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The efficiency of insurance companies directly refl ects their core competitiveness. This paper uses a 
stochastic frontier approach to investigate the cos t efficiency levels and their evolution of 23 insur ance 
companies in China from 2005 to 2008. The main obje ctive is to assess whether different risk levels an d 
insurance intermediary’s development affect cost X- efficiency. A one-stage regression model is applied  
to identify the significant variables influencing c ost X-efficiency. The results show that insurance 
companies are operating 40 to 50% below the cost X- efficiency frontier on average. The non-life 
insurance companies are found to be more X-efficien t than life insurance companies and the domestic 
insurance companies are, on average, more X-efficie nt than the co-partnership or foreign insurance 
companies. It appears that the risk status and insu rance intermediary’s development has a notable 
impact on insurance company’s cost X-efficiency. 
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INTRODUCTION 
 
After three years’ transition, China insurance industry 
opened up to the outside world in 2005. Insurance com-
panies of China face new opportunities and challenges. 
While efficiency is a concentrated embodiment of insu-
rance companies’ competition, policy makers, regulators 
and managers have been concerned with the issue of 
how efficiently insurance companies transform their 
various inputs into insurance products and services. In 
the literature, one of the most commonly used measures 
is X-efficiency. The measure involves selecting the mix of 
inputs, given the input prices and the output bundle. To 
date, there has been no published work on the relation 
between insurance intermediary and cost X-efficiency, 
which is the principal objective of this paper. We apply a 
stochastic cost frontier approach using a panel data from 
the Yearbook of China’s Insurance, and the cost X-
efficiency of 23 insurance companies is computed for the 
period 2005 to 2008. In the article, a one-stage regression 
model is employed to identify the potential correlates (for 
example, risk level) of X-efficiency. The results could help  
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insurance regulators formulate policies by shedding light 
on how risk management and insurance intermediary 
affect efficiency. 
 
 
LITERATURE REVIEW 
 
The most common method employed in literature on the 
efficiency of insurance firms is stochastic frontier 
approach. The literature is mainly around two lines: first is 
the methodology and measurement and the second is the 
application of stochastic frontier approach. 

Literature on the methodology and measurement aim 
to compare parametric approach with non-parametric 
approach, with different assumptions about frontier shape 
and the distribution of random error. Data Envelopment 
Analysis (DEA in short) was originally introduced for use 
in public sector and not-for-profit settings where typical 
economic behavioral objectives, such as cost minimize-
tion or profit maximization, may not apply (Charnes et al., 
1978). Using DEA analysis, Cummins and Rubio-Misas 
(2006) find that consolidation led to important improve-
ments in efficiency and price reductions in both life and 
non-life insurance firms in Spanish over the period 1989 
to 1998. Berger and DeYoung (1996) used the Fourier-
flexible form in place of the translog in one case  reduced  



 
 
 
 
the amount of measured inefficiency by about half - from 
10 to 5% of costs - since the more flexible frontier was 
able to be closer to more of the data. Using Monte Carlo 
experimentation, Coelli (1995) found that MLE and COLS 
both give substantial bias in the estimates of the variance 
ratio parameter when its true value is very small.  

On the other hand, the application of stochastic frontier 
approach often focuses on testing economic hypotheses, 
such as SCP paradigm and the effects of mergers and 
acquisitions, and provides guidance to regulators and 
policy makers. Rees and Kessner (2000) have made the 
conclusion that lighter regulation, competition and the risk 
of bankruptcy allowed a significantly higher proportion of 
firms to achieve efficiency levels which are closer to 
those of the most efficient firms, through the assessment 
of the effects of deregulation on the efficiency of German 
and British life insurance companies. Byeongyong and 
Weiss (2005) examine the relationships among market 
structure and performance in property-liability insurers 
over the period 1992 to1998 and the overall results 
suggest that cost-efficient firms charge lower prices and 
earn higher profits, as such, regulators should be more 
concerned with efficiency (both cost and revenue) rather 
than the market power that arises from the consolidation 
activity taking place in insurance. 

After three years’ transition, China insurance industry 
opened up to the outside world in 2005. With more 
foreign insurance firms entering, China’s insurance 
industry is experiencing unprecedented development and 
change. Another noteworthy change is the rapid develop-
ment of insurance intermediary market since 2005. 
According to experience of developed countries, 
insurance intermediary is the accelerator of the insurance 
market. Insurance intermediaries play an active role in 
risk management.  

In spite of the dramatic change in China’s insurance 
industry, there has been little research to date on the cost 
efficiency of China’s insurance firms since 2005. In the 
paper, we apply a stochastic cost frontier approach to 
compute the cost efficiency of China’s insurance firms 
and identify the potential correlates (for example, risk 
level and especially insurance intermediary) of cost X-
efficiency.  
 
 
METHODOLOGY 
 
Cost function 
 
Cost X-efficiency measures the extent to which an insurance firm’s 
costs approximate those of the “best practice” or least cost firm, 
producing an identical output bundle under the same conditions. 
The basic model assumes that total cost deviates from the optimal 
cost by a random noise, Vi and an inefficiency component, Ui. Thus, 
a general version of this cost function may be written as: 
 

       (1) 
 

where Ci is the (logarithm of the) cost of production of the -th firm; 
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is a vector of input prices and output of the -th firm; β is an 

vector of unknown parameters;  are random variables which 

satisfies , and independent of the  which are 
non-negative random variables which are assumed to account for 
the cost of inefficiency in production, which are often assumed to be 

. 

The X-inefficiency factor  contains both technical 
inefficiencies and allocative inefficiencies. The standard assumption 
is that the X-inefficiency and random error terms can be 
multiplicatively separated from the remainder of the cost function.  
 
 
Efficiency predictions 
 
X-efficiency is defined as the ratio of the predicted minimum costs 
that would be used if the insurance company were as efficient as 
the best-practice one in the sample facing the same exogenous 
inputs price and outputs to the predicted actual costs, adjusted for 
random error.  

We calculate predictions cost efficiencies of individual firm from 
estimated stochastic cost frontiers. The measures of cost efficiency 
related to the cost frontier (1) are both defined as: 
 

            (2) 
 

where is the cost of the -th firm, which is equals to  if the 

dependent variable is in original units and is equals to  if 
the dependent variable is in logs. In the case of a cost frontier, 

 and its reciprocal value is the value of X-efficiency.  
 
 
Model 
 
In the paper, we choose specification in Battese and Coelli (1995) 
to estimate the cost X-efficiency of China insurance company. The 
original model specification may be expressed as: 
 

    (3) 
 

where  is the (logarithm of the) cost of production of the -th 

firm; is a vector of input prices and output of the -th firm;  is 

an vector of unknown parameters;  are random variables which 

satisfies ,  and independent of the  which are 
non-negative random variables which are assumed to account for 
cost inefficiency in production and are assumed to be independently 

distributed as truncated at zero，where 

， is a P×1  vector of variables which may influence  
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the efficiency of a firm; and  is an  P×1    vector of parameters to 
be estimated. Here, we still use the parameterization.  

The Stochastic Frontier Approach (SFA in short) has led 
researchers to estimate a wide range of functional forms for cost 
frontiers (These main include Cobb-Douglas, Box-Cox, translog 
function and the flexible Fourier form). Generally speaking, the 
more parameters in the estimated function, the more flexible it is, so 
that it is possible to estimate a frontier which is as close as possible 
to the non-parametric frontier. The translog function is generally 
considered as a flexible  functional  form.  In  line  with  most  of  the 
 
 

 
 
 
 
published work about X-efficiency, we adopt a translog functional 
(TL) form rather than the Fourier-flexible (FF) specification( The FF 
specification is a more flexible form which requires more degrees of 
freedom, but with only a few insurance companies and a short time, 
the Chinese data are limited by comparatively few observations 
(Hardy and Patti, 2001). The translog cost function is specified in 
Equation (4).  

Note that in common line with literature in this area, the time and 
insurance companies’ subscripts are dropped for ease of 
exposition: 
 

(4) 
 
 
The technical inefficiency effects are assumed to be defined by: 
 

      (5) 
 

where  is the total cost, Z is the total assets,  is the -th 

output ( ), is -th input price ( ),  is 

the -th factor which may affect the inefficiency（ ）, 

 are random variables which satisfies , and 

independent of the  which are non-negative random variables 
which are assumed to account for cost inefficiency in production 

and are assumed to be independently distributed as 
truncated at zero.  

According    to    the     symmetry    and    linear      homogeneous  
 
 

characteristics (Dietsch and Lozano-Vivas, 2000; Altunbas et al., 
2001; Rime, 2003).   
 

， ，

，  
 

from Battese and Corra (1977), replacing  and  with 

 and .， .   All of 
the cost and input price terms are normalized by the last input price 
(w3), which imposes linear homogeneity restrictions on the model. 
All the cost and output quantities are normalized by total assets, z 
in order to control for scale biases in the estimation of X-efficiency 
(Hardy and Patti, 2001). Equation (4) can be simplified as follows: 

(6) 
 
 
2001). 
 
 
Data 
 
This paper employs annual data (2005 to 2008) for each of the13 
life insurance companies and 10 non-life insurance companies, 
listed in Table 1. The data accounts for more than 90% market 
shares in China insurance industry, and therefore, basically reflects 
the  status  of  the   entire   insurance   industry   in   China.   Unless  

otherwise stated, all of the data come from of the Yearbook of 
China’s Insurance (various editions). Companies included in the 
analysis have positive values for net incurred claims, net earned 
premium, capital, net reserves and equity during 2005 to 20081. 
 
 

                                                           
1
 The criteria excluded the Insolvent companies. At the same time, the translog 

form requires positive data. 
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Table 1.  China’s main insurance companies. 
 

Type  Name of insurance company  

Life company  China Life Insurance Co., Ltd. 
Ping An Life Insurance Company of China, Ltd. 
China Pacific Life Insurance Co., Ltd. 
Taiping Life Insurance Co., Ltd. 
Taikang Life Insurance Co., Ltd. 
Manulife-Sinochem Life Insurance Co., Ltd. 
New China Life Insurance Co., Ltd. 
Pacific-Antai Life Insurance Co., Ltd. 
American International Assurance Co., Ltd. Shanghai Branch 
American International Assurance Co., Ltd. Shenzhen Branch 
American International Assurance Co., Ltd. Guangzhou Branch 
American International Assurance C0., Ltd. Beijing Branch 
CITIC-Prudential Life Insurance Co., Ltd. 

  
Non-life company PICC Property and Casualty Co., Ltd. 

Ping An Property & Casualty Insurance Company of China, Ltd. 
China Pacific Property Insurance Co., Ltd. 
China Continent Property & Casualty Insurance Co., Ltd. 
The Tai Ping Insurance Co., Ltd. 
Tokio Marine and Nichido Fire Insurance Co., Ltd. Shanghai Branch 
Mitsui Sumitomo Insurance Co., Ltd. Shanghai Branch 
Royal & Sun Alliance Insurance plc-Shanghai Branch 
Huatai Insurance Company of China, Ltd. 
Da Zhong Insurance Co., Ltd. 

 

Source: Yearbook of China’s Insurance (2005). 

 
 
 
Variables 
 
Choice of the appropriate measure of insurance companies’ outputs 
leads to an extensive and unresolved debate in the literature 
(Cummins and Weiss, 2000). Insurance services mainly include 
risk-sharing and intermediary services; therefore our view is that the 
outputs provided by insurers can be viewed as the expected 
present value of the future claims that might be paid on. It is a latent 
unobservable variable and we use proxy variables to measure it. 
The premium income paid by policyholders would normally exceed 
the expected value of future claims and consequently claims paid 
together and the reserves set can be viewed as better proxy 
variables. In line with most of the published work about insurance  
X-efficiency, we view labour, capital and debt as variable inputs of 
insurance companies. The variable inputs are not included explicitly 
in the cost efficiency model, but are represented via their prices. 
Table 2 gives the summary statistics for all variables used in the 
cost function in Equations (5) and (6). 

 
 
EMPIRICAL RESULTS 
 
X-efficiency estimates 
 
The X-efficiencies for the sample insurance firms from 
2005 to 2008 are reported in Table 3. Table 4 provides 
the  parameter   estimations   of   the   stochastic   frontier  

regression2. The estimated results of  factors  which  
affect  non-efficiency term Ui are reported in Table 5. 
Following common practice, the individual parameter 
estimates are not discussed because the colinearity 
inherent in the translog form makes them difficult to 
interpret (Hardy and Patti, 2001). The mean efficiency 
score for the 92 observations is 60.6%, suggesting that 
for a given output, the insurance firms could use inputs 
more efficiently and reduce costs by approximately 40%. 
Over the entire period, life insurance firms and non-life 
insurance firms are on average of 51 and 73% X-efficient, 
respectively.  

Figure 1 shows the trend of life and non-life firms’ 
average efficiency (CE). It provides very valuable infor-
mation on life and non-life firms’ performance over time. 
The trend shows that non-life insurance firms efficiency 
was roughly unchanged from 2005 to 2007, then a steady 
increase in 2008. The sample life firms were about 65% 
efficient in 2005 and 2006, and then there was a turning 
point in 2007. The dramatic fall of life firms X-efficiency 
in2007 may be partly due to  the  increasing  competition.   

                                                           
2
 We use a computer program which has been written to provide maximum 

likelihood estimates of the parameters of a number of stochastic production and 
cost functions by Coelli (1996). 
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Table 2.  Variables used to estimate cost X-efficiency unit (million RMB). 
 

Variable Description Mean Standard deviation Observ ation 

C Total costs  26769.72 54263.31903 92 
Y1 Total claims paid  6040.147 13963.09755 92 
Y2 Total reserves 30235.25 83313.7382 92 
W1 Price of labor  0.026502 0.002621176 92 
W2 Price of capital  0.356922 0.534375641 92 
W3 Price of debt 0.045945 0.010878715 92 
Z1 The capital adequacy rate  0.149199 0.152013144 92 
Z2 The loss ratio 0.228256 0.190556866 92 
Z3 The ratio of reserves to debt 0.473424 0.370117753 92 
Z4 The development level of the 

insurance intermediary 
0.0466 0.005223173 92 

z Total assets 80364.93891 176895.457734352 92 
 

Sources: Yearbook of China’s Insurance (2005 to 2008), China Statistical Yearbook (2005 to 2008), the public data of The 
People’s Bank of China. 1. All financial variables are measured in million’s of constant 2000 RMB; 2. Total costs (C): 
operating expenses plus no-operating expenses; 3. Total assets (z): all assets listed on the left-hand side of the balance 
sheet; 4. Total reserves (Y2): for life insurance companies, total reserves is the sum of unearned premium reserves, claim 
reserves, life insurance reserves and long-term health insurance reserves; for non-life insurance companies, total 
reserves is the sum of unearned premium reserves and claim reserves; 5. The price of labor (W1): The ratio of total 
expenses on employees to the number of employees. While total expenses on employees are unavailable, so average 
wage are applied here, which is available in the China Statistical Yearbook (2005 to 2008); 6. The price of capital (W2): 
the ratio of capital to total assets. Total assets are available on the balance sheets of insurance companies; 7. The price 
of debt (W3): the ratio of debt to total asset; 8. The capital adequacy rate (Z1): the ratio of equity to total assets, which can 
reflect the risk level of the insurance companies; 9. The loss ratio (Z2): the ratio of claims to the insurance income. It 
reflects the company's future cash flows to some extent; 10. The ratio of reserves to debt (Z3), reflect the liquidity of 
insurance firms; 11. The development level of insurance intermediary (Z4): the ratio of premium income earned by 
professional insurance intermediaries (insurance agency and insurance brokerage firm) to total premium. 

 
 
 
With the liberalization of Chinese insurance market, 
Chinese domestic insurance market becomes more and 
more competitive, which causes a temporary decline in 
the cost efficiency of insurance companies. On the other 
hand, financial data of insurance firms disclosed by 
Insurance Yearbook 2007 and 2008 were prepared in 
accordance with new Accounting Standards. Changes in 
accounting standards do have some certain influence on 
financial data of insurance companies, and the 
calculation of cost X-efficiency based on the financial 
data. Figure 2 shows that, non-life insurance firms are 
more cost X-efficient than life insurance firms on average. 

Figure 3 shows that for the whole sample the domestic 
insurance firms are, on average, about 19.17% more X-
efficient than the co-partnership or foreign insurance 
firms. Since people are worried about Chinese domestic 
insurance firms’ performance facing with the foreign firms’ 
competition it is really a little unexpected. In fact, since 
the foreign insurance companies entered China, Chinese 
insurance companies are not losing market as antici-
pated, but expanding market share with the prosperity of 
China insurance market. This may be related to the great 
initial investment for co-partnership or foreign firms. As 
new entrants, they have to spend a lot on staff recruit-
ment and training, laying outlets and opening up market. 
In addition, the efficiency gap between domestic insu-
rance firms and co-partnership or foreign insurance firms 
became even larger in  2007  and  2008,  which  to  some  

extent reflects the positive effect of a series of reform 
measures for domestic insurance companies in recent 
years. And also, continuously broadening investment 
channels of insurance funds improve domestic insurance 
firms’ X-efficiency too. However, we should also notice 
that with the full liberalization of China insurance industry, 
the restriction on company scale, business scope, and 
investment channels for co-partnership and foreign insu-
rance firms will be removed, and then they will make full 
use of their competitiveness and profitability strengths. 
From the estimated results of cost function, we find that 
most of the coefficients are notable, as LR test of the 
one-side error are significant at 1% level. From the 
estimated results of inefficiency model, we find that the 
development of insurance intermediary has a positive 
impact on the cost X-efficiency. The capital adequacy 
rate, the loss ratio, and the ratio of reserves to debt 
reflect risk level of insurance companies. The results 
show that the companies with higher risk level may be 
more X-efficient, and it appears that insurance interme-
diaries’ development have a positive impact on insurance 
company X-efficient. Insurance intermediary connects the 
insurance company offering policies to individuals, 
families and businesses. It serves as a bridge between 
consumers seeking insurance policies and insurance 
companies seeking to sell those policies. Insurance 
intermediary is an indispensable entity of insurance 
market, including insurance brokers,  insurance  agencies 
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Table 3.  The estimation results of cost X-efficiency of China insurance industry. 
   

Insurance company 2005 2006 2007 2008 

China life insurance 0.70857 0.70756 0.37586 0.58246 
Ping An life insurance 0.82176 0.74839 0.35688 0.37308 
China pacific life insurance 0.67614 0.74460 0.37021 0.54685 
Taiping life insurance 0.68270 0.57969 0.27405 0.38019 
Taikang life insurance 0.51381 0.55987 0.31813 0.45477 
Manulife-Sinochem insurance 0.75558 0.73402 0.30081 0.50060 
New China life insurance 0.68535 0.09958 0.32787 0.46667 
Pacific-Antai life insurance 0.77865 0.90698 0.31421 0.48502 
AIA Shanghai branch  0.89497 0.86043 0.19400 0.38629 
AIA Shenzhen branch 0.56780 0.59397 0.29027 0.33608 
AIA Guangzhou branch 0.60438 0.62824 0.30332 0.37084 
AIA Beijing branch 0.65097 0.90849 0.31947 0.27368 
CITIC-Prudential life insurance 0.34849 0.35368 0.26810 0.31802 
PICC property and casualty insurance 0.90305 0.84894 0.74137 0.98019 
Ping An property and casualty insurance 0.64265 0.71556 0.75138 0.96692 
China pacific property insurance 0.57920 0.99953 0.65219 0.90627 
China continent property and casualty 0.99397 0.93065 0.74329 0.96328 
The Tai Ping insurance 0.71244 0.72358 0.98812 0.95817 
Tokio Marine and Nichido fire insurance 0.67019 0.78233 0.53711 0.85283 
Mitsui Sumitomo insurance 0.87933 0.48709 0.66722 0.80096 
Royal and Sun alliance insurance 0.31482 0.22466 0.35372 0.44794 
Huatai insurance company 0.26313 0.21164 0.56561 0.61068 
Da Zhong insurance 0.97316 0.93214 0.89916 0.98499 
Average 0.67918 0.66442 0.47445 0.60638 

 
 
 

Table 4.  The estimated results of cost function. 
 

 Coefficient Standard-error t-Ratio 
β0 3.73191 0.44862 8.31863*** 
 β1 -0.79013 1.39603 -0.56598 
 β2 0.36742 0.08571 4.28661*** 
 β2 1.11812 0.10076 11.09689*** 
 β4 0.97722 0.14167 6.89767*** 
 β5 0.70814 1.29427 0.54714 
 β6 0.55789 0.15204 3.66937*** 
 β7 0.00731 0.01060 0.68936 
 β8 0.16826 0.01344 12.51895*** 
 β9 0.10950 0.01989 5.50640*** 
 β10 -0.10964 0.01872 -5.85680*** 
 β11 -0.23141 0.17664 -1.31005 
 β12 0.00540 0.01385 0.38965 
 β13 0.38870 0.29438 1.32042 
 β14 -0.03708 0.02544 -1.45745 

 0.06159 0.01090 5.64978*** 

 0.99999 0.00005 18951.38900*** 

    

log likelihood function 27.444322 
LR test of the one-sided error 55.078458*** 

 

***Significant at 1% level. 

2σ
γ
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Table 5.  The estimated results of factors which affect non-efficiency term . 
 

 Coefficient Standard-error t-Ratio 

 5.4833 0.9569 5.7301*** 

 0.3005 0.3039 0.9886 

 -2.8071 0.5073 -5.5340*** 

 -1.9619 0.2574 -7.6221*** 

 -74.5364 19.4825 -3.8258*** 
 

***Significant at 1% level (The likelihood-ratio test statistic has approximately mixed chi-square distribution. 
Source: Collie, 1993. 

 
 
 

 
 
Figure 1.  The trend of life and non-life insurance firms’ average efficiency (CE). 

 
 
 

 
 
Figure 2.  The comparison on average efficiency (CE) of life and non-life 
insurance firms. 
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Figure 3.  The comparison on average efficiency (CE) of domestic and co-
partnership or foreign insurance firms. 

 
 
 
and insurance assessment institutions, which offers 
advice and information on insurance policies to consu-
mers. The development of insurance intermediary market 
reflects the maturity of a country's insurance market. 
According to developed countries’ experience, insurance 
intermediary also plays a pivotal role in risk-management 
services: first, insurance intermediary is the agent of the 
insured and has inner motivation to provide compre-
hensive risk management services for the insured; 
second, insurance intermediary is an important medium 
for insurance firms to translate risk by connecting original 
insurers with reinsurers. Particularly, as an important 
sales channel of insurance products and an important link 
of insurance industry chain, insurance intermediaries are 
offering more comprehensive insurance guarantee for the 
society and promoting the development of social 
economy together by handing with insurance companies. 
According to the economics principle, the higher risk will 
mean higher returns. In recent years, with the improve-
ment of China's insurance companies’ risk management, 
if insurance companies are good at risk management, 
then the companies with higher risk level may be more X-
efficient.  
 
 
Conclusion 
 
Employing the stochastic frontier approach, the paper 
investigated cost X-efficiency in China’s insurance sector 
over the period 2005 to 2008. The grand mean X-
efficiency in China’s insurance sector ranged between 47 
and 68%. In other words, on average the sample 
insurance firms can mostly increase their X-efficiency (by 
reducing costs) by about 32 to 53%. The non-life insu-
rance firms were found to be relatively more X-efficient 
than the life insurance firms. The domestic insurance 
firms  are,  on  average,  about  19.17%  more  X-efficient  

than the co-partnership or foreign insurance firms. 
In this paper, a one-stage model is used to estimate the 

effect of systematic influences on X-inefficiency. The 
results show that the loss ratio, the ratio of reserves to 
debt, and insurance intermediary’s development has 
notable impact on insurance company X-efficiency. 
Especially, the development of insurance intermediary 
has a negative impact on the cost X-inefficiency. The 
results also show that the companies with higher risk 
level may be more X-efficient. Insurance intermediary is 
an indispensable entity of insurance market. It is a major 
element in the improvement of China insurance industry’s 
efficiency, and reflects the maturity of China’s insurance 
market. The results suggest that the X-efficiency of 
China’s insurance firms could be improved if insurance 
intermediary developed well. In addition, insurance 
intermediary plays an important role in risk-management 
services, and according to the estimated results the 
insurance companies with higher risk level may be more 
X-efficient. Overall, insurance firms cost X-inefficiency is 
an important issue that should receive more attention 
from researchers, regulators and policy makers in China.  
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