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1. Introduction

Over the last two decades, applied economists realized that
the fundamental issues of isolating the contribution of scale
economies and change in capacity utilization and efficiency to
productivity growth were remained unsolved. However, as a
result of recent developments, productivity growth could be
decomposed into several important measures of economic
performance, Shebeb (1998). These measures are mainly,
technical change, scale economies, productive efficiency, and
capacity utilization. The challenge that is undertaken in this
paper is to visualize the decomposition of productivity growth
and comprehend the underlying theory.

The paper is organised as follows. Section 2 discusses the
underlying theory of the measurement of productivity and its
associated economic performance indicators. The discussion of
this Section includes a brief review of dual cost productivity
measurement and its linkage to disembodied technical change
and scale economies. Section 3 reviews the traditional and
economic measures of capacity utilization and its linkage to
productivity growth. In Section 4, the discussion is directed to
the frontier-based productivity decomposition modelling. The
discussion of this section includes a brief review of productivity
efficiency and its linkage to productivity growth. Next, a model
for decomposing productivity growth is presented. The

Conclusion is presented in the final section.

2. Productivify Measurement: A Dual Cost Approach

Productivity can be defined either by increased output
holding the level of inputs unchanged or reduced cost of
production holding the ‘level of output unchanged. These
definitions can, however, be presented theoretically either by an
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upward shift of the isoquant or by a downward shift in the
average cost function. Thus, the production and/ or cost function
can be used to represent the underlying technology and to
develop the theoretical linkage between productivity growth and
its major components, Diewert (1992).

However, most recent developments in productivity
measurement and analysis are based on the convexity and
derivative properties of the dual cost function. In the modern
approach to productivity measurement, productivity growth is
measured in terms of cost saving for given levels of output rather
than output-increasing for given levels of inputs. That is, the
fundamental concept underlying the cost-based measure of
multi-factor productivity growth is that if a given output can be
produced with a smaller amount of inputs due to technological
improvement, it implies that this level of output may be
produced at a lower cost, in real terms.

A cost function may be defined as C = C(Q, P, 1), where C
is the total cost, Q is the output level, P is a vector of the input
prices, and t is a time trend employed as a proxy for technology.
This cost function is assumed to be the lowest cost for a given
level of output Q, given input prices and technology. This cost
function needs to satisfy the regularity conditions fora well-
behaved cost function. It follows that the change in cost over
time holding output and input prices unchanged reflects the
change in productivity, Shephard (1953, 1970) and McFadden
(1966, 1978).

However, the observed. change in overall productivity
(MFP) can be a result of various economic interactions in the
production process, including technical change, scale economies,
and changes in capacity utilization and inefficiency. If any of
these major economic aspects of the production process is
ignored, the resulting estimates of MFP are likely to have
measurement bias. It follows that a full structural model is
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needed to decompose productivity growth into its major
components. In what follows a full structural model is

constructe_d.

3. Dual Cost Measurement of Capacity Utilization
and Its Linkage to Productivity Growth

It was Cassels (1937) who first recognized that capacity
utilization is a reflection of scarcity or "fixity" of the production
factors that are available to a firm. Input scarcity can be seen as a
short-run constraint to the economic optimisation of a firm.
These short-run constraints would make the short-run minimum

~ cost level of output differ from that of the long run. An economic

theory-based measure of capacity utilization which takes account
of these inputs fixity constraints and measures the optimal level
of output given these constraints is developed to obtain a highly
interpretable measure of capacity utilization. The determination
of the optimal level of output under input fixity was originally
presented by Klein (1960) following the clear distinction
between excess capacity in the short-run and that in the long-run
which was made by Cassels (1937). The capacity output is
defined to be that level of output at the tangency point of short-
and long-run average cost curves. |

Berndt and Morrison (1981 p52) conclude their study with
"we hope that applied researchers in the future will devote
greater attention and care to the economic theory underlying the
concept of capacity... Which can then be interpreted more
clearly." Thus, an estimate of capacity utilization that is based on

- economic theory is needed to provide more reliable and rigorous

dynamic explanations of economic performance.

Referring to Figure 1 the capacity output might be
measured by Q" If the capacity level of production is equal to the

output level in the long-run equilibrium for a given set of input
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constraints, full capacity utilization will exist. It implies that both
capacity output and the observed output are equal. However
when the demand for output is less, Q", or greater Q°, than the
output level in long-run equilibrium the capa01ty measure would
'show that capacity is underutilised, QUQ’<1, or over-uuhzed

QYQ’>1.

Average
Cost
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Figure 1. Capacsty Outpw: Under Inpmw Fmty Mlowmg
Ear Nan-ct}nsmm Rmuas 1o Smie '

This approach takes explicitly into account the fixity of
different inputs that may occur in the short-run production
process. It also determines the firm's optimal responses under the
fixity of these inputs. The main economic aspect underlying the
cost-based measure of capacity utilization is the degree of fixity
of the scarce production factors. Thus, input fixity is the key
factor that causes capacity not to be fully utilised in the short
run. This implies that a measure of capacity utilization can be
based on short-run specification of cost structures which reflect
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underlying production relationships, Mérrison (1985, 1988a,
1988b) and Segerson and Squires (1990).

Estimating this measure of capacity utilization is not
straightforward, since it requires an estimation of the short-run -
and long-run average costs curves. It also needs a relatively
flexible form of cost function. However, the recent developments
in dual cost theory have established a weli-defined method for
empirical estimation. This method could explicitly restrict the
cost function for short-run input fixity.

3.1 The Linkage between Productwlty Growth and Capacity
Utilization

The linkage between capacity utilization and productivity
growth could be one of the most important aspects involved in
the interpretation of the productivity measure over the short-run.
In the above discussion, the concept of capacity utilization and
its cost-based measure was presented. It was indicated that the
level of capacity utilization plays an important role in adjusting
multi-factor productivity change for input fixity in the short-run.
In this section a diagrammatic exposition of the relationship
between productivity growth and capacity utlhsatlon with non-
constant returns to scale is presented.

Take an industry made up of identical firms whose input-
output coefficients do not vary across firms at any level of
output. Cost and production theory suggests that a reasonable
representation of the industry, presumed to be realising
increasing returns to scale. As in Figure 2, the downward slope
of the long-run average cost curve (LRAC) implies that returns
to scale are increasing, but at a decreasing rate with additional
output. The short-run average cost (SRAC) curve is tangential to
the LRAC atY.
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o e
-~ Figure 2 . Productivity Growth &%iamriaxg for Non Cﬂnssant Returns
4o Scale, Capacity Utilisation, and No Techaical Change. |

Referring to Figure 2 above, when the industry is operating
at Q' it is fully utilising its capacity. At this level of output,
short-run cost equals long-run cost and no scope exists for
further cost reduction by changing the capacity or the capacity
utilization of the industry. In other words, at Y the industry has
the existing capacity that matches the desired level of output.
More commonly, however, industries operate at levels of output
other than Q.

Recall that in Figure 2 the level of technology in the
industry is assumed to be fixed. Without technological change,
any measured productivity change would be attributable to scale
and capacity utilization effects. Suppose the industry is operating
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at level of oufput Q, and moves from Q to Q’. Consequently, the
short-run cost- per unit will decline by CE and this would translate
into productivity gain that is proportional to the overall cost
reduction. Since there is no technical change, two effects underlie
this decline in costs associated with the movement from X to Y: (1)
the cost reduction that is associated with better utilising plant.
capacity, CD; and (2) the cost reduction that is associated with
realising returns to scale, DE. That is, productivity growth may be
realised with ro technological change.

The simple analysis of Figure 2 hlghhghts the point that
measured productivity change, based on measured cost reduction
through time, might be the result of scale economies and/or
changing capacity and capacity utilization in the industry rather
than technological change. Now introduce technological change,
as in Figure 3. In this case the SRAC curves and LRAC curves
shift downward as a result of the change in technology to SRAC’
and LRAC respectively.

SRACY -

LRACS

ok - - a—
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o i{cﬁ.’:ms o Scaia, ﬂapacny Utilisation, ami Technical (:hange
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If the industry moves from X to Y in Figure 3 it might be a
result of three sources of potential cost reduction: (1) the
technological change effect, EF; (2) the returns to scale effect,
DE; and (3) the capacity utilization effect, CD. The overall gain
in productivity that would be measured by the overall cost
- reduction CF could now be attributed to these three sources.

The main point of the above analysis was to illustrate that
measured productivity growth can be decomposed into three
components; technical change, scale economies, and change in
capacity utilization. Also very important is the fact that failing to
account for returns to scale and capacity utilization effects will
tend to bias measured rates of productivity growth.

4. Productivity Growth and Productive Efficiency

So far the discussion on productivity growth and its
decomposition has been based on the assumption that the
production process exhibits productive (technical and allocative)
efficiency. That is, the measurement of productivity presented in
the previous section has ignored the possible contribution of the
changes in productive efficiency or its components fo
productivity growth. In this Section, a change in productive
(cost) efficiency’ as a component of productivity change is
considered. Isolating the cost efficiency component and
measuring its effect on MFP growth is the purpose of this
Section. _ - '

Most of the productivity and production studies assume
implicitly, and sometimes explicitly, that the production process
is efficient. This implies that the producer is efficient- that s/he
achieves her/his economic objectives. In a productivity sense,
this assumption implies that producers always operate at the
production (cost) frontier and any change in productivity is the
result of a shift in the frontier however, the inefficient producers
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are operating below (above) the production (cost) frontier. In this
case, the change in productivity should not be referred to as a
shift in the frontier, but should be considered as a movement
towards the frontier, Thus, to avoid any misinterpretation of
- productivity estimates, the impact of inefficiency needs to be
identified in the productivity measurement model, Fried et al.
(1993), and Nishimizu and Page (1982).

To make the above argument more clear a graphical
presentation follows. This presentation is conducted based on a
simple production/cost structure: that is constant returns to scale
and full capacity utilization are assumed, Grosskopf (1993).
Figure 4 shows the long-run and short-run average cost curves of
a technically efficient producer. There are two time perlods t and
t+1 with two observed average cost levels (Q’, C,) and (Q’, Cur)
respectively. Neither of these cost levels are located at the cost
frontier itself.

Productivity growth or techmical change can be measured
for an efficient producer by the reduction in cost of producing a
given level of output. That is 6C(.)/0t<0 when there is a
productivity improvement. Now suppose that the producer is not
cost efficient. It implies that it produces a given level of output
with higher cost than the potential minimum average cost. That
is, the cost of production will be located above the cost frontier
in the two time periods, t and t+1. The non-frontier productivity -
measurement model, which ignores efficiency as a component of
productivity, would consider the observed cost as equivalent to
the minimum cost, at the frontier. Figure 4 shows the difference
between the observed and the minimum possible cost (cost-
efficient) in two-time periods t and t-+1.

According to our earlier analysis, a non-frontier measure of
productivity would consider the reduction in cost from C, to Cy1;
as a measure of technical change. However the actual measure
f techmcal change is the reduction in C to C 4. it follows that
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the difference between the two measures will be due to the
existence of the cost inefficiency, (Cur- C) Z(C w1~ C ).
Therefore, to obtain the estimate of technical change it is
necessary to correct the observed cost levels to bring them down
to the cost frontier in both periods. Once the observed cost levels
have been corrected for the existence of cost inefficiency,

estimates of the productivity growth and its major components
can be obtained. :
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 The corrected measures of the observed cost*levels may be
obtained by defining the minimum cost level as; C = D(C,, Q)

. G, and C*t+*1= = D (Cerr, Q*) . Ci1, Where D(C, Q*) and
Dui(Civi, Q) are distance functions in time t and t+1

respectively, Grosskopf (1993).

Thus, observed cost saving over the two periods t and t+1,
(Ci1 - Cp can be seen as aresult of cost-saving due technical
change, (C - ol »), and that due to change in cost inefficiency
which may be measured as (D - Dy). It follows that this
frontier-based productivity growth is decomposed into two main
parts; technical change and the change in cost inefficiency, given
that full capacity utilization and constant returns to scale are
assumed.

To conclude this simple graphical presentation, a measure
of multi-factor productivity growth based on a non-frontier
model could not be interpreted as a gain due to shift in cost/
production frontiers unless it is assumed that there is no change
in cost efficiency over time. This type of decomposition of MFP
growth has quite important policy implications.

5. Productivity Decomposing Model

To summarize the theoretical linkages between
productivity growth and its major decompositions (technical
change, scale economies, cost inefficiency, and capacity
utilization) a comprehensive diagrammatic exposition 1s now
presented. Once again, take an industry made up of identical
firms whose input-output coefficients do not vary across firms at
any level of output. Cost and production theory suggest that a
reasonable representation of the representative firm in the
industry, presumed to be realising increasing returns to scale, is
as in Figure 5. The downward slope on the long-run average cost
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curve (LRAC) implies that returns to scale are increasing, but at
a decreasing rate, with additional output.

oo
A SRAC:
0 - LACw
"'.:.'!E}i ;
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 Inefficiency, Tschaafagwai Cimge, Cagamy m&sa&m and Non-
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The short-run average cost, SRAC, curve is tangential to
the LRAC; at Y (Hence: disregard SRAC,.;and LRAC,,; curves
in Figure 5 for the tzme being). When the firm is operating at
capacity output level Q’, it is said to be fully utilising its capacity
(in an economic sense) and it is cost efficient. At this level of
output, Q", the short-run average cost is equal to that of the long-
run, hence, no scope exists for further cost reduction by changing
the capacity or the capacity utilization of the firm. More
commonly, however, firms operate at levels of output other than
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Q". For example, if it is operating at output level Q, and some
cost inefficiency does exist, the average cost in this case would
be equal to Oa which exceeds the SRAC and LRAC; by the
amount ab and bc per unit of output, respectively. The ab portion
is attributed to the cost inefficiency while the (ac - ab) =bc
portion can be ascribed to capacity under-utilization in the short
run.

Assume that the firm was operating at level of output Q
with an average cost of Oa, and that it then moves from X to Y.
Short-run cost per unit will decline by ad and this would be
translated into a gain in multi-factor productivity. Three possible
effects underlie the decline in cost associated with the movement
from Q to Q These are as follows. (1) the efficiency gain (cost
reduction, ab) associated with operating at the cost frontier; (2)
the cost reduction associated with realising the long-run average
cost be and (3) the cost reduction due to the reahzatmn of scale
economies cd Noting that, if the move from Q to Q' involves no
change in plant capacity, the full productivity gain, ad would be
aftributed to better capacity utilization and full cost efﬁc1ency
only. On the other hand, if the move from Q to Q involves
, expandmg the plant capacity by QQ’ then cd will represent the
cost savings from the scale effect, as mentioned above. It follows
that the remainder of ad would represent the cost savings from
better utilising capacity and cost efficiency. This analysis
highlights the fact that productivity change, based on measured
cost reduction, might be the result of changing the scale of the
operation, capacity utilization and cost efficiency in the firm
rather than technological change. Thus, without technological
change, any productivity gain should be attributable to scale and
capacity utilization and cost efficiency components.

Now let us introduce technological change with the result
that the SRAC, and LRAC, curves can be shifted downward as a
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consequence of technological improvement as depicted by
SRAC,;; and LRAC,,, respectively.

Take it that the firm moves from X to Z in Figure 5. Thus,
in this case, there are four sources of potential cost reduction that
can be analysed. These sources are associated with: (1) cost
efficiency, ab; (2) the capacity utilization effect, bc; (3) the
realization of scale effect cd; and (4) the technological change,
de. The overall gain in productivity would thus be measured by
the overall cost reduction ae, which now could be ascribed to
these four sources. To generalise the simplified analysis
presented above we need to consider all combinations of levels
of Q" and Q, including moving from one point where capacity is/
is not fully utilised and/or from points where no gain is
associated with cost efficiency. That was not illustrated
diagrammatically for ease of exposition.

6. Concluding Remarks

Productivity growth is a composed measure of a number of
economic behaviors that are important pieces of the overall
economic performance puzzle. Identifying and measuring these
components of overall productivity helps to provide a more
accurate and interpretable measure of economic performance.
That is, the observed change in overall productivity (MFP) could
be a result of various economic interactions in the production
process, including technical change, scale economies, and
changes in capacity utilization and inefficiency. It follows that if
any of these major economic aspects of the production process is
ignored, the resulting estimates of MFP are likely tfo have
measurement bias. In this paper, a hill structural model is
constructed to take into account the contribution of these major
components to the overall productivity growth measure.
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