
Chapter 6 Empirical Results 

6.1 Industry Concentration 

I. Concentration in property-liability insurance industry 

Figure 3 presents the results for the computation of the Herfindahl index to measure 

the trends in concentration of property-liability insurance industry during 2000 to 

2006 to obtain a more thoroughly examination. Concentration level increased from 

0.0800 in 2000 to 0.0913 in 2006. The average concentration level is 0.0846 which is 

comparatively higher than U.S. average level18, but lower than the 0.1 collusion 

criterion which set forth by U.S. Antitrust Law. There are changes in the magnitude of 

index value over the time period.  

Figure 3  Herfindahl Index in Property-Liability Insurance Industry 
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18 According to Cummins and Xie (2008), the average Herfindahl index for U.S. non-life insurance 

industry is 0.0305 for the time period 1993 to 2003.  



Concentration level increased gradually since 2000. Table 9 shows that coefficients 

for year dummies are all positive, i.e., the level of concentration experiences increases. 

The merger and acquisition activities within past few years result in a visible increase 

in concentration in property-liability insurance industry.  

Table 9  Herfindahl Index by Linear Regression 
Independent variable Coefficient
Intercept  0.080
2001 dummy 0.001
2002 dummy 0.001
2003 dummy 0.005
2004 dummy 0.005
2005 dummy 0.009
2006 dummy 0.011

 



II. Concentration by lines of insurance  

Table 10 provides the Herfindahl index of concentration for all lines of business from 

2000 to 2006. Concentration in lines of bonding & credit, fire, and automobile, 

engineering, liability, and marine cargo increase over the time period 2000 to 2006, 

whereas concentration in rest lines decrease (see Figure 4). For example, bonding & 

credit insurance has Herfindahl index value of 0.1294 in 2000 and 0.2892 in 2006. 

The equality test is performed for the time period 2000 to 2006 and the results 

indicate that the increase in fire insurance, and decreases in fishing vessel and others 

insurance are statistically significant at 5% level, and decrease in accident insurance is 

statistically significant at 10% level.  

During the past three years, the most concentrated line is bonding & credit insurance, 

and the least concentrated line is marine cargo insurance. It is also observed that some 

lines of insurance having higher level of concentration than others, for example, the 

average index value of fishing vessel insurance (0.1900), bonding & credit insurance 

(0.1813), marine hull insurance (0.1525), and aviation insurance (0.1431) are higher 

than others. As to the other lines, the index value is relatively lower than the lines 

listed above, such as fire insurance (0.0899), automobile insurance (0.0871), or 

marine cargo insurance (0.0828) etc. The relatively concentrated lines are all 

commercial lines. 

 



 
 
 
 
 

Table 10  Herfindahl Index for Premiums Written by Line of Insurance 

Line of Insurance 2000 2001 2002 2003 2004 2005 2006 Mean

Fishing Vessel 0.2005 0.2097 0.2186 0.2056 0.1719 0.1601 0.1638 0.1900 

Bonding & Credit 0.1294 0.1472 0.1298 0.1149 0.1589 0.2997 0.2892 0.1813 

Marine Hull 0.1559 0.1470 0.1775 0.1556 0.1409 0.1528 0.1379 0.1525 

Aviation 0.1604 0.1601 0.1551 0.1480 0.1268 0.1283 0.1229 0.1431 

Engineering 0.1317 0.1381 0.1280 0.1366 0.1361 0.1418 0.1371 0.1356 

Others 0.1533 0.1463 0.1246 0.1127 0.1120 0.1267 0.1198 0.1279 

Accident - - - - - 0.1220 0.1061 0.1141 

Liability 0.1145 0.0975 0.0972 0.1088 0.1097 0.1120 0.1107 0.1072 

Fire  0.0838 0.0863 0.0906 0.0934 0.0909 0.0901 0.0944 0.0899 

Automobile  0.0838 0.0848 0.0861 0.0852 0.0848 0.0908 0.0940 0.0871 

Marine Cargo  0.0856 0.0837 0.0806 0.0800 0.0797 0.0833 0.0864 0.0828 

Source: Calculate by author using Taiwan Insurance Institute (TII) figures 
 
 



Figure 4  Herfindahl Index by Line of Insurance: Top 5 Concentrated Lines 
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Figure 5  Herfindahl Index by Line of Insurance: Less Concentrated Lines 
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III. Comparison between lines of insurance  

Some lines of insurance have higher concentration levels than other lines. Therefore, 

further examination is to analyze differences between each line. Table 11 presents the 

results of ANOVA test which indicate that the mean differences between the lines of 

insurance are statistically significant at alpha equals 0.05. A further test was 

performed to obtain which pairs of lines have significance in difference. Table 12 

reports the mean differences of Herfindahl index for the various pairs of lines of 

insurance. The important conclusion from these results is that, few lines, such as 

aviation, fishing vessel, and bonding & credit insurance, virtually behave more 

differently from other lines. It is noticed that these three lines mentioned above are 

dissimilar to most of the other insurance lines statistical significantly. Lines of 

insurance other than these three lines mentioned above still have statistical 

significance with other lines, but in a smaller magnitude. 

Table 11  ANOVA Test of Herfindahl Index by Line of Insurance 

 Sum of Squares d.f. Mean Square F-value Sig.
Between Groups 0.247 10 0.025 15.339 0.000
Within Groups 0.196 122 0.002  
Total 0.444 132  

 



 
 
 

Table 12  Mean Difference of a Pair of Herfindahl Index by Line of Insurance 

Line of Insurance Fire 
Marine 
Cargo 

Marine 
Hull 

Fishing 
Vessel 

Automobile Aviation Engineering Liability 
Bonding & 

Credit 
Others Accident 

Fire 0           

Marine Cargo 0.0037 0          

Marine Hull -0.0838** -0.0875** 0         

Fishing Vessel -0.1049** -0.1086** -0.0211 0        

Automobile -0.0078 -0.0115 0.0760** 0.0971** 0       

Aviation -0.1175** -0.1211** -0.0337 -0.0125 -0.1096** 0      

Engineering -0.0410 -0.0446 0.0428 0.0640** -0.0332 0.0765** 0     

Liability -0.0258 -0.0294 0.0580* 0.0792** -0.0180 0.0917** 0.0152 0    

Bonding & Credit -0.0970** -0.1007** -0.0132 0.0079 -0.0892** 0.0205 -0.0560* -0.0712** 0   

Others -0.0416 -0.0453 0.0422 0.0633** -0.0338 0.0758** -0.0007 -0.0159 0.0554* 0  

Accident -0.0210 -0.0247 0.0628 0.0839 -0.0132 0.0964* 0.0199 0.0047 0.0760 0.0206 0 

Note: The multiple comparisons between lines of insurance were conducted by running the post-ANOVA test (Tukey HSD test) to examine the equality of 
Herfindahl index by line of insurance. And the mean difference is computed as the column line value minus the row line value. A superscription * 
*indicates there’s statistical significance in concentration between the corresponding pairs of insurance lines at 1% level, *significance at 5% level. 
 



6.2 Profitability Performance 

I. Results of tests 

Summary statistics for variables used in regression model are presented in Table 13. 

Table 14 reports the regression results, and by-year regression results are shown in 

Table 15. The equation can be expressed as: 
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Profitability is positively related to concentration, and this relationship is significant at 

1% level with p-value of 0.004. And the positive sign for concentration variable 

supports the SCP hypothesis. The coefficient for market share is negative related to 

profitability. The RMP hypothesis, since a positive coefficient for market share is 

expected under this hypothesis. Sign for expense ratio is negative and the p-value is 

0.000 that significant at 1% level in regression model. On the contrary, revenue 

earned ratio is positively related to profitability, and the p-value is 0.001 significant at 

1% level. It can be interpreted that cost/revenue efficient firms earns more profits.  

Table 13  Descriptive Statistics of Variables with sample period: 2000-2006 

Variable Mean Standard 
Deviation 

Minimum Maximum 

Underwriting profit  0.0911 0.1839 -0.4657 0.6035 

Concentration 0.0848 0.0041 0.0800 0.0913 

Market share 0.0477 0.0442 0.0002 0.2048 

Expense ratio 0.3130 0.0643 0.1900 0.5583 

Revenue earned ratio 0.3283 0.2134 -0.1871 1.7113 

Group dummy 0.31 0.465 0 1 

Agent dummy 0.21 0.407 0 1 

Observations  135 135 135 135 



The negative and significant coefficient on group dummy indicates that firms might 

not benefit from the affiliation as being a member of financial holding group. The 

coefficient for affiliated agency dummy variable is significantly positive related to 

profits. This infers that insurers earn higher benefits by direct writing than by 

independent agency. 

In general, the positive coefficients for concentration in the profitability models 

support SCP hypothesis. The negative coefficients for market share in all models 

suggest that insurers do not exercise their market power to raise profits. Negative 

signs for market share have also been reported in some banking studies (e.g., Berger 

1995). The negative (positive) signs for expense ratio (revenue earned ratio) imply 

that insurers may probably benefit from efficiency in the form of higher returns.  

II. Other regression models 

The regression models are also estimated excluding concentration and market share 

variables, and excluding expense ratio and revenue earned ratio variables, to examine 

the effects, if any. The results show that there are no differences in signs and 

significance for Herfindahl index value, market share, expense ratio, and revenue 

earned ratio. It can be concluded as meaning that Herfindahl index value, market 

share, expense ratio, and revenue earned ratio coefficients do not appear to act as 

substitutes for each other when one set of variables are excluded from regression 

model. Berger (1995) uses market share as proxy for efficiency measure to measure 

model effects that exclude direct measure of efficiency. Our results suggest that 

market share is not appropriate for assessing the efficiency effects  



III. By-year regressions 

By-year regressions are also conducted to confirm the consistency of results over the 

sample period. Coefficient signs and significance for concentration and market share 

fluctuate among the sample period. The concentration variable tends to be positive 

and significant during 2002 to 2005, except 2004, that provide support for SCP 

hypothesis. The coefficients for market share are negative in 2002, 2004, and 2006 

which violate RMP hypothesis.  

Expense ratio is significantly and negatively related to profitability in most sample 

years. Revenue earned ratio is positively related to profitability except for 2003. That 

is, Cost (revenue) efficient insurers earn higher profits during the individual years of 

the sample. On the other hand, coefficients and significances for group and agent 

dummy variables fluctuate among sample years. Group dummy has negative signs 

and agent dummy has positive signs except in 2003 and 2005.  

In general, SCP hypothesis is supported whether among whole sample period or 

during individual years. RMP hypothesis is not supported. The negative and 

significant coefficients for expense ratio suggest that cost efficient insurers earn 

higher returns.  



 
 
 
 

Table 14  Profitability Regression by Ordinary Least Squares: 2000-2006 
 ALL W/O CONC & MS W/O EXP &REVE 

Independent variable Coefficient t-ratio  Coefficient t-ratio  Coefficient t-ratio 

Intercept  -0.496 -1.665* 0.282 3.556*** -0.714 -2.245** 

Concentration 10.232 2.911***   9.983 2.669*** 
Market share -1.018 -2.580**   -1.015 -2.431** 

Expense ratio -0.970 -4.120*** -0.846 -3.466***   

Revenue earned ratio 0.227 3.284*** 0.272 3.828***   

Group dummy -0.083 -1.764* -0.092 -1.836* -0.070 -1.374 

Agent dummy 0.114 1.990** 0.063 1.116 0.137 2.229** 

Adjusted R square 0.210  0.135  0.079  

Observations  135  135  135  

Note: ***Significant at 1% level, **Significant at 5% level, and *Significant at 10% level.  



 
 
 
 

Table 14  (Continued) 
Sample W/O CONC W/O MS  W/O EXP W/O REVE 

Independent variable Coefficient t-ratio  Coefficient t-ratio   Coefficient t-ratio  Coefficient t-ratio 

Intercept  0.340 4.157*** -0.514 -1.690*  -0.676 -2.163** -0.571 -1.852** 

Concentration   9.698 2.706***  8.793 2.372** 11.52 3.180*** 

Market share -0.951 -2.346**    -0.847 -2.036** -1.205 -2.975*** 

Expense ratio -0.902 -3.743*** -0.906 -3.788***    -0.823 -3.433*** 
Revenue earned ratio 0.249 3.531*** 0.253 3.616***  0.173 2.402**   

Group dummy -0.084 -1.724* -0.092 -1.911*  -0.065 -1.301 -0.087 -1.769* 

Agent dummy 0.111 1.883** 0.062 1.136  0.123 2.029** 0.133 2.251** 

Adjusted R square 0.164  0.175   0.112  0.150  

Observations  135  135   135  135  

Note: ***Significant at 1% level, **Significant at 5% level, and *Significant at 10% level.  



 
 
 
 

Table 15  Profitability Regression by Ordinary Least Squares: by-year 
Year  2000 2001  2002 2003 

Independent variable Coefficient t-ratio  Coefficient t-ratio   Coefficient t-ratio  Coefficient t-ratio 

Intercept  0.356 1.436 0.336 1.963*  0.197 2.485** 0.153 1.021 
Concentration 0.329 0.667 -0.065 -0.19  0.696 3.195*** 1.053 4.854*** 
Market share 0.589 0.511 0.056 0.072  -0.421 -0.612 0.982 1.203 
Expense ratio -2.553 -3.147*** -1.767 -3.051**  -0.809 -4.000*** -0.707 -1.731 
Revenue earned ratio 1.206 4.929*** 0.85 4.604***  0.136 0.805 -0.294 -1.345 
Group dummy -0.145 -1.112 -0.161 -1.823*  -0.079 -1.077 0.036 0.400 

Agent dummy 0.049 0.337 0.068 0.703  0.097 1.104 -0.035 -0.326 

Adjusted R square 0.561  0.503   0.574  0.565  

Observations  17  19   20  20  

Note: ***Significant at 1% level, **Significant at 5% level, and *Significant at 10% level. 



 
 
 
 

Table 15  (continued) 
Year  2004 2005 2006 

Independent variable Coefficient t-ratio  Coefficient t-ratio  Coefficient t-ratio 

Intercept  0.179 0.988 -0.142 0.675 0.146  0.848 
Concentration 0.598 1.748 0.776 2.579** 0.673  2.174** 
Market share -0.036 -0.038 0.263 -0.267 -0.327  -0.343 
Expense ratio -1.331 -3.441*** -0.437 -0.756 -1.000  -2.346** 
Revenue earned ratio 0.72 2.332** 0.533 2.021* 0.473  2.343** 

Group dummy -0.106 -1.038 0.092 0.860 -0.135  -1.385 

Agent dummy 0.126 1.014 -0.051 -0.384 0.199  1.684 

Adjusted R square 0.689  0.388  0.628  

Observations  20  20  22  

Note: ***Significant at 1% level, **Significant at 5% level, and *Significant at 10% level. 


