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KOREAN MANUFACTURING INDUSTRY: NONPARAMETRIC
DIRECTIONAL DISTANCE FUNCTION APPROACH*
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Using the panel data set at the local level, we investigated the performance of
local manufacturing industry and its changes across region over time, especially
focusing on the dynamics of productivity changes between pre- and post-economic
crisis. We found significant differences both in the performances of local
manufacturing industry and in the dynamics of productivity changes across
region. Our results indicate that the financial crisis may stimulate manufacturing
firms to improve production efficiency and that manufacturing firms in Kwangju
and Kangwon demonstrated relatively “small trade-offs” between efficiency and
technical change.
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1. INTRODUCTION

For many economists and policy makers who are interested in economic
development and growth, the issues related to productivity have been a major
concern. This is because productivity can be seen as a major source of growth
and welfare improvement of an economy at both national and regional level. In
particular, reliable estimates of the performances of regional economies or
industries could shed light on the important regional economic issues such as the
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industrial location and economic growth differentials across regions. This makes
measuring the productivity of an economy or its major industrial sector an
important undertaking among many researchers.!

This study aims to investigate the dynamics of the performance of Korean
manufacturing industry at the local level. We specifically focus on the
productivity differentials over space and the dynamics of productivity changes
across region for the period of 1991-2001. Furthermore, this study decomposes
the productivity changes into technical change component and efficiency change
component. This decomposition enables us to investigate the mnature of
productivity changes because technical change and efficiency change are
associated with different sources in explaining productivity changes. Therefore,
depending on the decomposition results at the local level, one can design
suitable policies targeting productivity improvement. For example, if a region is
- found to be relatively inactive in technical progress, then a policy stimulating
technical progress (e.g., more R&D investment) could be recommended.

In Korea, the last decade can be seen as a path-breaking period from the
political and economic viewpoints. There were significant changes in political
leaderships as well as economic environments represented by the IMF bail-out.
Many people speculated that these changes in political and economic conditions
might have significant impacts on the relative performance of manufacturing
industry at both national and regional levels. In Korea, therefore, it is a timely
attempt to investigate the effects of these changes on the performance of local
manufacturing industry.

To estimate the regional productivity changes, we use a frontier approach. In
the frontier literature, productivity differential is often termed “(technical)
inefficiency”; the inability to produce maximum output given production resources
and technology.2 Specifically, we employ a nonparametric programming approach
commonly referred to as data envelopment analysis (DEA). To represent the
production technology, the directional distance function, a version of Luenberger
shortage function, is employed. The data set used for this study is from the
Mining and Manufacturing Survey conducted by the Korea National Statistical
Office. This survey covers all mining and manufacturing establishments with five
or more workers.

Previous studies on regional productivity issues generally assume that there
exists no technical inefficiency. However, many researchers have shown the
existence of significant differences in technical efficiency among regions (Beeson
and Husted, 1989; Chambers et al., 1996a; Domazlicky and Weber, 1997; Kim,

! Agglomeration literature developed since the early 1970s provides a good example. See
Gerking (1994), Richardson (1995), and Eberts and McMillen (1999).

? Economic efficiency is often considered as the sum of technical efficiency and allocative
efficiency. Due to the lack of information on prices, we only focus on technical efficiency in
this paper. In the rest of this paper, therefore, we use technical efficiency and efficiency
interchangeably.
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1997). In this line of research, taking this short-fall into consideration, the
frontier production function approach has been increasingly used for regional
productivity analysis in years (Koo and Kim, 1999; Puig-Junoy, 2001; Fire et
al,, 2001; An et al., 2003).

A number of studies conducting empirical analysis on the investigation of the
performance of Korean manufacturing industry have been done. Most of them
focused mainly on illuminating the effect of agglomeration externalities which is
one of the major issues in the field of regional and urban economics (e.g., Kim,
1997; Lee, 2000; Park and Cho, 2001; Henderson et al., 2001: An et al., 2003).
And relatively little attention has been paid to the investigation of the dynamics
of productivity changes of this industry at the local level, in particular for the
period of 1990s.

Lee (2000) used data of 22 (2-digit) manufacturing industries for 73 local
governments in Seoul Metropolitan area, and Park and Cho (2001) extended
Lee’s study by including all local governments. They estimated labor productivity
functions of translog form with Henderson-type agglomeration factors (Henderson,
1986) and provided empirical evidences of agglomeration economies. These
studies are basically cross-sectional analyses, even though Park and Cho used a
two-year panel data set. Unlike these studies, Henderson et al. (2001) used a set
of panel data for 21 manufacturing industries categorized by five sectors. They
confined their observations to the cities with population greater than 50,000 and
estimated labor productivity function for the period of 1983~1993. It is
noticeable that these studies are based on non-frontier approach. Thus, they
ignored the possible presence of technical inefficiency. This again motivates our
nonparametric frontier approach based on Luenberger’s shortage function.

On the contrary, Kim (1997) employed a frontier approach for analyzing the
performance of manufacturing industries of 50 large cities in the year of 1986.
He calculated technical efficiency by using the DEA technique. He found the
existence of significant technical efficiency differentials in manufacturing
industries across regions. More recently, An et al. (2003) estimated the stochastic
production frontier function to explain the determinants of technical efficiency in
this industry at local government level. Although these studies take technical
inefficiency into consideration by using frontier approach, they fail to analyze the
dynamics of productivity changes, ie., the pattern of productivity changes over
time, because of their use of cross-sectional data. As witnessed by the previous
studies listed above, regional productivity studies on the Korean manufacturing
industry focused mainly on investigating agglomeration effects by using the
cross-sectional data.3 In other words, relatively little efforts have been devoted to
the analysis of the pattern of productivity changes in this industry over time.

* Koo and Kim (1999) used panel data for manufacturing industries in Korea. By employing a
stochastic frontier approach, this study found the existence of considerable size of technical
inefficiency in this industry. However, they did not pay attention to the productivity changes over
time, since they focused on the effects of financial services on the technical efficiency.
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Using the 11-year-panel data set for 221 local governments’ manufacturing
industry and considering explicitly the technical inefficiency, we investigate the
dynamics of productivity changes, and compare the performance of local industry
and its changes across region. We found significant differences both in the
performances of local manufacturing industry and in the dynamics of productivity
changes across region. Our results indicate that the financial crisis may stimulate
manufacturing firms to improve production efficiency, and that the effects of the
changes in political environments in the late 1990s on the performance of
regional industry are non-negligible.

The structure of this paper is as follows. The next section provides a
conceptual model estimating productivity and discusses the data employed for
this study. The subsequent section presents estimation results and their
implications. Finally, concluding remarks are presented with suggestions for future
research.

II. A CONCEPTUAL MODEL FOR MEASURING PRODUCTIVITY

The empirical literature on frontier production has used two broadly defined
approaches: (i) the nonparametric programming approach (Charnes et al., 1978);
and (i) the parametric stochastic approach (Aigner et al. 1977).4 We use the
nonparametric approach, ie., DEA technique, which does not require any
assumption on the functional form of production technology and the distribution
of error terms.S In particular, this study estimates the directional distance
function, a version of Luenberger’s shortage function (Luenberger, 1992, 1995)
rather than Shephard’s input or output distance function.6 Shephard’s input
(output) distance function measures the largest ‘radial contraction’ of an input
vector (the largest ‘radial expansion’ of an output vector) with each remaining
technically feasible (Chambers et al., 1998). That is, Shephard’s distance function
is defined by either contracting inputs or expanding outputs while satisfying
feasibility conditions. However, the directional distance function is defined by
simultaneously contracting inputs and expanding outputs. Therefore, the directional
distance function is more general than Shephard’s input or output distance
function (Chambers et al.,, 1998).

Consider a production technology producing an M-vector of outputs, ye RY,

by using an N-vector of inputs, xeRY. Using netput notation, where outputs

* Although these two approaches are based on similar theoretical foundations, they have own
merits and shortcomings and often produce different empirical results.

5 Unlike the parametric stochastic frontier approach (e.g., Aigner et al, 1977; Battese and
Coelli, 1995), however, the nonparametric approach does mnot take into account random factors
affecting inputs and outputs due to its deterministic characteristics.

¢ While Shephard’s input and output distance functions are respectively dual to the cost
function and the revenue function, while the directional distance function is dual to the profit
function (Chambers et al., 1998).
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are positive and inputs are taken to be negative, let a closed set 7T cRYx RY

represent the production possibility set. That is, (—x,y)e T means that outputs
y can be produced from inputs x. Then, Luenberger’s shortage function is
defined as

S(%,y, &, 8g) =min{B: (—x— fg,, y—Bg,)e T}, for some A
=+ oo, otherwise 1)

where g,eRY and g,eRY are nonzero directional (reference) vectors represen-

ting the direction in which the netput vector (—=x,y) is expanded. This
measures how far the point (x,y) is from the frontier technology, expressed in
units of the reference input bundle g, and output bundle g,.

The Luenberger’s shortage function S(x,y,g,,g,) has a number of important
properties.” First, (—x,y)e7 implies S(x,y,g,,£,)<0. Second, under free
disposal 3  T={(—x,):S(x,, g, &,)<0}. Then, the equation S(x,y,g,, g,)=0
is an implicit production function representing the upper boundary of the
production technology. Hence, S(x,y,g.,g,)<0 means that outputs y— S(x,y,
8. 8,)g, could be produced by using inputs x+ S(x,y,g,,g,)g, That is, both
a revenue increase of —S(x,y,g.,g,)g,p» and a cost reduction of — S(x,y, g,,
gy)g,w are possible at the same time under the current technology available,
where peRY and weRY rtepresent the prices of outputs and inputs,
respectively. Third, if the set 7 is convex, the shortage function S(x,y,g,,2,)

is convex in (x,y).
Following Chambers et al. (1996a), the directional distance function as a
variation of Luenberger’s shortage function can be defined as

D(x,v.g,,8,)=sup {&(x—0g,, y+ 0g,) T). @)

Here, the vector g, and g, represent the directions in which the input vector

x is contracted and the output vector y is expanded, respectively. This function
also measures the distance in a preassigned direction to the frontier technology.
According to Luenberger’s shortage function approach, this distance can be
interpreted as a shortage of (x,y) to reach the frontier, while it can be
interpreted as an efficiency measure using the directional distance function
approach.

Under free disposability of inputs and outputs, the directional distance function
in equation (2) can completely depict the production technology and is dual to

7 See Luenberger (1995), pp. 20-22.
8 Under free disposal, (—x,y)eT implies that (—x",y )eT for all (—x",y )<
(—x,).
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the profit function (Chambers et al, 1998). If and only if (x,y) is feasible, the
directional distance function is nonnegative, i.e. D(x,v:g., g,)=0. And the
directional distance function completely generalizes Shephard’s input or output
- distance function. Recall that Shephard’s input and output distance functions are
defined as D;=supy {6>0:(x/0,y)eT} and D,=infy {6>0: (x,5/ O T},
respectively. If we take g,=0 and g,=x in equation (2), then the directional
distance function can be represented by Shephard’s input distance function, ie.,
D(x,y:x,00=1—1/D;(x,y). Second, if we take g,=0 and g,=y in equation
(2), then the directional distance function can be represented by Shephard’s
output distance function, i.e., D(x,v:0,9)=1/D,(x,y) —1.

The shortage function and the directional distance function defined above can
be estimated econometrically. However, econometric estimation requires assump-
tions on the functional form and the distribution of error terms. On the contrary,
a nonparametric programming approach can be used to estimate S(x,y,g.,£,)
or D(x,y:g, g, Wwithout such assumptions.

Consider a set of observations on K firms, (x%,y%), k=1,...,K. Assume
that the set 7 is convex and that the technology exhibits free disposal. When
there is no assumption on the return to scale of the technology (variable return
to scale: VRS),? a nonparametric representation of the technology is

TVRS= {(_x, y). Ef=1ﬂkxkéx, 2§=1Akyk2y, f=‘1/1k= 1,
A*=0,k=1,...,K}. 3)

Then, a nonparametric estimate of the shortage function under VRS for k-th
firm is

Shrs(xt, v%, gk, &%) =min 4 {8 S t<at+ pet,
Sho =yt - gel, @
2‘1’; Mk= 1,
A*>0,k=1,...,K}.

And the directional distance function can be estimated by solving the
following linear programming problems. Here, the value of ¢ is a measure of
“(technical) inefficiency,” which represents the inability to produce maximum
output given production resources and technology and, hence, the productivity (or
performance) gap compared with the most efficient production unit.

® For the technology with the constant return to scale, the equation (3) can be modified by
eliminating 3% A*=1. That is, under constant return to scale (CRS), the nonparametric
representation of the technology is Ters= {(—x,3): Thoaf*<x, Ti_ 1A% 2y, %20,
k=1,...,K}.
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D(x*, v*, gk, g8 =max , 0
s.t. BZE Aat<xt— ggt,
S At = vk + ogk, Q)
25:1/11?: ]_,
A¥>0,k=1,.. K

Following Chambers (1996) and Chambers et al. (1996a), we define
Luenberger productivity indicator for k-th firm in equation (6) measuring
productivity changes based on the directional distance function:

kEok & 1 k. 2 koL
L(xt,yt,xt+1,yt+1)=§[Dz+1(xf,yt-gx,gy)—Dt+1(xf+1,3’t+1~gx,gy) 6)
+ D (%, ¥ &8s, 8,) — D b1, ¥ii1:80 8],

where D A-) and D ++1( ) represent the directional distance functions for
the periods ¢ and #41, respectively. Note that for estimating productivity
indicator, the input-output vector for the period #(x‘ ") and for the period
t+1(x""!, »*1) should be evaluated using different reference technologies, i.e.
Doi(x',y) and D x'*!,y'*1). This can be represented by the following
linear programming problems.

D i(xf, v¥: gk, g8 =max 4,0
.t i idha <xf— 0gf,
A=yl + ogt, (6-1)
Z§=1Ak= 1,
AF>0,k=1,... K

_D>t(xf+1 > J’f+1:g§, gf) =max ¢,;0
s.t. SioAwi<aby, — gt
Stz vk + 0gt, (6-2)
SAt=1,
A¥>0,k=1,...,K

Note that the positive sign of Luenberger productivity indicator means
productivity improvement and negative values are consistent with productivity
declines. Following Chambers et al. (1996a), the Luenberger productivity indicator
can be decomposed into two components, ie., efficiency change (EFFCH) and
technical change (TECH).

EFFCH =D («f, v¥:2,, 8,) =D 11 (5541, v5r 122, £,) (7-1)
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TECH = %[ Dt+1(xf+1 s yf+1:gx’ gy) ‘_D)t(xfﬂ s yf+l:gxy gy)
+ Dy (xF, i g, 8,) — D (xk, vE g0, 8))] (7-2)

This decomposition provides an empirical framework to investigate the nature
of productivity changes. This is because technical change component (TECH) and
efficiency change component (EFFCH) represent different sources of productivity
changes, i.e., technology and efficiency. We make use of this framework in our
empirical analysis in the subsequent sections.

. DATA

The data used for this study are obtained from the Mining and Manufacturing
Survey for the period of 19912001 conducted by Korea National Statistics
Office. This survey provides rich information on individual firms in
manufacturing industry. This enables us to conduct an empirical analysis of
production technology in Korean manufacturing industry over time across space.
However, unfortunately the geographical information of individual firms is not
disclosed for public use. So, we are only able to use aggregated data at local
government level. We include 221 local governments among the total of 234
local governments to construct a complete balanced panel data set, and hence
the total number of observations for this study is 2,431 (221 local governments
for 11 years).

Table 1 shows summary statistics on output and inputs. We use real value
added of manufacturing industries of each local government as an output
measure. Value added is derived by subtracting direct production costs from the
value of gross output in the survey data.l0 As inputs, three factors are included;
labor, land, and capital. For a labor input measure, we use total employment
which consists of annual average number of employees, working proprietors and
unpaid family workers who work more than one-third of the normal operating
hours per week. The lot size occupied by each industry for production activities
is used for land input. Real capital stock is used as capital input. Capital stock
is measured as the beginning year capital stock, ie., total value of tangible
fixed assets.!1

Table 2 provides a descriptive summary of average growth rates of output and
input. During the sample period, the manufacturing industry in Korea
demonstrated 4.98 percent annual average growth in real value added and 2.92
percent in land use. Real capital stock increased at the rate of 824 percent

' Direct production costs include raw material cost, fuel, water, electricity, purchased services,
and maintenance cost. By using value added as output measure, we can avoid the possibility that
the extent of outsourcing and use of own industry intermediate inputs may vary systematically
with the size of the region (Henderson et al., 2001).

" The values of assets under construction and land are excluded.
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annually, while the number of workers in the manufacturing industry decreased
at the rate of 1.54 percent. Note that capital-labor ratio increased during the

study period except the period of 1999~2000.

[Table 1] Summary Statistics of Inputs and Output

. Standard . .
Variables Average Dea:/rilagf) I Minimum Maximum
Value Added (Million Won) 689,719 1,213,331 2,051 10,900,000
Land (m®) 2,041,601 3,383,018 528 57,600,000
Labor (person) 12,058 16,910 88 107,972
Capital (Million Won) 603,860 1,184,187 1,285 12,500,000
[Table 2] Average Growth Rate of Inputs and Output (%)

Year Value Added Land Labor Capital
1991/1992 3.03 392 -4.25 13.28
1992/1993 5.39 16.45 2.75 19.29
1993/1994 10.80 -7.31 1.17 3.78
1994/1995 10.13 2.83 -5.51 -1.42
1995/1996 322 6.23 -3.18 9.43
1996/1997 0.58 3.09 -6.41 11.16
1997/1998 -6.29 -4.47 -14.02 11.89
1998/1999 14.76 4.82 7.92 12.55
1999/2000 10.54 -1.83 6.00 0.78
2000/2001 -2.34 5.49 0.12 1.66

Annual Average 498 2.92 -1.54 8.24

IV. ESTIMATION RESULTS
1. Technical Efficiency across Region over Time

For solving the linear programming problems in equations (5), (6-1) and (6-2),
we used each local government’s observed inputs and outputs in that period as
the direction, ie., g,=x and g,=y. Since the Luenberger productivity indicator
is related to measures of technical efficiency, the mean inefficiency 6 across
regions over time is reported first in Table 3. Recall that the positive value of
¢ indicates the presence of technical inefficiency. The smaller the value of 4,
the less inefficient, i.e., higher level of performance or productivity. Thus, the
value of 4 for an efficient firm should equal to zero. The overall mean of
technical inefficiency measures for the manufacturing industry during the sample
period is estimated as 0.3565. This indicates that on average, the netput of the
manufacturing industry of local governments could have been increased by
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0.3565 times of observed netput level if frontier technology were available.

The dynamics of technical efficiency measure is of interest in many aspects.
In particular, this enables us to analyze the path of adjustments that
manufacturing firms took in order to cope with the changes in economic
environment. Even though there are some fluctuations (spikes or peaks), it seems
that technical inefficiency has an increasing trend until the economic crisis, the
IMF bail-out starting at the end of 1997. The mean technical inefficiency after
the crisis, however, dropped to the level which is much lower than that of the
early 1990s. This suggests that on average, the financial crisis might stimulate
firms to improve production efficiency for their survival

Table 3 also shows the regional variations of technical inefficiency. The
manufacturing firms located in large metro-cities and in capital region generally
performed better than those in other areas. Ulsan demonstrated the lowest
technical inefficiency followed by Seoul, Incheon, Kyonggi, and Busan. Northen
Jeolla province recorded the highest inefficiency followed by Northern and
Southern Kyongsang province, Daejun and Northern Choongchung province, and
Southern Jeolla province. Regional variations of inefficiency across space at the
local level are summarized in Figure 1. It shows the geographical distribution of
mean inefficiency measure for the whole sample period for 221 local
governments.

[Figure 1] Mean Inefficiency of Local Manufacturing Industry

Inefficiency.shp

[ ]Less than 0.183
183 -0.313
313 -0.410
.410 - 0.495
Over 0.495
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2. Productivity Change and Its Decomposition

Table 4 summarizes the productivity change as well as its decomposition into
efficiency change component and technical change component for each adjacent
pair of years between 1991~2001. Note that the positive value of productivity
change and its components denotes improvement, whereas the negative value
represents regress or deterioration. Looking first at the bottom of Table 4, it is
seen that the productivity increased with an average rate of 1.17 percent per
year over the sample period. This productivity increase can be attributed to both
technical progress (0.78%) and efficiency improvement (0.39%).

Next, in order to investigate the impacts of the economic crisis on the
performance of local manufacturing firms, we compare the productivity change
and its decomposition between two periods, before and after the economic crisis.
Table 4 shows that the productivity growth rates in the year 1997 (0.4%) and
1998 (0.51%) are relatively low. In addition, the annual average productivity
growth rate after the IMF bail-out is estimated as 1.06 percent per annum,
which is lower than that of the period of 1991~1997 (1.25%). Relatively low
productivity growth rate after the year of 1997 indicates that the economic crisis
has negative impacts on the productivity of manufacturing industry. This provides
empirical evidence that the performance of local manufacturing industry is
closely related to the economic crisis. Table 4 also shows that the main source
of productivity growth is'switched between two periods; before the IMF bail-out
(1991-1997), the main source of productivity growth (1.25%) is technical change
(2.04%) whereas after the economic crisis, the productivity growth is mostly
attributed to efficiency improvement (2.17%). Note also that efficiency growth
rate is estimated as negative during 1991-1997. On the contrary, technical change
is estimated as negative after the economic crisis (1998-2001). This suggests that
on average, the adjustment path of local manufacturing firms confronting the
economic crisis can be characterized by “efficiency improvement” rather than
technical improvement. This finding is consistent with the decrease of firms’
investment for technology improvement evidenced by a large decline of the
growth of R&D (research and development) investment and the number of
researchers during the economic crisis (Korea Institute of Science and
Technology Evaluation and Planning, 2002).

Our next question concerns the regional variations of the dynamics of
productivity change and its decomposition. Table 5 provides the annual average
productivity growth rates and its decomposition across space over time and
Figure 2 shows the geographical distribution of annual average productivity
growth rates for 221 local governments. During the overall sample period, Jeju
province and Southern Choongchung province recorded the highest productivity
growth rate (2.5 percent per annum) followed by Northern Choongchung
(1.84%), Northern Kyongsang (1.76%), Seoul (1.64%), and Ulsan (1.61%). In
Jeju and Southern Choongchung, efficiency change is the main contributing
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[Table 4] Productivity Change, Efficiency Change and Technical Change

Period Productivity Change| Efficiency Change | Technical Change
1991~1992 0.0111 -0.0211 0.0322
1992~1993 0.0113 0.0074 0.0039
1993~1994 0.0175 -0.0229 0.0404
1994~1995 0.0186 -0.0317 0.0502
1995~1996 0.0124 0.0284 -0.0160
1996~1997 0.0040 -0.0077 0.0118
1997~1998 0.0051 0.0262 -0.0210
1998~1999 0.0179 0.0524 -0.0345
1999~2000 0.0226 -0.0304 0.0530
2000~2001 -0.0032 0.0386 -0.0418
Annual Average : 1991~1997 0.125 -0.0079 0.0204
Annual Average: 1997~2001 0.0106 0.0217 -0.0111
Annual Average : 1991~2001 0.0117 0.0039 0.0078

factor for productivity growth, while in Seoul, Kwangju, Ulsan, Kyonggi, and
Northern  Choongchung, technical change is largely attributable to their
productivity growth. Before the IMF bail-out, Jeju recorded the highest
productivity growth rate (3.95%) followed by Southern Choongchung (3.69),
Ulsan (2.22), and Seoul (1.73), whereas Busan (-0.93), Kwangju (-0.98), Daejun
(-0.29), and Kangwon (-0.1) suffered from a productivity decline. During this
period, it appears that manufacturing firms in Jeju, Southern Choongchung and
Northern Jeolla provinces were successful in improving technical efficiency, while
other regions ended up with an efficiency decline. On the contrary, all regions
recorded technical progress during this period.

During the 2 period (1998-2001), efficiency improvements were identified as
the major source of productivity growth in all regions except Incheon. Kwangju
recorded the highest productivity growth rate (5.4%) followed by Kangwon
(2.37), Northern Kyongsang (2.03), Northern Choongchung (1.87), Daejun and
Southern Kyonsang (1.66). Productivity was estimated to be decreasing in Daegu,
Inceon and Kyonggi province. Among them, Incheon has experienced both
efficiency deterioration and technical regress. All regions except Kwangju suffered
from technical regress during this period. In general, the regions with large
improvement in production efficiency recorded higher productivity growth. It is
also notable that Kwangju and Kangwon, where benefits from industrialization
and economic development were believed to be relatively small, demonstrated the
highest productivity growth after the economic crisis (1998-2001). Interestingly,
efficiency improvement is identified as the major source of this productivity
growth during this period. Recall that, in contrast, technical progress seemed to
be the major contributing factor for productivity growth before the economic
crisis (1991-1997).
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[Figure 2] Annual Average Productivity Growth Rates of Local Manufacturing
Industry
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3. The Dynamics of Two Productivity Components

While the dynamics of productivity changes look very similar across regions,
there exist significant differentials in the dynamics of the changes in two
productivity components (efficiency and technology change) across regions. Figure
3 summarizes the dynamics of productivity changes between two periods (before
and after the IMF bail-out), especially focusing on the relative changes in two
components. The vertical axis represents technical change and the horizontal axis
represents efficiency change. For example, the regions in the first quadrant
represent regions with technical progress (+) and efficiency improvement (+),
while the regions in the second quadrant records technical progress (+) and
efficiency deterioration (-). Before the economic crisis, productivity growth can
be characterized by technical progress and efficiency deterioration, because during
this period, technical change has a positive value and efficiency change is
associated with a negative value. The point labeled as “All” in the second
quadrant represents the mean values of technical change and efficiency change
components. On the contrary, during the 2™ period (after the IMF bail-out), the
efficiency improvement is identified as a major component of productivity
growth, This is represented by the point labeled as “All” in the fourth quadrant.
The slope of the line connecting two points indicates the ratio of technical
change to efficiency change, measuring the dynamics of relative changes in two
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productivity components. Note that a region represented by a steep (flat) and
downward slope can be seen as one experiencing large (small) “trade-offs”
between technical change and efficiency change. In other words, when the slope
of a line connecting two points (before and after the economic crisis) is
negative and steep, it can be interpreted as achieving relatively small efficiency
improvement with a cost of large decrease in technical progress.

[Figure 3] The Dynamics of Productivity Change and Its Components
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Many regions can be represented by a downward slope (from the second
quadrant to the fourth quadrant). Figure 3 shows the dynamics of two
components of six representative regions; Daegu, Busan, Kyonggi, Kangwon, and
Kwangju. It indicates that the type of productivity changes in Kwangju and
Kangwon is quite different from that of Daegu, Busan, and Kyonggi. In these
two regions, production efficiency is estimated to increase faster at a cost of
relatively small technical regress, ie., small trade-offs. This small trade-off
between efficiency improvement and technical regress might have implications
beyond economic factors. Admittedly, in the past, these regions were considered
to enjoy less benefits from economic growth compared to the east side of
Korean peninsular, e.g., Kyongsang province. Considering new political leadership
of Kim Dae-Jung administration started from 1998, this observation might reveal
favorable evidence on the unbalanced regional development hypothesis. This
argument is consistent with the fact that relatively large trade-offs reflected by a
steeper line in Daegu and Busan are reported in Figure 3. Our analysis indicates
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that changes in political environments in the late 1990s might have
non-negligible effects on the performance of regional industry.

V. CONCLUDING REMARKS

Using the panel data obtained from the Mining and Manufacturing Survey for
the period of 1991-2001, this analysis has investigated the performance of
Korean manufacturing industry across region over time, especially focusing on
the dynamics of productivity changes between pre- and post-economic crisis. We
used a frontier production function approach. Specifically, we modeled production
technology wusing a directional distance function approach, a version of
Luenberger shortage function. The estimated productivity changes are then
decomposed into efficiency changes and technical changes.

The findings of our analysis are as follows. First, the overall mean technical
inefficiency measure for manufacturing industry during the sample period is
estimated to be 0.3565, suggesting that the netput of manufacturing industry of
local governments could have been increased by 0.3565 times of observed netput
level. Technical inefficiency appears to increase until the economic crisis and
dropped significantly during the crisis. This implies that the financial crisis may
have significant impacts on firms’ performance in a way that it tends to
improve production efficiency. Second, manufacturing firms located in large
metro-cities and in capital region generally perform better than those in other
areas. Third, productivity increased with an average rate of 1.17 percent per
annum over the sample period, which is largely attributable to technical progress
(0.78 percent) compared to efficiency improvement (0.39 percent). Relatively low
productivity growth rates in 1997 and 1998 represent that the economic crisis
has negative impacts on the performance of manufacturing industry. Before the
IMF bail-out, the major source of productivity growth is technical change. In
contrast, post-economic crisis period, productivity growth can mostly be explained
by efficiency improvement. Next, we found that during pre-economic crisis
period, Southern Choongchung and Northern Jeolla improved its technical
efficiency, while other regions suffered from efficiency decline. During
post-economic  crisis period, efficiency improvements were attributable to
productivity growth in all regions except Incheon. It is notable that Kwangju
recorded the highest productivity growth rate followed by Kangwon, Northern
Kyongsang, Northern Choongchung, Daejun and Southern Kyonsang.

Finally, we attempted to categorize the dynamics of the changes in two
productivity components (efficiency and technology) across regions. We found
that the dynamics of changes in two components in Kwangju and Kangwon is
quite different from that of Daegu, Busan, Kyonggi, and S. Choongchung. Our
results show that manufacturing firms in Kwangju and Kangwon (where the
benefits from economic growth are believed to have been small) demonstrated
relatively “small trade-offs” between efficiency and technical change. This
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provides indirect evidence of non-negligible effects of the changes in political
environments in the late 1990s on the performance of regional industry.

This study could be extended in several ways. Identifying the determinants of
the technical inefficiency and productivity change estimated in this study is of
interest in the sense that it will allow us to test econometrically unbalanced
regional development hypothesis. Secondly, if one uses more micro-level
manufacturing industry data, it might provide richer information in analyzing the
manufacturing industry at the disaggregated level such as two or three digits.
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