procurement sysiem: reducing the material and auto parts procurement
cost.

e CRM system: increasing customer satisfaction.

» Sales management system (part of electronic-business): strengthening sales
competence.

¢  Product data management (PDM) / Product lifecycle management (PLM) services
include consulting, development and the integration services

e Operation system {(OA): improving operation efficiency.

6.4 From a human resource management perspective

In this part, the research analyses automotive supply chain performance from two

aspects: employee satisfaction ratio and employee training utilization rate.

6.4.1 Employee satisfaction ratio

An employee satisfaction survey conducted by Shandong Institute of Business and
Technology in 2006 showed that big companies did not produce a high employee
satisfaction ratio (Zbhang 2006). According to the survey sample of 500 companies,

small or medium companies have a higher employee satisfaction ratio than big



companies. In companies which have less than 30 employees, 88% of employees are

satisfied, in companies which have employees between 70 to 100, the employee

-satisfaction ratio drops to 77%, and for companies having emp]oyées more than 100,

the average employee satisfaction ratio is only 65 % (Zhang 2006).

Employee satisfaction affects employee productivity, and satisfied employees are more

likely to be creative and innovative. If employees are satisfied, they produce quality

performance in optimal time and this leads to growth in company profits. According to

the research, in 2007 the average employee productivity in the automotive industry is

1.82 which means each employee makes 18.2 thousand yuan (around US$ 2661 ) profit

for the automotive company, and the average customer satisfaction ratio is only 77.68 %

(See table 6-5).

Table 6- 5: Empirical data on human resource management

Employee

Full name Eu.lp.loyee Employ_ee' Salary growth satisfaction
training rate productivity rate .
ratio
—

i;:ih;‘ive 10.00% 6.35 7.60% 83.00%
FAW-Sihuan 14.50% 0.75 8.00% 81.00%
Dongfeng 6.60% 0.42 5.00% 75.00%
Chang’an Auto 8.30% 2.20 7.00% 78.00%
—
A::':mgoﬁve 10.00% 0.86 11.30% 79.60%
Huachen 7.00% 1.30 6.50% 74.70%
Fafei 5.00% 0.89 4.80% 72.50%
Average 8.77% 1.82 7.17% 77.69%

Source: the author
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The research points out the main employee’ dissatisfied areas based on the

investigation:

1) Overwork and low rewards

Ge (2008) indicated Chinese automotive companies have developed rapidly, and
employees have to overwork frequently, especially in times of product promotion or
when the Chinese Spring festival is approaching. Bing Wang, an assistant manager in
Tianjin Toyota Automotive Company, indicated that employees have to over work
more than 60 hours every month, and employees regularly worked at nights and on

weekends without extra pay.

2) Workplace and Work Environment

During observation, it was found in the automotive companies, because of financial
limitations, many employees have to share small offices, companies cannot provide a
comfortable workplace in terms of office equipment, fumiture and so on. Other
facilities, such as rest room, coffee room or education library are also not widely

available for employees.

3) Inspiring leadership
Good atmosphere in the workplace affects employee satisfaction too. During the
communication with employees, the research found most automotive managers are not

appreciative of their employees’ hard-work, and managers focus on profit rather than
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employee welfare. Otherwise employees feel managers fail to give them support to
succeed on the job, such as motivation encouragement, experienced supervision, and

necessary specific fraining.

In order to improve employees’ satisfaction, several strategies for improvement are

proposed:

Firstly, automotive companies should gain a better understanding of employees'
needs and perceptions, making the reward system consistent with their

performance and giving employees more work-life balance and flexibility.

Secondly, it is recommended that managers should improve or enhance
management communication skills and leadership style, especially in the area of

performance evaluation, such as reward and recognition.

Thirdly, employees agree that they spend a lot of time on doing low-value work
that is a waste of time. Thus the research encourages automotive companies to
offer training programmes making employees feel more appreciated and obtain
better career prospects. It not only improves employee skills and increases their
productivity, but also helps to broaden employvees’ experiences and satisfies their

need for personal growth (Fang and Gong 2008).
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6.4.2 Training utilization rate

The automotive indusiry is a fast changing industry, and companies must constantly
adjust the training programmes to meet marketing requirements, thus training is
necessary for employees to constantly improve and develop. Qiao (2009) and Weng et
al.(2009) classified training programmes which are currently used in automotive

companies as:

e Training for development: in order to build a motivated team, automotive
companies developed several management courses for employees, such as sales

strategy, budget management, enterprise culture and so on.

o Training for profession: improve employee’s knowledge to use advanced
technology and enhance employee skills, such as vehicle quality inspection,
engineer design, procurement system cost accounting, matenial resource

management system.

¢ Tramning for personal improvement: employees’ optional training for individual
needs, such as company’s platforms and standards, company’s systems and

regulations, English study, Microsoft Office, and so on.

Automotive companies provide training programmes to help employees gain
comprehensive management skills and technical skills, however to some extent, the
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research considers automotive companies place more emphasis on special
manufacturing operations training rather than supply chain professional training.
Empirical data shown employee training in terms of the supply chain management rate
is 8.77% (see table 6-6) which means employees have 20 training hours every month.
Standards released by the China Federation of Logistics Certification Center indicate
the eligibility requirements for the standard level of supply chain certification need to
ensure 72 training hours, for medium-advance supply chain specialty, the eligibility
requirements are at least 150 hours (Wu and Zhao 2004). Actually, in the automotive
industry, specific training programmes for supply chain management is generally less

than half of this.

Table 6- 6: Empirical data of human resource management

Metric Employee Employee Salary Employee

training rate | productivity | growth rate satisfaction

(M20) (M21) (M22) ratio (M23)
SAIC 10.00% 6.35 7.60% 83.00%
FAW-Sihuan 14.50% 0.75 8.00% 81.00%
Dong feng 6.60% 042 5.00% 75.00%
Chang’an 8.30% 2.20 7.00% 78.00%
Auzs:)'t‘i’fe 10.00% 0.86 11.30% 79.60%
Huachen 7.00% 1.30 6.50% 74.70%
Hafei 5.00% 0.89 4.80% 72.50%
Average 8.77% 1.82 7.17% 77.69%

Source: The source

There are several issues which should be under consideration during training

programme implementation. Thus suggestions for supply chain management training
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programme are:

Firstly, professional training is considered for new employees only, and some
automotive companies lack long-term planning for training programmes. Many
factors affect the training programme, such as financial support and the marketing
and economic environment. T_“hus the research encourages automotive companies
fo set up long-term training schedules associated with a company long term
strategy. Hu and Zhang (2007) further indicated that training packaging should

include long-term strategy planning, budget planning, and programme scheduling.

Secondly, many automotive companies invite trainers from different centers, and
these participants are not familiar with the employee’s skill level and cannot
identify training needs. Thus it is advocated that Jin and Bais (2007)
recommendatibns are taken that training programmes should place more emphasis

on specialized skills rather than broad expertise for the automotive industry.

Thirdly, the research found many automotive companies only choose lecture
delivery for employee training, and actually there are many more training methods
which can be applied, including job rotation training, role playing and simulation
training, and apprenticeships. Thus automotive companies should try to use more

training methods to attract employees and improve training implementation in the

232



Sfuture.

As most managers recognize that continuous training is essenttal, employee training
programs provide focused training to employees with diverse training methods. It helps

to improve employee capability and stimulate operation efficiency.

6.5 Summary

In the previous chapter, the research ranked the seven automotive companies according
to their final scores and made comments on each automotive company’ supply chain
management. In this chapter, the research analyzed supply chain performance from
these perspectives: customer perspective, financial perspective, infrastructure
perspective and human resource management perspective. In the next chapter, further
analysis of automotive supply chain management based on the weaknesses of
companies’ operational performance will follow and attempts made to propose some

suggestions for future development.
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Chapter 7 Improvement suggestions
for supply chain management

In the previous chapter, the weaknesses of Chinese automotive supply chain
perforinance were pointed out and analyzed. In this chapter, some suggestions to help
supply chain management improvement in the future from four perspectives will be
proposed: managers’ conception and support, high supply chain cost, long delivery

time and supply chain standardization.

7.1 Managers’ conception and support

Compared to other developed countries, supply chain management in the Chinese
automotive industry still lags behind. During the data collection and interviews, it was
found that the primary factor hampering supply chain development is that managers
lack efficient knowledge on supply chain management, thus the research categorized
issues into two: deficiency knowledge of supply chain management and deficiency

knowledge of supply chain performance measurement.

7.1.1 Managers’ conception on supply chain management

The research discovered that many practitioners realized that supply chain management
can reduce the cost for manufacturers and increase value to customers, however most

managers lack efficient knowledge on automotive supply chain management and more
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generally do not know how to improve supply chain management. According to a
supply chain survey conducted by the University of Nankai, sampling 135 managers
who are engaged in the automotive industry, only 55.5 % respondents were satisfied
with automotive supply chain management, 27.3 % respondents were considered
supply chain operations still need to do more to reduce costs and improve efficiency
{Chen and Yun. 2006). In recent years, many automotive manufacturers have promoted
investment in employee training, however they are more concerned with external
market demand rather than internal management improvement. Take an example of
First Automotive Works (FAW)’s education and training center. It has six programmes
including automobile engineering and design, electrical equipment technical training,
and experimental machine design, whereas there is no specific school for supply chain
management (First Automotive Works Website 2008). Thus the research assumes top
managers and executives place higher priority on either automotive production or
automotive market strategy, and supply chain managemeat is considered less

important.

7.1.2 Managers’ conception on supply chain performance

measurement

It was also identified that performance measurement is still immature in China, and
there are still no formal principles and regulations in respect of measurement for supply

chain management. The 2007 China Supply Chain Progress Survey showed more than
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half of managers only know performance measurement as a means to determine the
efficiency of supply chain operations, and are unaware of performance measurement as
a means to improve supply chain management. The results of the survey indicated that
only 28.90% manufacturers set supply chain performance improvement as a strategic
objective, and 73.11% of manufacturers have no formal long-term training programme
for executives (Yuan and Jiang 2007). Top managers have not given sufficient support
to 1t and only use performance measurement as part of human resource management o
measure employee’s capability. The research advocated Fan and Xin’ (2005) view that
the manufacturer manager should pay sufficient attention to integrating performance
measurement into the whole supply chain management to stimulate supply chain

evolution and improvement.

7.1.3 Solutions for improvement

In order to improve the current situation in the Chinese automotive industry, the

research suggests that improvements could be undertaken as follows:

Firstly, without reliable supply chain management professionals, automotive
manufacturers cannot remain competitive. In China, there are less than 8% of
supply chain skilled professionals who are engaged in the automotive industry
compared with more than 30% in developed countries (Shen 2008), and supply

chain professionals are in short supply, The Asia Times reported the demand for
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supply chain professionals with university qualifications will be 300,000 to
400,000 by 2010, and more than a million workers in the Chinese logistics industry
will require on-the-job training by 2010 (Yuan 2008). Thus supply chain considers

education should be developed and reinforced.

At the present time, there are 218 Chinese universities with supply chain degree
programmes, however this is far from enough to meet the market demand
(Wenzhou University 2008). Therefore it is recommended that some automotive
manufacturers fund their own business school to educate students for specific
industrial needs. Take an example of Chery Automotive Company. In 2006, Chery
founded its own business school to provide students with relevant academic and
vocational supply chain management principles, skills and knowledge (Chery

Website 2006).

Secondly, automotive manufacturers should introduce short-term or long-term
education and training for employees instead of recrniting educated professionals.
Manufacturers need to provide support centres for managers and employees who

are looking to advance their career in the supply chain area.

Thirdly, it is recommended that the automotive industry and supply chain
association, Automotive Trade Association, the China Federation of Logistics and

Purchasing, should provide professional support and take an advisory role to
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promote supply chain management development. Associations may promote
efficient supply. chain management through a wide range of activities such as
workshops or seminars or a regular meeting sharing successful cases and
experience (Wei 2007; Zheng and Su 2008). 1n 2007, Supply Chain World
Conferences offered a forum in China for professionals to discuss issues and trends
in supply chain management and delivered presentations regarding the latest

innovations, practices and new technology (Guo, Miao et al. 2007).

In the coming future, Chinese automotive manufacturers should be able to share their
experience with international automotive manufacturers, helping them to develop the

necessary competencies for efficient supply chain management.

7.2 High supply chain cost

According to international standards, supply chain development can be assessed by
using the percentage of supply chain cost to gross domestic product (GDP). The lesser
percentage indicates the more advanced development of the supply chain. In 2007,
supply chain cost occupies around 16.9 % of Chinese gross domestic product, while in
Japan it is 11.4 %, and in the United Kingdom it is only 10.10 % (Wang 2008) (see table

7-1).



‘Table 7- 1: Supply chain cost percentage

|Country Percentage Supply chain cost percentage

[England 10.10%|

American 10.50% fﬁ:

Japan 11.40%] }é 3 |@ Percentage |
[Singapore 13.90?4 &

[Hongkong | 13.70%) 6

Taiwan 13.10%]

China 16.90fyj

Source: Wang (2008)

Statistics from China Chamber of Commerce revealed that in 2007, the total profit of
the automotive industry was more than 60.4 billion yuan, which was an increase of
62.89 % compared to the previous year (Xiao and Rong 2008). The Chinese automotive
supply chain cost takes up more than 15 % of the total sales while it takes up only 5 %
for the Japanese automotive industry and 8% for automotive manufacturers in Europe.
According to the statistics, Chinese manufacturers’ supply chain investment returns are
less than 10 % and the cost of supply chain transportation is three times more than
American and European (Jiang and Han 2008). High production, high supply chain cost,
and low profit are a dilemma for Chinese automotive supply chain management. In the
following section, the main issues are analyzed and possible solutions for high transport

cost and high inventory cost provided.
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7.2.1 High cost of transport

According to the data provided by the third party logistics federation, it was discovered
that vehicles were transported from the province of Chang Chun to the province capital
Guang Zhou, a distance of around two thousand kilometers. Each vehicle cost is about
3800-4000 yuan by using trucking transport while using water transport would be about
2500-2800 yuan. Water transport can save up to one-third cost compared to trucking
transport. However, m practice, most manufacturers and suppliers select trucking
delivery, which is the main mode of vehicle transport in China taking 83 % of market
share. Water transport takes 12 % and railway transport accounts for less than 5% (Dai
2008; Wang 2008). Trucking delivery is very flexiblé for point-to-point delivery and
more reliable and less damaging than rail delivery. However, trucking delivery incurs

more costs than rail for long distance.

Zhang (2007) and Bowersox and Closs (2002) stated that there are the four transport
modes available for vehicle delivery—railway delivery, trucking delivery, water

delivery and air delivery:

*  Railroad

Railroad is an efficient transport mode to delivery large or bulk products over long
distances. It is suitable for low-value, high density products rather than small loads,
and the typical commodity is coal or grain. In recent years, unit trains have been
frequently used for the automotive industry, which can be routed direct and
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non-stop from origin to destination. The unit train delivery is faster and less

expensive compared to traditional trains.

e Trucking

The extensive development of roads and highways has supported the growth of
trucking delivery. In comparison to railroads, trucking transport incurs a relatively
small fixed investment, and manufacturers prefer trucking transport because they

are flexible in the ways that they can be operated on all types of roadways.

*  Water

The main advantage of water transport is the capability to deliver extremely large
shipments at low cost and it is the best choice for international vehicle delivery.
However the main disadvantages of water transport are the limited range of

operation and slow transit time.

*  Air

The least utilized transport mode is air transport. The significant advantage of air
transport is high speed. Air -transport can deliver products in only a few hours while
other modes need several days. When the marketing period for products is
extremely limited, such as sales promotion or product exhibitions, air transport

maybe the most practical transportation method to use.
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Bowersox et al. (2002) compared the four transport modes with respect to speed,

availability, dependability, capability, and frequency:

v Speed--- refers to the delivery time from origin and destination point.

*  Availability--- refers to the ability of a mode to service at any location. Truck
delivery has the greatest availability since highways cover the nation, even in
the rural area.

v Dependability---refers to the transport modes potential variance from delivery
schedules. Air transport has the highest score because it is can be interfered

with due to weather or air congestion.

*  Capability---refers to the ability of a mode to handle any transport
requirement, such as load size. Water transport is the most capable mode.

*  Frequency---refers to the frequency of delivery.

Bowersox et al. (2002) compared four transport modes by ranking them 1 (number one),
2 (number twe), 3 (number three), 4 (number four). Take an example of speed, air
transport is considered as the fastest transport mode to deliver goods from ongin and
destination point, so it is ranked number one. Truck transport is slower than air, and
following it ranks number two. Railway needs time to pack and transfer, and so it is
slower than truck transport, ranking number three. Water transport is the lowest
transport mode compared with the others, so it is given number four. Bowersox et al.
(2002) used the same method to compare the four transport mode characteristics which

are shown in Table 7-2:



Table 7- 2: relative operating characteristics by mode

Operating

Characteristics Railway Truck Water Air
Speed 3 2 4 1
Availability 2 1 4 3
Dependability 2 1 3 4
Capability 2 3 1 4
Frequency 3 { 4 2
Composite Score 12 8 16 14

® [owest rank is best

Source: Bowersox et al. (2002)

As shown in the chart, it is clear why trucking delivery is prevalent in the automotive
supply chain. Honda in Guang Zhou almost entirely rehies on trucking delivery.
Joint-venture manufacturers, Faw-Volkswagen only utilizes 10 % transport by water,
and North-East auto manufacturer oﬁly uses less than 15 % transport through the Chang
Jiang River’. Niang and Bo (2007) suggested that since the oil price 1s soaring, water

transport and railway transport costs have become much less than trucking transport.

Thus the research suggests manufacturers might consider changing the use of the single
transport mode to intermodal transport to maximize the potential benefit of other
transport. Combining modes include shipping-truck delivery and water-rail delivery.
Take an example of shipping-truck delivery, for long distance vehicle delivery,
manufacturers can select shipping delivery sending vehicle from manufacturing to

main retailers in different province, then vehicles are sent to other small cities from

 The Changjiang River (also called the Yangtze River) is the longest river in China, It has a length of 6300 kilometers and a catchment
arca of 1.8 million square kilometers, which equivalent to 175 of the wota) land of China,
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main retailers by trucking delivery. Manufacturers choose transport modes according to
practical need, and shipping delivery can save transport cost, however in some small
cities, transport infrastructure is still underdeveloped. Trucking delivery is flexible to

operate and provides faster delivery time.

At present, 70 % of manufacturers are located in coastal areas, such as Changchun,
Beijing, Shanghai, Guangzhou or near river areas, such as Chongqing. Manufacturers
can therefore often attempt using navigable inland waterways and sea or river ways to
reduce cost. Up to the end of 2006, 18 large rail container centers have been
developed and managed in 18 major cities in mainland China (China economic review
2007). They possess professional knowledge and provide professional services. Thus
the research supports manufacturers to take rail transportation and rail-shipping

intermodal transportation to reduce the costs and other interruptions during delivery.

7.2.2 High inventory cost

The second fact that contributes to high supply chain cost is inventory cost. In order to
buffer demand uncertainty, manufacturers keep safety stock as inventory. James Zhang,
manager in supply chain departments at Dongfeng automotive company pointed out
that production cost only accounts for 60 % of the total vehicle cost, while
transportation and inventory take up to more than 30 %. Zhou and Li (2009) defined

manufacturers’ inventory as raw material, component parts, work-in-process, and



finished goods. For manufacturers, inventory management is risky. Shanghai
Association of Automotive Industry suggested that, in 2007, the inventory for the
automotive manufacturers 1s more than 170 thousand units, and the cost associated with

maintaining inventory is around 17 billion yuan {(Huang 2007), that includes:

e  Basic cost: capital cost for having warehouse space and taxes

o  Spoilage: products are sold at a discount or discarded, product value lost io
obsolescence.

e Damage to inventory: damage lost in storage and handling.

o  Handling of excess inventory: cost for move and storage products

Managing inventory is important to ensure high customer service quality, however
inventory i1s a very costly asset to maintain. According to USA national standards,
inventory cost can take up 10% to 30 % of product cost (Chen and Yang 2006 ), and
having the right amount of inventory to meet customer requirements is critical.
Therefore the research attempts to propose two approaches to reduce inventory costs

across the supply chain from retailers and suppliers:

Approach one: building a trusted partnership
The Lean Logistics Centre (Logistics Press 2008) reports that substantial
improvement in manufacturer-retailer communications can significantly reduce

inventory cost. However in practice, due to financial data confidentiality and



shortage of trust, competitive information is unlikely to be shared between
manufacturers and retailers, and that causes the manufacturers to have to stock
certain products for uncertain demand, and this increases the capital cost tied in
inventory. Thus manufacturers and retailers should develop a long term and high

level trusted relationship.

It is clear as well that a closer relationship with retailers enables automotive
manufacturers through web-enabled information systems to track and monitor
product movement, create better forecasts, optimize their production according the

actual demand and better manage inventory.

Approach two: Inventory management

In the traditional supply chain, because of a lack of information communication, the
forecast and demand information is delayed and distorted. As a result the
participants along the supply chain, such as suppliers, manufacturers, and retailers,
have their OWI‘I inventory. Now, with the development of information systems, data
is easily transferred between the retailer and supplier, therefore the research advises
that the automotive manufacturers should shift the ownership of inventory from
manufacturers to suppliers. The suppliers take more responsibility to determine
both the inventory levels and delivery frequency to maintain stock levels. The
suppliers can access the system to track past sales history, sale trends, out-of-stocks
records and other data, and it helps to maintain service levels and reduce inventory
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and costs.

7.3 Long delivery time

According to the research investigation, the average manufacturing time for vehiples is
only 4.5 days (calculated as 8 working hours a day), however the average delivery time
is 5.4 days, and the longest delivery time is up to 10 days (see table 7-3) The long time
for vehicle delivery has become one of the challenges faced by the Chinese automotive
industry. In this section, the reasons that cause long time delivery are analyzed and
possible solutions identified from three p;:rspectivcs: long supply chain distance, low

delivery efficiency and transportation structure improvement.

Table 7- 3: Empirical data of vehicle delivery time and cycle time

Longest | Shortest

Company ;qg?verivgifc del'ivery dcl’ivery Ordg;?de
time time
SAIC 4.5days | 7.5 days 2 days 9.5 days
FAW S5days 9 days | 2.5 days 11 days
Dongfeng 4days 7 days 1 days 10 days
Chang'an 6.5 days 9 days | 2.5 days 12.5 days
if::fmive Sdays| 8days| 3.5 days 12 days
Huachen 6days | 9.5 days 3 days 13 days
Fafei 7days | 10 days 3 days 13.5 days
Average 5.4 days dgfs 2.5days | 11.6days

Source: The author
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7.3.1 Long supply chain distance

Vehicle delivery takes so long because of the long supply chain distance along with
automotive parts procurement, automotive production, automotive package and
delivery. In Japan, the average distance between auto parts suppliers and automotive
manufacturers is 183.3 km. For Toyota, the distance is only 95.3 km, Daimler Chrysler
is 875.3 km, Ford is 818.8 km and General Motors is 682.2 km (Fang, Gong et al. 2006;
Fang and Gong 2008). However in éhina, the average distance between suppliers and
manufacturers is more than thousand kilometers, suppliers are located in various
provinces, and automotive materials take several days to deliver (Yinghong and Bin
2008). Meanwhile, manufacturers try to gain a grcater market share, with automotive
dealers and customers covering the nation, but this also causes long lead time and high
cost in terms of transportation. Consequently the research suggests that the network for
the vehicle supply chain should be scientifically and logically designed. In order to

improve the situation, an approach can be assessed as:

Firstly, manufacturers should reduce the number of automotive suppliers’, using

new selection criteria to determine whether to increase or terminate such relations.

Secondly, manufacturers should build stronger bonds with suppliers, locating
suppliers nearer and integrating suppliers as a part of the manufacturing process.
Rational supplier location arrangements can help manufacturers efficiently
manage the supply chain, and stimulate information transfer, and also it can reduce
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delivery time and inventory cost.

7.3.2 Low delivery efficiency

The research results suggest that the second factor causing long delivery time is low
delivery efficiency. In accordance with the statistics by Wuhan University of
Technology from more than 52 enterprises, the national empty-loaded delivery rate is
37 %, and the transport capacity utilization is below 75 % (Sahay and Mohan 2006). In
order to handle supply chain activities efficiently, the research advocates manufacturers
to consider using external companies to perform logistics functions, a company can set
" up a company’s own logistics subsidiaries, or it can outsource the supply chain function

to a third logistics party.

Take an example of ShangHai General Motor (GM) which is a joint venture between
Shanghai Automotive Industry Cooperation and General Motors. At present,
ShangHai-GM produces four types of vehicles with 5400 auto parts and 180 suppliers
located nationwide. Everyday, every auto part supplier delivers their products direct to
the manufacturer, and the one-way delivery causes empty-loads on the way back. In
order to reduce delivery time, the GM manufacturer hired a third party logistics
provider to arrange a transport line, named “cycle delivery”. The delivery schedule is as -
follows (Figure 7-1): the transport line is a circle which is available to most

long-distance auto suppliers. Every morning, transport trucks set off from
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Shanghai-GM according to a designated route. The truck drivers then pick up prepared
parts from the first auto suppliers, and then to the next auto suppliers, then to the third
auto part suppliers. The truck drivers then load the auto parts from multiple suppliers,
until the truck is full. The auto parts are finally delivered to the manufacturer. This is a
kind of just-in-time pickup and delivery originally developed in Japan. Since the third
party logistics implemented cycle delivery, GM have reduced delivery cost by 30 %

and stimulated efficient management (Song and Chen 2006).

Figure 7- 1: Before and after auto parts delivery arrangement

Source: Song and Chen (20006)

Now third party logistics are being used by many manufacturers, such as Chang’an
Automobile Co., Ltd., Chang’an Ford Mazda Automobile Co., Ltd., Chang’an Suzuki
Automobile Co., Ltd., Volvo Automobile Co. Ltd. However, compared with the USA
where third parties take up 57 % of the whole supply chain industry, and 80 % in Japan,

in China independent third parties only take up 26.7 % of the whole supply chain while
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more than 62 % supply chain practices are operated by manufacturers’ own transport
and 11.3 % supply chain operation outsourcing to suppliers (Lu, Xia et al. 2006). Wu
(2006) and Deng (2007) classified three main types of third logistics parties that are

available for the automotive industry:

e The first type is state-owned logistics enterprises, which have been transformed to
modern logistics enterprises through reorganization. This now has the biggest
Chinese logistics market share.

o The second type is private-owned logistics enterprises. Most of these companies
are operated by Hong Kong and Taiwan logistics enterprises.

e The third type is foreign-funded logistics enterprises. Worldwide jfamous

multinational logistics enterprises have successively entered into China's logistics
market.

Third party logistics ts a more professional approach and offer customization of
product and service to customers. Its function has moved from simple storage to
provide innovative sﬁpply chain solutions to customers by focusing on value-added
capabilities. The service includes: iransportation management, value-added
warehousing and distribution, and supply chain engineering and design services. Thus
in the future, automotive companies should be encouraged to take more professional

logistics services to improve supply chain efficiency.

7.3.3 Transportation infrastructure improvement

Up to 2007, China has developed a highway transportation network of 3.46 million
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kilometers (see table 7-4), 2.58 million kilometers longer than reported in the first
national highway survey in 1979 (see Appendix 14). The length of national railways in
operation had reached 75 thousand kilometers (see Appendix 15). The number of
ten-thousand-ton berths in coastal ports (see Appendix 16) was 940, and the length of
navigable inland waterways was more than 123.3 thousand kilometers. Infrastructure
like railway, highway, water carnage, airport, and freight hubs have been improved

considerably (see Appendix 17) (J:a and Luan 2007; Zhang 2007).

In recent years, transportation imfrastructure and equipment have shown remarkable
development, however compared with developed countries, transportation
infrastructure in China is still lagging behind and it is clear that the government should
build a stable and efficient transportation environment to support the supply chain

industry development.

Table 7- 4: Highway development in China

Highway National Provincial County Township Total
Development Highways Highways Roads Roads Mileage
Mileage 133,355km 239,580 km 506,483 987,608 km 3.46

km million km

Source: Zhang (2007) and Jia and Luan (2007)

With the development and improvement of infrastructure, the automotive

manufacturers can be more flexible in choosing inter-modal transport to transfer
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vehicles between different locations. This will not only help vehicle manufacturers to
maximize economic benefits, but also increase transport capacity and supply chain

efficiency.
7.4 Supply chain standardization

7.4.1 Current situation in the automotive industry

Many factors contribute to manufacturers’ low profit return and long delivery time,
however, Hou and Zhu (2006) claimed that supply chain standardization can help to
reduce the operation cost and speed up supply chain processes for automotive
companics. Wu (2006) described that in China, the supply chain standards are arranged
according to the “Chinese Normative Arranging Code”, including the area such as
“general”, “agriculture”, “medicine”, “machine”, “railroad”, “shipping” and so on.
That is to say, ﬁ1e supply chain standards are based on the division of the administration
system instead of social economic activities.

Take privately-owned Chery Automobile Co. as an example. In 2007, Chery produced
380.8 thousand vehicles, ranking top seven in vehicle sales. Its cheapest vehicle price 1s
23200 yuan (around 3392 US$), but the delivery time from Shanghai to Africa may take
several months and the shipping cost charged up to 6530 yuan (around US 955 dollar).

Lin and Yao (2006) found the main factor in the high transport cost and long time

delivery is the lack of a container transportation standard. The standard of transportation
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containers may belong to the field of “general”, but in practice it may also belong to
“railroad”, “shipping”, or “road”. During water shipping, the standard containers size are
mainly 40* (in length), 8* (in width), 8* (in height) or 20* (in length), 8*(in width), 8*(in
height). But on the railroad, container standard sizes are different. Consequently

unnecessary intermediate links and delays are created.

The research found that manufacturers have to use a number of different transport modes
at one time to deliver vehicles over long distances. It involves assembly and dissembly
frequently, and it results in the unnecessary waste of packaging cost, storing fees and
delaying the process. Also the research discovered there are no specific supply chain
standards for the automotive industry. Existing systems already belong to several different
administration systems and are not easily changed. Thus, developing new standards which

fit to the automotive supply chain standard system is necessary for manufacturers.

The situation for automotive supply chain standardization was analyzed and the problems

summarized are:

1) The separation of supply chain administration departments results in the
disunity of standards. It brings big problems to develop supply chain

standardization in the automotive industry.

2) At present, much emphasis has been put on constructing fundamental supply
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3)

4)

chain facilities instead of supply chain management education. As Guang
yuan He, general manager in the supply chain department of Dongfeng Motor
Corporation said, only the integration of supply chain facilities and

technology can lead to more advances in supply chain operation.

Also the research analyzed the reasons for slow progress of supply chain
standardization development are: firstly the policy that is in favor of
development of supply chain standardization has not been formed yet.
Secondly Chun’s (2006) arguments are relevant in that some important
internationalized supply chain standards still have serious technical
problems during operation, such as the accuracy rate of applying Unit

Bar-code of Storage and Deltvery standards is under 85%.

Finally it was considered that the existing supply chain standards are stale
and lacking systemization. The national supply chain standardization system
in China is still to be established and perfected. Jun-jie and Ning (2007)

noted that the UK has 2500 related standards in supply chain management,

Germany has 2480, and USA has 1200. However China has not formed a

complete national supply chain standard system yet, and Lin (2007)
proposed up to 2006, only 330 national standards have been published (see

table 7-5).



Table 7- 5: China national standards

National supply chain standards

Item Nember

Supply chain equipment standards 40 Items
Supply chain technology standards 36 Items
Supply chain management standards 153 Items
Supply chain information standards 101 Items
Relative supply chain standards 27 Items
Total: ' 330 Items

7.4.2 Possible solutions for standardization

Source: Lin (2007)

For developing automotive supply chain standardization, these suggestions should be

taken into account:

1) First of all, as mentioned in the previous part, there 1s no policy for supply chain

standardization. This causes serious issues, including the fact that the number of

national standards are less than other developed counties and supply chain

standards’ technology still needs to improve. Consequently it is suggested that the

government should support the automotive industry developing independently

industrial standards, and the particular demands on automotive supply chain

activities should be empbasized. Zhao’s (2008) suggestions in to building

standardization for the automotive industry are recommended:

¢ Hardware term: establish standards which are used for vehicle transportation,

storing, loading and handing, packaging and distnbution management
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e Software: establish standards for information technique and application, such
as electronic data interchange (EDI) application, modern information and

communications technology (ICT) and so on.
e Function: establish standards for supply chain service and quality standard.

2) Secondly, it was identified that the existing supply chain standards in China
are more focused on the standardization of operation, and the standards of
automotive supply chain system construction, management, information, service,
development etc. are further lacking (Wang and Zhang 2007). In early 2004, the
China Federation of Logistics and Purchasing organized more than twenty
vehicle manufacturers and logistics companies to spend three months on
researching and publishing “Regulations of Transportation Service for Passenger
Vehicles (Code number WB/T1021-2004)” (Industrial standards 2004). They are
the first supply chain standards specific for the automotive industry to be
published. It is also suggested that supply chain standardization should be based on
merging the domestic supply chain with the mternational supply chain standards. The
reasons are: First Chinese supply chain standards can leam and borrow from other
developed counties’ technology and skills. Also merging standards together heips to
eliminate the technical obstacles existing in intemational trade, and simplify the

development of interational trade.
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3) Thirdly, carrying out the supply chain standards for automotive companies
produces low ﬁnancial returns in the short time. Many manufacturers are not
willing to upgrade professional equipment and technology. Thus 1t is
recommended the government educates manufacturers to recognize that supply
chain standardization can bring them more profits. They should also be given as
much financial supi:ort as much as possible, for the sake of the entire industry,

leading to coordination and implementation of supply chain standardization.

7.5 Summary

The previous chapters demonstrated AHP application in the automotive supply chain
evaluation and analyzed the weaknesses of performance from customer service,
financial return, infrastructural investment and human resource management
perspectives. In this chapter, the research proposed some suggestions on improving the
weaknesses of supply chain management, developing management concepts and
support, reducing supply chain cost and delivery time, and setting up supply chain
standardizations. These suggestions were based on a study of seven automotive
companies with regards to their practice of supply chain management. They are
associated with the implementation of supply chain management, and could help
supply chain management improvement and development for the Chinese automotive

industry in the future.
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Chapter 8 Conclusion

Chapter 8 summarizes the main points of this research from five ways: the first part lists
the contributions of the research. The second part makes a summary from the research
methodology and the third and fourth part make a summary from the performance
analysis and suggestions for supply chain management improvement separately. And in
the final part, the research points out the limitations of the research and proposes some

suggestions for future research.

8.1 Contributions of the research

The research integrates the specific framework with the analytic hierarchy process for
evaluating and analyzing the automotive supply chain management in China. During

the study the following objectives have been achieved:

1) Detailed research on automotive technology application, financial analysis and
market strategy, supply chain management and its performance is rare and needs
more exploration. The research summarizes the limitations of the existing

research with regard to supply chain operation in the Chinese automotive industry:

e  The existing research is superficial and provides an overview of supply chain
management in the automotive industry and introduces supply chain
performance measurement rather than performance evaluation. It is mainly

developed from theoretical work and lacks support from practical data and case
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studies. Thus the research still needs practical verification,

e Many researchers only presented uni-dimensional views of supply chain
management. The existing research is very narrowly focused on three main
areas: supply chain management technology, such as e-procurement software
application in automotive companies; supply chain management software, such
as investigation of automatic logistics system function; or single aspect new

supply chain management, such as observation of inventory management.

e  Many researchers only evaluate supply chain management based on a company
or few companies. The existing research compares and contrasts two or three
sample companies’ supply chain performance. The evaluation is developed
from a limited sample of companies, and thus the reliability and depth of this

evaluation still needs to be confirmed.

Compared to the previous research, this research evaluated the automotive supply
chain performance in China based on seven sample automotive companies:
Shanghai Auto Industry Corporation (SAIC), China First Aufomotive
Works-Sihuan (FAW), Dongfeng Motor Corporation (DFM), Chang’an Aﬁto Co,
Ltd, Beijing Autémotive Industry Holding Co. Ltd, Huachen Automobile Holding
Co. Ltd, and Hafei Motor Co. Ltd. These companies represent 70.8% of Chinese

automotive sales in 2007. The research evaluated these representative companies
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2)

by integrating AHP with a significant empirical study. The investigation of the
Chinese automotive industry covers the whole supply chain operation from several
aspects which include strategic supply chain management evaluation, supply chain
operation evaluation, and tactical supply chain evaluation. The investigation
includes communication with experts, empirical data collection from sample
companies, and considerable complementary data and information from public
resources and academic research. A comprehensive and specific investigation
captured a more accurate representation of Chinese automotive manufacturers and

their supply chain activities,

After performance evaluation, the research identified and analyzed the weaknesses
of the supply chain operations, Very little research on the analysis of weaknesses of
Chinese automotive supply chain management has been carried out, and the
research is similar and has common limitations: first the analysis tended to be
developed from the researcher’s perception and experience or literature on Chinese
automotive supply chain management. To some extent, their view is subjective and
controversial. Meanwhile as automotive supply chain management was developed
rapidly, some analyses are stale or shallow, lacking updated news and practical data.
Also analyzers cqmmonly only simply pointed out the weaknesses but have not
given any recommendations for future improvement. The analysis of this research
not only pointed out the weaknesses of supply chain operations from several

perspectives, including customer perspective, financial perspective, infrastructural
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3

perspective and human resource management but also identified the determinants
behind the deficiencies and proposed some improvemeant alternatives. Compared to
previous studies, the analysis of the evaluation is deeper and the suggestions
proposed practical and effective. The research presents all the main issues
associated with supply chain operations and proposes suggestions in simple and
practical ways. Suggestions can be used to improve supply chain management

according to a company’s strategy and needs.

The final objective of the research is to develop a balanced measuring framework
specific for Chinese automotive performance evaluation. Some studies have
explored supply chain management performance evaluation mentioned in the
previous section, such as Performance of Activity (POA) proposed by Felix T.S
Chan and H.J. Q1 (2003), A. Gunasekaran and Ronald E. McGaughey’s framework
(2004), and Performance Measurement Questionnaire (PMQ) proposed by Dixon
and Nanni (1990). The limitations of these theories are: they are not specific for the
automotive industry, they still need to be tested in practice, it is difficult to collect
data, or they are not simple to be used. Thus the research attempted to develop a
new framework specific for the automotive industry from the literature and
practical experience. The framework proposed was based on these principles:
integrating input and output metrics, addressing the relationship between
determinants and results, consideration of a company’s strategy and different

participants, balancing the financial and non-financial metrics and supporting
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continuous improvement. The framework has advantages: firstly the evaluation
framework is specific for the automotive companies and is developed from the
literature review and tested by practice. Secondly, the framework is very flexible,
managers can consider company’s condition, culture and strategy, and automotive
managers can adjust evaluation metrics according to the evaluation objective. Also
the calculation of evaluation is relatively simple. Managers can calculate the
results manually or using a vaniety of softwares, such as Microsoft Excel and Expert
Choice. Thirdly, the framework in form of hierarchy structure clearly presents
different perspectives of supply chain operations, and the relative weight of each
metric shows the relationship between metrics, sub-metrics and sub-sub-metrics.
The hierarchy structure is easy to understand and helps managers to identify
operational issues. Finally, the framework is operable and practical. Experts’ scales
can be calculated through communication with professionals who can be selected
either from automotive companies or academic institutions. And the metrics are

flexible to change or modification if data cannot be collected for some reason.

8.2 Summary from methodology

Obtaining effective and reliable data and information is vital to calculate the current

supply chain management practices in the Chinese automotive industry currently.

Thus it is crucial to assess the research philosophy and select appropriate research

methods to investigate the research and meet the research objectives. An

interpretivism philosophy was selected because it was exploratory which research
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uses small-scale sample automotive companies to explore the practical supply chain
management in the Chinese automotive industry. The research defined issues
associated with the operations and proposes some suggestions based on a better
understanding of the environment within which the issues occurred (McDaniel and

Gates 1999).

There are two basic research approaches available: deductive and inductive methods.
Inductive research moves from data to theory, by collecting the data first and then
developing new hypotheses as a result of the data analysis. Thus the inductive

. approach was appropriate for this particular research.

There are three research strategies used in this research: survey, case study and
phenomenological study. Data in this research was collected from a variety of

different sources:

Sample Selection

There are hundreds of automotive companies in China, and it is impossible to collect

data from them all, and therefore the seven top companies were selected as samples.
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Top companies have advantages in terms of data collection, they are public

companies, and more empirical data is available in newspapers and journals.

Interview

Interviews can obtain the in-depth information relative to the participants’ experiences,
perception and views. Semi-interview is in the form of communication between the
rescarcher and interviewees. The research uses the interview method to acquire
specific answer related to the implementation of supply chain management, such as
the expert’s view on supply chain management challenges and their suggestions for

improvement.

Primary data and secondary data

The primary data was collected from automotive companies. The secondary data from
public sources, such as books, published and internal journal articles, reports and
on-line news. Books were a general resource to provide relevant theory support for
the study. Public Journals are a useful resource for analysis and suggestion while
supply chain association internal journals provided professional views. On-line news

can provide the latest data and development in the particular area of study.



Observation

Observation consisted of a tour to retatlers and manufacturers. The aim of this method
is to verify and complement other data and information, and collect some empirical

data, such as customer satisfaction ratio.

The research uses Huo and Ma’s method (2002) to filter and adapt the data. The
reasons for its application are: firstly some of the empincal data shows many
differences, for example the Shanghai Automotive Industry Corporation (SAIC) sales
growth ratio is 2182.7% while Hafei Motor Co. Ltd is only 6.29%. The research also
quantified empirical positive and negative data. It transferred companies’ empirical
data into analytical data in the range between [0, 1] for AHP calculation. Excel

software was used in these calculations.

Also in order to avoid unwanted side-effects to the final results when data, financial
data in particular, are not available, the research calculated other meirics such as the
percentage or ratio, which are easier to calculate and analyze, and can be used to
represent company conditions. The research also had to choose an alternative company
-the biggest completely-owned subsidiary- FAW Sihuan Automofive Co as a
representative for China First Automotive Works Group (FAW) instead of the main

company to continue the investigation.
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8.3 Summary from the research analysis

Analysis in this research can be divided into: general analysis and further analysis. The
general analysis in chapter 5 was based on the individual company study, and it focused
on each company’s characteristics through comparisons between them. The further
analysis in chapter 6 is a summary of the whole industry in terms of its advantages and
disadvantages through 60mparison with other developed countries, such as Japan and

the USA.

General analysis

In chapter 5, the research firstly demonstrated supply chain management evaluation
procedures and calculation. The research ranks seven companies according to their
final performance score. Then the research presents clear empirical data comparisons
and indicates each company’s advantages on each metric. The research also traces the
reasons for which companies’ achieved high scores on performance. The research
presents each company’s new developments on managerial philosophy, and hardware
and software improvements and advanced technology applications to support the

analysis. Timely news and companies’ reports are quoted for the analysis.

Further analysis

After studying each company individually, the research further analyzes and
summarizes the whole Chinese automotive industry in chapter 6. The further analysis is
accessed from four perspectives: the customer’s perspective, the financial perspective,
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the infrastructural perspective, and the human resource perspective. The research
pointed out the strengths and weaknesses of automotive supply chain management, and
attempted to trace the reasons that led to the weaknesses. Compared with developed
countries, the research analyzes Chinese automotive industry specific characteristics

from these four perspectives:

The research analyzed from a customer perspective, and presented and analyzed
customer satisfaction for new product development, vehicle price and design, and
customer dissatisfaction about out of stock and long waiting time. Reasons causing out
of s_tock are: some automotive and parts need to be imported from other counties and
some new vehicle models are in high demand. The research encouraged automotive
companies to build pre-caution systems, and found that long delivery times were

comimon and unacceptable.

From a financial perspective, the characteristics of high sales and profit growth, but low
profit and assets return were analyzed. Even though the automotive industry has seen
growth rapidly in recent years, automotive shareholders and managers still feel profit
and asset return less than their expectation. The main factors causing low financial
investment return were that manufacturing costs are high as are transport and mventory
cost. It was suggested that automotive companies should enhance information transfer

on transport management, and improve inventory management.
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From an infrastructure perspective, the following supply chain operations weaknesses
were identified; inefficient equipment utilization and shortage of invesiment on
infrastructure. The research indicated that inaccurate market demand estimation leads
to inefficient equipment utilization. And in terms of investment on infrastructure the
investment on infrastructure increased from 35.65 million to 44.89 milhion, but the

investment growth ratio dropped from 17.2% to 3.1% from 2006 to 2009,

Analysis of human resource management was from two aspects. Firstly, employees’
dissatisfaction of low rewards and the workplace environment. In order to solve these
issues, strategies for improving communication between managers and employees and
satisfying employee’s personal needs were needed. Secondly the automotive industry
needs professionals, bﬁt employee training is deficient. Thus the research supports
automotive companies in building long-term training plans, focusing on training needs

and trying more training methods to improve training effectiveness.

This research was based on considerable primary and secondary data acquired from a
wide variety of sources — manufacturers, retailers, customers etc. Its coverage of supply
chain issues in the Chinese automotive industry has not been attempted before and as

such its contribution is especially valuable.
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8.4 Summary of improvement suggestions

The objectives of the research were to evaluate the performance of supply chain

operations and propose some suggestions for the automotive industry future

development. Thus the research is divided into two stages: performance evaluation and

continuous improvement. The first phase of performance measurement analyzed the

automotive manufacturers’ supply chain operation strengths and weaknesses. The

second phase of the research attempted to propose some improvement suggestions for

the existing problems. These suggestions are:

1} During the investigation, the research found automotive managers have deficient

2)

knowledge on supply chain management and performance measurement, thus the
research suggested companies should enhance supply chain education from several
perspectives: as mentioned in the previous chapter, there are not enough
professionals with university qualifications for the industry, thus automotive
companies should build their own business school or introduce short-term and
long-term education. Meanwhile the automotive industry and supply chain
associations should provide more professional support for supply chain education

and skill improvement.

The research offers suggestions for ameliorating high supply chain costs which
were mentioned in the previous chapter. Four different transport modes are

considered and it is suggested that automotive companies should select flexible
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3)

4)

intermodal transport to reduce high transport costs. For high inventory cost, the
research recommends automotive companies to develop closer relation with
retailers and suppliers, and to reduce vehicle stock through in-time information

exchange.

Long supply chain distance and low delivery efficiency contributed to long delivery
time. For the long vehicle delivery time, the research presented suggestions:
companies should scientifically and logically arrange the network of vehicle
deliveries, improve delivery efficiency by considering using external companies,

and also the government should improve transport infrastructure.

Automotive supply chain management faces the challenge of supply chain
standardization. The research found that lacking supply chain standards brings a
series of issues: information transfer obstacles, operational inefficiency and high
operational costs. The development of supply chain standardization in China is far
behind other developed counties, thus the research gave suggestions for supply
chain standardization. The automotive industry should improve the existing supply
chain standards, and develop its own standards. And the government should
educate and encourage automotive companies to implement higher supply chain

standards.

In chapter 7, the research attempts to provide meaningful managerial implications for
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the automotive companies. Other researchers’ studies were reviewed and verifies and
research was implemented through interviews with experts. To some extent, these
suggestions were developed from an in-depth practical investigation and understanding
of thé key issues associated with supply chain operation. Compared to other studies,

these suggestions are both more practical and effective.

8.5 Limitations and suggestions for future research

There can be no research without limitations. This research attempts to develop a
framework which provides a critical appraisal of supply chain management in the
Chinese automotive industry. The 27 metrics, sub-metrics and sub-sub-metrics have
been considered by certified experts and are specific for the evaluation of Chinese
automotive supply chain management. However the empirical results show that two

main limitations exist;

Firstly, despite encouraging results of the non-bias tests, the research only chose
convenient manufacturers as samples to evaluate the whole of the Chinese automotive
industry. The limited sample number can be compared to more than hundreds of
manufacturers in China at present, and the validity and reliability of data is relatively
low. Thus in order to investigate more deeply into comprehensive supply chain
management in the Chinese automotive industry, more broad empirical research is

needed.
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Secondly, the proposed framework is restricted by the objective of measuring the
overview of supply chain operations. During the interviews, experts were encouraged
to demonstrate their perception of supply chain performance and facilitated to reach
agreement on preference for metrics that are critical fo the evaluation. Since the relative
weights of the critenia and sub-criteria are derived by tl;e survey, the possibility of
respondent bias cannot be ruled out. The result may vary in preferences if people have
different backgrounds or are located across different departments within companies.
Therefore, replication of this study with different collection methodologies and

samples is needed to address these issues.

Thirdly, additional research and practically-driven initiatives are needed in the area of
supply chain performance measurement. The potential benefits of integrated supply
chain management should no longer be ignored. Designing new performance
measurement should integrate suppliers and customers and other channel members’
considerations and address their considerations and suggestions for performance

measurement evaluation and improvement. .

In spite of the limitations of this study, the research presents and evaluates the actual
supply chain management in the automotive industry from several perspectives:
strategic perspective, operational perspective and tactical perspective. Based on the
main problems involved with the current practices of supply chain management: for

automotive companies in China, the research alse presented recommendations for
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Chinese automotive companies to solve these problems and improve their performance
in supply chain management. Suggestions that can be recomﬁended for Chinese
automotive managers to solve these problems relate to their supply chain management
practices. Meanwhile the analytic hierarchy process (AHP) with its framework can
provide manufacturers with a relatively easy methodology for operation measurement
and benchmarking. The performance measurement framework is very flexible in
changing metrics. The research suggests the framework may be applied with small
modifications according to each manufacturer’s own goals and operational strategies.
Managers may also identify their own critical factors, sub-factors, sub-sub metrics and

relative importance to the objective of the evaluation by experts’ questionnaire.
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Appendix 1: Ph.D research schedule

The research began in March 2006. Based on the schedule below, data was collected

during the Mid-May 2008 to May, 2009, and the final report will be completed by the

end of March, 2010.
Research Activity Research Begun / Term
Completed
Choose research project 2006, March-2006, June Three months
Research literature review 2006, Sep-2007, March Six months
Suspended schooling 2007, April-2008, April One year

Modify performance metrics and
formulas and design for interview
and collect data

Transfer report 2008, April -2008, One and half months
Mid-May
Plan for request form and get 2008, Mid-May to Two and half months
feedback July, 2008
Pre-survey 2008, August-2008, Oct Two months
2008, November One month

Obtain measure scale by 2008, November to One and half months
interviewing with researchers and 2009, Jan

managers

Collect data from top seven 2009, Feb-2009, May Four months
companies

Data Analysis 2009, June-2009, July Two months

Research writing up 2009, August-2010, Eight months

March
Thesis correction 2010, April-2010, June Two months
Report delivery 2010, July | @ -
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Appendix 2: Framework of PH.D research

Literature Discussions with
M— Pre-survey
review practices and experts
Development of framework
and identification of measures
Semi- structure Data i Archival documentation
Interviews COlleCtion  |gmemmm Qservation data

}

Yaahp and Excel software

Investigate chain

supply

performance in the Chinese

Analyze the weakness of Propose improving

alternatives based on the

supply chain management

auto industry

in the Chinese auto indusory management weakness
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B Vchicle produce 163 183 | 207 | 234 325 | 444 | 507 @ 57

Appendix 5: Chinese automotive produce and growth

ratio (from 1998 to 2008)

Chinese automotive produce and growth ratio
In 10.000 of units

1000 > — e
900

800 ¢
700 F
600 ¢
500
400
300
200

100

1998 1999 2000 2001 2002 2003 2004 2005 | 2006 2007 2008

== \-’chi.cle
produce

—&— Growth
ratio
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Appendix 6: Seven automotive companies’ location

A

Y T
&egg_?_i{lﬂPQIﬂES '
Source: Automotive News (2008)
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Appendix 7: Pre-survey questionnaire (English

version)

Pre-survey questionnaire for expert suggestions

(English version)
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[ am a current research student who is studying supply chain management in centre for
International Shipping and Logistics at the University of Plymouth, UK. My research
subject is “An empirical analysis of vehicle manufacturers supply chain management
performance in China”. As all of you are the experts in automotive supply chain
management, I really appreciate if you could follow the instruction to complete the full
set of questions.

This interview is only for the purpose of academic researching. If you have any queries
about the survey, Please contact me at any time on the telephone or email address
below:

E-mail: ling. wan@plymouth.ac.uk
MSN: lookforl999@hotmail.com
UK Tel: 00 44 (031752 (23) 3422
China Tel: 0086-010-88550311
0086-13611177745

Thank you very much for spending your precious time to complete this survey.

Yours sincerely

J?V%LQA |

Ling Wan

Centre for International Shipping and Logistics
The Business School

Room 405F, Cookworthy Building

University of Plymouth

Drake Circus

Plymouth

PL4 8AA

United Kingdom

00 44 (0)1752 (23) 3422
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Instruction for the questionnaire:

The section one of questionnaire form presented a framework of automotive supply
chain management performance measurement. The performance evaluation
approached from three perspectives: strategic level, operational level and tactical level.
Each level has a range of metrics. Such as a strategic level consisted of customer service
metrics and financial metrics.

The section two of questionnaire form presented metrics with their formulas. The
objective of the questionnaire is to get your suggestions on metrics choice, formulas
check and data collection.

In the "metrics selection” column, if you think that a formula is reasonable, please tick
the "Yes". If you think that unreasonable, please tick "No", and specify your
suggestions.

In the "formula check” column, if you think that a formula is correct, please tick the
"Yes". If you think that incorrect, please tick "No", and specify your suggestions.

Meanwhile, in the "data collection" column, please indicate where is easily to collect
the data. D denotes automotive dealer, M denotes automotive manufacturer, S denotes
automotive supplier. If you have better suggestions, please leave in the "Your
suggestion” column.
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The first part of questionnaire:

=

Order byelt time'
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'_.!’lpdil:dvlu_r"
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285



The second part of questionnaire:

Table 1: Strategic measures

Customer service

-. {  Metrics

3

1

Descriptions

i

| Metrics | Formula
' selection

check

i

S e —
! collection |

* Your suggestions

. of sale loss
. (M)

|/ Percentage

It measures

whether the

- supply chain can

" meet

needs

customer |,

) e

" losing sale to total
' sales

i

1

s

| Yes

; No

-;No —

. Percentage
"of on-time
’ delivery
F(M2)

Reliability

It measures

. whether

manufacturers
supply chain can
deliver

product |/

[ The percentage of
! delivering on or

- before the promised |

scheduled

i

b Yes

YC S.

| NS

_ ml"é'ré'ent'ﬁ'g'e' of
i 1 ecustomer
. complaints

 (M3)

. intime

o [ measures

i whether
* manufacturers’

" product
. service

and
can
satisfy customers

i The ratio of customer |
numbers ||

i complaint
' to total trade number

i ‘f Product
! flexibility
- (M4)

Flexibility |

It measures

manufacturers’
capability on

- developing new

‘The ratio of new
product models to
total models

Yo
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3 Order cycle time includes order entry time (through forecasts/direct order from customer), order planning time {design + communication+ scheduling time), order sourcing, assembly and follow
up time, and finished goods delivery time

287

, Order cycle | It measures || Theaverageorder || Yes | Yes
. time (M5) ! whether supply { cycle time * to i :
r _ chain :respond  customer |; !
! ' management can | order ’E'"No" 1TNo |
' quickly respond [i ; :
' custometr ! | _
. Slack  time It ~ measures Seenotel | Yes TYes
, of delivery [' flexibility  on | ;
(Mo6) p:roduce deliver _;_ "No "No
1 Ume 1 :
Ve lt e T e o T To
flexibility flexibility on |- manufacturer’s l :
(o) | manufacturer’s | productiviy tof | M)
; . productivity - market demand ' No - No
| : | ; ,
I .




Financial measurement

| Metrics

| Descriptions

E
!

e

| Metrics | Formula

~ Your s'u-g-gestio n

From

; output
(M8)

It measures Pre-tax

_retun  on  assets
| (ROA)

{ The ratio of pre-tax !
{ revenue to average |- s
| '
, assets

. selection
T

. check

;No

i No

{ collection |

" Assct h(;pcr'a‘tions

 Total asset
: turnover
. ratio (M9)

. well assets are |’
i being used o i
! producc revemnuc. i

i It measures how |;

The ratio of a

sale to average assets

e
manufacturer’s net |

- Stock
¢ turnover
ratio (M10)

[\ measures how

- well inventory is |
: managed. |

‘The ratio of annual

sales to stock

Ve

: Yes

o

| Financial development capability

" Auto sales
_ growth rate
- (ML)

i It measures
: manufacturers
- sales development

(2007sales-2006
- sales)/
: 2006salesx 100%

o

e

i

P

~ growth rate

¢ capability | .:

' capability
St measures
\ manufacturers

- profit-2006profits)/

Ve

Yes
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Tahle 3 I‘actlcal proposed measures

Metrlcs

Descnptlons ‘

:  Formulas |

selection

Metrics

. Formula

check

P

Your suggestion

collection |

Information system capability

'Speed  of

* information
. transmission
i (M18)

It measures the

speed of
demand
information
transmission

+in the supply

See T

ER

- No

N

i chain , :
: Quality of || 1t measures the |' Sce note 4 1 Yes _

i information
-‘ transfer
‘£ (M19)

! quality of

demand

information in |
the supply |

chain

H
1

o o

SR

:'"Dcpt-h T

. information
share (M20)

1t measures the
. depth of I}

infortnation
sharing.

|l 1dentify if sharing

| information
I

- covering:

: forecasting,
planning,

¢ delivery,

order,
stock,

ffand transaction |

. and so on,

e T

S

R

Improvem

ent&

Réséai;cla and

development
(M21)

] It measures the

. return of

investment for
the future

_The ratio of

! R&D revenues to |

R&D investment

¢ development. |

EON

;'No =
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;Pcrcentage of
1 new  product
: sale

- (M22)

r

It measures
]
i manufacturer’
]

1

8

capability of .
research and |;

* vehicle sale

i

T

“Yes
{ product sale to |’

" No

NS

ation

Human resource utili

development i

Training
i utilization rate
i (M23)
{

i It  measures

| Employee involvement

human
resource

' management

, to the number of
: total employees

e e of |
! tratned employees |

Ve T

N

. Employee
i productivity
1 (M24)

i

i1t measures

how much

; output can be

generated by
cach employee

¢ manufacturers’

' OIS

Y

. profit to  the _—
. number of | No

i employees

' Well-being and
; System

; implementatio
in

‘morale (M25) _
. T

: Well-being system |i——eee
No

: It measures if
' system exists

¢ is existed?

o T

Employce
; survey

: wa — ” . is._.

¢ operated

: Interview with

- Yes
 some  employees, |
: questions are §;
i coving: how [

;well-being system m————
! is implemented? If |, No
. employees satisfied |.
i with  well-being |-
i system? Which area |

" need to improve? |-
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Note:

Note 1: Slack time of vehicle delivery

The research evaluates the average slack time of vehicle delivery by calculating the
average gap between the delivery time to minimum delivery time for N times. The
equation of average slack time can be expressed:

_ (Dave" Dmin) x N

iDa

ST

While:
D... represents the average delivery time;
Dmin represents the minimum time of delivery vehicle;

Note 2: Supply chain value added ratio

The approach to measure supply chain value is based on the assumption of a whole
supply chain of four companies A, B, C, D, which is shown in Figure 1. Py is the price
of vehicle matenals, P, is the price of finished product, and Pag is the trade price
between company A and B. This can similarly be applied in Pgc, Pep, and Cp is
company A’s product cost, including other costs, such as operational cost and staff
payments and so on.

Presuming four companies in the whole chain, the value of the supply chain can be
expressed as:AP=P,-Py. The cost of the supply chain is AC, so the supply chain value
added can be calculated as: '

AP _ P.—Po
AC Ca+Cs+Cc+Cop-Pap-Pec-Pop

R\ra[ue=

Figure 1: the whole supply chain of A, B, C, D

2
w
Y
-
8

&
>

;
;
B
§

SAvEEREgAS AN RS FREERE RS LR R L} AC IIIIIIIIIIIII fAgESSNSRESSES LLL N
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Note 3: Speed of information transmission

An approach to evaluate the speed of demand information transmission in the supply
chain is the following: Assuming the whole automotive manufacturing process is a
chain, we can select two companies with the nearest located to customer, retailer A and
the furthest located to customer, supplier B to obtain the slack time for information
. transfer during Time r. The formulation for calculating the ISS as:

2

ISS =
> |Tha - Tu| + |Tha - T

Each structure 1s described using the following dimensions;
Tharepresents the time of the product maximum demand for retailer A during time r ;
T represents the time of the product maximum demand for supplier B during time
r
T'a represents the time of the product minimum demand for retailer A during time r;
Ty represents the time of the product minimum demand for supplier B during time r;

Note 4: Quality of information transfer

The paper takes an example of demand information as well. Similarly, the paper
chooses retailer A which is nearest to customer and supplier B which is the furthest
company to customer, comparing demanding data quality during the time r the
formulation for calculating the ISQ is:.

2xD
IDmaxa- Dmax:l + |Dmina - Dmintl

ISQ =

Each structure is described using the following dimensions;

D represents the average product demand during the time r;

Dpyaxa represents the maximum product demand for retailer A during the time r;
Dmaxe represents the maximum product demand for supplier B during the time r;
Dhins represents the minimum product demand for retailer A during the time 7;
Dpiny represents the minimum product demand for supplier B during the time r;
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Appendix 8: Pre-survey questionnaire (Chinese

version)

Pre-survey questionnaire for expert suggestions

(Chinese version)
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E§F

REXELEAFHREVRFNSFE. XKIFENENETHPERERNE
HEATHRVEE. FRERES AR ED:

EE—#S, WESY TREHNERAFMFEERMEGE, FHA=D
ARG HIRvkh, BEFERERRIES. SRS ITEEEIBRSHS
fobm, Loin BAR PRl R E R PE R S RS MM SR AL

BB RENTFROHERITNERENAK, ZRHEBRB TREFRER
PN EEAFRIFEERT TN IETNRCAAREEE, EAAXESRE
B, AR E S ZRHYE.

E ERRRT E nREXEGEMANESHE, I§E ‘R BiTH, mRER
BAGHE, HE “&T” BITH, HFEHEHED.

£ ARRE” E, nREREFENAKXER. BE /7 BiTH, nRER
BALEH, EE “F” 5ITH, FEHENEIL.

FIRY, & “HIBRE” £, FREAMLLRESEIERE, DRRAEHER
» MEORIREAQR, SERREMNE, MRBHFFNEN, B,

ALFREUMR A B K, FERBIEEBONE, WEERBHMER, &5
RER, BRATAWT:

E-mail: ling.wan@plymouth.ac.uk
MSN: lookforl 999@hotmail.com
UK Tel: 0044 (0)1752 (23) 3422
China Tel: 0086-010-88550311
0086-13611177745

SRR A AR, ARIAS XG5!

T %%

Centre for International Shipping and Logistics
The Business School

Room 405F, Cookworthy Building

University of Plymouth

Drake Circus

Plymouth UK

PL4 BAA
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P
1. EHEEEE
A TVER 12 B BT [BZRA E 1T vF P E9 12 57 BT [8) D FH B 5512 55 B 1A] D min 2 [B] B

fasimyiE, KABoXE0H:
ST _ (Dave" Dmin) X N

N
Z Di
i=1

2. NENERE

AEMRMESFRNANLFAM: A B, C,
D (CWEFIR) , PRATERE, PIRERMSIEMN, PuRARANAFBZIER
S, RN, P2 ATRBHATCZEASN, PoATICHAGDZIEAS
fro CRATANBARE, BARABEEERFAMATLIRE. RHCG

Ce, G RIRATB, C, DIRARZE.

BMNEEE MU A AARMNHRES, HENEIERIMEN: AP=P-P,
P BRI ARy AC, BB SRR AE P B IE T E R -

AP_ Pt—PO
AC Ca+Ce+Cc+Cp-Pas-Psc-Pop

Rualue=

3. FREBER

AFEMTWEME, 2R ER—40NeE, RNNEE-IMEEEF®
RIFEBRENHEEWAN— I EREZ F FEREHMNES, ENRERA, EH
ERATI N BRI /7 M2 _ LR B E 7 K BB KHI T 18] ST M Top TR
BE/MITRR AT ML, HHERE B BEEEZISS BILA:

2
ISS =
ITha - Thbl + |Tla - lel

4. BREERE

Fl_ BT EML, NS AEE-NMEEESFHRERRIENHERANM— AR
BEFIERBREMHNES, ErfEErR, EHEBANERNEBMPEAZE
2 L 3RBNE P B KB B A AMEDmaxa i Dmae 1 75 3K B 8 /N FIE D rminia 1 Do

K HTE BRERE RRIsQ B A

2xD
ISQ =
Q |Druaxa- Dmaxl:l + |Dmina- Dminl{
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Appendix 9: List of seven interviewees

Intemewees from academic research

Name

baekground/research
speclahzatlon

| Locatiow/Email

: Rong—qlu ——-

Chen

! supply chain management in the
: automotive industry.

Professor research on flexible

“Huazhong university of |
. Science and Technology,
. hubei province

rongqm@mall hust edu cn_ :

“Yuehua Chen |. Trainer in Shanghai automotive | Shanghai
. © association wuyun901@yah00 com.cn :
~ Zhigiang  Senior lecturer, doing research on  |: The University of Shangdong, |
* Luan . marketing strategy in automotive . ShangDong Province

: Industry thluan@hotmaxl com

Intervnewees from supply chain practlce

Name l Posntlon/Background I E[l_]al] S
_“Mmg zhi Li Dll‘CCl‘Ol’ of business development N Shanghai General Motors
- i company
mmgzhlll@guard-group com _

S

- Senior supply chain manager

Chma federation of loglstlcs
: and purchase

" Changchun

- Reiko renl999@h0tmall com _
: 21 century motor '

_Yang _ www.zqzj@century2l.com.cn
: Llyun Hou Semor supply chain Ehanager a | Dongfeng motor corporatlo'n )
Blll hou@126 com_
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Appendix 10: Experts scale collection form

Interview Assessment Form

During this survey, an interviewee will be asked personal view and conception on six
questions regarding Chinese automotive supply chain performance measurement
system. The interview questions are split up into two parts. First it will ask a
interviewee to rate elements according their importance, then the second part is to
evaluate the relative importance of several elements by using the nine-point scales (see
note) for pair-wise comparison.

This interview is only for the purpose of academic researching. Thank you very much
for your precious time.

L N\ ¥ 1 1 1S
@ POSIIOIL .ottt e
o AfflAtion. ... ..o e,
e Contactnumber/Email...............ooiiiiiiiiiiiii,

o Interview Date..........covviiniiiiiiiiiiiiiiiiiee e,
e Memo
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Part one: Obtain metrics importance

1. Matrix A

Q) Could you rate three elements according the importance of their contribution to the
overall automotive supply chain performance?

B, Strategic measurement: evaluates the manufacturers’ customer service and
business potential for managers, investment return for shareholders.

B; Operational measurement: evaluates business operations from supply chain
value, efficiency of cycle time and equipment utilization.

B; Tactical measurement: evaluates infrastructure investment, new product
development and human resource management which support the manufacturers’
efficiency operation and long-term strategy.

B1>B,>B; (template)

-
Res“lt.....l'. ...... [ Z2 LR AR AR RE RN RS AR RS ERANRSE R YT N LR LN ) [ ZA RN L AR LN LR NN) AR R LA SRR SR LN RET.)

Q> Could you evaluate the relative importance of the three elements by using the

nine-point scales for pair-wise comparison ?
Performance 1/ L1} 1/ 1/ 1/ 1/ 1/ 1 1 2 4 5 6 7 8 19 Performance
measurement | 9 | 3 {7 ] 6] 5 )4 ]2)2 measurement
Strategic N Operational
measurement measurernent
Strategic Tactical
measurement measurement
Operational Tactical
meastrement measurement
2. Matrix Bl

Qq Could you rate two elements according to their importance of contribution to
evaluate strategic measurement?
C, Customer service: evaluates from customer service reliability and flexibility.
C; Financial measurement: concerned from both operation managers and the
manufacturers’ shareholders sides to evaluate manufacturers’ investment refurn.

.
Res“ltoooooocoooconooto»vooooco oooooooooooo L e Y ]

Q2 Could you evaluate the relative importance of the two elements by using the
nine-point scales for pair-wise comparison?

Strategic VI |viv v IivivIviii2 3141516 7] 81}°
measugement | 9 | 8 J 7] 6 | 5| 4] 3|2 measurement
Customer
service measurement
2.1 Matrix C1

Q; Could you rate two elements according to their importance of contribution to
evaluate customer service?

D, Reliability: evaluates from the percentage of completed order, on-time delivery
and customer satisfactions,

D, Flexibility: evaluates from order cycle time, delivery slack time and volume
flexibility.
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-
Res“lt.I..II.l...l.l...l..‘CC.I..G.l.I..l....C.‘.t.l.I..I.l.I.....l.ll.l.l..l.‘.l.l.l.......l.‘.‘..

Q; Could you evaluate the relative importance of the two elements by using the
nine-point scales for pair-wise comparison?

Customer TR T A BT (AN IS TN O T I T 1 2 3 4 5 [ 7 8 §9 Customer
service S8 g7 6 )sp4]3]2 service
Reliability Flexibility
2.2 Matrix C2

Q) Could you rate two elements according to their importance of contribution to
evaluate financial measurement?

D3 From manager’s perspective: evaluates financial return from manager’s
perspective,

D4 From shareholder’s perspective: evaluates investment return from shareholder’s
perspective.

.
| 102 | | U

Q; Could you evaluate the relative importance of the two elements by using the
nin¢-point scales for pair-wise comparison?

Financial 1/ 1/ 1/ 1/ | I} | 1} 1/ 1/ 1 2 3 4 5 1] 7 B |2 Financial
measurement | * | 8 } 7 ] 6 ] 5| 4] 3]2 measurement
From From
manager’s shareholder’s
perspective perspective
3. Matrix B2

Q, Could you rate three elements according to their importance of contribution to
evaluate operational measurement?

C; From value perspective: evaluates supply chain value contribute to
manufacturers.

C; From time perspective: evaluates the speed of manufacturers’ response to
customer demands.

Cs From equipment utilization perspective: evaluates manufacturers’ equipment
utilization rate,

-
Res“lt-..DCl’Q.l0000040.0004.0c.og..Qa....a.o..lco000.00..000000Q.C‘0vQQC0--o.o.tt.oo.‘.t.‘.‘vo..‘l

Q: Could you evaluate the relative importance of the three elements by using the
nine-point scales for pair-wise comparison?

Operational viuvijipviivivijiuvjiuvjling]i 2 3 4 5 6 7 8 Operational
measurement | * | 8 ] 7 | 6|5 | 4] 3|2 measurement
Value Time
perspective perspective

Value Utilization
perspective perspective
Time Utilization
perspective perspective
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4. Matrix B3 }
Q1 Could you rate three elements according to their importance of contribution to
evaluate tactical measurement?

Cs Infrastructural investment: evaluates infrastructural investment return.

C; Improvement and Innovation: evaluates mew product development and
employee training. ‘

Cs Human resource management: evaluates from employee productivity, and
employee well-being and morale.

.
Res“lt-oo-oo-o-osoa.tooooaoooooooo-a-o.o-ooocoo-o-to--o-ooo.o-o-.oo.ot--oto'oo--o--o-.--o-o-ooooaoo

Q2 Could you evaluate the relative importance of the three elements by using the
nine-point scales for pair-wise comparison?

Tactical i/ u 1/ 1/ 1/ 1 1/ 1/ 1 2 3 4 5 ] 7 8 Tactical
measuvement | ¢ | B ] T ] 6 | S| 4)]3 |2 measurement
Infrastructural Improvement

investment and

Innovation

Infrastructural Human

investment resource
utilization

Improvement Human
and resource
fanovation urilization
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Note: Nine-point scale for pair-wise comparison

Less important More important

"
-

e
-

vV v v v v v v v 1 2 3 4 5 6 7 8 9
9 8 7 6 5 4 3 2

Exiremely Very Strongly Moderately  Equall  Moderatel Strongl Very Extremel
strongly y ¥ ¥ sm;ngl ¥

1 Equally Important 1 Equally Important

2 Between Equal and Moderate 172 | Between Equal and Moderate Less
Importance Importance

3 Moderately Important 113 Moderately Less Important

4 Between Moderate and Strong 1/4 | Between Moderate and Strong Less
Importance Importance

5 Strongly Important 15 | Strongly Less Important

6 | Between Strong and Very Strong | 1/6 | Between Strong and Very Strong
Importance less importance

7 Very Strong Importance 177 Very Strong Less Importance

8 | Between Very Strong and Extreme | 1/8 | Between Very Strong and Extreme
Importance : Less Importance

9 Extreme Importance 1/9 Extreme Less Importance
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Appendix 11: Automotive manufacturers’ empirical

data collection form (English version)

Chinese automotive supply chain data collection

This Chinese automotive supply chain data collection is due for my research in ~ “An
empirical analysis of vehicle manufacturers supply chain performance in China”,
company confidential commercial data guarantee will be used only for doctor of
philosophy research. .

Please do not hesitate to contact Ling Wan at any time with queries about the topics
related to vehicle supply chain management on the telephone or email address below.

Ling Wan : Email Address: ling. wan@plymouth.ac.uk
Telephone Number: 0044-7756364909 (UK)
0086-13611177756(China)

Thank you very much for your assistance!
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mailto:ling.wan@plymouth.ac.uk

Participant list

Name:

Position:

Company name:
Contact number/Email:
Contact address:

Name:

Position:

Company name:
Contact number/Email:

Contact address:

Name:

Position:

Company name:
Contact number/Email:

Contact address:

Name:

Posttion:

Company name:
Contact number/Email:

Contact address:
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Data in 2007, passenger vehicle particular

‘Data_ | Metrics | Data | Comments

. source®®

. Serial

. number

" Metrics

" collection .

Percentage of
, completed
, order

'"M,R'

_The  npumber  of _-_I
t completed orders in |,
- 2007

. The total number of |
 customer orders in 2007 |

. Why does mnot meet |

f customer orders?

|: Percentage of |
* on-time i
. delivery

. The number of on-time |
- deliveries i m 2007

jThe ‘total  number of
. product deliveries in |
12007 "

| 'Why can't vehicle be |
. delivered on-time? -

Percentage of
! customer :
, satisfaction

. customer
: in 2007

F:_The " number of_ '
satisfactions |

= (What =

customers :
complaining about?

“rhe " toml mamber of ——
: vehlcle sales in 2007 :
: N—[‘n "l Order ;:ycle “M;R : The ; avcrage Eyjcﬂle time | T The order cycle refers to |:
5 . time . to respond to customer |: . the time between receipt |'
; : . order ' ; of customer order and |
e — | final delivery o |
’3 : producmga vehicle | Customers.
1\/[5 Delwery slack M Thé average dellvefy j - STy T -
© time * time in 2007 ' ;
; : {_'The longest delivery || |7 7
; . time in 2007 : :
: ‘ The shortest delivery |’
: : ; . time in 2007 ;
"Mg | Vehicle M | the number of vehicle || o ) o
i . volume - produced by
- flexibility __manufacturers in 2007 _: ;
: "‘t’lie ‘total number for | S T
: " market demand in 2007 i
"M; | Pre-tax rewm | Financial | The initial pre-tax | Tl T
.' : on assets {: PO | revenue in 2007 ? '
¢ (ROA) . the final pre-tax revenue | oo
; * in 2007 f
‘the initial total assets in || T -
© 2007 :
- the final total assets in [ oo B
' : : ;2007
; Ms T aeaa | e | & et o R e o T
; . turnover ratio | P | sales (revenues) in 2007 |:
(ATO) iMA manufacturer’s total
- '- . assets in 2007
'Mo | Stock | Financial | The =~ number  of |i |
: ' mumover ratio |} P+ manufacturer’s  stock |:
: : | turnover
"My, | Auto sales j Financial | The sale of vehicles in || |7

%S refers suppliers; M refers manufacturers; R refers retailers; C refers customers
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L2007

" The sale of vehicles in :-

* 2006

The average time of |

g M| Proft growit | P | e profit~ of | e - —
- | rate - feport manufacturers in 2007
, “the  profit  of | T
. : manufactu.rers in 2006 &
M N prote| Fieme e mt et oF| T T e
. * margin ; report manufacturers in 2007 _ |’
i the sales revenue of | _
: ; : .: manufacturers in 2007 |
M| Remm ™ on | Frewa | e el praa I - =
© equity prepert 1 revenue in 2007
: i — =
: © Tevenue in 2007
"The ‘initial total equity || T
; investment in 2007
“The final total equity || P T
_- ._investment in 2007 i
'Mys | Supply chain | M §_The TTeest of | D
: ; cost ratio " manufacturer  supply |
': - chain management in I
. 2007 :
. The total vehicle sales | )
: 5 : ! in 2007 ! : ;
| Mys [ Efficiency of | M | The ideal time of | | The delivery time means [
. delivery time | : delivery vehicle in 2007 | i the time from the receipt |:

. of orders until the product |

- report

; - delivery veicle in 2007 | | is reccived by customers.
5 16 T M e el ehidde |
: . utilization. : . volume in 2007 :
ratio Themmberotmampon |
: " trucks in 2007 -'
The smaded sohe e
: capacity for trucks in |;
: i : [ 2007
: My; | Warehouse | M | The actual storage area || ]
: capacity ; ! for completed product |
i utilization . in 2007 :
 ratio The toal sorage aren |
: for completed product |
: ; © in 2007 :
Myg | Infrastructural ['M | The ~ profit  of ) N
" investment ¢ Financial {' manufacturers in 2007

The

proﬁt

- manufacturers in 2006

75

Ml9 |

: New product
* development

“The number of new

. vehicle models in 2007

" The total number of ||

* vehicle models in 2007,
. Jan

" The total number of ||~
: _v'._ehiql_e mocl_els in 2007,

1 New

vehicle  models |

- include newly introduced |

"1’ vehicle, newly developed |

- vehicle, redefined vehicle |

. models,

new hybrd |:

" vehicles and so on
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My | Training || M ‘Thetotalimeof swpply |© L
i utilization rate |. chain training
: : programmes

" The " number  of |

. employees who were |i

- engaged in supply chain
- operation

MZI e E;.ni:v loyee M Ce— Man—ﬁ e TR
. productivity :in 2007 '. - operational cost, material |

. manufacturing in 2007 | ¢ salary and so on.

{The  number  of |
- employees i

: M,; | Salary growth || 'M i The  average of |:

: ; ratio . employee’s salary in |
| | 2007 '
.: : The  average  of |
{ - employee’s salary im §;
-f ] © 2006

T s S TR ————

'M,; | Employee |\ M | The ratio of employee || 1 'What " are employees |
; . satisfaction ! . satisfaction . dissatisfied with? :
! ratio : ' :
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Appendix 12: Automotive manufacturers’ empirical

data collection form (Chinese version)

315



Participant list

Name:
Position:

Company name:

Contact number/Email:

Contact address:

Name:
Position:

Company name:

Contact number/Email:

Contact address:

Name:
Postiion:

Company name:

Contact number/Email:

Contact address:

Name:
Position:

Company name:

Contact number/Email:

Contact address:
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Appendix 13: Automotive companies’ performance

measurement calculation
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Abbreviation:

M1 Percentage of completed order
M2 Percentage of on-time delivery
M3 Percentage of customer satisfaction
M4 Order cycle time

M5 Delivery slack time

M6 Volume flexibility

M7 Pre-tax return on assets (ROA)
MBS Total asset turnover ratio (ATO)
M9 Stock turnover ratio

M10 Sale growth rate

M11 Profit growth rate

M12 Net profit margin

M13 Return on equity (ROE)

M14 Supply chain cost ratio

M15 Efficiency of lead time

M16 Transport capacity utilization
M 17 Warehouse capacity utilization
M 18 Infrastructure investment

M19 New product development
M20 Employee training rate

M21 Employee productivity

M22 Salary growth rate

M23 Employee satisfaction ratio

A: the objective of performance measurement
B1: strategic performance

B2: operational performance

B3: tactical performance

C1: customer service measures

C2: financial measures

C3: from value perspective

C4: from time perspective

C5: equipment utilization perspective
C6: infrastructure investment

C7: improvement and innovation

C8: human resource management
D1: product reliability

D2: product flexibility

D3: from manager’s perspective

D4: from shareholder’s perspective



C1 Shanghai Automotive Industry Cooperation

Supply chain performance weighted index, empirical data and final weightiness

A

B1 (0.6370)

B2 (0.2583)

B3 (0.1047)

(0.75)

C2 (0.25)

C3

Cca

C5

Cé

C?

C8

D1

D2 D3

D4

0.319

0.159

0.106

0.053

0.111

0.111

0037 0024 0013 0.068

M1

1

M2

0.84

M3

0.89

M4

0.76

M5

0.39

M6

M7

0.77

MS8

0.19

M9

M10

M11

MI12

0.79

M13

Ml4

0.6

MI13

Mlé

0.64

M17

0.79

MI8

024

M19

0.99

M20

0.67

M21

M22

0.76

M23

0.66

SUM

273

2.15

3.96

1.79

0.6

0.44

1.43

0.24

1.66

242

M*D
or C

0.869

0.342

¢.420

0.095

0.066

0.0487

0.052

0.006

0.021

0.164

Final

Sum

2.087
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C2 Changchun FAW-Sihuan Automobile Co. Lid

Supply chain performance weighted index, empirical data and final weightiness

A

Bl (0.6370)

B2 (0.2583)

B3 (0.1047)

Cl
(0.75)

C2(0.25)

C3

C4

C5

Co

C7

C8

Dl

D2

D3

D4

0319

0.159

0.106

0.053

0.111

0.111

0.037

0.024

0.013

0.068

Ml

1

M2

0.86

M3

0.91

M4

0.7

M3

0.46

Mé

M7

0.61

M8

0.25

M9

0.59

M10

0.44

Mil1

098

Mi12

0.59

M13

0.68

M14

0.66

M15

04

Mi16

0.5

M17

0.64

M8

0.2

MI19

0.84

M20

0.97

M21

0.15

M22

0.8

M23

0.62

SUM

2.77

2.16

2.87

1.27

0.66

0.4

1.14

0.2

1.81

1.57

M*D
orC

0.882

0.343

0.304

0.067

0.073

0.044

0.042

0.004

0.023

0.106

Final

1.892
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C3 Dongfeng Motor Cooperation

Supply chain performance weighted index, empirical data and final weightiness

A

B! (0.6370)

B2 (0.2583)

B3 (0.1047)

0.75)

C2 (0.25)

C3

C4

C3

Cé6

ci

C8

D1

D2

D3

D4

0.319

0.159

0.106 0.053 0.11

0.111

0.037

0.024

0.013

0.068

M1

0.99

M2

0.78

M3

0.86

M4

0.74

M35

0.33

M6

0.94

M7

0.7

M8

0.17

M9

0.46

M16G

6.3

MIl11

0.07

Mi2

0.73

M13

0.89

Mi4

MI15

03

M16

04

M17

0.59

MIB

0.19

M19

086

M20

0.44

M21

0.08

M22

0.5

M23

0.5

SUM

2.63

2.01

1.7

1.62

0.57

0.5

099

0.19

1.3

1.08

M*D
orC

0.837

0.319

0.180

0.086

0.063

0.055

0.036

0.004

0.017

0.073

Final

Sum

1.674
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C4 Chang'an Auto Co. Ltd

Supply chain performance weighted index, empirical data and final weightiness

A

B1 (0.6370)

B2 (0.2583)

B3 (0.1047)

0.75)

C2 (0.25)

C3

c4

C5

C6

c7

C3

Dl

D2

D3

D4

0319

0.159

0.106

0.053

0.111

0.111

0.037

0.024

0.013

0.068

M1

0.97

M2

0.68

M3

0.8

M4

0.65

M3

0.13

M6

0.9

M7

0.66

M3

0.13

M9

047

Mio0

0.16

M11

0.07

MI12

0.76

Mi3

0.84

M14

0.63

M135

0.31

Mlé

047

M17

0.62

MI18

0.17

M19

0.77

M20

0.55

M21

0.44

M22

0.7

M23

0.56

SUM

245

1.68

1.49

1.6

0.63

0.31

1.09

0.17

1.32

1.7

M*D
orC

0.780

0.267

0.158

0.085

0.069

0.034

0.040

0.004

0.016

0.115

Final

Sum

1.572
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C5 Beijing Automotive Industry Holding Co. Ltd

Supply chain performance weighted index, empirical data and final weightiness

A

B1 (0.6370)

B2 (0.2583)

83 (0.1047)

(0.75)

C2 (0.25)

C3

C4

C5

Cé

C7

C8

D1

D2

D3

D4

0.319

0.159 0106 0.053 90.111

0.111

0.037

0.024

0.013

0.068

M1

0.95

M2

0.82

M3

081

M4

0.67

M5

0.5

M6

M7

0.71

M8

0.6

M9

0.81

M10

0.41

M1l

Mi2

0.57

MI13

Ml4

M135

04

Ml6

0.6

M17

0.73

MI18

0.18

MI19

0.7

M20

0.67

M21

0.17

M22

M23

0.59

SUM

2.58

217

3.53

1.57

0.52

0.4

133

0.18

1.37

1.76

M*D
orC

0.821

0.345

0.375

0.083

0.0358

0.044

0.049

0.004

0.018

0.119

Final
Sum

1.918
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C6 HuaChen Automotive Holding Co. Ltd

Supply chain performance weighted index, empirical data and final weightiness

A

B1 (0.6370)

B2 (0.2583)

B3 (0.1047)

(0.75)

C2 (0.25)

C3

C4

Cs

Co

C7

C8

Dl

D2

b3

D4

0.319

0.139

0.106

0.053

0.111

6.1

0.037

0.024

0.013

0.068

M1

0.96

M2

0.74

M3

0.82

M4

0.63

M3

0.38

M6

0.82

M7

0.24

M8

0.14

M9

0.83

M10

0.78

Mil

0.19

Mi12

0.3

M13

0.18

Ml4

0.5

MI13

0.33

M6

0.42

MI17

0.74

M18

0.18

MI9

0.72

M20¢

0.47

M21

0.26

M22

0.65

M23

0.49

SUM

2.52

1.83

2.18

0.48

0.5

0.33

1.16

0.18

1.19

1.4

M*D
orC

0.802

0.291

0.232

0.026

0.055

0.037

0.043

0.004

0.013

0.095

Final

Sum

1.600
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C7 Hafei Motor Co. Ltd

Supply chain performance weighted index, empirical data and final weightiness

A

B1 (0.6370)

B2 (0.2583)

B3 (0.1047)

Cl
0.75)

C2 (0.25)

C3

C4

Cs

Cb

C7

C8

D1

D2

D3

D4

0319

0.139 0.106 0.053

0.111

0.111

0.037

0.024

0.013

0.068

M1

0.95

M2

0.64

M3

0.79

M4

0.61

M35

0.23

M6

0.81

M7

0.6

M8

0.09

M9

0.0¢

MIl0

0.06

Mll

0.02

MI2

0.71

MI3

0.7

Ml14

0.55

MI15

0.29

Ml16

0.35

M17

0.54

M18

0.16

MI19

0.66

M20

0.33

M21

0.18

M22

0.48

M23

0.45

SUM

2.38

1.65

0.86

1.41

0.29

0.39

0.16

6.99

L.11

M*D
orC

0.758

0.263

0.091

0.075

0.032

0.033

0.004

0013

0.075

Final
Sum

1.405
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Appendix 14: National highway transportation
network
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Appendix 15: National railway transportation

network

Connecting Railway Hubs




Appendix 16: National major ports network

Connecting Major Ports

Appendix 17: National major airports network

Connecting Airports
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