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(6)
Executive Summary



(7)
Principles of Dynamic Efficiency Analysis



2.1 Introduction



2.1.1 Motivation


Efficiency analysis is already an established field in both economic theory and prac-
 tice. It is commonly used to compare relative performance of economic units on
 different levels of aggregation — ranging from single production lines to plants to
 firms to whole industrial sectors. Hundreds or even thousands of empirical studies
 employed efficiency measurement to compile rankings of various producers, while
 theoretical papers are predominantly looking for the best computational methods
 that would yield statistically reliable results.


The need for efficiency analysis can be traced back to the idea of competition.


Competitionbelongs to the most powerful concepts of economics. It captures the
 idea of consumer choice among alternatives, some of which are subjectively valued
 more than the others. Those alternatives that are perceived as better satisfying con-
 sumer preferences will be rewarded accordingly more, and competition is the mar-
 ket mechanism which ensures selection of the most preferred choices. Efficiency
 then emerges as a measure of competitive performance against a given benchmark.


For now we ignore the question if this benchmark should be absolute or relative.


The attentive reader will quickly realize that for entrepreneurs there is another
obvious indicator of their success, namely the profitability of their enterprise. The
reader might then ask himself why economists work with efficiency instead of prof-
itability. The answer consists of at least three points: (1) Profit is a one-dimensional
business indicator, while efficiency estimators attempt to capture systematic pat-



(8)terns in production, such as the employment of factors of production. (2) Efficiency,
 albeit somewhat modified, can be evaluated even in the cases when standard profit
 accounting is not available, e.g. for certain public services such as analysis of hos-
 pital performance. (3) As we will show below, a full model of economic efficiency
 is nothing else than an estimator of the profit function. As far as this last point is
 concerned, we have to admit that the objection of the reader is valid and that the
 terminology of economists is indeed somewhat confusing.


Even a brief look at the literature reveals that empirical studies about efficiency
 analysis have long been one step ahead of economic theory. Practical researchers
 simply adopted the idea of variation in efficiency as a matter of fact and focused
 on two agendas: (1) How do we best measure efficiency, and (2) what do the re-
 sults say about the economy; the former question clearly overlapping with theory
 but rather statistical than economic. In contrast, mainstream microeconomic mod-
 els centre around the equilibrium where room for inefficiency is very limited. The
 field of industrial organisation developed a lot of models which depart from the
 simplest notion of perfect competition. However the very nature of equilibrium as
 the balanced state cannot naturally accomodate systematic and large fluctuations of
 economic performance which we observe in practice.



2.1.2 Plan of Work


This essay builds on our previous empirical work where we analysed the efficiency
 of Czech and British small and medium enterprises. We will highlight our findings
 and formulate lessons for the theory of efficiency analysis. Besides empirical results,
 our work contributes towards theoretical models of efficiency in several aspects.


Above all, the approach that we propose provides the basis to reconcile efficiency
 and profitability. In most instances of efficiency analysis economists stressed the
 technical production function, which however is not only almost unobservable to
 the researcher, but generally also irrelevant. Instead we believe that economists
 should care mainly about indicators of economic exchange values, that is monetary
 indicators with some prices always attached. We further show how the focus on
 monetary values can lead to a clearer treatment of efficiency, which is moreover
 much closer to profitability.


As a byproduct, we pave the way to the reconciliation of empirics and theoretical
models. Empirical results suggest that the theory has to pay much more attention
to the dynamics of production. The time dimension in production leads to a more
sophisticated concept of equilibrium in entrepreneurial activities, which is able to
accomodate varying conditions and existing inefficiencies as the standard outcome.



(9)The rest of the paper is organized as follows. We first describe the concept of
 efficiency and provide an extensive survey of the existing microeconomic theories
 which incorporate inefficiency. We then proceed to a general model of economic
 efficiency which is in accord with the world of inefficiency. As the final part we
 provide a summary of previous empirical results that are presented in separate parts
 of this thesis.



2.2 The Case for Inefficiency



2.2.1 Microeconomic Paradigms of Production


The production side of the economy has to solve the following task: How to employ
 available resources most efficiently to satisfy human needs? In the end it is con-
 sumer preferences which determine all human action. Nevertheless specialization
 and highly advanced production methods form a complex system of trading rela-
 tionships of its own. Goods which consumers demand are in most cases delivered
 in the last step of a long chain of trades.


As a consequence, understanding production is far from trivial. This has to be
 reflected in microeconomic analysis. We shall now introduce three paradigms along
 which current microeconomics of production is evolving.


2.2.1.1 Theory and Empirics


One possible approach to understanding production is to construct an accuratethe-
 oretical description. Industrial organization is the field of economic theory which
 builds models on interaction of companies in the markets. These models cover
 different market structures in the neoclassical range from perfect competition to
 monopoly. Shy [83, p. 61] presents this framework in a simple chart where mar-
 ket competition is classified according to the following criteria:


◦ perfect competition (price taking behaviour), oligopoly, duopoly (both facing
 residual demand) or monopoly (facing market demand),


◦ noncooperative or cooperative interaction,


◦ simultaneous, sequential or repeated interaction,


◦ the subject of business decisions is either quantity or price.


In this list we see all the main categories which represent the building blocks of
current theoretical models of production. It is apparent from this classification that



(10)only little attention is paid to the time structure or heterogeneity, the two issues that
 we will concentrate on below.


On the other hand, empirical research is largely focused on the measurement
 of relative performance of companies. We leave aside managerial sciences, which
 are rather based on ad-hoc practical solutions for decision making. A large body of
 empirical literature is devoted to productive efficiency, which is also the main topic
 of our thesis. We will treat this concept in extensive detail below. Suffice it to say
 here that the underlying idea is to compare companies according to their output-to-
 input ratio.


The fact remains that even advanced theoretical models of market structures do
 not allow for inefficiency. The reason is that they work with competitive equilibria,
 which by definition assume efficiency at least at the firm level.


2.2.1.2 Decomposition of Efficiency


Efficiency in each enterprise has two dimensions. The first one is related to phys-
 ical production and focuses on the employment of technology. This component is
 captured intechnical efficiency. It shows whether machines are operated close to
 their nominal capacity. The second one is related to company sales and focuses on
 the performance of the sales force. This component is calledallocative efficiency.


It is based on the gains from exchange and it shows whether products are sold at
 a profit. A company can only achieve allocative efficiency if it is able to match its
 production plan to the demand from customers. Both components together yield
 economic efficiency.


Even though technology per se is not the subject of economics, much research has
 been devoted to the study of technical efficiency, often to the point where allocative
 (and economic) efficiency is disregarded. Farrell [42], whose paper deserves credit
 for sparking the interest in systematic development of feasible efficiency measures,
 devoted a large part of his article to technical efficiency. About allocative efficiency
 (which he calledprice efficiency) he observed:


The price efficiency of a firm also depends on the measurement of inputs,
 but in a rather complex way, so that such problems are best discussed ad
 hoc. [. . .] Thus, price efficiency is a measure that is both unstable and
 dubious of interpretation; its virtue lies in leaving technical efficiency
 free of these faults, rather than in any intrinsic usefulness. (Farrell [42, p.


260–261])


Farrell correctly understood the complicated nature of evaluating economic effi-



(11)ciency as a whole and decided to leave the problem aside. Ever since Farrell, the
 models of efficiency were generally derived from the production function, looking
 primarily at physical inputs and outputs and taking prices simply as exogenous
 labels for technology. This approach widely persist to this day.


This contrasts with the needs of company owners, who are primarily interested
 in profitability of their enterprise. In the real world we see that technical efficiency
 can be achieved relatively easily. Modern technologies allow plant managers to
 see the output in real time (even remotely). This information can be immediately
 compared to nominal capacity and actions can be taken in the case of disruptions.


What matters much more is the purchasing and selling abilities of the firm, that is
 the exchange for monetary values. In fact we observe that technical inefficiency in
 the form of unused capacity is the effect, and not the cause, of allocative inefficiency
 in the form of not being able to sell.


2.2.1.3 Exogeneity of Prices


The relationship between the technical and allocative components of economic effi-
 cency which we just described is an integral part of a wider debate on exogeneity of
 prices. Efficiency models often assume that prices are parameters that can be treated
 as if they were independent of the evaluated system. In other words, prices can be
 separated from quantities and applied across observations. This amounts to assum-
 ing that in the competitive equilibrium the Law of One Price (LoOP) holds, i.e. that
 the same price applies to all units in one category.


However it is difficult to justify such a degree of exogeneity in empirical studies.


Firstly, as noted already by Farrell [42, p. 261], a linear isoprofit line implies perfect
 price elasticity. That is, the price of a good (either an input or an output) does not
 change whatever the amount of that good. Still, this could at least be justified on the
 grounds that the LoOP holds approximately for the quantities within the analysed
 sample.


Secondly, the LoOP could in fact be reformulated as the Law of One Good.


Namely, all units within any given category have to be perfectly interchangeable
(homogeneous), so that one price might be applied equally to all units. We already
see the snag: The few categories that are commonly used in empirical studies are
surely too wide for the Law of One Good to apply to them. To the contrary, it seems
reasonable to assume that given the heterogeneity of goods even within one cate-
gory, each price will be quite unique to the single observation.



(12)2.2.1.4 Summary: Renaissance of Economic Intuition


The presented paradigms illustrate that the advances in microeconomic theory of
 production entail many detailed structures that are only rarely applicable in empir-
 ical studies. This concerns not only the models of competitive interaction among
 firms, but especially the separation of prices and quantities and the focus on pro-
 duction technologies.


On the other hand, common theoretical models do not incorporate other ob-
 served features of production. Here we have in mind above all the large variations
 in efficiency, as well as the heterogeneity of goods and the consequent uniqueness
 of prices which do not hold universally. In the latter case it is not so much the viola-
 tion of the LoOP which applies toidenticalgoods but rather the fact that the goods
 (especially within the narrowly defined observed categories) are not identical in the
 first place, meaning that the LoOP cannot holdex ante.


These shortcomings tricled down to empirical comparative studies and aggre-
 gation, which were often based on trial and error. As was noted by Blaug [14, p.


171]:


Much of this empirical work [on aggregate production functions] was
 little more than “measurement without theory”.


We would add that the same holds for many studies on efficiency.


In the next section we turn to theoretical models which take inefficiency into
 account.



2.2.2 Theories of Inefficiency


2.2.2.1 A Neoclassical Firm


Before we present some of the main theoretical conributions that allow for ineffi-
 ciency, we have to briefly introduce the simplest neoclassical model of production,
 such as the one in chapter 5 of Mas-Colellet al.[67].


Its logic is based on the approximation of the long-run equilibrium where firms
know their technology represented by a production function. By assumption of
profit maximizing or cost minimizing behaviour, firms attain both technical and
allocative efficiency. Hence, allocation at the firm level is efficient. If all firms face
the same technology and the same prices, as is the case in the long-run, they will
all lie on the same aggregate production frontier. This means that both types of
inefficiency (technical and allocative) occurring either within firms or across firms
are assumed away.



(13)This framework is useful to illustrate the basic principles of market interaction.


Its inapplicability to observed data stems not so much from the ignorance of short-
 term variability which is explicitely excluded at the outset by assumption, but more
 from the idea of a single terminal long-term equilibrium. Production possibilities
 are clearly changing in time, so that we encounter firms at various stages of their
 development. This effect is important because both our daily experience and the
 available empirical evidence show that there are big differences in production abili-
 ties among firms.


2.2.2.2 Introducing Frictions in the Neoclassical Paradigm


Varying economic performance implies that a realistic economic theory has to model
 efficiency differentials. As shown in section2.2.1.1, one possible approach is to at-
 tribute them to market interactions of firms and to focus on detailed market struc-
 ture. In this setup higher profits are associated with more monopolistic structure.


Such analysis is certainly valid, but it cannot account for differences among similar
 firms, that is firms which operate in the same market with comparable products. In
 other words, the theory needs to depart from the symmetry assumption.


In 1937, Ronald Coase [22] posed himself the following question, immediately
 suggesting an answer:


Our task is to attempt to discover why a firm emerges at all in a spe-
 cialized exchange economy. [. . .] The main reason why it is profitable to
 establish a firm would seem to be that there is a cost of using the price
 mechanism. (Coase [22, 390])


In retrospect this observation may appear almost trivial, yet this contribution finally
 made economists accept what they had seemed to ignore: Whatever smoothness
 might be assumed in theory, it does not hold in practice. Coase prepared the ground
 for inefficiency to become widely accepted among economists.


Following this idea of frictions or transaction costs, more realistic models of firms
 have been developed. One stream incorporated a more dynamic view of firm’s cap-
 ital, which explicitly takes into account different ‘vintages of capital’. This term,
 used e.g. by Johansen [52], was later generalized to technology, but the original
 literal description ofvintagesis quite instructive about the nature of firms in reality.


The model assumes decreasing efficiency of capital in time (depreciation) and con-
 tinuous investment of firms in new vintages of capital enabled by technical progress.


Such a high-level model could be empirically implemented on the macroeconomic
level, see e.g. Wickens [92] who estimated the aggregate U.S. production function.



(14)Another field that was derived from the work of Coase is the theory of transac-
 tion costs and institutional economics, as described in Moschandreas [71, chapter
 3]. The main idea covers the conflict between the profit seeking of the owner and
 the rent seeking of the managers, where managers and employees in general might
 choose less than efficient decisions as long as it enhances their well-being (e.g. ex-
 cessive travel expenses). This approach was further developed into the theory of
 incomplete contracts, imperfect monitoring and the principal-agent problem. All of
 these concepts are now well developed and understood in order to provide solid
 theoretical backing for empirical inefficiency measurement.


2.2.2.3 X-Efficiency


A completely different paradigm was offered by Harvey Leibenstein [61] in 1966
 who argued that a significant proportion of empirically documented inefficiencies
 stem from sources other than technical and allocative inefficiency. He introduced a
 new term:X-efficiency, and developed a theory based on this definition.


Frantz [43] points out that the difference between X-efficiency and the neoclas-
 sical paradigm lies in the main assumption: While the latter assumes maximising
 behaviour in all circumstances, the former allows for situations where individuals
 are consciously not optimising. In Leibenstein’s [61, p. 407] own words:


The simple fact is that neither individuals nor firms work as hard, nor do
 they search for information as effectively, as they could.


Leibenstein’s article was followed by an intensive discussion. Stigler [88], De
 Alessi [35] and others defended the neoclassical paradigm, arguing that it devel-
 oped enough tools to handle inefficiencies (see section 2.2.2.2). Yet as noted by
 Frantz [43], X-efficiency lies outside the neoclassical paradigm, and hence cannot
 be refuted by neoclassical arguments.


The theory of X-efficiency amounts merely toinefficiency by assumptionwhich
 does not offer much room for explanation. Nevertheless by calling the emperor
 naked, it marks an important step in debunking the concept offull efficiency by
 assumption.


2.2.2.4 Austrian Theory of Production


If we put aside managerial sciences, then the Austrian school provides perhaps the
 most detailed analysis of entrepreneurial activities. The school concentrates on dy-
 namics of the economy and regards entrepreneurs as those who pursue arbitrage.


This approach implies two important lines of thought regarding inefficiency:



(15)1. The plan of production is not explicitly known in advance but is uncertain and
 has to be discovered. Some entrepreneurs are better at this process than others.


2. The optimal production plan is changing in time. The continuous dynamic
 adjustment is driven by entrepreneurs who exploit profitable opportunities as
 they emerge.


The adjustment process together with uncertainty about the future imply certain
 natural volatility of economic performance.


In comparison to this paradigm, the neoclassical stereotype suffers from the
 static equilibrium-always view. Sautet [81, p. 10] calls this themarket theory prob-
 lem, which is:


theinconsistencyinvolved in trying to answer questions that would not
 exist in an equilibrium-always world. (emphasis original)


Inefficiency can be regarded as one example of the market theory problem because
 inefficiency is simply not admissible in equilibrium. With regard to efficiency, Sautet
 writes (p. 49ibid):


Understanding competition as a process helps explain empirical phe-
 nomena that cannot be explained by standard neoclassical theory, such
 as the persistent dispersion of returns that is wider among firms of the
 same industry than across industries (Rumelt 1984, 1987) and the dif-
 ferent rates of growth among firms of the same industry (Penrose 1995
 [1959]).


Thus it can be concluded that the Austrian school incorporates realistic assumptions
 about the production process, which then give rise to differences in performance.


Inefficiency is understood as an inherent component of entrepreneurship without
 negative connotation per se, just as the runner-ups in sports championships are not
 necessarily bad sportsmen.


2.2.2.5 Summary: Acknowledging Inefficiency


Above we list several models that feature inefficiency as an essential part of eco-
nomic reality. The neoclassical textbook model is known to all economists as the
basis for microeconomic analysis of production. Nonetheless, it has to be properly
understood as a starting point from which the analysis departs in order to develop
more realistic models, rather than the gauge agains which all empirical situations
are measured.



(16)The focus on equilibrium led economists believe in the efficiency mantra. But
 the presented theories imply thatinefficiency has to be systematically analysedas
 an essential component of the dynamic adjustment process.



2.2.3 Heterogeneity and Inefficiency


It is our impression that one phenomenon is severely underrated when evaluat-
 ing efficiency, namely the immense heterogeneity of all economic activities. Even
 though we as consumers carefully consider several distinctive options when making
 a purchase, we as economists tend to treat highly differentiated goods as homoge-
 neous groups. To put it simply, we compare things that are not really comparable,
 and not surprisingly this creates high variance in results. The inefficiency is then
 nothing more thanrevealed differencewithin categories that we compare.


2.2.3.1 Heterogeneity of Products


If products are heterogeneous, one of the main assumptions of perfect competition
 is violated, which implies a different form of market interaction. This is why the
 typical approach to product heterogeneity in modern economics follows the work
 of Joan Robinson1and Edward Chamberlin2and their models of imperfect (monop-
 olistic) competition. These authors proposed that even if there were many firms in
 the market, it would still not be uncommon that each of them faced a downward
 sloping demand curve. Firms would therefore perceive a price-quantity relation-
 ship which they could use to adjust their sales.


As explained by Brakman and Heidra [15, introduction], imperfect competition
 was precisely formulated in the Dixit-Stiglitz model in 1977. The model introduces
 a composite differentiated good that hasNvarieties which are imperfect substitutes
 for each other (ibid, equation 1.2). By assumption the model is completely symmet-
 ric, so that the price of all varieties is the same in the equilibrium. This means that
 the focus of the Dixit-Stiglitz model is again on the balance instead of the variance
 in products.


A detailed model that accounts for product heterogeneity is the much over-
 looked contribution developed by Lancaster [59], [60].


Lancaster’s Model of Product Characteristics3


1The Economics of Imperfect Competition


2The Theory of Monopolistic Competition


3This section follows our previous working paper written jointly with Pavel Ryska [79].



(17)In standard consumer theory preferences are defined on the space of goods, i.e. con-
 sumer utility function takes a vector of goods as its argument. In contrast, Lancaster
 postulates that consumers in fact choose between goods according to their character-
 istics, i.e. consumer utility function takes a vector of characteristics as its argument.


The link between goods and characteristics is established by means of two axiomatic
 principles stemming from everyday experience:


1. A single good may possess several different valuable characteristics.


2. A number of different goods may have some of their characteristics exactly the
 same.


In formal terms Lancaster [60] defines the transformation from the goods space
 (G-space) to characteristics space (C-space):


zzz = Bxxx, (2.1)
 B ∈ M(r×n),


wherezi =



∑
n
 j=1

bijxj,


wherebij is the quantity of the i-th characteristic possessed by a unit amount of the
 j-th good,ziis the quantity of thei-th characteristic,xjis the quantity ofj-th good,r
 is the number of characteristics andnis the number of goods.Bis the consumption
 technology matrix with elementsbijand it describes all goods on the market in terms
 of their characteristics. Note that equation (2.1) is based on two further assumptions:


1. Linearity. zp =bpjxj.


2. Additivity. zq =bqjxj+bqkxk.


The consumer optimisation problem then takes the form:


maxxxx u(zzz) (2.2)


s.t.zzz = Bxxx
 xxx ≥ 000
 ppp0xxx ≤ Q


where the last line is the budget constraint. The choice variable is still the vector of
 goodsxxx but it enters the objective function only through the consumption technol-
 ogy transformation. The vector of characteristicszzzis what matters to the consumer.


We need to highlight the separation mechanism betweenBand u(•). The con-
sumption technology matrixB is assumed to be objectively observable at least in



(18)theory.4 B represents information that all consumers can agree on: area of a flat,
 engine power of a car, or weight of a laptop. Subjective perceptions about goods,
 that is how individual characteristics are relatively valuable to a given consumer,
 are still contained in the utility functionu(•).


Implications and Applications of Lancaster’s Characteristics Model


Since in a general caser = ncannot be guaranteed, properties of a solution to (2.2)
 are not straightforward. In particular, it appears reasonable to assume that the num-
 ber of goods will be higher than the number of considered characteristics (r < n),
 since producers will try to develop goods combining various characteristics to sat-
 isfy as many consumers as possible.


In this case Lancaster [60] shows that consumer with utility function u(•) will
 not consume all n goods but at most r goods and often even less than r goods.


In other words, some of the goods will not be purchased at all by this consumer.


They will be those goods which do not have an attractive combination of price-
 discounted characteristics so as to satisfy the given preferences. Lancaster explains
 that corner solutions to the optimisation problem become general (occurring much
 more often), as compared to textbook consumer theory. Another important property
 of the characteristics framework is that small changes in prices of goods that are not
 consumed do not affect equilibrium choice ofxxx*.


Lancaster’s model illustrates that the implications of properly defined product
 differentiation are very different from the Dixit-Stiglitz symmetry. It also suggests
 that the study of heterogeneity deserves more attention. In this respect it is useful to
 mention that when it comes to recognizing the importance of product heterogeneity,
 empirical economics seems to be one step ahead of theory. The characteristics model
 has been applied in frequently cited empirical studies on demand systems for differ-
 entiated products. Perhaps the most influential is the paper by Berry, Levinsohn &


Pakes (BLP [11]) who estimated demand parameters in the U.S. automobile market.


In order to make the concept of characteristics operational and econometrically
 sound, BLP worked with observed and unobserved characteristics of cars and es-
 timated the respective demand slopes for the observed (or better: measured) ones.


BLP enhanced their model by second choice data (BLP [12]). Other papers include
 Bresnahan, Stern & Trajtenberg (BST [16]), who estimate the demand system for
 personal computers. These studies demonstrate that heterogeneity of products is a
 relevant and recognized fact in empirical economics, but much less so in theoretical


4This is equivalent to producer theory where production technology is assumed to be hypotheti-
cally observable by all producers.
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2.2.3.2 Heterogeneity of Labour


Having seen the importance of product differentiation for models of consumer de-
 mand, we turn to heterogeneity of inputs into production. It is our claim that input
 heterogeneity has crucial impact on productive efficiency.


Economics of production traditionally works with two main aggregate inputs:


labour and capital. It is not difficult to realize that such aggregation is not appropri-
 ate for microeconomic analysis. Several empirical studies recently pointed out that
 incorrect aggregation may lead to severe biases of results even on macroeconomic
 level. Alonso-Borrego [4] divided workers in his Spanish data into two subgroups


— production (blue collar) and nonproduction (white collar) workers; and showed
 that adjustment costs of hiring and firing each type of worker are highly significant,
 being lower for the presumably less skilled production type.


Bressonet al.[17] present an even more important finding. Even when the esti-
 mate of an aggregate model of labour demand appears satisfactory, the aggregation
 can hide misspecification problems which become apparent only if the underlying
 disaggregated model is estimated. Their conclusion is straightforward:


It seems that one should forsake the hope of working on total employ-
 ment with aggregate variables even at the firm level. On the contrary,
 one should estimate Euler equations for different skill levels and spec-
 ify general functional formsfor adjustment costs andproduction func-
 tions. (Bressonet al.[17, p. 166], emphasis added.)


We see that the importance of differentiation of labourers by their skill is an ac-
 knowledged fact in empirical economics.


Market for Labour Characteristics


In our previous work with Pavel Ryska [79] we argued that Lancaster’s characteris-
tics model introduced in the previous section2.2.3.1can be successfully applied to
the labour market. In our opinion, the characteristics model easily accommodates
the main features of labour markets which can be observed in practice: Above all
the advanced level of workers’ specialization and the elaborate screening during
job matching process for the majority of vacancies. We showed that the demand for
characteristics can explain observed unemployment as awage-characteristic mis-
match of the unemployed worker, meaning that:
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 prices of labour characteristics: If a low-effort or low-skilled worker is
 unemployed, either he must lower his wage significantly (this shifts the
 vertex of theG-tetrahedron away from the origin), or he must change the
 characteristic offered to high effort or high skill as expressed by coeffi-
 cients of matrix B. [. . .] Another option for the worker is to look for an
 employer with a different utility function. (Ryska and Pr ˚uša [79, p. 15])
 Below we derive the impact of worker heterogeneity on firm efficiency.


Assume that xj’s represent nlabourercharacteristic-types who offer their work
 on the market, and each of the workers hasrcharacteristics zi. Again it seems nat-
 ural to assume thatr <n, since firms generally look for a limited bundle of knowl-
 edge and skills. Thus employers solve the optimisation problem in (2.2).


The two important properties of any solution to (2.2) described in the previous
 section apply. Given workers’ characteristics captured in B, firms will not con-
 sider all candidates for their vacancies but rather search for those with the most
 favourable combination of desired characteristics discounted by their prices.


We illustrate this in Figure 2.1 with n = 3 and r = 2, where the budget con-
 straint in the labourerG-space is transformed byB∈ M(2×3)to the characteristics
 C-space. On the left hand side (LHS), the tetrahedron represents combinations (con-
 sumption bundles) of three characteristic-types of labourers(x1,x2,x3)0 which the
 firm can afford given budget Q. Since the firm is interested in characteristics, it
 projects the tetrahedron intoC-space. In terms of geometry, the four vertices on the
 LHS correspond to the four vertices on the RHS in Figure 2.1. The tetrahedron is
 convex, hence the four vertices determine the envelope of the convex quadrilateral
 on the RHS, which is the budget constraint inC-space.


Implications of Worker Heterogeneity for Productive Efficiency


Figure 2.1 depicts the optimum of an employer with the utility function u(zzz) con-
 ditional on budget constraintQ. The optimal choice lies on one of the edges of the
 quadrilateral, so that a combination of two out of the three characteristic-types of
 candidates will be chosen for the job. Going back toG-space, the optimum will lie
 on one of the edges, say betweenx1and x2, while labourers of characteristic-type 3
 will not be considered (x3∗ =0). 5


5This is the crucial implication for unemployment: As is apparent from theC-quadrilateral, the
characteristic-type corresponding to the leftmost nonzero vertex is not competitive and will not be
demanded because his price-discounted combination of characteristics is too expensive.



(21)Figure 2.1: An illustrative transformation of budget constraint from G-space to C-
 space
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Consider what happens if the firm is small and wants to hire one employee only.


Ideally, the firm would like to find a worker who combines both characteristics, with
 the optimal choice being e.g. 34 of worker type 1 and 14 of worker type 2. In reality
 workers are not perfectly divisible, if only for the reason that they prefer to find one
 full-time job instead of several part-time jobs.6 The firm is then likely to hire one
 worker of type 1, foregoing the characteristics associated with type 2. Therefore we
 see thatthe efficiency of a firm will be influenced by its ability to match the need
 for certain characteristics with the supply of workers, a matching process that will
 be distorted by discrete choice among imperfectly divisible workers.


Another complication for firms arises from the frequency of corner solutions. If
 corner solutions occur more often in the characteristics framework, as is suggested
 by Lancaster, firms will more often face decisions that do not result from smooth op-
 timisation but rather from second-best solutions on the edge between alternatives.


Two firms with different slopes of utility isoquants may still choose to hire the same
 type of worker. As seen from the perspective of labour supply, two workers of the
 same type might be doing different jobs to which they are imperfectly suitable, and
 moreover with a different degree of misfit. Again,the occurrence of choices on the
 vertices of budget constraints will considerably impact productive efficiency.


We believe that the reader will deem our arguments compelling for the following
 conclusion: It appears hardly acceptable to measure labourers simply as unit inputs
 in the production function (e.g full time employee equivalents), disregarding their
 skill and other differences.


6Transaction costs of the firm of employing more part-time workers might also be prohibitive.
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With capital we arrive at the most complicated productive input. Unlike land or
 labour, capital does not have an intuitive general representation. The word capital
 does not even represent one concept in economics. The two most frequent uses
 are (1) capital as the produced means of production, and (2) capital as the money
 that finances production. And yet capital isthe everyday wordof economists and
 businessmen alike.


Even though there are many economic theories of capital, they all accept its het-
 erogeneity. Lachmann [58, p. 2] writes:


All capital resources are heterogeneous. The heterogeneity which mat-
 ters is here, of course, not physical heterogeneity, but heterogeneity in
 use.


Where all capital theories diverge is how this heterogeneity should be treated in
 economic models.


The common macroeconomic ‘solution’ is to aggregate all capital into one sum
 K. This approach does not only circumvent the underlying structure of capital, but
 it also ignores any frictions that arise in dynamic models from investments and di-
 vestments in different sectors of the economy. The importance of capital adjustment
 costs was shown in many empirical studies. Recent results such as those by Cooper
 and Haltiwanger [26] indicate that adjustment costs have distinctly different forms
 (e.g. aspects of convexity, non-convexity, irreversibility and disruption of produc-
 tion), thus adding a further dimension to the heterogeneity and complexity of capi-
 tal.


From the point of microeconomic efficiency analysis, the lack of a physical unit of
 capital distorts the concept of the technical production function. Efficiency studies
 found two obvious ways around this issue:


1. Plugging the value of capital into the technical production function.


2. Working on a sufficiently detailed micro-level where specific physical units of
 capital can be identified.


By now the reader will certainly have foreseen our objections against both of
 these approaches. The first proposal entails a plain and severe misspecification.


For once we decide to attempt a strict distinction between technical and allocative
efficiency, it can hardly be justified that the technical production function should
take the value of capital as its argument. Still more often that not this is the tacitly
acknowledged partial way out.
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 for a proper understanding of production on the micro level. Unfortunately this
 strand of research usually commits the mistake of overconfidence as it neglects the
 true extent of specialization in the economy. Experience tells us that higher-order
 capital equipment above a certain threshold is nowadays largely custom-made for
 the given firm and then fine-tuned during installation at the plant in order to be
 fully adjusted to the unique product. Even capital units at different plants of a single
 company might be hardly comparable.


To illustrate this point, consider the plant data that we collected in our previous
 study (Pr ˚uša, Klimešová, Janda [77]) on six Czech photovoltaic power plants. Ta-
 ble2.1shows the production of the plants as compared to their nominal production
 capacity, and also the resulting capacity usage ratio. All of the plants are of the same
 type installed in similar conditions, nevertheless we observe a dramatic variance in
 their productivity: The ratio of the best to the worst plant equals 3.2.


Table 2.1: Production of sample PV plants in 2010.


Capacity Production Capacity usage


MWe MWh net hours %


REN POWER II 7.3 5,130 706 8.06%


Solar Stribro 13.6 13,056 959 10.95%


BS Park I 8.1 2,637 325 3.71%


FVE Czech 6.1 6,372 1,047 11.95%


Papeno 8.4 5,222 618 7.06%


CEZ OZ 21.3 15,911 747 8.53%


All plants 64.8 48,328 734 8.38%


Note: Hours computed as MWh/MWe.
 Source: Pr ˚uša, Klimešová, Janda [77, table 2].


Capital is a complicated input in terms of its structure, but that only makes it
 impossible to ignore its main property — heterogeneity. Two consequences follow
 for efficiency measurement: (1) In most cases capital units that could be meaning-
 fully compared within a (technical) production function framework cannot be well
 defined. (2) The choice of specific capital equipment will directly impact productive
 efficiency of a firm.


2.2.3.4 Heterogeneity of Entrepreneurs


Once we recognize the heterogeneity of inputs and outputs, it appears legitimate
to investigate also the heterogeneity of entrepreneurs. We already mentioned the
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 trepreneur can be defined as someone who turns the production functionformula
 into a realproduction process, and not surprisingly some people will achieve better
 results than others.


The variance of entrepreneurial quality was already incorporated in Austrian
 macroeconomic models. Evans and Baxendale [40] propose that during an economic
 boom, monetary expansion attracts less able entrepreneurs through availability of
 cheap credits to projects of low quality. This in turn results in the expansive cycle
 that ends up with a bust. Engelhardt [39] demonstrated this mechanism of adverse
 entrepreneurial selection with U.S. housing market data from the past 25 years.


It is only logic to look at entrepreneurial quality as another source of efficiency
 fluctuations. If inputs and outputs were homogeneous, there would not be much
 room for the entrepreneur to deviate from the best practice. However, consider-
 ing the differences across all input-output dimensions that we demonstrated in the
 previous sections,the effects of heterogeneity in every dimension are multiplica-
 tively compounded.


2.2.3.5 Summary: The Missing Common Denominator of Measurement


The purpose of this section was to recall the extent of heterogeneity in the real econ-
 omy. Although heterogeneity is generally acknowledged by economists, for conve-
 nience it is often tacitly ignored in economic models. Despite the fact that hetero-
 geneity can turn the results of the model upside down.


The very essence of efficiency is by definition connected with heterogeneity.


Not only do differences in inputs and outputs impact efficiency and lead to differen-
 tials in relative performance, but they also complicate its measurement and analysis.


Thus we can draw two main conclusions from the above:


1. In most cases heterogeneity makes the comparison of physical units with each
 other almost impossible, because no common denominator of measurement
 can be well defined. Within a technical production function framework this
 holds for products and labour, let alone for capital.


2. Heterogeneity entailed in all dimensions of the production process is among
the main drivers of inefficiency fluctuations. Efficiency analysis is a field that
has to pay special attention to heterogeneity.
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2.2.4 Efficiency Analysis and Time: Beyond Equilibrium


2.2.4.1 The Concept of Equilibrium


One of the core questions in the history of economics has been distribution theory.


The elegant, both a simple and a powerful solution was finally delivered by Jevons
 and was later dubbed the marginal revolution. This theory explained how the last


— ormarginal — units (marginal utility, marginal product or marginal costs) de-
 termine the conditions of exchange on the market. In addition, the marginal theory
 provides a logical underpinning for market equilibria which necessary have to arise
 from marginality conditions.


For the purpose of efficiency analysis however it appears necessary to reconsider
 two distinct features of the neoclassical equilibrium.


The Static Equilibrium


It was perhaps the endless accusations of market-caused injustice which led eco-
 nomists to stress equilibria as a natural outcome of the markets, as if equilibrium
 was related to justice in any sense. The equilibrium quickly became the first line
 of defense against any critique of the prevailing market order. Unfortunately this
 supported the erroneous idea which equates equilibrium and reality. Hence when-
 ever economists encounter a new situation, they tend to adjust the set of equilibrium
 conditions, so that the result corresponds to the observed outcome.


Much too often the mechanics of adjustment are completely ignored. Most eco-
 nomic models nowadays use sophisticated mathematics with indefinite variables
 (such as the letter pfor price) instead of definite quantities (price =100). Paradox-
 ically researchers seem to forget that thevariables do indeed vary, and that what
 we observe is not a static equilibrium situation, but rather a continually changing
 environment.


In fact, any equilibrium in efficiency analysis is relevant only to the extent that
 we understand the dynamic process of adjustment and of reaching the equilibrium.


Inefficiency measures the deviation from the possibility frontier, i.e. from the hy-
pothetical equilibrium. This equilibrium serves as a benchmark which economic
agents strive to approach, and precisely the competition for leadership is of cru-
cial interest for economists. Moreover, the frontier itself is not static but constantly
changing, so that economists have to analyse the responses of the agents to such
productivity shocks.
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An even more severe abuse of the scientific method occurs when economists adopt
 the approach of the normative equilibrium. This is the equilibrium logic turned
 upside down: We first define the desired equilibrium which is viewed as ‘correct’


and ‘right’. We then attempt to describe possible ways to reach this outcome.


Even though most economists would at least in theory agree that positive and
 normative analysis should be strictly separated, the omnipresence of normative ten-
 dencies in economics is so powerful that researchers submit to them almost uncon-
 sciously.Policy recommendationsbecame a required feature in most economic pa-
 pers. If however they were calledpolitical actions, since this is what they really are,
 it would be immediately obvious that their domain is not purely scientific but with
 a political context.


It is not the purpose of this text to engage in a complex critique of the normative
 approach in economics. We shall merely stick to the distinction between positive
 and normative analysis.


The Guiding Principles for Equilibrium Analysis


From the above we would like to derive two principles which guide our approach
 to efficiency analysis:


1. Equilibrium is regarded as a tool of descriptive analysis, rather than a norma-
 tive target to be reached.


2. The process of adjustment towards the equilibrium is regarded as much more
 important than the equilibrium itself. This is because production takes place
 in time, equilibrium conditions are constantly changing and so must be the
 hypothetical steady state.


2.2.4.2 Production and Time


All production takes place in time.As Rothbard [78, p. 13] remarked,
 there must always be more than one scarce factor of production.


Otherwise the product would miraculously transfer itself from one stage (e.g. the
yoghurt in the shop or the yoghurt in the fridge) to the final consumption stage
(yoghurt being eaten at a table during breakfast). By this simple contradiction argu-
ment it is clear that any production will require at least (1) the good itself from the
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 production.


Time is the crucial dimension of all human activities. With respect to production,
 time implies that entrepreneurs will face changing conditions in the market and will
 have to adjust their original production plans according to shifts in preferences and
 technology and according to competitive pressure. Shifts in preferencesaffect the
 demand for firm’s products as well as the supply of factors of production. Techno-
 logical progressmay render the production process of the firm or even its product
 as such obsolete.


The most visible of these dynamic influences on the firm is certainly thecompet-
 itive pressureof other firms. As soon as a product or a service is successful, others
 will attempt to emulate this success by a similar and usually improved product of-
 fering of their own. This will put downward pressure on the firm’s demand, prices
 and ultimately on profitability. Competition is directly embodied in the function-
 ing of the free market economy. While the two former aspects of dynamic change
 (shifts in preferences and technology) are exogenous shocks that cannot be exactly
 predicted by the entrepreneur, actions of competitors must be anticipated in ad-
 vance and must be reflected in the business plan whenever possible.


We can immediately draw two lessons from the above. Firstly, the entrepreneur
 has to constantly look for signals of change in order to be able to adjust his produc-
 tion as quickly as possible. The reader surely knows from his experience that with
 the flood of information available in our age, the true entrepreneurial skill with
 respect to information has changed—it lies more in filtering relevant information
 rather than purely looking for it. And yet, ever since Hayek’s masterpieceThe Use
 of Knowledge in Society[48] we know that from the many sources of information
 one is the superiour one: namelyprices, which have the unique property of con-
 veying a huge amount of underlying knowledge in an extremely condensed datum.


Prices, when not manipulated, serve as the major compass for the entrepreneur.


Secondly, introducing the factor of time in production automatically implies
variations in efficiency. If a firm simply repeats its production process day by day,
it will sooner or later realize that the efficient frontier has been shifting away. Some
firms will be chasing the efficient frontier, while others will be those driving the ex-
pansion of production possibilities, while still others will be jumping in and out at
random places within (or outside) the frontier. This is in a stark contrast to the static
view of efficiency, where the efficiency frontier simply exists as a definite goal.
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From the static point of view, being efficient means to reach the most productive
 point on the frontier which is available at a given point in time. It corresponds to
 the best exploitation of available means to achieve known ends.


Yet as we have seen the possibility frontier shifts over time. Therefore dynamic
 efficiency has to embody adjustment to continuous change in economic conditions
 as described in the previous section. Often this adjustment is regarded as a passive
 reaction to exogenous shocks. The ability to adequately respond to unexpected sit-
 uations certainly belongs to important components of efficiency. But the prevalence
 of passive adjustment would still not be enough to establish a dynamically efficient
 system.


The primary purpose of all entrepreneurial activities is the creative discovery
 of profit opportunities. This implies that factor combinations and production plans
 are set up which previously did not occur to other market participants but which are
 desired by consumers. It is theactiveadjustment which lies at the heart of dynamic
 efficiency and is superior to the static concept:


[We] can affirm that the dynamic aspect of efficiency is the most impor-
 tant. Even though an economic system may not have achieved a point
 on the production possibility frontier, all of its agents may profit if en-
 trepreneurial creativity constantly shifts the curve outward and hence
 improves everyone’s possibilities with a continuous, creative flow of new
 ends and means which, prior to their entrepreneurial discovery, had yet
 even to be envisioned. (Huerta de Soto [50, p. 11])


Huerta de Soto explains that previous approaches to dynamic efficiency included
 some partial factors but never the whole dynamic creative process. Schumpeter,
 for example, concentrated only on thecreative destruction, while North focused on
 adaptive efficiency(implicitly passive). Both ignored the actively creative compo-
 nent that Huerta de Soto regards as the fundamental and overarching principle.


We would like to highlight that entrepreneurial creative discovery is not neces-
sarily conditioned by advances in technology. Quite to the contrary, a strong case
could be made for the claim that most of the shifts of the possibility frontier are due
to new combinations of existingfactors. Opening a new café or launching a new
fashion brand certainly does not require any new technologies. In fact, in many
cases the expansion of possibilities may include the luxury of returning from new
technologies back to the old ones, as is especially visible in the field of luxurious
food items (think hand made pralinés).
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 capital heterogeneity in particular. Once we take into account the fact that capital
 items are functionally different and can be combined in various distinct structures,
 it directly follows thatalternative capital structures imply alternative production
 possibilities. Not only can capital restructuring alter the production frontier, e.g.


when we find new use for old machines. If moreover we add to the total stock of
 capital, we can extend the specialization of some capital items and thus discover
 new production possibilities. According to Lachmann this change in the composi-
 tion of capital is the typical source of economic growth because it allows us to escape
 diminishing returns:


As capital accumulates there takes place a ‘division of capital’, a special-
 ization of individual capital items, which enables us to resist the law of
 diminishing returns. As capital becomes more plentiful its accumulation
 does not take the form of multiplication of existing items, but that of a
 change in the composition of capital combinations. (Lachmann [58, p.


79])


This gives us a fresh picture of continuous change in the economy: When en-
 trepreneurs chase new profitable opportunities, they regroup heterogeneous capital
 and form new combinations, either by using existing resources or by employing
 newly accumulated capital. This shifts the efficient frontier and it consequently im-
 pacts the efficiency of all companies. The competitors have to react as quickly as
 possible and move towards the frontier, not just following it (as in the static per-
 spective), but trying to become the drivers of the frontier themselves. To assume
 economic growth is simply to assume that the whole process repeats indefinitely.


2.2.4.4 Summary: Economy as a Living System


If we introduce time into the dynamic analysis in its narrow sense, it can simply
 mean either an infinite repetition of the same process, or convergence to the final
 steady state. Taking the latter concept, efficiency is then viewed as approaching
 the fixed or given frontier. Inefficiency is amild fluctuation. When Aigner, Lovell
 and Schmidt [3] defined the stochastic production function, they attempted to dis-
 tinguish the two-directional statistical noise from the one-directional inefficiency
 factor, where inefficiency was viewed as a slight vibration of the frontier.


On the other hand, the concept that we advanced in this section takes into ac-
 count the degree of complexity inherent in the fully dynamic production process.


The time dimension is coupled with the actively creative component (as opposed
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We would like to contrast the image of a vibration of the frontier, as is commonly
 assumed in the static or narrowly dynamic efficiency analysis, with the image ofthe
 production space as a beehive.


Once we understand the principle of continuous creative adjustment and (re)-
 inventions of production plans, we also have to accept inefficiency as a prevalent,
 natural consequence of these dynamic processes.



2.2.5 Summary: The Case for Inefficiency


Typically there is not much room for inefficiency in any economic analysis that is
 based on equilibrium. However, as we explained in the preceding sections, equilib-
 rium has to be viewed as a theoretical, hypothetical concept that is rarely reached
 in the real world. If we want to understand the complexity of production processes,
 we have to focus on the dynamic adjustment that causes frequent departures from
 the efficient frontier. Accordingly we prefer to use the terminefficiencyrather than
 efficiency.


We described in detail two factors that impact efficiency fluctuations and their
 measurement:


1. Heterogeneity or specificity of inputs and outputs. It is one thing to oper-
 ate existing resources at full (efficient) capacity, but it is quite another issue to
 select the suitable labour, capital and products in the first place. Differences
 within these categories might be subtle but still economically highly signifi-
 cant, so that observed efficiency fluctuates wildly. Furthermore, we pointed
 out that in practice it can be very difficult to find units which are mutually
 comparable, precisely because no common denominator (other than money)
 exists. This implies one more obstacle for researchers.


2. Time which captures the dynamic, ever changing nature of production. Due
 to creative adjustments inefficiencies arise in the form of wild fluctuations and
 the production space appears as a beehive. Inefficiency is inherent in dynamic
 functioning of the economy and has to be incorporated in the analysis of pro-
 duction as a standard feature.


Static efficiency analysis cannot and does not take these features fully into ac-
count. Nonetheless, we believe to have persuaded the reader of their importance in
modern production processes, of which they are essential components. In the next
section we propose a simple generalization of efficiency frontier which can at least
partly accommodate these features.
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2.3 Implications for Efficiency Analysis


In the previous section we advanced theoretical approaches to production that sig-
 nificantly expand the dimensions of the static homogeneous structure which is com-
 mon in simple efficiency models. In what follows we proceed to specify a model that
 we believe is more suitable to capture complex production processes. We proposed
 this framework in Pr ˚uša [74] as presented in chapter3. Here we sketch the principle
 in order to link it to theoretical considerations in section2.2.



2.3.1 Production Accounting


2.3.1.1 Production Technology


We maintain the familiar notation: The input vector xxx has a corresponding price
 vectorwww, and for simplicity we consider only one outputywith pricep.


The set of all feasible pairs (xxx,y) is the space of production possibilitiesY. We
 define theproduction frontierEff(Y )as the subset of input-output pairs where:


◦ the production process achieves the maximum possible output for any given
 input vector, or conversely


◦ the production process achieves the minimum possible input vector for any
 given output.7


As long as a valid functional form exists, we can write the production functiony =
 f(xxx). In general this mathematical formula captures all technological knowledge on
 transformation of available resources into demanded consumer goods.


2.3.1.2 Production and Exchange


The closer a firm is to the production frontier, the better will be its performance.


There is not much more that the economist has to say about technical efficiency.


From economic perspective the technology frontier becomes interesting when
 we connect it with prices which emerge from market exchange of products. In the
 simplest case prices are exogenous for individual producers, who then select inputs
 and output in order to maximize profits. Formally we can write the profit function:


Π(p,www) = arg max


{xxx,y}{py−www0xxx|(xxx,y) ∈Eff(Y)},


which determines the optimal amount of inputs and output given any possible mar-
 ket prices.


7For mathematical formulation see section3.2.1.1.
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 could, knowing the admissible prices, just choose the optimal input-output vector.


Such a model is theoretically instructive, however it is bound to fail when applied to
 real world data. We argue in this thesis (sections2.2.1.3and3.2.3) at length why: Ex-
 perience tells us that (1) firms operate in highly differentiated, asymmetric markets;


(2) they face downward sloping demand curves; (3) both their demand (consumer
 preferences) and supply (competition and technology) conditions change quickly
 and frequently.



2.3.2 Money-metric Production Frontiers


2.3.2.1 Formulation of the Money-metric Principle


If we recognize all difficulties connected to measurement of genuinely heteroge-
 neous inputs and outputs, it is a simple proposition to measure production in mone-
 tary units. After all this principle is applied in business accounting and is ultimately
 the only criterion of success of any particular enterprise.


Let us define the input-output space in terms of vectors (wxwxwx,py) where each
 input x and output y is multiplied by its respective price. Those combinations of
 wxwxwxand pythat are feasible in the market form themoney-metric production setM
 defined in equation (3.3). In plain words, every observation represents a possible
 cost and revenue situation of a firm, so that we might also speak about the cost-
 revenue opportunity set.


In analogy to the production frontier, we can define the frontier of this cost-
 revenue opportunity set as in equation (3.4):


Eff(M) = {(wxwxwx,pypypy)∈ M|


∀[wxwxwx1≤wxwxwx, pypypy1 ≥pypypy, (wxwxwx1,pypypy1)6= (wxwxwx,pypypy)]:
 (wxwxwx1,pypypy1) ∈/ M}.


Once we establish this frontier, mathematical principles of efficiency measurement
 can be simply applied toM.


It is important to highlight the crucial difference between the production possi-
 bility setY and the revenue-cost opportunity setM. The former is fully determined
 by technology, it entails the complete technical know-how and can be therefore re-
 garded as theengineer’s knowledge. As such it is only relevant to economics to the
 extent that it has to be taken into account as a constraint of economic decisions.


On the contrary, the money-metric production set is driven by economic interac-
tion of producers and consumers. Technological limitations are in the background
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 entrepreneurship.M can be thus viewed as theentrepreneur’s ability.


This framework is in fact very similar to the approach used in consumer choice
 theory to construct the money-metric utility functions. Utility is not interpersonally
 comparable, but the consumer can express his utility in monetary terms: at given
 prices, how much money does he need to reach the utility level corresponding to a
 certain bundle of consumption goods. We can proceed in the same way in produc-
 tion analysis: Even though capital, labour or products are not perfectly comparable,
 we can still label those in terms of costs and revenues to see the level of efficiency
 applicable to all firms.


2.3.2.2 Properties of the Money-metric Frontier


The frontier Eff(M) is by definition an approximation of the profit function. The
 fundamental principle of the frontier is thathigher profits are equivalent to higher
 economic efficiency. The company can become more efficient either by increasing
 revenue or by decreasing costs. As such the frontier appears highly plausible and
 natural especially to business accountants.


The main advantage of this approach lies not only in its intuitive appeal, but
 in its versatility. Money serves as the numeraire which allows us to compare com-
 pletely different production plans, e.g. the production of bottled mineral water and
 the production of flavoured carbonated drinks. Both these business lines are close
 enough so that their comparison is of interest from the business point of view. On
 the other hand, the respective technologies are sufficiently different to create signif-
 icant problems when measuring the technical production function and comparing
 technical efficiency. Money-metric production frontiers facilitate aggregation and
 are therefore universally suitable for large cross-sections as well as time series. We
 discuss the methodology of pooling observations in detail in section3.4.2.3.


We pointed out above that the money-metric frontier directly incorporates the
 bargaining abilities of the entrepreneur. This implies that any observed point in the
 cost-revenue set has to be regarded as unique in the sense that the firm might not
 be able to achieve it again. Quite to the contrary, as long as demand and supply
 conditions are changing, it is more probable that the result in the next period will
 be different from the previous one. This also implies that we cannot assumeM to
 be convex and have to assume a free disposal hull frontier instead. The convexity
 of the technical production possibility set is justified by replication. For reasons
 explained here, we cannot automatically presuppose replication in monetary terms:


When a firm moves from a certain cost-revenue position, many business parameters
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