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Abstract

This study investigated the measure of the quantity by which the profit of a one-output, multi-input firm deviates from a maximum short-run profit, and then the decomposition of this profit gap into its components. We examined this work and tried to apply it to the Tunisian manufacturing sector. We found a measure of the contribution of the unused capacity, the technical and the allocative inefficiencies to this profit gap. This study was carried out by presenting the measurement of the ray of the economic capacity which involves the short-run profit maximisation, with a constant output. Then we described how the gap between the observed profit and the maximum one can be calculated and decomposed using linear programming methods. Our empirical results, involving data on six sectors of the manufacturing industry during the period 1961-2010, suggest that the profit levels reach below the potential ones and the difference might be attributed to the unused capacity.
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1. Introduction

The literature about the measure of the quantity by which the profit of a firm deviates from the short-run optimal profit and the decomposition of this difference into components of practical use for decision makers is quite abundant and extending whether theoretically or empirically. However, there is a dearth of this literature for developing countries. For this reason, our interest, in this study, was to measure the contribution of the unused capacity, through measures of both the technical and allocative inefficiencies in the profit gap in the Tunisian manufacturing sector.

According to Coelli, Grifell-Tatje and Perelman (2002), the abundance of theoretical and empirical research in various contexts (Gold (1955, 1985); Eilon and Teague (1973); Eilon (1985); Eilon and al. (1975); Ciaran, Paul and Giovanni (2005); Setterfield (2010); Lima (2012) …), do not provide meaningful information to managers. Indeed, we attempted, in this work, to decompose the Tunisian industrial sectors’ performance measures because of several factors like the unused capacity. First, we described the ray economic capacity measure that assumes a short-run profit maximisation, with a constant output. Afterwards, using the production frontier methods carried by Färe et al. (1994), we presented the approach to estimate and decompose the profit.
The purpose of this study, then, was to measure both the quantity by which the profit of a firm deviates from the short-run optimal profit and the decomposition of this difference into components of practical use for the decision makers. More specifically, we are interested in the measurement of the contribution of the unused capacity, through measures of technical and allocative inefficiencies, in this profit gap. This paper was organised as follows: Section 2 illustrated the empirical methodology stressing the reason why the physical definitions of capacity are not very useful in the profit efficiency decomposition. We tried to develop a new profit-based definition of capacity and show how it could be used (as a component) in the decomposition of short-run profit efficiency suggested by Coelli, Grifell-Tatje and Perelman (2002). Section 3 described the data and discussed the estimation results in the industrial manufacturing sectors. Our conclusions were drawn in section 4.

2. Empirical methodology

A multi-input and one-output production technology can be described using the technology set, S. Just like Färe and Primont (1995), we used x and y to denote an input vector and an output vector, respectively. The technology set is, then, defined as:
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That is, the set of all input-output vectors (x, y), such that x can produce y. To measure and decompose the short-run profit efficiency, we need a functional representation of technology. To this end, a production distance function is used, defined on the set of production P(x); as:
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The properties of this distance function come directly from those of the technology set. Namely, 
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 is non-decreasing in y and increasing in x; and linearly homogeneous in y. We notice that if y belongs to the production possibility set of x (i.e.
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 if y belongs to the ‘‘frontier’’ of the production possibility set.

Indeed, the observed short-run profits,
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, are defined as:
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with p is the output price; y is the output vector; wv is the variable input prices and 
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 is the variable input vectors. The maximum profit that can be achieved by the firm is denoted by:
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With xf is the fixed input vector of the firm, and p and wv are the output and variable input prices, respectively.
Afterwards, Coelli and al. (2002) followed Gold (1955) and Johansen (1968) for the case of a single-output technology and define capacity as follows:

Definition 1: The capacity of the plant, yc, is the maximum output that can be produced using a given technology, S; and the fixed input vector, xf; when the variable input vector, xv, may take any non-negative value.

Definition 2: The capacity utilisation, θ, is equal to the ratio of the observed output, denoted y, by the capacity of the plant, denoted yc. That is, 
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. This measure of capacity utilisation will take a value between zero and one. A value of one indicates that the firm is operating at full capacity.

Definition 3: The ray economic capacity of a firm,
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 is a positive scalar. This quantity is the vector of output at the point of the maximum short-run profit, using the given technology S, and the fixed input vector, xf.
In fact, the scalar,
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, can be interpreted as a distance function. However, it is not the same as the standard output distance function defined earlier. Whereas, the distance function in Definition 3 seeks the maximal proportional expansion of the outputs, taking into account the fixed inputs prices as well as those of the outputs and variable inputs, so as the firm maximizes the short run profits.

Definition 4: The ray economic capacity utilisation of a firm is equal to the scalar
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, where 
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 is the output vector at the point of short-run profit maximisation on the ray from the origin through y. This is conditional on the given technology, S, and the fixed input vector, xf, while allowing the variable input vector, xv, to take any non-negative value.

Based on the definitions above, Coelli and al. (2002) measure the rate of capacity utilisation given in definition 2 (
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where 
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 is the ray economic capacity utilisation of a plant, given in definition 4, and 
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 could be viewed as a measure of the optimal amount of capacity idleness, which will depend upon the prices of outputs and variable inputs. When an increase in capacity utilisation produces a decrease in the level of short-run profits, the optimal behaviour of the producer is to have idleness. From this point of view, the idleness of the capacity utilisation is an economic variable equal to the ratio 
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The authors, also, define the ray economic capacity utilisation measure by,
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where 
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 is the measure of the technical efficiency and 
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 is a measure of the ray economic capacity utilisation that is the net technical inefficiency of the plant.
As with Coelli et al. (2002) and Biresh and Kaoru (2009), using the ray economic capacity definition, the decomposition of the short-run profit is written as:
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In addition, the authors can decompose the profit into two parts due to unused capacity. One part is due to technical inefficiency (movement from y to ye) and the remaining part could be labelled an input-mix effect (movement from ye to ycrs). Thus, they obtained:
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3. Application to the Tunisian manufacturing

The purpose of this section was to provide an empirical illustration and interpretation of the above-proposed methods. Our intention is not to provide a detailed analysis of the profitability of these sectors, but an indication of the usefulness of these methods is in such an analysis. In every sector of the manufacturing industry, we consider an output (Y) represented by the aggregate value of production and three inputs, including a quasi-fixed input capital stock (K) at the beginning of each period in the short run. Variable expenses are those of labor (MS) representing the wage bill for a workforce (L) and the energy consumption (VE) for an aggregate quantity of this input (E). The price indices of individual inputs and output (pY, pL, pE and pK) were used as the relevant prices in profit maximizing problems. The capacity utilization rate is a big problem in these industries. Poor demand predictions, for instance, could result in a significant quantity of waste that will quickly erode profits.

3.1. Descriptive analysis of the variables and sectors

In this paper, we measured the capacity utilisation of the Tunisian manufacturing sector for the period 1961-2010. We developed the global manufacturing industry (MI) and its six sectors such as: Agricultural & Food Industries (AFI); Building Materials, Ceramics & Glass (BMCG); Mechanical & Electric Industries (MEI); Chemical Industries (CHI); Textiles, Clothing & Leather (TCL) and Various Manufacturing Industries (VMI). In fact, we used annual time series for the Tunisian manufacturing sector built by the Tunisian Institute of Competitiveness and Quantitative Studies.
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Figure 1: Evolution of Production and Capital manufacturing
Figure 1 shows the evolution of production and capital in the different sectors of the manufacturing industry. It is clear that there is an upward trend in series with a few periods of irregularities. This finding is proved by the descriptive analysis in Table 1.
Table 1: Descriptive analysis of the global manufacturing

	Designation
	Y
	K
	L
	E
	MS
	VE
	PY
	PK
	PL
	PE

	Average
	1717.4
	5151.4
	235.4
	566.1
	1041.6
	472.4
	0.9
	0.9
	1.0
	0.9

	Median
	1435.3
	7250.8
	197.5
	542.3
	499.4
	383.6
	0.8
	0.6
	0.8
	0.8

	Minimum
	4220.9
	8151.1
	515.3
	849.7
	4499.1
	1134.8
	2.2
	2.9
	3.0
	2.9

	Maximum
	180.9
	299.4
	67.2
	323.1
	21.6
	146.3
	0.1
	0.1
	0.1
	0.2

	Standard Deviation
	1296.8
	2974.2
	156.9
	120.5
	1268.2
	277.8
	0.7
	0.9
	0.8
	0.7

	Skewness
	0.51
	-0.50
	0.39
	0.51
	1.29
	0.67
	0.43
	0.68
	0.87
	1.26

	Kurtosis
	1.90
	1.50
	1.62
	3.01
	3.60
	2.24
	1.82
	2.15
	2.89
	4.35

	Jarque-Bera
	4.66
	6.78
	5.19
	2.18
	14.58
	4.90
	4.42
	5.30
	6.30
	16.99

	Probability
	0.10
	0.03
	0.07
	0.34
	0.00
	0.09
	0.11
	0.07
	0.04
	0.00

	R
	15.9
	26.2
	6.3
	-0.5
	207.3
	6.8
	20.2
	36.4
	27.4
	15.7

	r
	0.1
	0.1
	0.0
	0.0
	0.1
	0.0
	0.1
	0.1
	0.1
	0.1


R: Global growth rate; r: Average annual growth rate.

In addition, we generally observe two different phases. The first corresponds to a low growth (1961-1994), especially for MEI and TCL sectors, and the second (1995-2010) with an economic rapid growth during the upgrade period. In addition, we observe a decrease in the capital stock from the mid 90s in all the sectors, with the exception of the textile sector which recorded a high growth.

3.2. Empirical results and interpretations
The various measures of the technical efficiency and capacity utilisation are reported in Table 2. First, we began with a discussion of the different results, and emphasized the following important point: the production and capacity frontiers constructed using LP in this study reflect the outer boundary of the best observed practice in the sample. It is possible that if we add new sample observations to our data set (other sectors or in other years), we may find that these sectors are no longer located on the frontier. Having said this, we will now discuss the results.

Table 2: Technical efficiency and capacity utilization
	Sectors
	Efficiency
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	AFI
	53.3%
	82.6%
	83.6%
	98.9%
	191.6%

	BMCG
	72.2%
	41.1%
	49.1%
	90.5%
	67.0%

	MEI
	59.1%
	47.1%
	46.9%
	99.3%
	80.1%

	CHI
	82.8%
	46.3%
	46.3%
	99.8%
	54.4%

	TCL
	57.8%
	85.3%
	85.5%
	98.5%
	161.4%

	VMI
	66.0%
	78.4%
	80.8%
	96.4%
	134.3%

	Average
	65.2%
	63.5%
	65.4%
	97.2%
	114.8%


Note: Definitions of efficiency and capacity utilization are given in Section 2. Namely, y: actual production; ye: technical efficient production; ycrs: constant return to scale ray economic capacity; yc: ray capacity.

The results for the individual sectors presented in Table 2 provide a very interesting point. The average level of technical efficiency (y/ye) for these six sectors is 56.2%. This indicates that the average production of the sectors is 43.8%, which is less than what is technically feasible, given the available inputs (see Figure 2). Almost half of the resources are underexploited. Indeed, the technical efficiency is a component of the unused capacity. The average level of economic capacity utilization (y/ycrs) is found to be 65.4% (see Figure 3). This suggests that, on average, the sectors operate at a lower point than 34.6% compared to the optimal level of capacity utilization. Therefore, Industry, in general, is characterized by an under-utilization of its production factors.

It is interesting to note that when we use the alternative ray capacity measure, we find that the average level of ray capacity utilisation (y/yc) is less than 63.5%, or 46.5% of the unused capacity (see Figure 3) capacity. The ratio of these two capacity measures provides a measure of the maximum quantity of idleness capacity (yrec/yc), which is equal to 97.2% (see Figure 4). This figure suggests that, on average, it is optimal to leave 2.8% of the ray capacity idle, as an increase in capacity utilisation rate above the ray economic capacity level which would result in a loss of profit.

[image: image36.emf]20%

30%

40%

50%

60%

70%

80%

90%

100%

1961 1964 1967 1970 1973 1976 1979 1982 1985 1988 1991 1994 1997 2000 2003 2006 2009

MI AFI BMCG MEI CHI TCL VMI


Figure 2: Evolution of technical efficiency by sector

The last column of Table 2 shows the ratio of the technically efficient output level to the ray economic capacity output level. The average value of this ratio is 114.8%. It indicates that although the technical efficiency is removed, there is still a gap of 14.8% between the technically efficient level of production and that of the output associated with full capacity (ray economic).
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Figure 3: Evolutions of economic ray capacity utilization (left) and capacity utilization (right)
We now consider our decomposition analysis to examine the magnitude of these differences in the profit. In Table 3, we present the profit level decomposition (in Million Tunisian Dinars, MTD). The profit levels are reported in the first panel (A) of Table 3, while the ratio measurements (profits divided by capital stock) are reported in the second panel (B) of the same table. From the information on the observed profits (
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), we see that these six sectors achieve an average operating profit of 2011.03 MTD. In terms of the ratio measure o, we observe that this is equivalent to an average return of 27.5% of the capital stock. Segment results differ substantially from the global manufacturing, with ratios less than 25%, compared to loss-making sectors.

The second column of Table 3 reports the differences between the observed profit and the maximum short-run profit (
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). Note that the estimated levels of maximum short-run profit are conditional on the capital quantity and price levels, which vary from one sector to another. These figures indicate that the average sector is missing out 1707.18 MTD in (short-run) profit. It ranges from 0.6% for AFI to 24.4% for MEI.
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Figure 4: Measurement of the optimal quantity of idleness capacity

This gap between the observed and maximum profits can be decomposed into various components. In particular, we observe that (for average industry) 83% of this difference, 1412.1 MTD, can be attributed to the unused capacity (
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), while the other 17% (295.1 MTD) is due to a type of output-mix allocative inefficiency (
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), contributes with 1463.2 MTD or 85%, and the second, caused by the input mix allocative efficiency effect (
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), contributes with 51.1 MTD, or 3% of the total profit gap.

Table 3: Profit decomposition and Ratios over capital investment

	Panel A

Sectors
	Profit decomposition (Million of Dinars)
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	AFI
	1523.684
	1159.525
	293.744
	-865.781
	-21.716
	844.065
	23.526

	BMCG
	1085.554
	752.791
	373.795
	-378.996
	366.221
	745.217
	22.729

	MEI
	1122.384
	790.893
	266.966
	-523.927
	22.988
	546.915
	1.262

	CHI
	1176.347
	885.675
	326.512
	-559.163
	305.578
	864.740
	0.495

	TCL
	582.794
	244.535
	374.597
	130.062
	-242.622
	372.684
	3.673

	VMI
	6575.394
	6409.682
	134.865
	-6274.816
	-124.141
	6150.675
	0.582

	Average
	2011.026
	1707.183
	295.080
	1412.104
	51.051
	1463.155
	8.711

	Panel B

Sectors
	Ratios over capital investment (%)
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	AFI
	25.9%
	0.6%
	1.0%
	26.1%
	-8.5%
	-10.1%
	1.4%

	BMCG
	31.9%
	14.3%
	9.3%
	26.3%
	23.2%
	-28.6%
	2.4%

	MEI
	28.6%
	24.4%
	4.6%
	53.6%
	3.9%
	-44.3%
	0.1%

	CHI
	24.8%
	1.3%
	10.8%
	11.4%
	29.4%
	-20.3%
	0.1%

	TCL
	28.4%
	7.6%
	5.2%
	12.4%
	-22.3%
	34.7%
	0.1%

	VMI
	25.5%
	13.6%
	9.7%
	21.3%
	-15.2%
	-23.2%
	0.5%

	Average
	27.5%
	7.1%
	6.8%
	21.0%
	1.8%
	15.3%
	0.7%


Note: Definitions of profit decomposition are given in Section 2, Eqs. (7) and (8). Ratio measures were calculated using the value of capital as the denominator. Operating profits are calculated net of capital expenses.

In the seventh column of Table 3, we present an additional profit difference measure which is not actually used in our decomposition. It is a measure of the effect of moving from the point of the ray economic capacity on profits, proposed in this study, to that of the ray capacity, used in some previous studies. The average difference resulting benefit (
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) is less than 8711.0 MTD. This clearly shows that the use of the ray capacity measure is not very sensible when one considers the profit implications.

4. Conclusion

Due to problems with the existing capacity measures, we estimated a new measure of the ray economic capacity, to find the largest radial expansion (or contraction) of production vector coinciding with the greatest possible short-run profit. We then used this capacity measure to decompose the gap between the observed and the maximum short-run profits into components due to unused capacity, technical inefficiency, input-mix allocative efficiency and output-mix allocative inefficiency. We then developed a series of DEA-LP problems which helped us measure and decompose the short-run profit inefficiency of a group of sectors into these various components.

Consequently, we have provided an empirical illustration of these methods effect on the data in six of the Tunisian manufacturing sectors. The empirical model has one output, one quasi-fixed input (capital stock) and two variable inputs (labor and energy). Our empirical results indicate that the average short-run profit of the six sectors is 2011.0 MTD, which corresponds to a 27.5% return relative to the capital stock. After calculating the maximum levels of short-run profits, we found that the average profit gap is 1707.2 MTD. The decomposition analysis then attributes 83% of this gap to unused capacity and 17%, to the output-mix allocative inefficiency. A further decomposition of 83% of the difference in profit due to the unused capacity indicates that a first part of about 35% is due to technical inefficiency and a second part equal to 48% results from a type of input mix allocative efficiency effect. Results across sectors show substantial differences in spreads and profit decompositions between sectors, and clearly demonstrate how rich the information that can be generated using these methods is.
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