
科技部補助專題研究計畫成果報告 

期末報告 

 

保險公司之市場競爭力、清償能力與不對稱資訊分析 

 

 
 
 
計 畫 類 別 ：個別型計畫 

計 畫 編 號 ： NSC 102-2410-H-004-066- 

執 行 期 間 ： 102年 08 月 01 日至 103年 07 月 31 日 

執 行 單 位 ：國立政治大學風險管理與保險學系 

  

計 畫主持人：鄭士卿 

  

計畫參與人員：學士級-專任助理人員：范庭欣 

 

  

  

報 告 附 件 ：出席國際會議研究心得報告及發表論文 

 

處 理 方 式 ：  

1.公開資訊：本計畫涉及專利或其他智慧財產權，2年後可公開查詢 

2.「本研究」是否已有嚴重損及公共利益之發現：否 

3.「本報告」是否建議提供政府單位施政參考：否 

 
 
 

中 華 民 國   103年 11 月 07 日 
 



 

中 文 摘 要 ： 本研究探討保險業的市場競爭狀況對其不同風險面的影響，

其中包含總資產風險、保費收入風險以及投資收入風險。本

文是以 1996年到 2011年美國產險業為研究對象，利用

Lerner 指數作為市場競爭度變數，並採用固定效果的長期追

蹤模型。本研究發現市場競爭度與公司風險呈現 U型關係，

且逆選擇的存在與安定基金所引起的道德風險會對公司風險

有所影響． 

中文關鍵詞： 市場競爭，風險承擔，逆選擇，安定基金 

英 文 摘 要 ：  

英文關鍵詞：  
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Market Power, Risk-Taking and Solvency in the U.S. Property-Liability 

Insurance Industry 

Introduction 

The effect of competition on the risk-taking, and solvency issues of financial 

institutions has been long discussed in the literature. In the analysis of banking 

industry, Keeley (1990), Hellmann, Murdoch and Stiglitz (2000) and Carletti and 

Hartmann (2003) argue that bank competition causes firm franchise value to decline, 

which in turn results in increases in default risk and reductions in capital. However, 

Boyd and De Nicolo (2005) states that greater bank competition reduces loan rates 

through adverse selection and encourages firm stability. In terms of insurance industry, 

Harrington and Danzon (1994) suggest that when insurers face competition, they may 

price below cost because of the existence of guarantee funds. In response to 

underpricing by some firms, they suggest that other firms may cut prices to preserve 

market share and induce higher firm risk-taking. Apparently, the debate between the 

relationship of competition and solvency issues do not lead to a firm conclusion for 

the financial industries. 

Another related strand of research is regarding the measure of market 

competition.  A number of researches use measures of concentration, such as the 

Herfindahl index or n-firm concentration ratio, but these measures are controversial 

when used to proxy market competition.  For example, Beck, Demirguc-Kunt and 

Levine (2006) show that, the measures such as entry and activity restrictions, which 

are usually used to measure firm competitiveness, perform the same way as 

concentration measures in improving firm’s financial stability. The fact that both 

concentration and competitiveness of the banking system is positively related to 

stability suggests that concentration may not be an sufficient measure of firm 

competitiveness. In addition, in the literatures of examining market competition and 
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price adjustments, most studies estimate price adjustments as a positive function of 

market competition, but Jackson (1997) suggests a potential non-monotonic 

relationship between market concentration and price rigidity, implying that the 

concentration measures may not be a good proxy for market competition. Some 

studies therefore suggest other measures to assess the degree of competitiveness.  

For example, Maudos and Fernandez de Guevara (2007) apply the Lerner index to 

estimate the market power in the European Union banking sectors and show the 

existence of a positive relationship between market power and cost X-efficiency. 

This paper examines the issue of competition and solvency in the U.S. property 

liability insurance industry in the period of 1996 to 2011. We follow Boyd and De 

Nicolo (2005) and propose that insurers facing lower competition, i.e., insurer with 

higher market power and charge high premiums, tend to take high risks due to adverse 

selection. Boyd and De Nicolo (2005) state that more market power may result in 

higher bank risk as the higher interest rate charged to loan customers make the 

borrows harder to repay loans and exacerbate moral hazard incentives of borrowers. 

The higher rates may also result in a riskier set of borrowers due to adverse selection. 

Similarly, we argue that insurers with more market power may charge higher premium 

to customers or may even collude with each other.  Under this circumstances, 

policyholders who purchase insurance with facing high premium are usually with 

high risks, a result of adverse selection. Higher market power of the insurers thus may 

result in higher risks.  

On the other hand, Harrington and Danzon (1994) suggest that insurers may 

decrease prices to preserve market share due to moral hazard from guarantee fund.  

These insurers are likely to take high risks and may result in insolvency. We thus have 

two competing hypotheses for the relationship between market power and risk-taking. 

Browne and Hoyt (1995) examine a set of factors which are exogenous to 
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property liability insurers’ characteristics related to insurer insolvencies. Specifically, 

they use macroeconomic and insurance market variables in a time-series model in 

assessing insolvency risks and find that the number of insurers in the market seriously 

results in higher insolvency rate. In their analysis, they use the number of insurers 

mainly to proxy for low capital and surplus requirements (see Munch and Smallwood, 

1980) and also proxy for the degree of competition in the insurance market.  

In our analysis, we examine the competition issue on insolvency but through a 

pooled time-series cross-sectional model at individual firm level. We apply the Lerner 

index applied by Maudos and Fernandez de Guevara (2007) to estimate the market 

power of U.S. property liability insurers. We believe Lerner index is a better proxy for 

competitiveness because Lerner index is a function of price and marginal costs. It can 

reflect whether an insurer would cut its prices too low relative to its marginal costs.   

Thus, it is a more relevant measure to predict insolvency comparing to number of 

insurers in the industry.  We examine whether high market power insurer would 

leads to high or low propensity of firm insolvency. Finally, we consider how 

underwriting cycle may affect the relationship between market power and risk-taking. 

Assume that insurers tend to take higher risks when facing higher competition.  

Excessive competition in the soft market may increase completion and induce insurers 

to further cut prices.  These behaviors in the soft market will result in more 

risk-taking behaviors than in the hard market when price competition is not severe.  

On the other hand, if insurers collude with other insurers in the hard market then 

the insurance premiums would be higher than in the soft market because the 

premiums are high in the first place.  Under this circumstance, insurers would have 

high risk because of more severe adverse selection problems.  Based on the two 

competing argument, whether cycle affects the relationship between market power 

and risk-taking and in what direction is an empirical question. 
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Literature Review 

The conventional wisdom of the banking literature holds that the higher the 

competition among banks, the more risks banks intend to take and the more likely 

their failures are induced. Keeley (1990) suggests that a fixed-rate deposit insurance 

system provides a moral hazard for excessive risk taking for banks. And empirical 

results suggest that the increase in bank failures may be due to increased competition 

within the banks. However, a contrary “competition-stability” view has arisen as 

Boyd and De Nicolo (2005) and De Nicolo and Loukoianova (2006) argue that a 

fundamental risk-incentive mechanisms exists in the customers of banks, causing 

banks to become more risky as their markets become less competitive. A theoretical 

paper of Martinez-Miera and Repullo (2010) further suggests that competition reduces 

the probability of firm failure in concentrated market but increases the probability of 

firm failure when markets are competitive, implying that a U-shaped relationship 

holds between competition and the risk of bank failure.  

Harrington and Danzon (1994) analyzes alleged underpricing of general liability 

insurance prior to the mid- 1980s liability insurance "crisis." The theoretical analysis 

considers whether moral hazard and/or heterogeneous information for forecasting 

claim costs can cause some firms to price too low and depress other firms' prices. The 

insurer loss forecast revisions and premium growth provide evidence consistent with 

low pricing due to moral hazard but not heterogeneous information. The empirical 

results of Browne and Hoyt (1995) support the hypothesis that economic and 

insurance market variables are important predictors of property-liability insurer 

failure rates. For example, a reduction of five points in the combined ratio results in 

an 18 percent reduction in the insolvency rate. 

In summary, the literature related to risk-taking or firm failure varies either in the 
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banking or in the insurance industry.  

Underwriting Cycle in the U.S. Market and Data Description 

 The underwriting cycle is generally demonstrated by the change of the industry 

loss ratio
1
 and is usually expressed as losses incurred divided by premiums earned. 

Figure 1 shows the loss ratio for the property liability insurance industry over our 

sample period of 1996 to 2011.  The periods of 1996-2001 and 2006-2011 are 

considered as soft market. The market in the period of 1996-2001 was experiencing 

premium reduction and promising reserve capacity. The hard market starts from 2001 

and 911 disaster exacerbates it as supply drops rapidly with price increases sharply. 

The insurance capacity keeps declining until 2006 when the market becomes stable 

and the loss ratio of the industry increases steadily until 2011, remarking the 

emergence of the soft market again. 

Our sample consists of U.S. property casualty insurance companies from 1996 

through 2011.  All the data are obtained from the National Association of Insurance 

Commissioners (NAIC) and there are 30,296 observations. Some of the observations 

were eliminated because they had negative values for key variables such as total 

premiums, total assets and equity.   

Methodology 

 Three sets of regression analysis are examined. We first examine GMM 

regressions of risk-taking and financial stability. We then consider the effect of 

underwriting cycle on risk-taking and financial stability through competition. Finally, 

a logistic regression is used to examine whether lower market power results in higher 

insolvency. 

GMM Regressions of Risk-taking and Financial Stability  

                                                 
1
 We also consider the change of the industry combined ratio (losses incurred plus expenses divided 

by premiums earned) and the shape of the cycle is similar to the current one. 
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We first examine how market power affects risk-taking behaviors and the 

financial stability of U.S. property liability insurance industry. To address the likely 

endogeneity of measures of firm competitiveness, we employ the Generalized Method 

of Moments (GMM) estimator with an instrumental variable technique. The GMM 

does not require distributional assumptions on the error terms, and it is also more 

efficient than 2SLS because it accounts for heteroskedasticity. We next discuss our 

variables in three categories: dependent variable, competition variable and other 

control variables. 

Dependent Variables 

The dependent variables used are categorized into two groups. For the 

risk-taking proxies, three types of risks are considered: total risk, underwriting risk 

and investment risk. We use balance-sheet risk measures because some insurers are 

not publicly traded. Total risk (STDROA) is measured by the standard deviation of 

return on assets, which is calculated as the standard deviation of the ratio of net 

income plus taxes and interest expenses divided by net admitted assets. We follow 

Lamm-Tennant and Starks (1993) and define the underwriting risk (STDlossratio) as 

the standard deviation of the company’s loss ratio
2
. Investment risk (STDROI) is 

measured by the standard deviation of return on investment. Return on investment 

(ROI) is measured by the ratio of net investment earned divided by investment assets. 

In addition, we also consider financial stability proxies and two measures are used: (i) 

Z-index and (ii) equity to total assets. The Z-index is used as an inverse measure of 

overall firm risk, and equity to total assets (E/TA) as the insurer’s capitalization level.  

The Z-index is an inverse proxy for the firm’s probability of failure.  It is given by 

                                                 
2
 The standard deviation of return on premium is also used as a robustness check for underwriting 

risk. 
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the ratio:  

                        𝑍𝑖 =
𝑅𝑂𝐴𝑖+𝐸

𝑇𝐴𝑖
⁄

𝜎𝑅𝑂𝐴𝑖

                        (1)                      

Where ROA is the return on assets for firm i, E/TA refers to the equity to total assets 

ratio for firm i, and ROAi is the standard deviation of return on assets over the period 

of firm i. The Z-index combines profitability, leverage and return volatility in a single 

measure while it increases with higher profitability and capitalization level but 

decreases with unstable earnings.  

Competition Variable 

 Among the independent variables, we consider the competitiveness variable as 

well as other control variables. We use Lerner index as a proxy of competitiveness 

level.  Lerner index (LernerIndex) represents the markup of price over marginal 

costs.  A large Lerner index implies insurers have high market power and are very 

competitive. For a perfectly competitive firm, the index equals 0 where the price 

equals the marginal costs implying such a firm has no market power.  For a 

monopolistic firm, the index is close to 1 as the price is far from its marginal costs. It 

is calculated as:  

 𝐿𝑒𝑟𝑛𝑒𝑟𝐼𝑛𝑑𝑒𝑥𝑖𝑡 =
𝑃𝑇𝐴𝑖𝑡−𝑀𝐶𝑇𝐴𝑖𝑡

𝑃𝑇𝐴𝑖𝑡
                                (2)  

 

where TAit represents a proxy for firm output for insurer i at time t. As only one 

output is used in equation (2), we follow past literatures such as Berg and Kim (1994), 

Fernandez de Guevara et al. (2005) to use total assets as the output. P𝑇𝐴𝑖𝑡 is the price 

of the output for firm i at time t and we use two different methods to define it. 

Following Tennyson (1997) and Cummins, Phillips and Tennyson (2001), we define 

output price as the inverse of loss ratio
3
.  In addition, we define output price as the 

                                                 
3
 We also consider the effect of loss adjustment expenses incurred and redefine the output price equal 

to inverse of (loss incurred and loss adjustment expenses incurred / premiums earned) and the result of 
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ratio of firm revenue relative to its total assets following banking literatures such as 

Bikker and Haaf (2002) and Claessens and Laeven (2004), and we define the revenue 

of the insurance industry as the sum of net written premiums and net investment 

income earned
4
. 𝑀𝐶𝑇𝐴𝑖𝑡 is the marginal cost of total assets for firm i at time t. 

 𝑀𝐶𝑇𝐴𝑖𝑡 is derived from the following translog cost function:  

𝑙𝑛 𝑇𝐶𝑖𝑡 = 𝛽0 + 𝛽1 𝑙𝑛 𝑇𝐴𝑖𝑡 +
1

2
𝛽2(𝑙𝑛 𝑇𝐴𝑖𝑡)2 + ∑ 𝜆𝑗

4
𝑗=1 ln 𝑊𝑗,𝑖𝑡 +

1

2
∑ ∑ 𝜆𝑗𝑘 ln 𝑊𝑗,𝑖𝑡 ln 𝑊𝑘,𝑖𝑡

4
𝑘=1

4
𝑗=1 + ∑ 𝛾𝑗 ln 𝑇𝐴𝑖𝑡 ln 𝑊𝑗,𝑖𝑡

4
𝑗=1 + 𝜃1𝑇𝑟𝑒𝑛𝑑 +

𝜃2
1

2
𝑇𝑟𝑒𝑛𝑑2 + 𝜃3𝑇𝑟𝑒𝑛𝑑 ln 𝑇𝐴𝑖𝑡 + ∑ ∅𝑗𝑇𝑟𝑒𝑛𝑑 ln 𝑊𝑗,𝑖𝑡

4
𝑗=1 + 𝜇𝑖 + 𝜂𝑖𝑡 , ∀𝑖, 𝑡       (3)     

 

where 𝑇𝐶𝑖𝑡 reflects the total costs of the firm, 𝑊𝑘,𝑖𝑡 are the four input prices used, 

and Trend represents the technological change measured by time trend.  The Trend 

variable equals 1 to 16 for year 1996-2011. The equation (3) must be homogeneous of 

degree one in input prices, and we also impose the symmetry restrictions. 

Four inputs and their input prices are discussed belows.  Following the  

insurance literature (e.g. Cummins and Weiss, 2012), we define the four inputs used in 

the calculation of marginal cost as: labor (X1), business services (X2), equity capital 

(X3) and debt capital (X4). Labor accounts for about two-thirds of total non-loss 

insurer expenses, with the remaining insurer expenses including computers and 

business services expenses. We also consider both equity and debt as two sources of 

capital. The labor cost is defined as the sum of salaries and payroll taxes as well as 

employee relations welfare, and the business service expenses includes agent 

commissions as well as loss adjustment expenses. Applying the banking literature (e.g. 

Altunbas, et.al, 2001) which consider it a common practice to use total assets as the 

                                                                                                                                            
marginal cost is not materially different. 
4
 We replace net investment income earned by net investment income gain as an alternative to 

calculate the output price and the results are not materially different. 
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proxy of number of employees, we use total net written premium as the proxy of 

number of employees and quantity of business services accordingly
5
. We believe that 

total premium is a better proxy of number of employees or quantity of business 

services than total assets for the property liability insurers. The labor price thus equals 

to labor cost divided by total net premium, and business service input price equals to 

business service expense divided by total net premium.    

 The third input capital is measured by book value of equity capital. The ideal 

cost of capital measure is expected market return on equity capital. However, 

expected market returns cannot be calculated for most insurers because the majority 

of them are not publicly traded. Following Cummins and Xie (2008), we use a proxy 

for the expected return on equity, the size adjusted capital asset pricing model 

expected return, based on data from Ibbotson Associates (2005)
6
. The final input is 

debt capital and is measured by borrowed fund and deposits from reinsurers 

(Cummins and Rubio-Misas, 2006). The cost of debt capital is estimated as the ratio 

of total expected investment income minus expected investment income attributed to 

equity capital divided by average debt capital (e.g., Berger, Cummins, and Weiss, 

1997). Finally, marginal cost is then computed as: 

𝑀𝐶𝑖𝑡 =
𝜕𝑇𝐶𝑖𝑡

𝜕𝑇𝐴𝑖𝑡
=

𝑇𝐶𝑖𝑡

𝑇𝐴𝑖𝑡
(𝛽1 + 𝛽2 ln 𝑇𝐴𝑖𝑡 + ∑ 𝛾𝑗 ln 𝑊𝑗,𝑖𝑡 + 𝜃3𝑇𝑟𝑒𝑛𝑑)

4

𝑗

    (4) 

                                                 
5
 While the amount of labor costs and business service expenses are both available in the financial 

statements of insurance firms, past literatures such as Cummins and Weiss (2012) consider salary 

deflator as the input price because data for the number of employees and for the quantity of business 

services are not available. The salary deflators used in the past literatures include average weekly 

wages for Standard Industrial Classification (SIC) sector 6411, insurance agents and for SIC sector 

7300, business services using U.S. Department of Labor data. However, as Lerner index measure is the 

key variable used in our study, it is not appropriate to use the same input price for every sample 

observation to calculate marginal cost. We thus use alternative measures to calculate the prices for 

labor and business services inputs.   
6
 The cost of capital for year t is calculated as the 30-day Treasury bill rate at the end of year t-1, plus 

the long term (1926 to the end of year t-1) average market risk premium on large company stocks, plus 

the long term (the 1926 through end of year t-1) average size premium by size category from Ibbotson 

Associates. We follow Ibbotson in grouping the insurers in our sample into four size categories based 

on equity capital. Details please see Cummins and Xie (2008). 
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Control Variables 

Other control variables include lines of business Herfindahl index, geographic 

Herfindahl index, firm size in terms of net admitted assets, reinsurance ratio, 

organizational structure variable, group variable, and percentage of net written 

premiums in the commercial lines. Bherfindahl is defined as lines of business 

Herfindahl index and measures the line concentration and indicates the levels of risk 

taking (Hill, Hitt, and Hoskisson, 1992). It equals to (PWi /TPWi)
2  

where PWi is the 

value of net written premiums in line i (i = 1, 2, . . . , 34) and TPWi is the insurer’s 

total net written premiums. Following Cole and McCullough (2006), we use 

Geoherfindahl as a measure of geographic concentration and is defined as (PWi 

/TPWi)
2 

where PWi is the value of net written premiums in state i, and TPW i is the 

insurer’s total net written premiums. Firmsize is a proxy for firm size and equals to 

the natural logarithm of net admitted assets. Reinsurance_ratio is measured as the 

ratio of reinsurance ceded divided by the sum of direct premiums written plus 

reinsurance assumed (e. g., Mayers and Smith, 1990; Klein, Phillips, and Shiu, 2002; 

Viswanathan and Cummins, 2003). Mutual is the organizational structure variable, 

which is a binary variable: 1= mutual organizational structure, 0=otherwise. Group is 

a binary variable which equals one if the firm belongs to a group and 0 otherwise. The 

variable Com is the premiums of commercial lines divided by total net written 

premiums. The percentage of lines of business is from Schedule P of the NAIC annual 

statement. The regression model used to examine the relation between risk taking and 

competition is as follows. 

𝑅𝑖𝑠𝑘𝑖𝑡 = 𝛽0 + 𝛽1𝐿𝑒𝑟𝑛𝑒𝑟𝐼𝑛𝑑𝑒𝑥𝑖𝑡 + 𝛽2𝐵ℎ𝑒𝑟𝑓𝑖𝑛𝑑𝑎ℎ𝑖𝑡 + 𝛽3𝐺𝑒𝑜ℎ𝑒𝑟𝑓𝑖𝑛𝑑𝑎ℎ𝑙𝑖𝑡 +

𝛽4𝐹𝑖𝑟𝑚𝑠𝑖𝑧𝑒𝑖𝑡 + 𝛽5𝑅𝑒𝑖𝑛𝑠𝑢𝑟𝑎𝑛𝑐𝑒_𝑟𝑎𝑡𝑖𝑜𝑖𝑡 + 𝛽6𝑀𝑢𝑡𝑢𝑎𝑙𝑖𝑡 + 𝛽7𝐺𝑟𝑜𝑢𝑝𝑖𝑡 + 𝛽8𝐶𝑜𝑚𝑖𝑡 +

𝑢𝑖𝑡.       (5)    

Regressions under Underwriting Cycle Effect 
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 We also examine whether underwriting cycle affects risk-taking through 

competition. Figure 1 shows that, during our sample period, the market  

is soft in both 1996-2001 and 2006-2011 period, and hard 2001-2006 period after 911 

disaster in 2001. We use a dummy (Cycle) to represent cycle effect in which Cycle 

equals 1 if the sample period is between 1996 and 2001 and between 2006 and 2011, 

and 0 otherwise. Our focus is to examine the impact of cycle on risk-taking through 

competition, and an interaction term between Lerner index and cycle 

(CycleLernerIndex) is included in the regressions. If the coefficient of the interaction 

term is significantly negative, it implies that in the soft market, a higher competition 

level of the firm exacerbates its risk-taking behavior. The regression model of 

underwriting cycle effect is shown as follows: 

𝑅𝑖𝑠𝑘𝑖𝑡 = 𝛽0 + 𝛽1𝐿𝑒𝑟𝑛𝑒𝑟𝐼𝑛𝑑𝑒𝑥𝑖𝑡 + 𝛽2𝐵ℎ𝑒𝑟𝑓𝑖𝑛𝑑𝑎ℎ𝑙𝑖𝑡 + 𝛽3𝐺𝑒𝑜ℎ𝑒𝑟𝑓𝑖𝑛𝑑𝑎ℎ𝑙𝑖𝑡 +

𝛽4𝐹𝑖𝑟𝑚𝑠𝑖𝑧𝑒𝑖𝑡 + 𝛽5𝑅𝑒𝑖𝑛𝑠𝑢𝑟𝑎𝑛𝑐𝑒_𝑟𝑎𝑡𝑖𝑜𝑖𝑡 + 𝛽6𝑀𝑢𝑡𝑢𝑎𝑙𝑖𝑡 + 𝛽7𝐺𝑟𝑜𝑢𝑝𝑖𝑡 + 𝛽8𝐶𝑜𝑚𝑖𝑡 +

𝛽9𝐶𝑦𝑐𝑙𝑒𝑖𝑡 + 𝛽10𝐶𝑦𝑐𝑙𝑒𝐿𝑒𝑟𝑛𝑒𝑟𝐼𝑛𝑑𝑒𝑥𝑖𝑡 + 𝑢𝑖𝑡.       (6)     

 

Logistic Regression of Insolvency  

 Following Browne and Hoyt (1995) and Browne, Carson and Hoyt (1999), we 

reconsider the logistic regression of insolvency considering the market power and 

competitiveness of the individual firms. A logistic regression is examined with 

insolvency or not (rt) is considered as the decision variable. Variables used in 

equation (5) are mostly used in the regressions here with all the independent variables 

are lagged one year prior to the insolvency events. The logistic regression is shown as 

follows: 

 𝐿𝑛[𝑟𝑡 /(1 − 𝑟𝑡)] =

𝛽0 + 𝛽1𝐿𝑒𝑟𝑛𝑒𝑟𝐼𝑛𝑑𝑒𝑥𝑖𝑡−1 + 𝛽2𝐵ℎ𝑒𝑟𝑓𝑖𝑛𝑑𝑎ℎ𝑙𝑖𝑡−1 + 𝛽3𝐺𝑒𝑜ℎ𝑒𝑟𝑓𝑖𝑛𝑑𝑎ℎ𝑙𝑖𝑡−1 +

+𝛽4𝐹𝑖𝑟𝑚𝑠𝑖𝑧𝑒𝑖𝑡−1 + 𝛽5𝑅𝑒𝑖𝑛𝑠𝑢𝑟𝑎𝑛𝑐𝑒_𝑟𝑎𝑡𝑖𝑜𝑖𝑡−1 + 𝛽6𝑀𝑢𝑡𝑢𝑎𝑙𝑖𝑡−1 + 𝛽7𝐺𝑟𝑜𝑢𝑝𝑖𝑡−1 +
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𝛽8𝐶𝑜𝑚𝑖𝑡−1 + 𝑢𝑖𝑡−1.                                  (7)   

 

Summary Statistics and Empirical Results 

Summary Statistics 

Panel A of Table 1 shows the summary statistics of variables used in translog 

cost functions. The average values of the output and its price of the insurers, i.e. the 

total assets and the inverse of loss ratio
7
, are U.S $495 million and 1.8601. The 

summary statistics of four input prices, which are necessary in calculating translog 

cost function and marginal cost, are also presented. On average, the value of marginal 

cost is equal to 0.2647.   

Panel B of Table 1 shows the summary statistics of all variables used in 

regression analysis. For dependent variables, the average value of STDlossratio is 

higher than STDROI and STDROA, implying that the underwriting risk in U.S. 

property liability insurance industry is on average higher than the investment risk and 

the total risk of the firms. The average value of Lerner index is 0.8184.  

For the control variables, the average business Herfindahl index (Bherfindahl) is 

approximately 0.4916, and the average geographic Herfindahl index (Geoherfindahl) 

is 0.6083. The average value of the reinsurance ratio is 33.66%. Panel B of Table 1 

also shows that 24.37% of the analyzed insurers are mutual insurers, and 66.51% are 

group insurers. The average of percentage of commercial lines is 61.32%. Overall, the 

mean values for most of the variables are similar to those in prior studies ection (e.g., 

                                                 
7
 The other output price is the ratio of firm revenue relative to total assets. As our results of applying 

two different output price measures are very similar to each other, we choose to report the output price 

proxy which most researchers adopt in past insurance literatures (e.g. Tennyson, 1997; Cummins, 

Phillips and Tennyson, 2001). 
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Lamm-Tennant and Starks, 1993; Cole and McCullough, 2006; Ho, Lai and Lee, 

2013). Finally, the insolvency rate (Insolvency) in our sample period is 0.26%. 

Table 2 shows the correlation coefficients of all independent variables. We find 

that firm size (Firmsize) is highly correlated with some other variables, such as 

geographic Herfindahl index (Geoherfindahl, -0.5309) or group dummy (Group, 

0.4672). It implies that large insurers tend to diversify geographically and tend to be 

group insurers, which are reasonable results. We do not find other variables to be 

significantly related with each other.  

Preliminary Empirical Results 

 Table 3 shows the GMM regression results of insurers’ behaviors on 

underwriting risk measured by the standard deviation of loss ratio. Model 1 of 

examines the relation between competition variable and underwriting risk. We find 

the coefficient of Lerner Index to be significantly negative after controlling for firm 

characteristics, implying that the more competitive the firm is, the higher is its 

underwriting risk. Consistent with Harrington and Danzon (1994), our preliminary 

results suggest that when facing higher competition, insurers are likely to take higher 

risks. In model 2, we consider the underwriting cycle effect and incorporate the 

interaction terms of Cycle dummy and competition measure, Lerner Index. While the 

coefficient of Lerner Index remains significantly negative, we also find the coefficient 

of the interaction term to be significantly negative. It implies the fact that considering 

the competition level of insurers exacerbate its risk-taking behavior in the soft market 

period (1996-2001 and 2006-2011). 

It should be noted that we test for the presence of heterogeneity in our data set to 

ensure the necessity of using GMM estimators. We also use the Hansen’s J-test to 

examine the validity of the instruments of the degree of market competition. The 

results support the presence of heterogeneity, and the result that J-statistic cannot 
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reject the null hypothesis of over-identifying restrictions supports that our instruments 

are relevant and valid.   

Table 4 shows the results of logistic regression of competition measure on 

insolvency. All the independent variables used in the regressions are lagged one year 

prior to the insolvency events. We find that the coefficient of Lerner Indext-1 is 

significantly negative at 10 percent level, implying that insurers that are more 

competitive in the prior year are less likely to become insolvent in the current year. 

Our results are consistent with Browne and Hoyt (1995). By using panel regression 

models, specifically competition proxies such as Lerner index, we can assure the 

impact of firm competitiveness on the issue of financial stability.  

  

Conclusion 

Our paper examines the issue of competition and risk taking including solvency 

in the U.S. property liability insurance industry in the period of 1996 to 2011. To our 

knowledge, this is the first paper to examine the relationship between competition and 

financial stability in the insurance industry using Lerner index as the proxy of firm 

competitiveness. We believe Lerner index is a better proxy for competitiveness 

because Lerner index is a function of price and marginal costs. It can reflect whether 

an insurer would cut its prices too low relative to its marginal costs.   Thus, it is a 

more relevant measure to predict insolvency comparing to number of insurers in the 

industry.  We consider both the financial stability and risk proxies to reflect the 

solvency conditions of the firm. Our preliminary results show that insurers are likely 

to take higher underwriting risks when facing higher competition. We also find that 

more competitive insurers in the prior year are less likely to become insolvent in the 

current year. We believe our results can help regulators to foster a better competition 

environment for insurers as it is crucial for insurers to know that whether possessing 



15 

 

high competitiveness leads to lower risk-taking and are less likely to become 

insolvent.  
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Table 1  Summary Statistics of Variables 
   

          

Variable Mean Std Dev Minimum Maximum 

Panel A: Variables used in Translog Cost Functions 

Output  495493604 1478293838 1100000 11000000000 

Output Price 1.8601 1.9040 0.5630 16.0477 

Input Price     

   Labor 0.1451 0.1375 0.0000 1.0449 

   Business Service 0.3317 0.1902 0.0000 1.2268 

   Equity 0.1384 1.1359 0.0913 0.1764 

   Debt 0.0609 0.0675 0.0047 0.5312 

Marginal Cost 0.2647 0.1267 0.0053 4.6350 

 

Panel B: Variables used in Regressions 

STDlossratio 0.1148 0.1534 0.0069 1.1495 

STDROI 0.0147 0.0167 0.0013 0.1173 

STDROA 0.0347 0.0318 0.0033 0.1903 

Lerner Index 0.8184 0.0947 0.3835 0.9855 

Bherfindahl 0.4916 0.3129 0.0997 1 

Geoherfindahl 0.6083 0.3827 0.0426 1 

Firmsize 18.1283 1.9671 13.8867 23.1599 

Reinsurance_ratio 0.3366 0.2765 0 0.9541 

Mutual 0.2437 0.4293 0 1 

Group 0.6651 0.4720 0 1 

Com 0.6132 0.3722 0 1 

Insolvency 0.0026 0.0505 0 1 

N    23077 
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Table 2  Correlation Coefficients of Variables 
             

                                

Variables Lerner Index Bherfindahl   Geoherfindahl   Firmsize   Reinsurance 

_ratio 

  Mutual   Group   Com 
  

Lerner Index 1 0.0477 *** -0.1313 *** 0.1628 *** 0.0897 *** -0.0720 *** 0.0975 *** 0.2666 *** 

Berfindahl  1  0.3115 *** -0.3642 *** -0.2896 *** -0.0412 *** -0.3124 *** 0.2795 *** 

Geoherfindahl    1  -0.5309 *** -0.2529 *** 0.2247 *** -0.3803 *** -0.1390 *** 

Firmsize      1  0.0912 *** -0.1217 *** 0.4672 *** 0.0040 
 

Reinsurance_ratio        1  -0.1426 *** 0.2534 *** -0.0604 *** 

Mutual          1  -0.3086 *** -0.0056 
 

Group            1  -0.1352 *** 

Com                           1   
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Table 3 Regressions of Underwriting Risk on Competition Variables 

 Model 1      Model 2    

 Estimate      Estimate    

STDlossratio (T-value)  Sig.     (T-value)  Sig.  

Intercept 1.1788  ***  1.1748  *** 

 
(3.86)   (3.89)  

Lerner Index -2.8848  ***  -2.8467  *** 

 
(-3.47)   (-3.50)  

Bherfindahl 0.0625  ***  0.0628  *** 

 
(7.5)   (7.82)  

Geoherfindahl 0.0239  ***  0.0242  *** 

 
(4.25)   (4.39)  

Firmsize -0.0032  **  -0.0027  ** 

 
(-2.3)   (-1.99)  

Reinsurance_ratio 0.0424  ***  0.0444  *** 

 
(5.46)   (5.76)  

Mutual 0.0000    0.0011   

 
(0)   (0.29)  

Group 0.0187  ***  0.0170  *** 

 
(4.29)   (4.00)  

Com 0.0323  ***  -0.0059   

 
(5.66)   (-0.11)  

Cycle    -0.0156  

    (-0.22)  

Cycle*Lerner Index   
 

-0.0233  *** 

    
(-3.21)  

 

Adj R-Square 

 

0.0357 
  

0.04 
 

N 21294 
  

21030 
 

P-value of  0.333 
  

0.4115 
 

    Hansen's J-statistic 
     

P-value of 0.0001 
  

0.0001 
 

    Heterogeneity test           

Note: All models are fixed effect models. ***, ** and * represent statistical significance at 0.01, 0.05 

and 0.1 levels, respectively. 
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Table 4  Logistic Regressions of Insolvency on Competition Variables 

    
  Estimate   

 
Insolvency (Chi-Square) Sig. 

 
Intercept 6.4591 * 

 

 
(2.88)  

 
Lerner Indext-1 -12.3599 * 

 

 
(1.99)  

 
Bherfindahlt-1 -1.2917 ** 

 

 
(4.46)  

 
Geoherfindahl t-1 -1.6391 ** 

 

 
(6.01)  

 
Firmsize t-1 0.1623 

  

 
(2.07)  

 
Reinsurance_ratio t-1 -0.8106 

  

 
(1.82)  

 
Mutual t-1 1.0683 ** 

 

 
(5.97)  

 
Group t-1 0.2148 

  

 
(0.38)  

 
Com t-1 -0.7555 * 

 

 
(3.18) 

  

    
Log-Likelihood     -267.3 

 
N 17218 

 
Note: The values of independent variables are lagged one year prior to the insolvency events (i.e. year 

t-1 value). The dependent variable is 1 if a firm becomes insolvent and 0 if else. ***, ** and * 

represent statistical significance at 0.01, 0.05 and 0.1 levels, respectively. 
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Market Power, Risk-Taking and Solvency in the U.S. Property-Liability 

Insurance Industry 

Introduction 

The effect of competition on the risk-taking, and solvency issues of financial 

institutions has been long discussed in the literature. In the analysis of banking 

industry, Keeley (1990), Hellmann, Murdoch and Stiglitz (2000) and Carletti and 

Hartmann (2003) argue that bank competition causes firm franchise value to decline, 

which in turn results in increases in default risk and reductions in capital. However, 

Boyd and De Nicolo (2005) states that greater bank competition reduces loan rates 

through adverse selection and encourages firm stability. In terms of insurance industry, 

Harrington and Danzon (1994) suggest that when insurers face competition, they may 

price below cost because of the existence of guarantee funds. In response to 

underpricing by some firms, they suggest that other firms may cut prices to preserve 

market share and induce higher firm risk-taking. Apparently, the debate between the 

relationship of competition and solvency issues do not lead to a firm conclusion for 

the financial industries. 

Another related strand of research is regarding the measure of market 

competition.  A number of researches use measures of concentration, such as the 

Herfindahl index or n-firm concentration ratio, but these measures are controversial 

when used to proxy market competition.  For example, Beck, Demirguc-Kunt and 

Levine (2006) show that, the measures such as entry and activity restrictions, which 

are usually used to measure firm competitiveness, perform the same way as 

concentration measures in improving firm’s financial stability. The fact that both 

concentration and competitiveness of the banking system is positively related to 

stability suggests that concentration may not be an sufficient measure of firm 

competitiveness. In addition, in the literatures of examining market competition and 
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price adjustments, most studies estimate price adjustments as a positive function of 

market competition, but Jackson (1997) suggests a potential non-monotonic 

relationship between market concentration and price rigidity, implying that the 

concentration measures may not be a good proxy for market competition. Some 

studies therefore suggest other measures to assess the degree of competitiveness.  

For example, Maudos and Fernandez de Guevara (2007) apply the Lerner index to 

estimate the market power in the European Union banking sectors and show the 

existence of a positive relationship between market power and cost X-efficiency. 

This paper examines the issue of competition and solvency in the U.S. property 

liability insurance industry in the period of 1996 to 2011. We follow Boyd and De 

Nicolo (2005) and propose that insurers facing lower competition, i.e., insurer with 

higher market power and charge high premiums, tend to take high risks due to adverse 

selection. Boyd and De Nicolo (2005) state that more market power may result in 

higher bank risk as the higher interest rate charged to loan customers make the 

borrows harder to repay loans and exacerbate moral hazard incentives of borrowers. 

The higher rates may also result in a riskier set of borrowers due to adverse selection. 

Similarly, we argue that insurers with more market power may charge higher premium 

to customers or may even collude with each other.  Under this circumstances, 

policyholders who purchase insurance with facing high premium are usually with 

high risks, a result of adverse selection. Higher market power of the insurers thus may 

result in higher risks.  

On the other hand, Harrington and Danzon (1994) suggest that insurers may 

decrease prices to preserve market share due to moral hazard from guarantee fund.  

These insurers are likely to take high risks and may result in insolvency. We thus have 

two competing hypotheses for the relationship between market power and risk-taking. 

Browne and Hoyt (1995) examine a set of factors which are exogenous to 
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property liability insurers’ characteristics related to insurer insolvencies. Specifically, 

they use macroeconomic and insurance market variables in a time-series model in 

assessing insolvency risks and find that the number of insurers in the market seriously 

results in higher insolvency rate. In their analysis, they use the number of insurers 

mainly to proxy for low capital and surplus requirements (see Munch and Smallwood, 

1980) and also proxy for the degree of competition in the insurance market.  

In our analysis, we examine the competition issue on insolvency but through a 

pooled time-series cross-sectional model at individual firm level. We apply the Lerner 

index applied by Maudos and Fernandez de Guevara (2007) to estimate the market 

power of U.S. property liability insurers. We believe Lerner index is a better proxy for 

competitiveness because Lerner index is a function of price and marginal costs. It can 

reflect whether an insurer would cut its prices too low relative to its marginal costs.   

Thus, it is a more relevant measure to predict insolvency comparing to number of 

insurers in the industry.  We examine whether high market power insurer would 

leads to high or low propensity of firm insolvency. Finally, we consider how 

underwriting cycle may affect the relationship between market power and risk-taking. 

Assume that insurers tend to take higher risks when facing higher competition.  

Excessive competition in the soft market may increase completion and induce insurers 

to further cut prices.  These behaviors in the soft market will result in more 

risk-taking behaviors than in the hard market when price competition is not severe.  

On the other hand, if insurers collude with other insurers in the hard market then 

the insurance premiums would be higher than in the soft market because the 

premiums are high in the first place.  Under this circumstance, insurers would have 

high risk because of more severe adverse selection problems.  Based on the two 

competing argument, whether cycle affects the relationship between market power 

and risk-taking and in what direction is an empirical question. 
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Literature Review 

The conventional wisdom of the banking literature holds that the higher the 

competition among banks, the more risks banks intend to take and the more likely 

their failures are induced. Keeley (1990) suggests that a fixed-rate deposit insurance 

system provides a moral hazard for excessive risk taking for banks. And empirical 

results suggest that the increase in bank failures may be due to increased competition 

within the banks. However, a contrary “competition-stability” view has arisen as 

Boyd and De Nicolo (2005) and De Nicolo and Loukoianova (2006) argue that a 

fundamental risk-incentive mechanisms exists in the customers of banks, causing 

banks to become more risky as their markets become less competitive. A theoretical 

paper of Martinez-Miera and Repullo (2010) further suggests that competition reduces 

the probability of firm failure in concentrated market but increases the probability of 

firm failure when markets are competitive, implying that a U-shaped relationship 

holds between competition and the risk of bank failure.  

Harrington and Danzon (1994) analyzes alleged underpricing of general liability 

insurance prior to the mid- 1980s liability insurance "crisis." The theoretical analysis 

considers whether moral hazard and/or heterogeneous information for forecasting 

claim costs can cause some firms to price too low and depress other firms' prices. The 

insurer loss forecast revisions and premium growth provide evidence consistent with 

low pricing due to moral hazard but not heterogeneous information. The empirical 

results of Browne and Hoyt (1995) support the hypothesis that economic and 

insurance market variables are important predictors of property-liability insurer 

failure rates. For example, a reduction of five points in the combined ratio results in 

an 18 percent reduction in the insolvency rate. 

In summary, the literature related to risk-taking or firm failure varies either in the 
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banking or in the insurance industry.  

Underwriting Cycle in the U.S. Market and Data Description 

 The underwriting cycle is generally demonstrated by the change of the industry 

loss ratio
1
 and is usually expressed as losses incurred divided by premiums earned. 

Figure 1 shows the loss ratio for the property liability insurance industry over our 

sample period of 1996 to 2011.  The periods of 1996-2001 and 2006-2011 are 

considered as soft market. The market in the period of 1996-2001 was experiencing 

premium reduction and promising reserve capacity. The hard market starts from 2001 

and 911 disaster exacerbates it as supply drops rapidly with price increases sharply. 

The insurance capacity keeps declining until 2006 when the market becomes stable 

and the loss ratio of the industry increases steadily until 2011, remarking the 

emergence of the soft market again. 

Our sample consists of U.S. property casualty insurance companies from 1996 

through 2011.  All the data are obtained from the National Association of Insurance 

Commissioners (NAIC) and there are 30,296 observations. Some of the observations 

were eliminated because they had negative values for key variables such as total 

premiums, total assets and equity.   

Methodology 

 Three sets of regression analysis are examined. We first examine GMM 

regressions of risk-taking and financial stability. We then consider the effect of 

underwriting cycle on risk-taking and financial stability through competition. Finally, 

a logistic regression is used to examine whether lower market power results in higher 

insolvency. 

GMM Regressions of Risk-taking and Financial Stability  

                                                 
1
 We also consider the change of the industry combined ratio (losses incurred plus expenses divided 

by premiums earned) and the shape of the cycle is similar to the current one. 
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We first examine how market power affects risk-taking behaviors and the 

financial stability of U.S. property liability insurance industry. To address the likely 

endogeneity of measures of firm competitiveness, we employ the Generalized Method 

of Moments (GMM) estimator with an instrumental variable technique. The GMM 

does not require distributional assumptions on the error terms, and it is also more 

efficient than 2SLS because it accounts for heteroskedasticity. We next discuss our 

variables in three categories: dependent variable, competition variable and other 

control variables. 

Dependent Variables 

The dependent variables used are categorized into two groups. For the 

risk-taking proxies, three types of risks are considered: total risk, underwriting risk 

and investment risk. We use balance-sheet risk measures because some insurers are 

not publicly traded. Total risk (STDROA) is measured by the standard deviation of 

return on assets, which is calculated as the standard deviation of the ratio of net 

income plus taxes and interest expenses divided by net admitted assets. We follow 

Lamm-Tennant and Starks (1993) and define the underwriting risk (STDlossratio) as 

the standard deviation of the company’s loss ratio
2
. Investment risk (STDROI) is 

measured by the standard deviation of return on investment. Return on investment 

(ROI) is measured by the ratio of net investment earned divided by investment assets. 

In addition, we also consider financial stability proxies and two measures are used: (i) 

Z-index and (ii) equity to total assets. The Z-index is used as an inverse measure of 

overall firm risk, and equity to total assets (E/TA) as the insurer’s capitalization level.  

The Z-index is an inverse proxy for the firm’s probability of failure.  It is given by 

                                                 
2
 The standard deviation of return on premium is also used as a robustness check for underwriting 

risk. 
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the ratio:  

                        𝑍𝑖 =
𝑅𝑂𝐴𝑖+𝐸

𝑇𝐴𝑖
⁄

𝜎𝑅𝑂𝐴𝑖

                        (1)                      

Where ROA is the return on assets for firm i, E/TA refers to the equity to total assets 

ratio for firm i, and ROAi is the standard deviation of return on assets over the period 

of firm i. The Z-index combines profitability, leverage and return volatility in a single 

measure while it increases with higher profitability and capitalization level but 

decreases with unstable earnings.  

Competition Variable 

 Among the independent variables, we consider the competitiveness variable as 

well as other control variables. We use Lerner index as a proxy of competitiveness 

level.  Lerner index (LernerIndex) represents the markup of price over marginal 

costs.  A large Lerner index implies insurers have high market power and are very 

competitive. For a perfectly competitive firm, the index equals 0 where the price 

equals the marginal costs implying such a firm has no market power.  For a 

monopolistic firm, the index is close to 1 as the price is far from its marginal costs. It 

is calculated as:  

 𝐿𝑒𝑟𝑛𝑒𝑟𝐼𝑛𝑑𝑒𝑥𝑖𝑡 =
𝑃𝑇𝐴𝑖𝑡−𝑀𝐶𝑇𝐴𝑖𝑡

𝑃𝑇𝐴𝑖𝑡
                                (2)  

 

where TAit represents a proxy for firm output for insurer i at time t. As only one 

output is used in equation (2), we follow past literatures such as Berg and Kim (1994), 

Fernandez de Guevara et al. (2005) to use total assets as the output. P𝑇𝐴𝑖𝑡 is the price 

of the output for firm i at time t and we use two different methods to define it. 

Following Tennyson (1997) and Cummins, Phillips and Tennyson (2001), we define 

output price as the inverse of loss ratio
3
.  In addition, we define output price as the 

                                                 
3
 We also consider the effect of loss adjustment expenses incurred and redefine the output price equal 

to inverse of (loss incurred and loss adjustment expenses incurred / premiums earned) and the result of 



8 

 

ratio of firm revenue relative to its total assets following banking literatures such as 

Bikker and Haaf (2002) and Claessens and Laeven (2004), and we define the revenue 

of the insurance industry as the sum of net written premiums and net investment 

income earned
4
. 𝑀𝐶𝑇𝐴𝑖𝑡 is the marginal cost of total assets for firm i at time t. 

 𝑀𝐶𝑇𝐴𝑖𝑡 is derived from the following translog cost function:  

𝑙𝑛 𝑇𝐶𝑖𝑡 = 𝛽0 + 𝛽1 𝑙𝑛 𝑇𝐴𝑖𝑡 +
1

2
𝛽2(𝑙𝑛 𝑇𝐴𝑖𝑡)2 + ∑ 𝜆𝑗

4
𝑗=1 ln 𝑊𝑗,𝑖𝑡 +

1

2
∑ ∑ 𝜆𝑗𝑘 ln 𝑊𝑗,𝑖𝑡 ln 𝑊𝑘,𝑖𝑡

4
𝑘=1

4
𝑗=1 + ∑ 𝛾𝑗 ln 𝑇𝐴𝑖𝑡 ln 𝑊𝑗,𝑖𝑡

4
𝑗=1 + 𝜃1𝑇𝑟𝑒𝑛𝑑 +

𝜃2
1

2
𝑇𝑟𝑒𝑛𝑑2 + 𝜃3𝑇𝑟𝑒𝑛𝑑 ln 𝑇𝐴𝑖𝑡 + ∑ ∅𝑗𝑇𝑟𝑒𝑛𝑑 ln 𝑊𝑗,𝑖𝑡

4
𝑗=1 + 𝜇𝑖 + 𝜂𝑖𝑡 , ∀𝑖, 𝑡       (3)     

 

where 𝑇𝐶𝑖𝑡 reflects the total costs of the firm, 𝑊𝑘,𝑖𝑡 are the four input prices used, 

and Trend represents the technological change measured by time trend.  The Trend 

variable equals 1 to 16 for year 1996-2011. The equation (3) must be homogeneous of 

degree one in input prices, and we also impose the symmetry restrictions. 

Four inputs and their input prices are discussed belows.  Following the  

insurance literature (e.g. Cummins and Weiss, 2012), we define the four inputs used in 

the calculation of marginal cost as: labor (X1), business services (X2), equity capital 

(X3) and debt capital (X4). Labor accounts for about two-thirds of total non-loss 

insurer expenses, with the remaining insurer expenses including computers and 

business services expenses. We also consider both equity and debt as two sources of 

capital. The labor cost is defined as the sum of salaries and payroll taxes as well as 

employee relations welfare, and the business service expenses includes agent 

commissions as well as loss adjustment expenses. Applying the banking literature (e.g. 

Altunbas, et.al, 2001) which consider it a common practice to use total assets as the 

                                                                                                                                            
marginal cost is not materially different. 
4
 We replace net investment income earned by net investment income gain as an alternative to 

calculate the output price and the results are not materially different. 
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proxy of number of employees, we use total net written premium as the proxy of 

number of employees and quantity of business services accordingly
5
. We believe that 

total premium is a better proxy of number of employees or quantity of business 

services than total assets for the property liability insurers. The labor price thus equals 

to labor cost divided by total net premium, and business service input price equals to 

business service expense divided by total net premium.    

 The third input capital is measured by book value of equity capital. The ideal 

cost of capital measure is expected market return on equity capital. However, 

expected market returns cannot be calculated for most insurers because the majority 

of them are not publicly traded. Following Cummins and Xie (2008), we use a proxy 

for the expected return on equity, the size adjusted capital asset pricing model 

expected return, based on data from Ibbotson Associates (2005)
6
. The final input is 

debt capital and is measured by borrowed fund and deposits from reinsurers 

(Cummins and Rubio-Misas, 2006). The cost of debt capital is estimated as the ratio 

of total expected investment income minus expected investment income attributed to 

equity capital divided by average debt capital (e.g., Berger, Cummins, and Weiss, 

1997). Finally, marginal cost is then computed as: 

𝑀𝐶𝑖𝑡 =
𝜕𝑇𝐶𝑖𝑡

𝜕𝑇𝐴𝑖𝑡
=

𝑇𝐶𝑖𝑡

𝑇𝐴𝑖𝑡
(𝛽1 + 𝛽2 ln 𝑇𝐴𝑖𝑡 + ∑ 𝛾𝑗 ln 𝑊𝑗,𝑖𝑡 + 𝜃3𝑇𝑟𝑒𝑛𝑑)

4

𝑗

    (4) 

                                                 
5
 While the amount of labor costs and business service expenses are both available in the financial 

statements of insurance firms, past literatures such as Cummins and Weiss (2012) consider salary 

deflator as the input price because data for the number of employees and for the quantity of business 

services are not available. The salary deflators used in the past literatures include average weekly 

wages for Standard Industrial Classification (SIC) sector 6411, insurance agents and for SIC sector 

7300, business services using U.S. Department of Labor data. However, as Lerner index measure is the 

key variable used in our study, it is not appropriate to use the same input price for every sample 

observation to calculate marginal cost. We thus use alternative measures to calculate the prices for 

labor and business services inputs.   
6
 The cost of capital for year t is calculated as the 30-day Treasury bill rate at the end of year t-1, plus 

the long term (1926 to the end of year t-1) average market risk premium on large company stocks, plus 

the long term (the 1926 through end of year t-1) average size premium by size category from Ibbotson 

Associates. We follow Ibbotson in grouping the insurers in our sample into four size categories based 

on equity capital. Details please see Cummins and Xie (2008). 
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Control Variables 

Other control variables include lines of business Herfindahl index, geographic 

Herfindahl index, firm size in terms of net admitted assets, reinsurance ratio, 

organizational structure variable, group variable, and percentage of net written 

premiums in the commercial lines. Bherfindahl is defined as lines of business 

Herfindahl index and measures the line concentration and indicates the levels of risk 

taking (Hill, Hitt, and Hoskisson, 1992). It equals to (PWi /TPWi)
2  

where PWi is the 

value of net written premiums in line i (i = 1, 2, . . . , 34) and TPWi is the insurer’s 

total net written premiums. Following Cole and McCullough (2006), we use 

Geoherfindahl as a measure of geographic concentration and is defined as (PWi 

/TPWi)
2 

where PWi is the value of net written premiums in state i, and TPW i is the 

insurer’s total net written premiums. Firmsize is a proxy for firm size and equals to 

the natural logarithm of net admitted assets. Reinsurance_ratio is measured as the 

ratio of reinsurance ceded divided by the sum of direct premiums written plus 

reinsurance assumed (e. g., Mayers and Smith, 1990; Klein, Phillips, and Shiu, 2002; 

Viswanathan and Cummins, 2003). Mutual is the organizational structure variable, 

which is a binary variable: 1= mutual organizational structure, 0=otherwise. Group is 

a binary variable which equals one if the firm belongs to a group and 0 otherwise. The 

variable Com is the premiums of commercial lines divided by total net written 

premiums. The percentage of lines of business is from Schedule P of the NAIC annual 

statement. The regression model used to examine the relation between risk taking and 

competition is as follows. 

𝑅𝑖𝑠𝑘𝑖𝑡 = 𝛽0 + 𝛽1𝐿𝑒𝑟𝑛𝑒𝑟𝐼𝑛𝑑𝑒𝑥𝑖𝑡 + 𝛽2𝐵ℎ𝑒𝑟𝑓𝑖𝑛𝑑𝑎ℎ𝑖𝑡 + 𝛽3𝐺𝑒𝑜ℎ𝑒𝑟𝑓𝑖𝑛𝑑𝑎ℎ𝑙𝑖𝑡 +

𝛽4𝐹𝑖𝑟𝑚𝑠𝑖𝑧𝑒𝑖𝑡 + 𝛽5𝑅𝑒𝑖𝑛𝑠𝑢𝑟𝑎𝑛𝑐𝑒_𝑟𝑎𝑡𝑖𝑜𝑖𝑡 + 𝛽6𝑀𝑢𝑡𝑢𝑎𝑙𝑖𝑡 + 𝛽7𝐺𝑟𝑜𝑢𝑝𝑖𝑡 + 𝛽8𝐶𝑜𝑚𝑖𝑡 +

𝑢𝑖𝑡.       (5)    

Regressions under Underwriting Cycle Effect 
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 We also examine whether underwriting cycle affects risk-taking through 

competition. Figure 1 shows that, during our sample period, the market  

is soft in both 1996-2001 and 2006-2011 period, and hard 2001-2006 period after 911 

disaster in 2001. We use a dummy (Cycle) to represent cycle effect in which Cycle 

equals 1 if the sample period is between 1996 and 2001 and between 2006 and 2011, 

and 0 otherwise. Our focus is to examine the impact of cycle on risk-taking through 

competition, and an interaction term between Lerner index and cycle 

(CycleLernerIndex) is included in the regressions. If the coefficient of the interaction 

term is significantly negative, it implies that in the soft market, a higher competition 

level of the firm exacerbates its risk-taking behavior. The regression model of 

underwriting cycle effect is shown as follows: 

𝑅𝑖𝑠𝑘𝑖𝑡 = 𝛽0 + 𝛽1𝐿𝑒𝑟𝑛𝑒𝑟𝐼𝑛𝑑𝑒𝑥𝑖𝑡 + 𝛽2𝐵ℎ𝑒𝑟𝑓𝑖𝑛𝑑𝑎ℎ𝑙𝑖𝑡 + 𝛽3𝐺𝑒𝑜ℎ𝑒𝑟𝑓𝑖𝑛𝑑𝑎ℎ𝑙𝑖𝑡 +

𝛽4𝐹𝑖𝑟𝑚𝑠𝑖𝑧𝑒𝑖𝑡 + 𝛽5𝑅𝑒𝑖𝑛𝑠𝑢𝑟𝑎𝑛𝑐𝑒_𝑟𝑎𝑡𝑖𝑜𝑖𝑡 + 𝛽6𝑀𝑢𝑡𝑢𝑎𝑙𝑖𝑡 + 𝛽7𝐺𝑟𝑜𝑢𝑝𝑖𝑡 + 𝛽8𝐶𝑜𝑚𝑖𝑡 +

𝛽9𝐶𝑦𝑐𝑙𝑒𝑖𝑡 + 𝛽10𝐶𝑦𝑐𝑙𝑒𝐿𝑒𝑟𝑛𝑒𝑟𝐼𝑛𝑑𝑒𝑥𝑖𝑡 + 𝑢𝑖𝑡.       (6)     

 

Logistic Regression of Insolvency  

 Following Browne and Hoyt (1995) and Browne, Carson and Hoyt (1999), we 

reconsider the logistic regression of insolvency considering the market power and 

competitiveness of the individual firms. A logistic regression is examined with 

insolvency or not (rt) is considered as the decision variable. Variables used in 

equation (5) are mostly used in the regressions here with all the independent variables 

are lagged one year prior to the insolvency events. The logistic regression is shown as 

follows: 

 𝐿𝑛[𝑟𝑡 /(1 − 𝑟𝑡)] =

𝛽0 + 𝛽1𝐿𝑒𝑟𝑛𝑒𝑟𝐼𝑛𝑑𝑒𝑥𝑖𝑡−1 + 𝛽2𝐵ℎ𝑒𝑟𝑓𝑖𝑛𝑑𝑎ℎ𝑙𝑖𝑡−1 + 𝛽3𝐺𝑒𝑜ℎ𝑒𝑟𝑓𝑖𝑛𝑑𝑎ℎ𝑙𝑖𝑡−1 +

+𝛽4𝐹𝑖𝑟𝑚𝑠𝑖𝑧𝑒𝑖𝑡−1 + 𝛽5𝑅𝑒𝑖𝑛𝑠𝑢𝑟𝑎𝑛𝑐𝑒_𝑟𝑎𝑡𝑖𝑜𝑖𝑡−1 + 𝛽6𝑀𝑢𝑡𝑢𝑎𝑙𝑖𝑡−1 + 𝛽7𝐺𝑟𝑜𝑢𝑝𝑖𝑡−1 +
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𝛽8𝐶𝑜𝑚𝑖𝑡−1 + 𝑢𝑖𝑡−1.                                  (7)   

 

Summary Statistics and Empirical Results 

Summary Statistics 

Panel A of Table 1 shows the summary statistics of variables used in translog 

cost functions. The average values of the output and its price of the insurers, i.e. the 

total assets and the inverse of loss ratio
7
, are U.S $495 million and 1.8601. The 

summary statistics of four input prices, which are necessary in calculating translog 

cost function and marginal cost, are also presented. On average, the value of marginal 

cost is equal to 0.2647.   

Panel B of Table 1 shows the summary statistics of all variables used in 

regression analysis. For dependent variables, the average value of STDlossratio is 

higher than STDROI and STDROA, implying that the underwriting risk in U.S. 

property liability insurance industry is on average higher than the investment risk and 

the total risk of the firms. The average value of Lerner index is 0.8184.  

For the control variables, the average business Herfindahl index (Bherfindahl) is 

approximately 0.4916, and the average geographic Herfindahl index (Geoherfindahl) 

is 0.6083. The average value of the reinsurance ratio is 33.66%. Panel B of Table 1 

also shows that 24.37% of the analyzed insurers are mutual insurers, and 66.51% are 

group insurers. The average of percentage of commercial lines is 61.32%. Overall, the 

mean values for most of the variables are similar to those in prior studies ection (e.g., 

                                                 
7
 The other output price is the ratio of firm revenue relative to total assets. As our results of applying 

two different output price measures are very similar to each other, we choose to report the output price 

proxy which most researchers adopt in past insurance literatures (e.g. Tennyson, 1997; Cummins, 

Phillips and Tennyson, 2001). 



13 

 

Lamm-Tennant and Starks, 1993; Cole and McCullough, 2006; Ho, Lai and Lee, 

2013). Finally, the insolvency rate (Insolvency) in our sample period is 0.26%. 

Table 2 shows the correlation coefficients of all independent variables. We find 

that firm size (Firmsize) is highly correlated with some other variables, such as 

geographic Herfindahl index (Geoherfindahl, -0.5309) or group dummy (Group, 

0.4672). It implies that large insurers tend to diversify geographically and tend to be 

group insurers, which are reasonable results. We do not find other variables to be 

significantly related with each other.  

Preliminary Empirical Results 

 Table 3 shows the GMM regression results of insurers’ behaviors on 

underwriting risk measured by the standard deviation of loss ratio. Model 1 of 

examines the relation between competition variable and underwriting risk. We find 

the coefficient of Lerner Index to be significantly negative after controlling for firm 

characteristics, implying that the more competitive the firm is, the higher is its 

underwriting risk. Consistent with Harrington and Danzon (1994), our preliminary 

results suggest that when facing higher competition, insurers are likely to take higher 

risks. In model 2, we consider the underwriting cycle effect and incorporate the 

interaction terms of Cycle dummy and competition measure, Lerner Index. While the 

coefficient of Lerner Index remains significantly negative, we also find the coefficient 

of the interaction term to be significantly negative. It implies the fact that considering 

the competition level of insurers exacerbate its risk-taking behavior in the soft market 

period (1996-2001 and 2006-2011). 

It should be noted that we test for the presence of heterogeneity in our data set to 

ensure the necessity of using GMM estimators. We also use the Hansen’s J-test to 

examine the validity of the instruments of the degree of market competition. The 

results support the presence of heterogeneity, and the result that J-statistic cannot 
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reject the null hypothesis of over-identifying restrictions supports that our instruments 

are relevant and valid.   

Table 4 shows the results of logistic regression of competition measure on 

insolvency. All the independent variables used in the regressions are lagged one year 

prior to the insolvency events. We find that the coefficient of Lerner Indext-1 is 

significantly negative at 10 percent level, implying that insurers that are more 

competitive in the prior year are less likely to become insolvent in the current year. 

Our results are consistent with Browne and Hoyt (1995). By using panel regression 

models, specifically competition proxies such as Lerner index, we can assure the 

impact of firm competitiveness on the issue of financial stability.  

  

Conclusion 

Our paper examines the issue of competition and risk taking including solvency 

in the U.S. property liability insurance industry in the period of 1996 to 2011. To our 

knowledge, this is the first paper to examine the relationship between competition and 

financial stability in the insurance industry using Lerner index as the proxy of firm 

competitiveness. We believe Lerner index is a better proxy for competitiveness 

because Lerner index is a function of price and marginal costs. It can reflect whether 

an insurer would cut its prices too low relative to its marginal costs.   Thus, it is a 

more relevant measure to predict insolvency comparing to number of insurers in the 

industry.  We consider both the financial stability and risk proxies to reflect the 

solvency conditions of the firm. Our preliminary results show that insurers are likely 

to take higher underwriting risks when facing higher competition. We also find that 

more competitive insurers in the prior year are less likely to become insolvent in the 

current year. We believe our results can help regulators to foster a better competition 

environment for insurers as it is crucial for insurers to know that whether possessing 
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high competitiveness leads to lower risk-taking and are less likely to become 

insolvent.  
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Table 1  Summary Statistics of Variables 
   

          

Variable Mean Std Dev Minimum Maximum 

Panel A: Variables used in Translog Cost Functions 

Output  495493604 1478293838 1100000 11000000000 

Output Price 1.8601 1.9040 0.5630 16.0477 

Input Price     

   Labor 0.1451 0.1375 0.0000 1.0449 

   Business Service 0.3317 0.1902 0.0000 1.2268 

   Equity 0.1384 1.1359 0.0913 0.1764 

   Debt 0.0609 0.0675 0.0047 0.5312 

Marginal Cost 0.2647 0.1267 0.0053 4.6350 

 

Panel B: Variables used in Regressions 

STDlossratio 0.1148 0.1534 0.0069 1.1495 

STDROI 0.0147 0.0167 0.0013 0.1173 

STDROA 0.0347 0.0318 0.0033 0.1903 

Lerner Index 0.8184 0.0947 0.3835 0.9855 

Bherfindahl 0.4916 0.3129 0.0997 1 

Geoherfindahl 0.6083 0.3827 0.0426 1 

Firmsize 18.1283 1.9671 13.8867 23.1599 

Reinsurance_ratio 0.3366 0.2765 0 0.9541 

Mutual 0.2437 0.4293 0 1 

Group 0.6651 0.4720 0 1 

Com 0.6132 0.3722 0 1 

Insolvency 0.0026 0.0505 0 1 

N    23077 
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Table 2  Correlation Coefficients of Variables 
             

                                

Variables Lerner Index Bherfindahl   Geoherfindahl   Firmsize   Reinsurance 

_ratio 

  Mutual   Group   Com 
  

Lerner Index 1 0.0477 *** -0.1313 *** 0.1628 *** 0.0897 *** -0.0720 *** 0.0975 *** 0.2666 *** 

Berfindahl  1  0.3115 *** -0.3642 *** -0.2896 *** -0.0412 *** -0.3124 *** 0.2795 *** 

Geoherfindahl    1  -0.5309 *** -0.2529 *** 0.2247 *** -0.3803 *** -0.1390 *** 

Firmsize      1  0.0912 *** -0.1217 *** 0.4672 *** 0.0040 
 

Reinsurance_ratio        1  -0.1426 *** 0.2534 *** -0.0604 *** 

Mutual          1  -0.3086 *** -0.0056 
 

Group            1  -0.1352 *** 

Com                           1   
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Table 3 Regressions of Underwriting Risk on Competition Variables 

 Model 1      Model 2    

 Estimate      Estimate    

STDlossratio (T-value)  Sig.     (T-value)  Sig.  

Intercept 1.1788  ***  1.1748  *** 

 
(3.86)   (3.89)  

Lerner Index -2.8848  ***  -2.8467  *** 

 
(-3.47)   (-3.50)  

Bherfindahl 0.0625  ***  0.0628  *** 

 
(7.5)   (7.82)  

Geoherfindahl 0.0239  ***  0.0242  *** 

 
(4.25)   (4.39)  

Firmsize -0.0032  **  -0.0027  ** 

 
(-2.3)   (-1.99)  

Reinsurance_ratio 0.0424  ***  0.0444  *** 

 
(5.46)   (5.76)  

Mutual 0.0000    0.0011   

 
(0)   (0.29)  

Group 0.0187  ***  0.0170  *** 

 
(4.29)   (4.00)  

Com 0.0323  ***  -0.0059   

 
(5.66)   (-0.11)  

Cycle    -0.0156  

    (-0.22)  

Cycle*Lerner Index   
 

-0.0233  *** 

    
(-3.21)  

 

Adj R-Square 

 

0.0357 
  

0.04 
 

N 21294 
  

21030 
 

P-value of  0.333 
  

0.4115 
 

    Hansen's J-statistic 
     

P-value of 0.0001 
  

0.0001 
 

    Heterogeneity test           

Note: All models are fixed effect models. ***, ** and * represent statistical significance at 0.01, 0.05 

and 0.1 levels, respectively. 
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Table 4  Logistic Regressions of Insolvency on Competition Variables 

    
  Estimate   

 
Insolvency (Chi-Square) Sig. 

 
Intercept 6.4591 * 

 

 
(2.88)  

 
Lerner Indext-1 -12.3599 * 

 

 
(1.99)  

 
Bherfindahlt-1 -1.2917 ** 

 

 
(4.46)  

 
Geoherfindahl t-1 -1.6391 ** 

 

 
(6.01)  

 
Firmsize t-1 0.1623 

  

 
(2.07)  

 
Reinsurance_ratio t-1 -0.8106 

  

 
(1.82)  

 
Mutual t-1 1.0683 ** 

 

 
(5.97)  

 
Group t-1 0.2148 

  

 
(0.38)  

 
Com t-1 -0.7555 * 

 

 
(3.18) 

  

    
Log-Likelihood     -267.3 

 
N 17218 

 
Note: The values of independent variables are lagged one year prior to the insolvency events (i.e. year 

t-1 value). The dependent variable is 1 if a firm becomes insolvent and 0 if else. ***, ** and * 

represent statistical significance at 0.01, 0.05 and 0.1 levels, respectively. 
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