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Abstract

Purpose – The purpose of this paper is to develop a benchmark of performance standards for
Chinese third-party logistics providers (3PLs) in the emerging market. It also intends to identify
various factors that significantly affect the operational efficiency of the Chinese 3PLs and propose
ways to improve the competitiveness of 3PLs.

Design/methodology/approach – This paper proposes data envelopment analysis (DEA) to
measure the operational efficiency of ten leading 3PLs in China, relative to prior periods and their key
competitors. In particular, this paper develops both the Charnes, Cooper and Rhodes model and the
Banker, Charnes and Cooper model that are designed to derive weights without being fixed in advance.
It also uses step-wise regression analysis to identify factors influencing the performances of
Chinese 3PLs.

Findings – First, the declining efficiency within some Chinese 3PLs coincides with a steep decline in
domestic transportation activities due to the SARS outbreak and the slow adaptation of state-owned
enterprise into a more market-based economy. Second, the sales opportunity and the level of technical
expertise are directly correlated with the operational efficiency of 3PLs, whereas the size of 3PLs has
no direct bearing on the 3PL’s performance. Third, in contrast with the 3PL industry in the USA, the
Chinese 3PLs tend to focus on traditional service offerings such as port management, transportation,
and warehousing rather than playing the role as the integrator or the lead service provider.

Originality/value – This paper is the first attempt to utilize DEA to develop performance
benchmarks for 3PLs in the emerging foreign market. The proposed DEA can be easily modified or
extended to similar settings in other Asian countries such as India and East European countries.
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Introduction
Since, China joined the World Trade Organization in late-2001, its trade with foreign
countries including the USA has surged along with the growth of logistics activities.
As China has emerged as a major logistics hotspot in Asia, a growing number of
multinational firms (MNFs) conducting business in China look for ways to enhance the
logistics efficiency through the use of third-party logistics providers (3PLs). As of
Armstrong (2005), the total 3PL market in Asia-Pacific countries including China was
estimated to be $90 billion a year. A recent 3PL survey conducted by Langley et al.
(2004) also indicated that the percentage of 3PL users in Asia-Pacific countries jumped
sharply from 58 percent in 2003 to 84 percent in 2004. In conjunction with this rate of
growth, the 3PL market in China is projected to double its 1999 market size of $55.8
billion and reach $120.8 billion by 2010 (Trunick, 2005). Despite such a phenomenal
growth in the 3PL market, many MNFs conducting business in China have expressed
concern over mounting supply chain costs in China as a result of inadequate logistics
infrastructure, congestion at ports and industrial roads, lack of logistics management
talents, stiff regulations, bureaucratic red-tapes, and corrupt business practices.
If supply chain costs continue to remain uncontrolled, China’s leverage as a low-cost
haven will be reduced and its rising economic status will become jeopardized. In
particular, considering a disproportionately higher percentage of logistics costs in
China, the logistics efficiency has greater importance in China than in the USA. As of
2002, the total logistics expenditure in China accounted for 21.5 percent of the
Chinese gross domestic product (GDP), whereas the total logistics expenditure in the
USA comprised of a mere 9.3 percent of the US GDP (Rodrigues et al., 2005;
Wang, 2006).

In other words, without eliminating the sources of logistics inefficiency, China’s 3PL
market will lose its steam and would become stagnant. To take a closer look at the
competitiveness of China’s 3PL industry and to identify sources of logistics
inefficiency, it is worthwhile evaluating the current performance of Chinese 3PLs
relative to their competitors and then developing a benchmark standard for both
existing 3PLs and future 3PL market entrants in China. Thus, the primary objective of
this paper is to measure the operational efficiency of Chinese 3PLs, relative to prior
periods and their competitors by using data envelopment analysis (DEA). In general,
DEA is referred to as a linear programming technique that converts multiple
incommensurable inputs and outputs of each decision-making unit (DMU) into a scalar
measure of operational efficiency, relative to its competing DMUs. Herein, DMUs refer
to the collection of private firms, non-profit organizations, departments, administrative
units, and groups with the same (or similar) goals, functions, standards and market
segments. DEA is designed to identify the best practice DMU without a priori
knowledge of which inputs and outputs are most important in determining an
efficiency measure (i.e. score) and assessing the extent of inefficiency for all other
DMUs that are not regarded as best practice DMUs (Charnes et al., 1978).

Since DEA provides a relative measure, it will only differentiate the least efficient
DMU from the set of all DMUs. Thus, the best practice (most efficient) DMU is rated as
an efficiency score of one, whereas all other less efficient DMUs are scored somewhere
between zero and one. To summarize, DEA determines the following (Sherman and
Ladino, 1995):
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. the best practice DMU that uses the least resources to provide its products or
services at or above the quality standard of other DMUs;

. the less-efficient DMUs compared to the best practice DMU;

. the amount of excess resources used by each of the less efficient DMUs; and

. the amount of excess capacity or ability to increase outputs for less-efficient
DMUs without requiring additional resources.

In measuring the operational efficiency of Chinese 3PLs, we chose DEA over other
alternative techniques, such as Cobb Douglas functions and analytic hierarchy process,
because DEA reflects the multiple aspects of organizational performances, does not
require a priori weights of performance measures, and provides valuable insights as to
how operational efficiency can be improved. The next section specifies the DEA input
and output measures. The discussions on DEA input and output measures are then
followed by a section that exhibits how the DEA model is mathematically expressed
and how it works. The section also presents the experimental results of the DEA
model. The last section concludes with a summary of research findings and their
managerial implications.

Literature review
Reflecting the increasing popularity of logistics outsourcing and a subsequent growth
of 3PL services, an extensive body of the literature has developed relating to 3PL
trends, extent of 3PL usage, 3PL benefits, and 3PL selection criteria. In general, 3PL
refers to a for-hire, independent service provider performing all or part of logistics
activities for the buyer, the seller, and the manufacturer of raw materials,
parts/components, goods in process, or finished products without taking the title of
those goods (Menon et al., 1998; Maltz and Ellram, 2000). Sheffi (1990) is one of the first
to conceptualize 3PL services and project the emergence of the 3PL industry. Lieb and
Randall (1992) started their landmark study by examining the extent to which US
manufacturers used 3PL services; the specific areas of 3PL services that were
frequently used; and the managerial benefits accrued from the use of 3PL services.
This study was continued and extended by Lieb and Randall (1996, 1999), Sink et al.
(1996), Lieb and Kopczak (1997), Murphy and Poist (1998), Lieb and Miller (2002), Lieb
and Kendrick (2002, 2003) and Lieb and Bentz (2004, 2005), who examined the extent of
3PL usage, 3PL market trends, and the prospects of the 3PL industry from the
perspectives of 3PL chief executive officers and users for the last decade. More
recently, Knemeyer and Murphy (2005) and Sahay and Mohan (2006) investigated
the impact of 3PL relationships on 3PL selection, contractual arrangements, and extent
of its usage. These studies, however, primarily focused on the 3PL industry in the USA
and did not recognize the emergence of the 3PL industry in foreign markets. To
overcome such a drawback, Lieb et al. (1993) conducted an empirical analysis to
compare the status of the US 3PL industry to that of the European industry. Lieb and
Kopczak (1997) also examined how US 3PLs established their foothold in the European
market. To better understand the dynamics of emerging 3PL markets in a particular
foreign country, Dapiran et al. (1996) investigated the extent of 3PL usage in Australia.
Similarly, Bhatnagar et al. (1999) zeroed in on 3PL opportunities in Singapore, while
Sohail et al. (2004) looked into the burgeoning sub-Saharan African market that was
often overlooked by many 3PLs. More recently, Jaarfar and Rafiq (2005) studied the
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prevalent practices and trends of the 3PL industry in the UK. Despite numerous merits,
none of the prior studies developed a benchmark of 3PL performance standards which
is critical to sustaining the growth of the 3PL industry on a global scale. Although, Min
and Joo (2006) recently attempted to measure the performance of selected 3PLs and
then develop a benchmark standard, their study was limited to US-based 3PLs in the
US domestic market.

To fill a significant void in the 3PL knowledge base, this paper intends to develop a
3PL performance benchmark and specific guidelines for continuous improvement in
3PL services within the burgeoning Chinese market. To accomplish this, we propose a
DEA which was successfully explored in measuring the comparative efficiency of
logistics entities/organizations such as airlines (Schefczyk, 1993), less-than-truckload
motor carriers (Poli and Scheraga, 2000), international ports (Tongzon, 2001), trucking
firms (Min and Joo, 2003), reverse logistics channels involving municipal solid wastes
(Haas et al., 2003), international airlines (Scheraga 2004a, b), and international
container terminals (Min and Park, 2005). For an extensive list of other DEA
applications, the interested readers should refer to Seiford (1990) and Gabriel (2001).

With the exception of Scheraga (2004a) and Min and Park (2005), a vast majority of
DEA studies have failed to identify endogenous and exogenous factors that
significantly affect the operational efficiency of logistics organizations. To look beyond
these earlier studies, we conduct multiple regression analyses that allow 3PLs to
identify the underlying causes of their operational efficiency and/or inefficiency
relative to the leading competitors in the Chinese market.

DEA model design and experiments
Derivation of input and output measures
The assessment of operational efficiency using DEA begins with the selection of
appropriate input and output measures that can be aggregated into a composite index
of overall performance standards. Although any resources used by DMU should be
included as input, we selected four different metrics as inputs that represent physical
resources and financial values: net fixed assets including properties and equipment
(e.g. warehouses, terminals, trucks, airplanes, trailers, containers, and computers),
salaries and wages (including fringe benefits) of employees, operating expenses other
than salaries and wages, and current liabilities such as accounts payable. Since, 3PLs
(especially asset-based 3PLs) often sell their services by lending their assets to the
client, net fixed assets can be a key resource for increasing sales and subsequent
revenue. Thus, net fixed assets reflect an efficiency of asset management and should be
chosen as one of the inputs. Owing to the labor-intensive nature of the logistics
industry, typical 3PLs hire a large group of personnel comprised of managers, drivers,
order pickers, cargo handlers, fork-lift operators, pilots, among others, on either a
part-time or full-time basis. Thus, their payroll represents one of the major costs of
doing business. In other words, since salaries and wages reflect the efficiency of direct
investment in human resources, they were regarded as input. Operating expenses
(excluding personnel costs) include numerous variable costs, such as fuel, oil,
lubricants, vehicle parts, tires, tubes, licensing fees (including software), utilities, taxes,
insurance premiums, and document processing fees all of which comprise of another
key resource for sustaining uninterrupted logistics operations. Thus, operating
expenses were included as input. Since, 3PLs often use current liabilities as a major
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source of financing their current assets which need to be built up to serve clients,
current liabilities often reflect the financial health of 3PLs and consequently should be
considered an input.

In regards to the output side, the overall performance of 3PLs can be measured
by operating income which best reflects the operational efficiency of 3PLs. To elaborate,
operating income is the amount of profit realized from a company’s own operations, but
excluding operating expenses (such as cost of goods sold) and depreciation from gross
income. Operating income is required to calculate operating margin, which describes a
company’s operating efficiency (Investopedia, 2007). Thus, operating income is useful
for comparing the quality of a company’s operations to its competitors (About.com,
2007). Other well-known financial ratios such as revenue, profit margin, and return-on
investment (ROI) are not considered relevant. Revenue is not a good surrogate measure
for evaluating 3PL’s operating efficiency, since it reflects the 3PL’s earnings quality but
can be inflated by its scale and high prices. Profit margin is excluded from output, since a
less profitable firm may be more efficient in utilizing its assets than a more profitable
firm. For example, a favorable change in fuel prices, insurance premiums, and tax rates
can increase profitability, but not necessarily the operational efficiency (e.g. equipment
utilization or labor productivity) of a 3PL. In fact, Sherman (1984) observed that profit
measure was not a good indicator of how efficiently resources are used to provide
customer service such as logistics services. ROI is useful for measuring the efficiency of
investment, but not necessarily the company’s operating efficiency. Considering such
shortcomings of other financial ratios, we chose operating income as the key output.

Specification of the DEA model
Depending on the production possibilities and characteristics of input/output data sets,
we can consider several different types of DEA models: the Charnes, Cooper and
Rhodes (CCR) model; the Banker, Charnes and Cooper (BCC) model; the free disposal
hull model (see, e.g. Cooper et al., 2000 for details of differences in these DEA models).
Among these, we adopted both the CCR model and the BCC model that were designed
to derive weights without being fixed in advance and handle positive inputs/outputs.
The CCR model differs from the BCC model in that the former considers constant
returns to scale of activities, whereas the BCC model considers variable returns to scale
of activities and thus mitigates the impact of economies of scale on the operational
efficiency. The basic version of the DEA model is mathematically expressed as:

Maximize efficiency score ð jpÞ ¼

Xt

r¼1

uryrjp

Xm

i¼1

vixijp

ð1Þ

Subject to

Xt

r¼1

uryrj

Xm

i¼1

vixij

# 1; j ¼ 1; . . . ; n; ð2Þ
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ur; vi $ 1; ;r and i; ð3Þ

where, yrj – amount of output r produced by DMU j, xij – amount of input i used by
DMU j, ur – the weight given to output r, vi – the weight given to input i, n – the
number of DMUs, t – the number of outputs, m – the number of inputs, 1 – a small
positive number.

To ease computational complexity associated with the fractional nonlinear form of
the above equations, equations (1)-(3) can be converted into a linear program as follows:

Maximize efficiency score ð jpÞ ¼
Xt

r¼1

uryrjp; ð4Þ

Subject to
Xm

i¼1

vixijp ¼ a; ð5Þ

Xt

r¼1

uryrj 2
Xm

i¼1

vixij # 0; j ¼ 1; . . . ; n; ð6Þ

2ur # 21; r ¼ 1; . . . ; t; ð7Þ

2vi # 21; i ¼ 1; . . . ;m; ð8Þ

where a – an arbitrarily set constant (e.g. 100).
By solving the above equations (4)-(8), the efficiency of DMU ( jp) is maximized

subject to the efficiencies of all DMUs in the set with an upper bound of 1. The above
model is solved n times to evaluate the relative efficiency of each DMU. Notice that the
weights ur and vi are treated as unknown variables whose values will be optimally
determined by maximizing the efficiency of the targeted DMU jp. An efficiency score
( jp) of 1 indicates that the DMU under consideration is efficient relative to other DMUs,
while an efficiency score of less than one indicates the DMU under consideration is
inefficient. In a broader sense, an efficiency score represents the Chinese 3PL’s ability
to transform a set of inputs (given resources) into a set of outputs. The above model
also identifies a peer group (efficient DMU with the same weights) for the inefficient
DMU (Boussofiane et al., 1991).

A complete DEA analysis focusing on output maximization with constant returns to
scale was conducted by applying a linear program formulated in equations (4)-(8) to
actual data gathered from a sample of ten Chinese 3PLs with five consecutive years of
performance measures. All of the selected 3PLs have been listed in the Shanghai and
Shenzhen stock market. These 3PLs were targeted for evaluation because they were
state-owned enterprise (SOE) logistics firms that were likely to suffer from bureaucratic
inefficiencies. Indeed, Wang (2006) observed that the operational and managerial
efficiency of SOE logistics firms was low compared to privately-owned domestic firms.
By reviewing core competencies and specialties, the ten 3PLs were classified into one of
three categories: port management (e.g. customs brokerage, import/export
documentation), transportation services (e.g. freight payment, shipment consolidation,
freight forwarding, carrier selection, and rate negotiation), and warehousing services
(order fulfillment, inventory control) as summarized in Table I (see, e.g. Wang, 2006 for a
national standard system for logistics firms in China developed by the State
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Standardization Committee). Herein, it can also be assured that the minimum number of
DMUs is at least twice the total number of inputs and outputs in the proposed DEA
model. Otherwise, the results of the DEA model would produce too many efficient DMUs
with an efficiency score of 1 and create over-fit problems (Drake and Howcraft, 1994).

DEA scores for Chinese 3PLs
By using the spreadsheet and Frontier Analyst (1998) software, we initially obtained
the DEA scores with constant returns to scale for the selected 3PLs, as summarized in
Table II. However, the DEA scores on the assumption of constant returns to scale
activities may reflect scale efficiency and thus cannot measure pure technical efficiency
(Banker et al., 1984). Considering this shortcoming of the CCR model that was designed
to estimate both technical efficiency and scale efficiency together, we also employed the
BCC model to calculate the pure technical efficiency under the assumption of variable
returns to scale. The DEA-BCC scores obtained from the DEA Solver PRO 6.0 (2007)
are summarized in Table II. Although, there are some discrepancies between the
DEA-CCR and the DEA-BCC scores, the t-test (t-value ¼ 8.004) of those two efficiency
scores revealed that efficiency scores measured by CCR and BCC models were not
significantly different at a ¼ 0.01 (t-value ¼ 8.004, p-value , 0.01). A Pearson
correlation coefficient between efficiency scores derived from DEA-CCR and DEA-BCC
analyses was 0.573 ( p-value , 0.01) that indicated that those two efficiency scores
have a somewhat strong positive relationship.

The results indicate that the operational efficiency of the entire 3PL sector declined
for the first three years (2000-2002) of the evaluation period, although it rebounded in
2003 and 2004. In particular, the rate of decline in DEA scores for transportation
service-oriented 3PLs was dramatic. The transportation service-oriented 3PLs were hit
hard by the outbreak of “SARS” viruses which limited transportation activities and led
to an underutilization of transportation equipment. In addition, with rising fuel costs,
the transportation cost in China rose gradually during the last several years (Wang,
2006). Regardless, it is intriguing to note that the overall DEA score for the
transportation service-oriented 3PLs was the highest compared to other 3PL sectors,
although there was a wide gap in DEA scores between good performers (e.g. overseas
Fa-Zhan Logistics and Ningbo Ocean Shipping Logistics) and poor performers
(Tie-Long Logistics and China Ocean Hai-Sheng Logistics). A similar pattern can be
found among the port management-oriented 3PLs as evidenced by a wide gap in DEA

Category 3PLs

Port management Shenzhen Chi-Wan Port Logistics (P1)
Yantian Port Logistics (P2)
Shanghai Container Port Logistics (P3)
Jinzhoy Port Logistics (P4)
Tianjin Port Logistics (P5)

Transportation services Tie-Long Logistics (T1)
Overseas Fa-Zhan Logistics (T2)
Ningbo Ocean Shipping Logistics (T3)
China Ocean Hai-Sheng Logistics (T4)

Warehousing services China Inventory and Shipping Ltd (W1)

Table I.
The categories of the
selected 3PLs
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Efficiency
3PL Year DEA-CCR DEA-BCC Scale efficiency

Shenzhen Chi-Wan Port Logistics (P1) 2000 0.149 0.349 0.427
2001 0.141 0.325 0.434
2002 0.236 0.360 0.656
2003 0.360 0.430 0.837
2004 0.444 0.468 0.949

Yantian Port Logistics (P2) 2000 0.297 0.647 0.460
2001 0.936 1.000 0.936
2002 0.987 1.000 0.987
2003 1.000 1.000 1.000
2004 1.000 1.000 1.000

Shanghai Container Port Logistics (P3) 2000 0.450 0.493 0.913
2001 0.374 0.375 0.997
2002 0.300 0.316 0.949
2003 0.292 0.951 0.307
2004 0.281 1.000 0.281

Jinzhoy Port Logistics (P4) 2000 0.302 0.660 0.458
2001 0.143 0.567 0.252
2002 0.000 0.367 0.000
2003 0.171 0.452 0.378
2004 0.259 0.483 0.536

Tianjin Port Logistics (P5) 2000 0.271 0.420 0.645
2001 0.248 0.355 0.699
2002 0.218 0.281 0.776
2003 0.205 0.280 0.732
2004 0.119 0.140 0.850

Tie-Long Logistics (T1) 2000 0.597 1.000 0.597
2001 0.210 0.797 0.263
2002 0.224 0.805 0.278
2003 0.220 0.640 0.344
2004 0.278 0.639 0.435

Overseas Fa-Zhan Logistics (T2) 2000 1.000 1.000 1.000
2001 0.953 0.962 0.991
2002 0.626 0.656 0.954
2003 0.719 0.828 0.868
2004 0.654 0.785 0.833

Ningbo Ocean Shipping Logistics (T3) 2000 0.704 1.000 0.704
2001 1.000 1.000 1.000
2002 0.612 0.781 0.784
2003 0.327 0.537 0.609
2004 0.270 0.522 0.517

China Ocean Hai-Sheng Logistics (T4) 2000 0.302 1.000 0.302
2001 0.175 0.785 0.223
2002 0.201 0.785 0.256
2003 0.192 0.819 0.234
2004 0.149 0.917 0.162

China Inventory and Shipping Ltd (W1) 2000 0.304 1.000 0.304
2001 0.201 0.946 0.212
2002 0.165 0.908 0.182
2003 0.116 0.607 0.191
2004 0.144 0.522 0.276

Note: DEA-CCR represents a technical efficiency score and DEA-BCC represents a pure technical
efficiency score

Table II.
DEA scores for the
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scores between Yantian Port Logistics and Shenzhen Chi-Wan Port Logistics. Thus, we
may conclude that the operational efficiency of 3PLs in China was influenced by the
management styles and business strategies of individual 3PLs rather than
the particular industry practices and settings.

Based on the above observations, we may categorize Chinese 3PLs as four
distinctive types that were described below:

(1) Stable 3PL. A 3PL such as Yantian Port Logistics sustained the same level of
operational efficiency throughout the evaluation period. These 3PLs can be
considered benchmarks or best-practice 3PLs.

(2) Gradually-rising 3PL. A 3PL such as Shenzhen Chi-Wan Port Logistics which
managed to enhance its operational efficiency one year after another, although
its inputs were substantially underutilized. In particular, the average
underutilization rate of salaries and wages were 77.09 percent (Table III).
This implies that their human resources are either poorly managed or overpaid.

(3) Instable 3PLs. The 3PLs whose performances fluctuated widely from year to
year. This type of 3PL includes Shanghai Container Port Logistics, Jinzhoy Port
Logistics, Tie-Long Logistics, Overseas Fa-Zhan Logistics, and China Ocean
Hai-Sheng Logistics.

(4) Gradually-declining 3PLs. A 3PLs such as Tianjin Port Logistics, Ningbo Ocean
Shipping Logistics, and China Inventory and Shipping Ltd, that struggled to
reach their potentials and continue to suffer from a declining efficiency. These
3PLs are considered non-performers whose future could be in great jeopardy,
unless they find a way to improve their operational efficiency and become more
competitive. In particular, these 3PLs seemed to lose grip of human resource
and financial management as evidenced by the substantial underutilization of
salaries, wages and current liabilities (Table III).

Sources of efficiency or inefficiency
Once the level of operational efficiency of each 3PL was revealed, it was then necessary
to identify a set of factors (endogenous and exogenous variables) that have a
significant impact on the operational efficiency of 3PLs. The identification of these
factors would allow 3PLs to clarify the root causes of their inefficiencies and eventually
help them improve their operational efficiency. With this in mind, we regressed 3PLs’
DEA scores against four potential factors: investment in fixed assets; sales revenue as
a percentage of total revenues; personnel cost reflecting investment in human
resources; the level of technical expertise as a percentage of employees with extensive
logistics training and experiences which may dictate a 3PL’s success in capturing the
market share and serving clients. To elaborate, investment in fixed assets was
considered for its impact on the operational efficiency of Chinese 3PLs given that all
the 3PLs considered in this study were asset-based 3PLs. Sales revenue was factored
into the operational efficiency of Chinese 3PLs, since we would like to examine whether
growing 3PL sales opportunities in the emerging Chinese 3PL market helped the 3PLs
streamline their service offerings and contributed to their operational efficiency.
Personnel cost was taken into consideration for its effect on the operational efficiency
of Chinese 3PLs, since it could be used as a surrogate measure for assessing the labor
productivity of Chinese 3PLs and its subsequent impact on operational efficiency.
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Finally, since the 3PL industry has gradually evolved into the “knowledge
management” industry as evidenced by the recent service offerings based on
advanced technology such as warehouse management systems and radio frequency
identification, we would like to investigate how significantly the level of technical
expertise influences the operational efficiency of Chinese 3PLs.

Identification of factors impacting 3PL performances
In an effort to find the causal relationship between the aforementioned factors and 3PL
performances, we conducted a step-wise multiple regression analysis that is
mathematically expressed as:

Y ¼ b0 þ b1X1 þ b2X2 þ b3X3 þ b4X4 þ m ð9Þ

where Y stands for the predicted score for the dependent variable, the 3PL’s
operational efficiency, b0 stands for the constant, b1, b2, b3, b4 are regression
coefficients, X1, X2, X3, X4 represent independent variables (investment in fixed assets,
sales revenue, personnel cost, the level of technical expertise), and m are errors under
the assumption that the estimated coefficients are asymptotically normally distributed
and the errors are normally distributed.

To check and see if there exists multicollinearity among four independent variables,
we measured tolerance and the variance inflation factor (VIF) for those four variables
using SPSS Base 15.0 User’s Guide (2007) statistical software. The tolerances for X1,
X2, X3, X4 are 0.760, 0.637, 0.630, and 0.513, respectively. VIFs for X1, X2, X3, X4 are
1.315, 1.570, 1.587, and 1.951, respectively. According to the VIF criteria suggested by
Bowerman and O’Connell (1990), this regression model is relatively unbiased, since the
average VIF of this regression model is very close to 1 (VIF ¼ 1.60575). That is to say,
these collinearity diagnostics indicated that multicollinearity among the independent
variables was not a serious cause for concerns for this multiple regression model. The
results obtained from a step-wise regression procedure revealed that two factors
(namely, sales revenue and the level of technical expertise) were strongly correlated
with the 3PL’s operational efficiency as evidenced by relatively high values of
R ¼ 0.883 and R 2 ¼ 0.780, adjusted R 2 ¼ 0.754 (Table IV). In other words, the
operational efficiency of 3PLs in China was well explained by both 3PL’s sales revenue
and its level of technical expertise).

In addition, the F-test indicated that there is a significant relationship between the
two factors and the 3PLs’ operational efficiency (F-statistical value ¼ 30.095,
p-value ¼ 0.00).

The results of the t-tests for regression coefficients showed that both sales revenue
and the level of technical expertise significantly influenced a 3PL’s operational
efficiency at a ¼ 0.05, whereas both investment in fixed assets and personnel cost did
not significantly affected a 3PL’s operational efficiency (Table V). That is to say,
although the firm size (or economies of scale) may not make the Chinese 3PL more

Model R R 2 Adjusted R 2 Standard error of the estimate

1 0.883 0.780 0.754 0.137

Table IV.
R and R 2 values of the

step-wise regression
equation
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efficient, the accumulated sales revenue provides the 3PLs with an opportunity to
better utilize their resources and subsequently enhance their operational efficiency.
Also, it appears that investment in knowledge management in terms of greater
employee training opportunity and retention of logistics talents might have positively
influenced the 3PL’s operational efficiency. This finding makes sense since today’s
3PLs have increased their roles as knowledge managers by giving them more
responsibility which consists of integrating the entire spectrum of supply chain
activities.

Concluding remarks and future research directions
In parallel, with rapid economic growth, the demand for 3PL services has skyrocketed
in China. As the 3PL industry has begun to blossom, 3PLs in China proliferated rapidly
and intensified their level of competition. Thus, 3PLs (either new market entrants or
existing players) that cannot deal with the mounting pressures by failing to manage
their resources efficiently, increase market shares, and enhance operational efficiencies,
will be unlikely to survive in the increasingly competitive 3PL market. In an effort to
help the Chinese 3PLs formulate winning strategies, this paper proposed DEA that was
designed to analyze the operational efficiency of 3PLs, identify potential sources of
inefficiency, and provide useful information (hindsight) for the continuous
improvement of operational efficiency. This paper also summarizes several major
findings of this benchmarking study and develops practical guidelines for improving
the operational efficiency of Chinese 3PLs.

First, despite the promising outlook of the 3PL industry in China, seven out of ten
investigated 3PLs experienced a declining operational efficiency during the period of
2001 and 2003 (Table II). This declining efficiency within some Chinese 3PLs coincides
with a steep decline in domestic transportation activities due to the SARS outbreak and
the slow adaptation of SOE into a more market-based economy. In particular, all but
one transportation service-oriented 3PL registered a steep decline in their efficiency
scores during the period of 2001-2003. Such a decline in efficiency may have stemmed
from China’s crippling transportation regulations, high underutilization of fixed assets,
and relatively low-logistics outsourcing rates (16-18 percent) in the Chinese
manufacturing sector. However, considering dramatic differences in efficiency scores
among Chinese 3PLs in the same sector, the operational inefficiency of the 3PLs does
not seem to be directly tied to any particular industry sector. For example,
transportation service-oriented 3PLs, such as Overseas Fa-Zheng Logistics, sustained
an impeccable record of efficiency throughout the investigation period. Thus, it is
considered to be a 3PL benchmark, despite the fact that it is in the transportation
sector.
A second finding is that the sales opportunity and the level of technical expertise are
directly correlated with the operational efficiency of 3PLs, whereas the size of 3PLs has
no direct bearing on the 3PL’s performance. In particular, the 3PL success in China

Factors Standardized coefficients b Std. error of the estimate t-statistic value p-value

2 0.316 0.196 2.236 0.039
4 1.032 0.378 7.314 0.000

Table V.
t-Test results on the
regression coefficients
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seemed to depend upon the 3PL’s ability to nurture and retain-talented logistics
personnel. This finding is somewhat congruent with the recent observation made by
Lieb (2005) that the 3PL success in the USA was tied to the recruitment and retention of
talented logistics personnel. Given the newness of outsourcing and supply chain
concepts to the Chinese logistics industry, building a critical mass of expertise in
logistics and supply chain management would be a major challenge for the Chinese
3PLs. Perhaps, the short-term solution for searching for logistics talents is to partner
with the foreign-based 3PLs by establishing joint ventures.

Lastly, in contrast with the 3PL industry in the USA, the Chinese 3PLs tend to focus
on traditional service offerings such as port management, transportation, and
warehousing rather than playing the role as the integrator or the lead service provider.
This limited service offering may have negatively affected the Chinese 3PLs’ sales and
the subsequent revenue growth opportunities that, in turn, appear to have hindered
their operational efficiency. Also, the limited service offering might have made the
Chinese 3PLs more vulnerable to the downturn of particular industry sectors such as
transportation services.

In conclusion, this paper differentiates among stable, instable, emerging, and fading
groups of Chinese 3PLs on the basis of DEA efficiency scores. The DEA efficiency
score gives management a warning signal that the lower the DEA score is, the greater
the likelihood that a 3PL will fail. Thus, DEA is very useful for identifying the least
efficient 3PLs which require the closest attention. Furthermore, provided that a
growing number of 3PL users have begun to perceive 3PLs as their “resource
providers,” 3PLs should prove to their potential customers that their resource
utilization in terms of DEA scores is comparatively higher than their competitors; thus,
DEA becomes an important tool for selecting the right 3PL. However, the proposed
DEA model can be extended to include multiple outputs (including non-financial
measures such as service quality) and a greater number of the Chinese 3PLs including
privately-owned and foreign-based 3PLs in China. In addition, in finding causal
relationships between a set of variables and the 3PL operational efficiency, a
Tobit regression technique proposed by Tobin (1958) can be used in lieu of a step-wise
regression technique that was used in this study given that DEA efficiency scores
are derived left-censured variables within an interval [0,1]. Pindyck and Rubinfeld
(1991) and Schrega (2004b) argued that the use of ordinary least squares might yield
biased and inconsistent parameter estimates, when dealing with left-censured
variables.
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