Implementation of the Governmental Policies in the Public Sector: Quantitative Assessment on the Basis of the Frontier Models

1. Introduction

Improving public sector efficiency is a major concern for the Governments all over the world and is a key problem for the Governments in the countries with transition economies. To some extent the problem of improving of an education, public health, law and order protection and other systems is important in all countries. Governments constantly take action on solution of this problem: from slight updating up to radical reforming of existing legislation. Developing of sound policies and their implementation, as well as further assessment of the outcomes requires clear and precise measures of the efficiency to be achieved. However, the complexity and ambiguity of the notion of efficiency in the public sector makes its evaluation rather problematic and controversial task. The productivity measures (labour and capital productivity, total factor productivity, cost reduction, etc.) widely used for estimating efficiency are not adequate, and, hence, need to be complemented with clear measure of the overall organizational efficiency. The latter should serve as an instrumental variable reflecting the efficiency changes attained due to the governmental policies.

The paper submits the reasoning for using the frontier approach models to estimate the results of governmental policy implementation aimed on improvement of public sector operation. Particularly, the research is based on application of two methods, which have been frequently used in the last decades for comparative efficiency analysis, namely: Data Envelopment Analysis (DEA) and Stochastic Frontier Analysis (SFA). 

In the paper we argue that frontier approach is an effective tool for analyzing the efficiency of governmental policy implementation. It can be used for assessment of the policies’ impact for operation of either single organization or the whole public sector branch. Performance considerations based on estimation of the organization’s efficiency before and after implementation of the government’s policies allows us to make a clear judgment on the effectiveness of the undertaken measures. 

Further, we discuss the conditions under which the frontier approach can be applied for assessment of the policies’ impact on the public sector organizations. Particularly, we study the healthcare organizations in St.Petersburg. We conclude with the real assessment of St.Petersburg hospitals’ efficiency change.
2. Methodology used 

The majority of public sector organizations - medical, educational institutions, police stations, etc - are the extremely complicated production systems, which consume a huge set of resources (inputs) and render a plenty of diverse services (outputs). Nevertheless, their activity is frequently judged on the basis of few separate parameters. At the best, these are the parameters of productivity reflecting only some aspects such organizations activity (labour productivity, capital productivity, etc). However the activity of public sector institutions is more often evaluated only by its outcomes (crimes detection rate, number of the treated patients, number of graduates, etc.). The quality of governmental policy implementation is often measured on the basis of such indices movement.
Nevertheless, an appropriate outcomes estimation of the policy targeted on improvement of public sector institutions operation requires the complex analysis of their activity. This analysis should be based on information on all basic inputs used and all basic outputs generated by these institutions. The main goal of such analysis is to get a single efficiency estimation for each organization, suitable for comparison with the similar estimations obtained both for other organizations and for the same organization, but for the other period of time. The most simple and natural method to get such estimation is to designate the weights of all inputs and outputs representing their relative significance. In the majority of organizations these weights are defined automatically since both inputs and outputs have the certain market value reflecting their real value, and, thus, executing a role of such weight. Thus, efficiency is defined as a simple ratio of revenue and costs.

The mentioned method of weights definition is nit suitable for most public sector organizations. There are at least two main reasons of it. First of all, the significant part of such organizations is in state ownership or is strongly regulated by the government that is especially typical for countries with transitional economy. Secondly, in most countries they act in conditions of a weak or lacking competitiveness. Generally, it is caused either by the profound effect of government, or by a high heterogeneity of rendered services, or by the both reasons simultaneously. Thus, determination of the appropriate value of outputs and some inputs in this case becomes very hard. Hence the only type of efficiency available for estimation is a technical efficiency, that is, a ratio of the amount of outputs produced and inputs used. However even such a simple problem has no simple solution when each estimated organization uses many types of resources and renders a huge amount of services. In this case the only available way to estimate the efficiency is to compare several organizations on total amount of inputs used and outputs produced.

During the last three decades two methods are widely used for foregoing purposes: data envelopment analysis (DEA) and stochastic frontier analysis (SFA). Both approaches provide the possibility to construct the production or cost frontier from the empirical data. Comparing of the actual point with that from the frontier (by estimating the distance between these two points) provides an assessment of the organization's performance. Thus, DEA and SFA allow determining the comparative efficiency of organizations with similar production technology (set of inputs and outputs). Police stations, educational or medical institutions with the same specialization may be the good examples of mentioned organizations. 

DEA involves the use of linear programming methods to construct a non-parametric piece-wise surface (or frontier) over the data. Efficiency measures are then calculated relative to this surface. The piece-wise-linear convex hull approach to frontier estimation was initially proposed by Farrell in 1957, but was considered by only a few authors in the two decades following Farrell’s paper. The method received the wide attention only after the paper by Charnes, Cooper and Rhodes (1978) in which the term DEA has been used for the first time. Since then there has been a large number of papers which have extended and applied the DEA methodology.

DEA has the following advantages relative to other methods of efficiency estimation:

· a possibility to estimate efficiency of organizations with multiple input and output production technology that allows to avoid calculating a single measure of input or output;

· a possibility to determine the amount of input to be used or the size of output to be achieved for each organization to become fully efficient;

· the arbitrary selection of the frontier functional form and error distribution form is not required in DEA.

At the same time there are some problems with DEA restricting the possibility of its wide use:

· high statistical noise (e.g., measurement error, weather, strikes, etc.), extreme observations, small data update (e.g., due to inclusion in the sample of additional observations) or model specification (the set of estimated parameters) correction sensitivity of measurement results;

· the low discrimination ability of estimation results in case of a small amount of observations and/or large number of estimated parameters used (in this case the majority of estimated organizations can be considered as fully efficient).

SFA is the parametrical approach based on econometric methods of inputs and outputs correlation estimation. In the existing form parametrical stochastic production function has been proposed first in 1977 independently by two groups of authors: by Aigner, Lovell and Schmidt, and also by Meeusen and van den Broeck. Unlike other approaches of parametric frontier estimation, besides the traditional random error the additional random variable was included in estimated function. It is a positive variable reflecting a technical inefficiency of estimated firms. Its distribution was accepted as exponential or half-normal.

To main advantages of SFA relative to DEA are the following:

· it allows to reduce considerably the effect of statistical noise and extreme observations on the estimation results;

· the obtained estimation results are considerably less sensitive to small data update or estimated model specification correction.

At the same time SFA has some essential weaknesses:

· the functional form of the frontier is not initially selected, so one  should select it arbitrary using the available information on behavioral assumptions of estimated firms (such as cost minimization, profit maximization, etc.);

· the distribution form of the random variable describing a technical inefficiency of firms, is also not initially selected, that increases the subjectivity of estimation results;

· the SFA is only well-developed for single-output or single-input technologies. In case the organization uses the multiple inputs and produces the multiple outputs, either inputs or outputs have to be aggregated into a single measure. And as said above such aggregation is only possible when relative prices or weights are known. If the prices cannot be defined, the use of SFA becomes impossible.
There is also a common failing peculiar to both methods involved. It consists in a relativity of efficiency estimations. These estimations are only valid within one research and cannot be compared to the estimations based on other sample of organizations. It is not desirable to compare efficiency estimations of the same organizations group for the different time periods, especially if DEA is used. This failing is stipulated by the DEA and SFA principle of efficiency measurement mentioned above. It consists in comparison of the points corresponding to estimated firms not with some artificial frontier set from the outside (constructed on the basis of any standards or specifications), which is typical of many other methods of efficiency estimation, but with the frontier constructed on the basis of the same firms’ operation data. Thus, including additional organization into estimated sample, the correction of firms’ operation data, changing the set of inputs or outputs in model practically always result in a shift of the frontier. The obtained efficiency estimates for majority of firms may either decrease or increase depending on a direction of frontier’s shift. This factor effect should always be taken into account when estimating efficiency with SFA or DEA.

The DEA and SFA features mentioned above show, that in some cases when used separately they can give erroneous results. At the same time DEA is more universal, as it allows measuring efficiency of organizations with multi-input and multi-output production technology. Also it gives more detailed results, making possible to determine the quantity of inputs or outputs required to become fully efficient. Thus, one can assert, that application of DEA is more preferable. Nevertheless, SFA can be used to test the DEA estimates. Such test can be made in case organization produces one output (renders one kind of services) or if all outputs can be aggregated into the single measure on the basis of the certain weights. 

If there is a high correlation of the results of both methods, one can assert with sufficient degree of confidence, that these results are reliable. Otherwise, it is necessary to analyze the estimated data in order to find out organizations with extremely high output value. The presence of such organization in the sample would probably result in essential distortion of DEA results, and, therefore, it is reasonable to exclude it from the sample. Initial revealing of such organizations can be made at the stage of DEA results analysis. But more precise selection of the extreme output values can be made using the regression analysis.

The use of DEA and SFA gives the great opportunities for tracking the efficiency changes both for single and for group of organizations. Nevertheless it is important to remember that as it was already spoken above, all DEA and SFA efficiency estimations are relative and actual only within the estimated sample. Therefore simple comparison of the estimations obtained for various periods of time, cannot give any result. The analysis of efficiency change using considered methods obviously requires more complicated operations and calculations. At present two basic approaches to efficiency change measurement can be specified.

The first of them is based on the work of Malmquist (1953). It measures the efficiency change between two data points (corresponding to two different time periods) by calculating the ratio of the distances of each data point relative to some frontier (based either on the first or on the second period). Thus, calculation of Malmquist efficiency index requires additional operations which are distinct from traditional DEA or SFA (for example, calculation of a distance between the point characterizing the production of some firm in the first period and the frontier based on the second period data). It imposes additional requirements to the software used for calculation. If it does not support a possibility of Malmquist index calculation execution of such operation becomes rather problematic.

The second approach gives, probably, less precise results. However it is simpler in calculation and does not require additional possibilities from the software. It consists in joining up of the data for several periods of time in a single set. Then the data set obtained is being analyzed by DEA or SFA. The efficiency estimations are then compared with each other. Thus, the common frontier is being constructed and all observations (estimated organizations in all time periods) are being compared with it. Due to this the estimations are comparable. In addition, in case the small number of organizations is being estimated, such approach allows decreasing the effect of DEA failing mentioned above (the low discrimination ability of estimation results in case of a small amount of observations and/or large number of estimated parameters used).

The comparison of estimates given by both approaches generally shows their high correlation (more than 0.9). Thus, in most cases these approaches are interchangeable. Nevertheless, if calculation of the Malmquist index is possible it is more preferable.

3. Empirical results
We used the considered methodology to study the activity of hospitals in Saint-Petersburg for 2001-02. The data was taken from the Public financial reporting (PFR) provided by medical organizations of the city since 2002. The data in the reporting are given both for current, and for the previous period. Thus, the data 2001 was available as well. Unfortunately, at the moment we worked-out this paper the data for later periods was not available yet. The estimated sample consists of 34 hospitals of St.Petersburg, including 22 multi-field hospitals, 5 children's hospitals and 7 maternity homes.

Some words about the hospitals operation parameters we used to estimate their efficiency should be said. Unfortunately, the set of parameters included in hospital reports, is not perfect and does not reflect all aspects of their activity. And it is very difficult to get more information on the majority of the city hospitals, as in most of them such kind of data is not collected. Nevertheless the following parameters are represented in PFR and so we included them in our research. As the basic measure of output we took the total number of the treated patients. We also included the following resources into estimated model: number of beds (represents the fixed capital use), total of days spent by patients in hospital for a year (represents a general cost level of feed, medicines, etc.), total of doctors, middle and junior medical staff, non-medical staff. It is necessary to say, that the physical number of medical staff is usually much less, then the number of positions they hold. Because of the small wage rates one man in hospital usually holds more than one office. For example, on PFR data for 2002, on the average, nurses hold 2.8 positions, and doctors - 1.3. That is why we took number of occupied positions in hospital rather then number of working men as a measure of human resources usage.
The results of data processing, as a whole, show the increase in technical efficiency of St.Petersburg hospitals. Nevertheless, it is worth saying, that after the initial analysis of the data the low correlation (less than 0.7) of efficiency estimates by DEA and SFA has been revealed. The regression analysis displayed that one of multi-field hospitals has the extremely high number of the treated patients. It was excluded from the further consideration. It resulted in increase of estimates correlation up to 0.89, that is their high reliability evidence.
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 Figure. Efficiency change in hospitals of St.Petersburg for 2001-02.

Further the analysis of hospitals efficiency change for the period of 2001-02 was made. Its results are presented in the figure above. The efficiency change was measured using both DEA-based methods and the second SFA-based method. Though the results of DEA-based methods a little bi differ, there correlation is extremely high (more than 0.99), so one can say about their full identity. The mean value of efficiency growth, showed by Malmquist index approach, and the mean value obtained from the “common frontier” approach, are 1.057 and 1.059 respectively. That is the increase in efficiency is about 5.7 - 5.9 %. The mean value of efficiency growth displayed by SFA-based approach was a little bit less – something about 4 %.

The study of efficiency growth structure is also of a great importance. So, by results of DEA-based approaches, efficiency has increased at 76 % of hospitals, and at the other, on the contrary, has decreased. By results of SFA the share of such hospitals makes 70 %. The value of multi-field hospitals and maternity homes efficiency multi-field hospitals and maternity homes didn’t change depending on approach used. For multi-field hospitals this value varied from 5.5 % (SFA) up to 6.8 % (Malmquist DEA). The maternity homes efficiency for the period under review practically has not increased, and by the SFA and Malmquist DEA estimations it has even decreased for 2-3 tenth of percent. At the same time the efficiency increase value in children's hospitals considerably differs. So, by results of DEA-based approaches their efficiency has increased by 10.3 - 10.5 %, that is considerably above the average, and by results of SFA-based approach it has increased by only 3.6 %. Probably, Such spread in values can probably be conditioned by a small number of reviewed children's hospitals.

It is worth saying, that, despite of a high correlation of the DEA and SFA efficiency estimates, the correlation of the efficiency change values, obtained using the approaches based on these methods is rather low - about 0.54. Nevertheless, the analysis of separate hospital efficiency change rates has revealed that for 88 % of hospitals the spread does not exceed 9 % of average growth value. The exclusion of the rest 12 % of hospitals brought to an increase of correlation almost up to 0.92, which is an acceptable value. 

4. Conclusion
The methods of efficiency estimation reviewed in the paper have been tested on the public sector branch consisting of one of the most complex production systems - medical institutions. Despite of essential distinctions in the methodology used in these approaches, the obtained results are quite the similar. Thus, they can be considered reliable with high confidence. Nevertheless, incompleteness of the available data does not allow giving the exact interpretation of the results obtained. So, for example, there are no data on quality of services. It makes possible to assume, that the increase in technical efficiency has taken place due to the excess use of the existing hospital capacities which have led to decrease of quality. Just the same, lack of data on the treated diseases structure let one to assume, that efficiency growth is caused by increase of easy diseases share.
Thus, the use of the considered methods at its full potential requires creation of uniform data collection system on the most important from the efficiency estimation point of view parameters. Availability of such system would allow the governments and other interested parties to trace efficiency change operatively both for single public sector institutions and for their groups. In turn, it is powerful tool for quality analysis of governmental policy targeted on these organizations’ improvement. 
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