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Abstract 
This paper worked on a sample of 6791 logistics establishments registered in 
Chengdu, China over the period 1984-2016 to understand the survival status 
of logistics service providers (LSPs) by non-parametric Kaplan-Meier estima-
tion, together with Cox proportional hazard regression model, to identify 
factors affecting the failure of LSPs. In particular, it studies the interaction ef-
fect between LSPs’ size and entry timing and location. The empirical results 
show that: 1) Regarding the survival time, 1365 of the 6791 sample LSPs ex-
ited from the market by 2017. The exit rate is 20.1%, and the average life of 
the 6791 LSPs is about 6 years. 2) The survival of LSPs depends on their ty-
pology, ownership structure. And there is no significant difference in the 
probability of survival for both independent LSPs and logistics branches after 
controlling the effects of other variables. 3) Location and entry timing also 
play an important role in the survival of small-scale LSPs, but these factors 
cannot explain large-scale LSPs’ failure. 
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1. Introduction 

In China, the logistics industry is a basic and strategic industry and is widely va-
lued by governments at all levels. Logistics is always playing an increasing role in 
the industrial structure transformation, transportation structure adjustment, 
supply chain innovations and domestic demand stimulus, and provides impor-
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tant support for high-quality economic development. As of 2019, the total cost 
of logistics in China reached 14.6 trillion yuan, which was 7.2 times that of 2001, 
from less than 30% of the United States in 2001 to 1.38 times of the United 
States. With the rapid increase in the size of the logistics market and the accele-
ration of the “metabolism” in the logistics industry, the survival problems of lo-
gistics enterprises have become increasingly prominent. 

According to the “Analysis Report on the Survival Time of China Domestic 
Enterprises” by the China State Administration for Industry and Commerce [1], 
the average survival time of enterprises exited from transportation, warehousing, 
and postal services industry was 6.38 years over the period 2008 to 2012. Among 
these firms, the exit numbers were 311 thousand, accounting for 7.9% of the to-
tal firms that exited from the market in China, which was ranked fourth in all 
industries. Hence, it is urgent to analyze the factors influencing the survival of 
LSPs to help LSPs make correct business decisions and reduce the exit rate. 

In this paper, we used a sample of 6791 LSPs to understand the post-entry 
performance of the logistics industry from 1985 to 2016 in Chengdu, China. As 
an important logistics hub city in the western region, the number of Chi-
na-Europe freight trains via Chengdu has approached 1600 in 2018, ranking first 
in China for three consecutive years. In Chengdu, the logistics industry was con-
sidered as a strategic industry in 2004, and became an important factor in at-
tracting foreign enterprises such as Intel and Foxconn. Therefore, it is of great 
practical significance and value to use Chengdu as a research area. 

Existing research on the firm survival is mainly concentrated in the industrial 
field and rarely involves the service sector [2] [3], particularly the logistics in-
dustry. And a small number of studies focusing on the survival of service firms 
have also found significant differences in size, survival and growth with manu-
facturing enterprises [4] [5]. Hence, This paper draws upon the Resource-Based 
View of the firm, which contends firms are a heterogeneous bundle of tangible 
and intangible resources [6] [7], and applies the Cox proportional hazard regres-
sion model, combined with the Kaplan-Meier estimation, to identify the factors 
influencing the survival of LSPs. In addition, special emphasis is also placed on 
the interaction effect between LSPs’ size and entry timing and location to clarify 
the impact mechanism efficiently. 

The innovations and contributions of the paper are as follows: 1) The most 
important contribution of it is to indicate the relative importance of LSPs’ type, 
ownership structure, location, entry timing, and size factor to the failure risk of 
LSPs. Especially through the interactive effects between LSPs’ size and entry 
timing and location, it explains in detail the impact mechanism of LSPs’ survival. 
2) We try to apply new data sources to find research results that are different 
from existing manufacturing survival analysis. 3) It provides the evidence for the 
general statistics of logistics survival time in the existing logistics research. And 
our research method is also of universal significance in understanding the logis-
tics survival problems of other cities in China, as well as Europe and the United 

https://doi.org/10.4236/ojs.2020.106054


G. Q. Li et al. 
 

 

DOI: 10.4236/ojs.2020.106054 917 Open Journal of Statistics 
 

States. 
The rest of the paper is structured as follows. Section 2 reviews the relevant 

literature and proposes research hypothesis, while Section 3 is devoted to the 
data and variable description. Section 4 presents the picture of survival in the 
Chinese logistics industry by Kaplan-Meier estimation. Section 5 presents the 
empirical results. And the final part is the conclusions and managerial recom-
mendations. 

2. Literature Review and Research Hypotheses 

The ultimate criterion for firm performance is the firm’s survival [8]. And the 
length of survival is one of the most widely used measures of firm performance 
[9]. The earlier studies emphasize the entry and exit of the firms, focusing more 
on the impact of the firm’s entry process, the exit risk and entry on market per-
formance, and treated the survival process between the entry and exit as a “black 
box”, and less on post-entry performance [10]. These researches have exagge-
rated the impact of entry on market performance [11]. Compared with the em-
pirical data, what happens to firms subsequent to their entry is at least as impor-
tant as the entry process itself [12]. As a result, the research on the post-entry 
performance has been increasing. A large number of relevant empirical studies 
on different manufacturing industries in different countries have been carried 
out [7] [13], becoming an important perspective to understand the industry dy-
namics and growth process. 

The survival of firms depends on several factors, as summarized by Josef, et al. 
[14] and Manjón-Antolín and Arauzo-Carod [2], and these factors are mainly 
divided into two categories: internal factors and external factors. The internal 
factors refer to attributes, structural characteristics, and strategies of the new 
business itself, such as size, age, and ownership, etc. [15] [16] [17]. The external 
factors refer to the environment in which the firm operates, such as industry, 
geography, and economic cycle etc. [18] [19]. Based on the Resource-Based View 
of firm and firm survival literature, this paper studies the survival of LSPs from 
internal and external factors, and proposes the following hypotheses. 

2.1. Type of LSPs  

According to the Resource-Based View, resources are both heterogeneous dis-
tributed among firms and imperfectly mobile [6]. In the logistics industry, re-
sources can be tangible (e.g. equipment, plants, fleets, hardware), or intangible 
(e.g. organizational processes, skills, know-how, reputation) [20]. Those hetero-
geneous resources across different LSPs may lead to different logistics perfor-
mance and competitive advantage in the same market. And Lai [20] found that 
different types of LSPs do have significant differences in service performance. As 
service performance is related to the survival of firms, we hypothesized a link 
between the type of LSPs and the probability of survival.  

H1. The likelihood of survival varies with the type of LSPs. 
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2.2. Branch  

According to Wang [21], logistics enterprises are composed of enterprise attribute 
elements and logistics attribute elements. In general, the enterprise attribute 
elements are usually including information center, command center, negotiation 
coordination, etc. which is common within the headquarters of logistics enter-
prises. While the logistics attribute elements are including equipment, ware-
house, fleets, etc. tangible resources, which is more involved in logistics branches. 
Following this logic, the Resource-Based View suggests that distinct resources 
and capabilities between logistics headquarters and branches will lead to differ-
ent levels of competitive performance. On the other hand, in literature on firm 
survival, there is also empirical evidence showing that non-branch entrants face 
lower exit risks than branch entrants [22] [23]. And many LSPs in this research 
sample have set up branches. This produced the following hypothesis: 

H2. Non-branch LSPs have a better survival chance than their branch coun-
terparts. 

2.3. Ownership  

There is empirical evidence showing that the ownership structure of firms mat-
ters in survival chances. Some authors have found that foreign-owned plants 
have a higher probability of exit than their domestic-owned counterparts in 
Ireland and Spanish manufacturing firms [24] [25] [26]. So, we proposed the 
following hypothesis: 

H3. Foreign-owned LSPs have better survival prospects than their domes-
tic-owned counterparts. 

2.4. Location 

Another dimension expected to affect the duration of firms, in the long run, is 
the location [23]. However, researches on the impact of location on the survival 
of firms have not yet reached a consistent conclusion. Fotopoulos and Louri [27] 
found that manufacturing companies located in Greater Athens have better sur-
vival prospects than others in the rest of the country, while Strotmann [22] 
found that manufacturing companies in rural areas have a lower risk of exit than 
their urban areas counterparts. However, in logistics literature, many studies 
have found logistics sprawl phenomenon, especially for new logistics establish-
ments [28] [29]. This suggested a preference in location determine for LSPs. 
Based on those, we hypothesized a link between the location of LSPs and the 
probability of survival. 

H4. LSPs in rural areas have better survival prospects than their urban area 
counterparts. 

2.5. Timing of Entry 

There is evidence that the timing of entry plays an important role in firm surviv-
al. According to Klepper [9] [30], enterprises that enter earlier are more likely to 
survive longer, because they can achieve higher profits in the early stages of the 
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industry’s life cycle. Hence, we proposed an entry timing hypothesis: 
H5. Earlier entry LSPs have better survival prospects. 

2.6. Size 

The positive relationship between survival rate and size has been validated in 
numerous of empirical studies [31] [32]. Firms’ size and age represent the effi-
ciency differences arising from differences in experience, managerial abilities, 
production technology and firm organization. At the same time, larger firms 
have a lot of financial resources, and have advantages in raising social funds, ob-
taining tax incentives, and gathering high-quality human resources [7] [18] [33]. 
Therefore, we hypothesized a link between size and the probability of survival. 

H6. The probability of survival positively depends on LSPs’ size. 

3. Data Source and Variables  
3.1. Data Source 

This paper utilizes a source of data set derived from the National Enterprise 
Credit Information Publicity System, an official database that includes informa-
tion of all business registered establishment in china, which is constructed by the 
State Administration for Industry and Commerce. And it collects business regis-
tration information of data on industry and commercial establishments in China 
(e.g. enterprise name, registration date, date of dissolution, registered capital, 
address, business type, main business, etc.). The essential unit of observation in 
the system is the establishment, which is defined as a particular economic entity 
operating at a specific and single geographic location. Establishments in the logis-
tics industry are frequently referred to LSPs. Compared with previous LSP-based 
literature, this paper used the system to track the changes of LSPs allows us to 
solve non-response bias problems in sample selection, which exists in many 
survey-based researches in the logistics industry [34]. 

We collected the data from the National Enterprise Credit Information Pub-
licity System in December 2016 with the volume of 7012. After data cleaning, we 
created a representative sample of 6971 LSPs opened from 1984 to 2016 in 
Chengdu, of which 1365 LSPs closed in this period (20.1%). Research on the 
survival problems of Chengdu’s LSPs can provide an important perspective for 
understanding the survival conditions of Chinese LSPs, and it is also beneficial 
for government departments to develop strategies and policies for logistics in-
dustry development.  

3.2. Variable Description 

Our variable of interest is the duration of an LSP, defined as the time elapsed 
between the entry and the exit of the LSP, that is, the period between the foun-
dation of the LSP (entry) and the end of its activities [5]. Information on en-
trants is based on the commercial registration date of the LSP. Likewise, infor-
mation on exits is based on the dissolution date. For some LSPs, this period can 
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be subject to right censoring (i.e. when the exit does not take place or still ac-
tive). However, survival models can account for right censoring [35] [36]. Al-
though the data is available up to December 2016, we prolonged the observation 
time to the next year (December 2017) in order to observe more exits of those 
opened in the last 3 years, since it is difficult to observe “deaths” for these young 
LSPs.  

For H1, we worked with one categorical variable, Firm type, capturing attributes 
of the type of LSPs—transportation service providers (TSPs), warehousing ser-
vice providers (WSPs), freight forwarding companies (FFCs) and integrated lo-
gistics service providers (ILSPs) are represented by 1, 2, 3 and 4 respectively. 
This classification is based on China’s “Classification and Evaluation Index for 
Logistics Enterprise” and related scholars’ research [20] [37]. 

For H2, we used one dummy variable, Branch, to measure whether an LSP is a 
branch or not—the variable that takes the value 1 when an LSP is a branch and 0 
elsewhere. 

For H3, we used one dummy variable, Ownership, to measure whether an 
LSPs belongs to foreign-owned or domestic-owned, the variable that takes the 
value 1 when an LSP is foreign-owned and 0 elsewhere. “Foreign-owned LSPs” 
in this research are defined as all types of foreign-funded LSPs, including LSPs 
from Hong Kong, Macao, and Taiwan, which provide logistics services for other 
manufacturing or commercial companies. 

For H4, We worked with one dummy variable, Location, to capture different 
attributes of locations of LSPs, the variable that takes the value 1 when the firm 
is located at rural area and 0 elsewhere. 

For H5, We worked with one categorical variable, Entry timing, to test for this 
hypothesis. The variable that takes the value 1 if the LSP’s commercial registration 
date belongs to an early-stage (1984-2005), 2 if it is medium-stage (2006-2010), 
and 3 if it is late-stage (2011-2016). We choose 2006 and 2010 to divide the 
phase of the entry because the local municipal government in Chengdu began to 
implement the 5-year logistics plan in 2006. Another reason for choosing 2006 
and 2010 as a split criterion is to allocate enough observations into each sub-
group. 

For H6, as we were interested in testing the effect of size, we used current reg-
istered capital (current refer to observation end date December 2017), to meas-
ure the size of the LSPs. Compared with initial size, the current size is found to 
be a better predictor of firm survival [31]. Then we followed Agarwal and Au-
dretsch [38], distinguish between “small” and “large” firms by classifying firms 
as small if their current registered capital is less than the 60th percentile of the 
registered capital distribution for all sample LSPs. Finally, we used one dummy 
variable, Size, to represent the size of LSPs. The variable that takes the value 1 for 
large scale and 0 for small scale. 

Table 1 (the plots of the variable descriptive statistics are shown in Figure 1) 
shows the variable definitions and some descriptive statistics (e.g. the average 
LSPs duration was 72.488 months (about 6 years). 
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Table 1. Description of variables. 

Name of the Variable Description 

Duration (months) Survival time 

Type of LSPs hypothesis  

Firm type 
categorical variable: 1 = transportation service providers (TSPs);  
2 = warehousing service providers (WSPs); 3 = freight forwarding 
companies (FFCs); 4 = integrated logistics service providers (ILSPs) 

Branch hypothesis  

Branch 
Dummy variable that takes the value 1 if the LSP is branch and 0  
elsewhere 

Ownership hypothesis  

Ownership 
Dummy variable that takes the value 1 if the LSP is foreign-owned and 
0 elsewhere 

Location hypothesis  

Location 
Dummy variable that takes the value 1 if the LSP is located to rural 
area and 0 elsewhere 

Timing of entry hypothesis  

Entry timing 
Categorical variable: 1, 2 and 3 indicate the commercial registration 
date of LSPs in early-stage (1984-2005), medium-stage (2006-2010) 
and late-stage (2011-2016) respectively 

Size hypothesis  

Size 
Dummy variable that takes the value 1 for large scale and 0 for small 
scale 

 

 
Figure 1. Plots of the variable descriptive statistics (Mean and SD) with: (a) Dependent variable; (b) Independent variable. 
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4. Kaplan-Meier Estimation of the Survival Time of  
the Samples 

The Kaplan-Meier estimator is the most widely used method for estimating sur-
vival functions, as it is a nonparametric maximum likelihood estimator with ex-
tremely few restrictions [10]. Indeed, the only restriction to consider is that the 
observed companies, if the data are censored, are assumed to have continued 
behaving the same way as they did until the death event occurred [5]. the survi-
vor function ( )S t  is the probability of survival past time t or, equivalently, the 
probability of failing after t [39]. The survival function is shown below:  

( )
:

ˆ 1
j

j

j t t j

d
S t

n≤

 
= −  

 
∏                     (1) 

for 1 kt t t≤ ≤ . Suppose there are k distinct exit times, 1 2 kt t t≤ ≤ ≤ . At each 
time jt , there are jn  LSPs who are supposed to be at risk of an exit. Being at 
risk means they have not experienced an exit nor have they been censored prior 
to time jt . If any cases are censored at exactly jt , they are also considered to be 
at risk at jt . Let jd  be the number of LSPs who die on time jt  [36].  

Based on the Kaplan-Meier estimation method, this paper uses Stata14 to es-
timate the survival function of LSPs. The estimated survival curve by Kap-
lan-Meier is shown in Figure 2. In order to investigate whether the survival 
function of LSPs between G groups corresponding to each variable are signifi-
cantly different, we perform the log-rank test, which is the most widely used test 
for differences in the survival function [36]. Under the null hypothesis, the dif-
ferent groups of LSPs have the equivalent survival function. The test statistic is 
approximately chi-square in large samples with G-1 degrees of freedom, where G 
denotes the number of groups corresponding to each covariable [40]. 

Table A1 (See Appendix) in the above shows the Kaplan-Meier survival esti-
mates for different groups of LSPs. Considering the types of LSPs, ILSPs have the 
highest survival rate in terms of 5 years, 10 years and 15 years of survival. Its 
15-year survival rate is 92.4%, which means that 92.4% of these LSPs survive for 
15 years, nearly twice the TSPs and FFCs. In contrast, FFCs has the worst sur-
vival prospects, and its 5-year and 10-year survival rates are the lowest. Although 
the FFCs’ 15-year survival rate was 48.7% slightly higher than 48.5% of TSPs, the 
difference was not significant. The Kaplan-Meier survival estimates also show 
that the non-branch and foreign-owned LSPs have a higher survival rate than 
their branch and domestic-owned counterparts. In addition, LSPs located in ru-
ral area and those earlier entrants are more likely to survive. Furthermore, large 
scale LSPs are much more likely to survive than small scale ones, and their 
15-year survival rate is nearly twice that of small-scale ones. 

The results of the log-rank test show that the six variables reject the null hy-
pothesis under the 1% significance, which indicates that there is a significant 
difference in survival functions of different groups of LSPs conditional on each 
covariate. For example, foreign-owned LSPs have much higher survival rates 
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than their domestic-owned counterparts, and the difference of survival function 
between the two groups of LSPs is significant with P-value equal to 0.0011. 
However, since Kaplan-Meier estimates do not control other explanatory va-
riables that may affect LSPs’ survival, this may result in that our estimates are 
not reliable. Therefore, in order to eliminate the estimation bias of the individual 
explanatory variable on the LSPs’ survival, it is necessary to establish a multiva-
riate analysis model-Cox proportional risk model to control other factors that 
affect the survival of LSPs. 

 

 

 

 
Figure 2. Plots of the Kaplan-Meier survival estimates with (a) Type of LSPs; (b) Branch; (c) Ownership; (d) Loca-
tion; (e) Timing of entry; (f) Size. 
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5. Determinants of the Survival of LSPs 
5.1. Model Design and Proportional Hazard Test 

In this section, we use the cox model [41] [42] to capture the effects of explana-
tory variables upon death (hazard rates) rather than upon times to death [43]. In 
addition, it corrects for the problem of censored data, which uses the following 
hazards model specification:  

( ) ( ) ( )0 1 1 2 2, exp p ph t X h t x x xβ β β= + + +              (2) 

where ( ),h t X  represents the hazard at time t for an LSP with a given specifica-
tion of a set of explanatory variables denoted by X. That is, the ( )1 2, , , pX x x x  
represents a vector of predictor variables that are being modeled to predict an 
LSP’s hazard [40]. Where 1 2, , , pβ β β  is a set of unknown regression coeffi-
cients and ( )0h t  is an unknown non-negative baseline hazard function [43]. 
Through the partial maximum likelihood estimation, we estimate the value of 

1 2, , , pβ β β , to determine the impact of these explanatory variables on the exit 
risk of LSPs.  

The advantage of exponential specification is that the coefficient of one cova-
riate (i.e. hazard ratio) can be directly explained as the constant proportional ef-
fect of a unit increase of this variable on the conditional probability of exiting. 
There are three assumptions in the proportional hazards model: 1) The LSPs do 
not influence the estimation of each model parameter. 2) Unobserved hetero-
geneity is assumed to be absent. 3) A suitable functional form exists for each as-
sumed continuous covariate [5] [36]. 

Due to the fact that Firm type is a categorical variable, we introduce four 
dummy variables: TSPs, FFCs, WSPs and ILSPs (Dummy variable that takes the 
value 1 if an LSP belongs to that type and 0 otherwise), to evaluate the exit risk 
between different groups for each given covariate. To avoid multiple collineari-
ties, we use ILSPs as a reference category. In the same way, we deal with the En-
try timing variable, introducing three dummy variables: ES (early-stage), MS 
(medium-stage) and LS (late-stage), dummy variable that takes value 1 if an 
LSP’s commercial registration date belongs to corresponding period and 0 else-
where. We also set LS as the reference category. Therefore, the Cox proportional 
hazard model is initially set as follows: 

( ) ( ) (
)

0 1 2 3 4

5 6 7 8 9

, exph t X h t TSPs FFCs WSPs Branch

Ownership Location ES MS Size

β β β β

β β β β β

= + + +

+ + + + +
      (3) 

We use Stata14 to estimate the Cox proportional hazards model. The Cox li-
kelihood is determined by the order of events (exits) and censorships and not by 
the distribution of the outcome variable [40]. In the partial maximum likelihood 
estimation of the Cox model, there are two important technical issues: one is the 
handling of the tied event, the other is to meet the assumption of proportional 
hazard (PH). If there are two or more exits of the LSP at the same time, known 
as “tied”, we cannot identify which LSPs will exit firstly. As a result, it is imposs-
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ible to accurately identify the risk set of exit time [10]. And if the PH assumption 
cannot be satisfied, it is not appropriate to apply the Cox proportional hazard 
model. To achieve the goal, we use the exact method to deal with tied events, 
which considers all possible sequences of exits at each point in time of tie, ob-
taining more accurate parameter estimation results [36]. To test the PH assump-
tion, we first used the Schoenfeld residual method, which is especially suitable 
for large samples, to verify whether the model meets the applicable conditions. 

Schoenfeld residual method’s idea is to retrieve the residuals, fit a smooth 
function of time to them, and then test whether there is a relationship. Because 
the variables selected in this paper doesn’t vary with time, we use its simplest 
form. When there are no tied failure times, the Schoenfeld residual for covariate 

, 1, ,ux u p=  , and for observation j observed to fail is 

( )
( )

ˆexp

ˆexp
j

j

ui i xi R
uj uj

i xi R

x X
r x

X

β

β

∈

∈

= −
∑
∑

                  (4) 

That is, ujr  is the difference between the covariate value for the failed obser-
vation and the weighted average of the covariate values (weighted according to 
the estimated relative hazard from a Cox model) over all those subjects at risk of 
failure when subject j failed [39]. 

The test results are shown in Table A2 (See Appendix). Based on Grambsch 
and Therneau [44], the null hypothesis that the hazard rates are proportional 
over time for Size variable is violated at the five percent level, with the p-value is 
0.000 (The P values of other variables were all higher than 0.05). Therefore, it is 
necessary to adjust for the Model (3). 

5.2. Model Adjustment and Analysis Results 

Since the PH assumption is not satisfied in the Model (3), we choose the ex-
tended Cox model. Through implementing hierarchical control of variables that 
do not meet the PH assumption, so that variables that do not satisfy PH assump-
tion are excluded in the model. Furthermore, considering the possible interac-
tion effect between LSPs’ size and entry timing and location, we introduce three 
product terms: Size × Location, Size × ES, and Size × MS, which are represented 
by S_L, S_ES, and S_MS respectively. Therefore, the Cox hazard model with 
product terms stratified by Size variable is as follows: 

( ) ( ) (

)

0 1 2 3 4

5 6 7 8

9 10 11

, exp

_ _ _ .

ggh t X h t TSPs FFCs WSPs Branch

Ownership Location ES MS
S L S ES S MS

β β β β

β β β β
β β β

= + + +

+ + + +

+ + +

     (5) 

where 0g =  means 0Size = , and 1g =  means 1Size = . Using Stata 14, we 
choose the method of the exact marginal likelihood to handle the tied event. The 
estimated results of the Model (4) are shown in Figure 3, and the detailed results 
are given in Table A3 (See Appendix).  
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Figure 3. Stratified Cox proportional hazard model of Model 4 (coefficient β). 

 
The Hazard Ratio in Table A3 (See Appendix) indicates the effect on the risk 

of exiting, can be interpreted almost exactly like odds ratios in logistic regression 
(i.e. for dummy variables with values of 1 and 0, it can be interpreted as the ratio 
of the estimated hazard for those LSPs with a value of 1 to the estimated hazard 
for those with a value of 0 after controlling for other variables) [36]. The results 
of Models (1), (2), (3), (4) show: 

Hypothesis 1 concerns on the impact of the type of LSPs on survival. After 
control for other variables and at the 5% level of significance, the four types of 
LSPs face the risk of exit is ISLPs < TSPs < WSPs < FFCs. The hazard ratio for 
the FFCs are 3.1919, implying that the odds of the FFCs of exiting the market are 
more than three times that of the ISLPs, controlling for all other variables. A 
possible explanation is that, unlike the other three types of LSPs, ISLPs have dif-
ferentiated competitive advantages. In addition to providing basic transporta-
tion, warehousing, and freight forwarding services, they also provide more di-
versified service offerings, such as logistics system design and information man-
agement. Finally, the results support that the performance of integrated service 
logistics providers is the best while freight forwarders are worst [20]. Hence, 
Hypothesis 1 is accepted. 

Hypothesis 2 pays attention to the difference between the survival of branch 
and non-branch LSPs. Although Kaplan-Meier estimation indicates that the 
branch group has a shorter survival time than their non-branch group, there is 
no significant difference in the survival experience of the two groups after con-
trolling the effects of other variables. From the perspective of the supply chain, 
the branch can be regarded as a partner in the outsourcing of an independent 
LSP. That is to say, the branch is a link in the logistics process, and its operating 
results are directly related to the performance of the entire supply chain mem-
bers. In addition, Ono [45] found that due to the dependence of the branch on 
headquarters or other affiliates, the branch has a lower dependence on external 
suppliers and has less operational risk than independent enterprises. Therefore, 
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the survival status of the branch is not necessarily worse than that of the inde-
pendent LSPs. This is consistent with Audretsch and Mahmood [43] who found 
that the difference in survival experience between the branch and the non-branch 
is caused by the characteristics of the firm and the external environment, rather 
than its own reasons. Hence, hypothesis 2 is rejected. 

Hypothesis 3 focuses on the impact of the ownership structure of the LSPs on 
survival. At the 5% level of significance, the exit risk of foreign-owned LSPs is 
nearly half of domestic-owned, after controlling for other variables, which shows 
that foreign-owned LSPs have better survival prospects, which echoes with the 
findings of Hull, et al. [46]. The possible explanation is that the foreign-owned 
LSPs entering the Chinese market are large-scale and have strong anti-risk capa-
bilities. Secondly, foreign enterprises have rich management experience and sta-
ble customers. Therefore, the survival and development of foreign-funded en-
terprises are better. 

Considering the interactions effect of location, entry timing and size in hypo-
theses 4, 5 and 6, we find that the Model (4) had the best fitting effect, and its 
corresponding p-value was 0.0004 in 3 degrees of freedom through the likelih-
ood ratio test. Therefore, we use the results of the Model (4) to verify these three 
assumptions. 

Hypothesis 4 concerns on the impact of location on survival. After control-
ling other variables, the exit risk of LSPs located in the rural area is about 

( )6 91 1Sizeexp β β× + × ×  times that of urban areas. The results are divided into 
two categories: 1) When 1Size =  (large-scale LSPs), at the 10% level of signi-
ficance, the exit risk in rural area is 0.5119 times that of the urban area; 2) When 

0Size =  (small-scale LSPs), at the 1% level of significance, the exit risk in the 
rural area is 0.6910 times that of the urban area. This shows that the exit risk of 
LSPs located in the suburbs is lower than that of urban LSPs, especially for 
small-scale ones (1% significance level). A possible explanation is that due to the 
high land price and increased congestion, land shortage, and lack of logistics in-
frastructures, such as parking and loading space, the urban core area is no longer 
suitable for organizing logistics services [47]. Furthermore, social conditions in 
the suburbs are more attractive to LSPs, such as lower staff wages and higher ac-
ceptance of tough logistics jobs due to lack of job opportunities and higher un-
employment [29]. Finally, many suburban local governments have adopted fa-
vorable land-use policies, environmental standards, and financial incentives to 
attract logistics investment, which also contributes to the survival of LSPs to 
some degree. However, for large-scale LSPs, the impact of location on their sur-
vival remains to be further tested, since this conclusion is only established at a 
level of significance of 10%. One possible interpretation is that large enterprises 
are usually more self-sufficient and therefore less dependent on external re-
sources. In addition, small-scale LSPs are more sensitive to labor costs than large 
ones [48]. 

Hypothesis 5 focuses on the impact of the entry timing on survival. After con-
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trolling other variables, there are two stages: 1) The exit risk of the LSPs regis-
tered in 1984-2005 is ( )7 101 1exp Sizeβ β× + × ×  times that of registered in 
2011-2016. The results are subdivided into two types: 1-1 When 0Size = , at the 
1% level of significance, the exit risk of the LSPs registered in 1984-2005 is 
0.2568 times that of registered in 2011-2016; 1-2 When 1Size = , at the 10% lev-
el of significance, the exit risk of the LSPs registered in 1984-2005 is 0.1431 times 
that of registered in 2011-2016. 2) The exit risk of the LSPs registered in 
2006-2010 is the ( )8 111 1exp Sizeβ β× + × ×  times of registered in 2011-2016. 
The results are subdivided into two types: 2-1 When 0Size = , at the 1% level of 
significance, the exit risk of the LSPs registered in 2006-2010 is 0.5588 times that 
of registered in 2011-2016; 2-2 When 1Size = , at the 1% level of significance, 
the exit risk of LSPs registered in 2006-2010 is 0.2156 times that of registered in 
2011-2016.  

At the 5% level of significance, we can only confirm that for small-scale LSPs, 
the exit risk of LSPs registered in 1984-2005 is 0.2568 times that of registered in 
2011-2016. The exit risk of LSPs registered in 2006-2010 is 0.5588 times that of 
registered in 2011-2016. The earlier the registration date, the lower the exit risk 
of LSPs. The possible explanation is that the earlier entrants face a higher indus-
try price-cost margin and thus conducts more R&D and grows more than the 
later entrants. However, for large-scale LSPs, the same finding just only valid for 
mid-to-late entrants, not include early entrants. The possible explanation is that 
market forces in the early stage were mainly regulated by the government. With 
China’s accession to the World Trade Organization (WTO) in 2001, the Chinese 
logistics market began to gradually open to foreign investment [49]. Since then, 
the market mechanism has begun to play a greater role in the Chinese logistics 
industry. Therefore, economies of scale are beginning to work. 

Hypothesis 6 focuses on the impact of size on survival. Because the size varia-
ble is a hierarchical variable that is not directly incorporated into the model. 
Therefore, it is impossible to directly compare the exit risks of large-scale and 
small-scale LSPs. We can only find that large scale LSPs are much more likely to 
survive than small scale ones in Kaplan-Meier estimation without controlling 
other variables. Hence, the impact of size on LSPs’ survival remains to be further 
confirmed. 

6. Conclusions and Recommendations 

The exit of firms in multiple fields, such as mining, manufacturing, medicine 
and technology industry, has been widely investigated. However, it seems to be 
the first study to analyze the exit of firms in logistics industry. Little is conse-
quently known about what determines firm exit in logistics industry. Therefore, 
this paper investigates the factors influencing the survival of LSPs in Chengdu, 
China over the period 1984-2016. Over this thirty-three-year period, roughly 20 
percent of 6791 LSPs exited from the market, and the average life is about 6 
years. In order to investigate the determinants of survival of LSPs, we used the 
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Stratified Cox proportional hazard model. In particular, an important difference 
with previous researches on firm survival is that our model incorporated inte-
raction effect between LSPs’ size and entry timing and location. And there are 
indeed findings that are different from the survival of manufacturing enterprises. 
Conclusions as below:  

1) The survival of LSPs depends on their typology, ownership structure. There 
is no significant difference in the probability of survival for both independent 
LSPs and logistics branches after controlling the effects of other variables. 

2) There is no significant difference in survival probability between earlier and 
later entrants of large-scale logistics enterprises. This is different from Klepper 
[9], who did not consider interaction effect between firm size and entry timing 
had found the earlier manufacturers entered the US automobiles, tire, television, 
and penicillin industries, the lower hazards they faced. The possible reason is 
that the earlier entrants with large-scale in logistics were mostly state-owned en-
terprises, which underwent a change of ownership during the reform and open-
ing-up process and became new enterprises.  

3) There is also a difference regarding the effect of location on firm survival. 
For example, for small-scale LSPs, rural area LSPs have lower hazards than the 
corresponding risk in urban areas, while this trend cannot be accepted at 5% 
significance for large-scale LSPs. This finding is different from Strotmann [22], 
who found that manufacturing companies in rural areas have a lower risk of exit 
than their urban areas counterparts. This is closely related to the trend of subur-
banization of Chinese logistics enterprises [28] [50]. Due to the lack of fixed re-
sources, such as high-standard warehouses and railway dedicated lines, small 
LSPs are the main objects to be relocated under the pressure of environment and 
congestion in central urban areas. In addition, the Chinese government has es-
tablished many public logistics parks in the suburbs and has provided many 
supporting policies for enterprises moving into the park. This has driven small 
logistics enterprises to continuously relocate to suburban logistics parks and 
achieve better survival. 

Based on the statistical research of survival of LSPs, this paper puts forward 
the following recommendations: 

1) The survival prospects of integrated logistics enterprises are the best, which 
shows that diversified operations are conducive to reducing operating risks. 
However, the excessive degree of diversification will distract the attention of 
LSPs and have a negative impact on survival. Therefore, LSPs need to pay atten-
tion to the degree of diversification.  

2) The empirical results in this paper have confirmed the importance of own-
ership structure on LSPs’ survival. Hence, the government should lower the bar-
riers to entry for foreign-owned logistics enterprises so that they can enter a 
wider market, thereby promoting comprehensive and healthy competition be-
tween foreign-owned and domestic-owned logistics enterprises. Meanwhile, lo-
cal logistics enterprises should strengthen strategic cooperation and knowledge 
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sharing with foreign companies, improving their professional service capabili-
ties, and especially improve their competitiveness by providing services to for-
eign manufacturing enterprises. 

3) For small-scale LSPs, location and entry timing have a significant impact on 
their survival. Being located in the suburbs is conducive to the survival of small 
LSPs illustrates the importance of location for small logistics enterprises to ac-
quire and employ resources. Because lower land prices in the suburbs can reduce 
LSPs operating costs and the environmental impact of logistics activities in the 
central urban area, improving land utilization of logistics land and reducing the 
multiple transfers of land is of great significance to the survival of logistics en-
terprises. Meanwhile, the later a small LSP enters the market, the higher the exit 
risk. This shows that the intensified market competition has had an important 
impact on the survival of small logistics enterprises. Decision-makers should 
encourage the merge and alliance of small logistics enterprises in some indus-
tries with excessive competition, such as road transportation, warehousing, and 
freight forwarding, to jointly improve their ability to resist risks. 
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Appendix 

Table A1. Kaplan-Meier estimates and log-rank tests for survival time. 

The non-parametric test Survival rate 

variable Log-rank Description 5 years 10 years 15 years 

Firm type 81.66 1 = TSPs 0.897 0.646 0.485 

 

(<0.0001) 

2 = WSPs 0.866 0.711 0.576 

 3 = FFCs 0.819 0.593 0.487 

 4 = ILSPs 0.979 0.958 0.924 

Branch 10.99 1 = branch 0.821 0.604 0.440 

 (0.0009) 0 = non-branch 0.882 0.655 0.536 

Ownership 7.89 1 = foreign-owned 0.944 0.779 0.742 

 (0.0050) 0 = domestic-owned 0.875 0.648 0.513 

Location 43.01 1 = rural area 0.905 0.723 0.666 

 (<0.0001) 0 = urban area 0.855 0.613 0.468 

Entry timing 157.61 1 = early-stage (1984-2005) 0.932 0.809 0.664 

 
(<0.0001) 

2 = medium-stage (2006-2010) 0.901 0.628 ---- 

 3 = late-stage (2011-2016) 0.850 ---- ---- 

Size 184.33 1 = large scale 0.928 0.842 0.817 

 (<0.0001) 0 = small scale 0.857 0.581 0.410 

Note: What in parentheses is p-value, the horizontal line represents that the survival rate is not estimated. 
 

Table A2. Proportional hazard test results. 

Variables P value Variables P value Variables P value 

TSPs 0.2222 Branch 0.3965 ES (Early-stage) 0.5464 

WSPs 0.5251 Ownership 0.5000 MS (Medium-stage) 0.2887 

FFCs 0.6447 Location 0.2126 Size 0.0000 

 
Table A3. Stratified Cox proportional hazard model. 

 (1) (2) (3) (4) 

Variables 
Haz. Ratio 

eβ 
Haz. Ratio 

eβ 
Haz. Ratio 

eβ 
coefficient 

β 
Haz. Ratio 

eβ 

TSPs 2.5918** 2.5606** 2.5724** 0.8862** 2.4260** 

 (1.0024) (0.9905) (0.9963)  (0.9412) 

WSPs 2.7027** 2.6746** 2.6850** 0.9323** 2.5404** 

 (1.0741) (1.0630) (1.0679)  (1.0118) 

FFCs 3.4067*** 3.3669*** 3.3811*** 1.1606*** 3.1919*** 

 (1.3222) (1.3066) (1.3134)  (1.2418) 

Branch 1.0792 1.0783 1.0792 0.0753 1.0783 
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 (0.0908) (0.0907) (0.0909)  (0.0908) 

Ownership 0.4848** 0.4869** 0.4872** −0.7090** 0.4921** 

 (0.1497) (0.1504) (0.1505)  (0.1521) 

Location 0.6530*** 0.6813*** 0.6807*** −0.3696*** 0.6910*** 

 (0.0408) (0.0457) (0.0458)  (0.0465) 

ES (Early-stage) 0.2363*** 0.2380*** 0.2358*** −1.3595*** 0.2568*** 

 (0.0262) (0.0264) (0.0276)  (0.0305) 

MS (Medium-stage) 0.4998*** 0.5032*** 0.5028*** −0.5819*** 0.5588*** 

 (0.0365) (0.0368) (0.0368)  (0.0436) 

S_L  0.7524 0.7553 −0.3000* 0.7408* 

  (0.1310) (0.1320)  (0.1295) 

S_ES   1.0750 −0.5846* 0.5573* 

   (0.3084)  (0.1933) 

S_MS    −0.9523*** 0.3858*** 

     (0.0988) 

Log-likelihood −8172.0054 −8170.6399 −8170.6085 −8162.7875 

Observations 6785 6785 6785 6785 

Note: Standard error in parentheses *** p < 0.01, ** p < 0.05, * p < 0.1 exact marginal likelihood Stratified 
by Size. In the sample, the survival time of six LSPs is 0, which were excluded. 
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