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ABSTRACT

The nineteen largest composites of the domestic property – casualty insurance industry were analyzed for the purpose of identifying the ones that are relatively efficient and the ones that are not. Data Envelopment Analysis (DEA) was used to establish relative efficiency. Several input variables were included. They were chosen for the purpose of covering liquidity, underwriting losses and capital adequacy. The output variables covered underwriting and investment profitability. It was found that fifteen of the composites are relatively efficient and four were relatively inefficient. Further, the inefficiencies were related to excessive claims payments. 

Data Envelopment Analysis Applications

Entities, whether governmental, private or commercial, can be thought of as having a set of inputs, some processing activities and a set of outputs. There is a sense that the entity is efficient if it obtains a great amount of output while expending few inputs. Data Envelopment Analysis (DEA) is typically used to compare the relative efficiency of each of a set of operating units. These operating units are usually called decision–making units (DMUs). The technique was pioneered by Charnes, Cooper and Rhodes  [5] and extended by Banker, Charnes and Cooper [2]. Cooper, Seiford and Tone published a text on the use of DEA [6]. 

A DEA study requires comparing competing entities based upon the levels of a set of inputs that are used for the purpose of generating a set of outputs. The data was collected from Best's Aggregates and Averages [4]. This volume contains complete financial and operational results for the firms and aggregates of the U.S. property-casualty industry. The industry is segmented into 19 composites (listing 1).  Operating results from 2005 were used. The composites were compared based upon several input and output variables. The input variables include the lagged values of bond holdings, common stock holdings, cash and policyholder surplus. Also included are the concurrent levels of incurred losses, incurred loss adjustment expenses, underwriting expenses incurred and loss payments. The output variables are underwriting profit or loss and net investment income.


The bond, common stock and policyholder surplus holdings are lagged because they are necessary limitations upon the ability to write new business during the year. That is, the insurers know that these beginning values are available for underwriting and investment activities throughout the year. The several concurrent input variables are selected because they indicate the level of success in managing the insurance enterprise. Loss payments might be limited through selective risk acceptance. Loss adjustment and underwriting expenses are limited through careful operational management.  


The outputs are obviously critical to firm performance. Underwriting profit or loss is the net result of net premiums written minus loss coverage, loss adjustment expenses and underwriting expenses. Net investment income comes about through successful investment operations in the stock and bond markets.

Data Envelopment Analysis

The formal DEA model for any sector composite i  is:

Minimize: Z = Ei            (Ia)                                            Subject to:

                          ∑all i wi = 1                                                                                                            (Ib)

      
  ∑all i  vijwi > vij    all outputs j                        (Ic)

            ∑all i  uij wi < uij Ei  all inputs j 
                                                       (Id)

all wi, Ei > 0

Here, Ei is the efficiency index of outputs relative to a set of inputs for the i = 1, …, n DMUs. For each DMU i the parameter vij is the observed level of output j and uij is the observed level of input j. This formulation is known as input oriented technical efficiency. 

Model Results

Table 1 contains the results of the DEA analysis. It required solving 19 separate linear programming problems, each one similar to the one portrayed in listing 2. It shows that there were 15 industry composites that are fully financially efficient. For each of these the efficient subset of the composites consisted of just the DMU of the given model. For example, the linear programming formulation for the Professional Surplus Lines composite DMU showed the efficiency to be 1.0. The sole DMU of the efficient subset was Professional Surplus lines. 

It is remarkable that 15 out of the 19 composites were shown to be fully financially efficient. The relatively inefficient ones were 1. Professional Nonstandard Auto, 13. Nonstandard Auto, 16. Personal Property and 19. Worker Compensation. Of these, the respective efficiency values are .8947, .7691, .6552 and .8320. DEA analysis permits identifying the subset of DMUs that form the optimal weighted average standard for the several inefficient composites. The wi weights sum to 1, as shown in constraint (Ib). The DMUs with the nonzero wi values form the optimal weighted average efficient composite against which any relatively inefficient DMU is compared. Table 2 presents the weights of the several comparative industry segments that are the basis of comparison for each of the relatively inefficient segments.

The output variables were UNDPL (underwriting profit or loss) and NII (net investment income). The surplus variable value for NII is zero for each of the inefficient composites. Therefore, these four relatively inefficient segments are not inefficient because of investment portfolio management. Investment returns are fully as large as might be expected. However, UNDPL showed large surplus values for all but the nonstandard auto composite, meaning that the relatively efficient comparative composites had aggregate underwriting gains in excess of those of the relatively inefficient composites. As an example, the workers compensation composite would have had to post an additional $1,651,746 (million) in order to be as efficient as its comparative composite.  This is further confirmation that these relatively inefficient composites are not underwriting well. Poor management of risk exposure has led to reductions in underwriting profitability in comparison to the efficient composites.

Conclusion

Data Envelopment Analysis has been used here to indentify the relatively efficient and relatively inefficient composites of the U.S. property – casualty insurance industry in 2005. Four relatively inefficient composites were identified. They all underperformed because of excessive loss payments. This reduced underwriting profit for all four of them. The underwriters involved were not able to collect premiums that matched the losses that were paid.  This failing will be of concern to the inefficient underwriters and to the insureds. If underwriting continues at a loss, insurers will soon limit and denying coverage.  The problem may be due to faulty risk assessment or to competitive pressures that inhibit adequate premium collections. Independent investors will also be interested in the operating inefficiency because they will have a preference for other insurance-related investment opportunities where assets are utilized with less slack.

The entire industry was observed to be fully efficient in managing its securities portfolios. There were no cases of inefficiency due to comparatively inefficient returns from net investment income. 

Interested readers are invited to contact the author to obtain a copy of the complete work, including the tables and references.

