KIEP Working Paper 16-14

A

Trade in Intermediate Goods:
Implications for Productivity and
Welfare in Korea

KIM Young Gui and PYO Hak K.

T o
00 ®

oo

o

.

o
o

o0 ® .

eee?®
o

</ Korea Institute for International
I\l I-F Economic Policy




The Korea Institute for International Economic Policy (KIEP) was founded in
1990 as a government-funded economic research institute. It is a leading institute
concerning the international economy and its relationship with Korea. KIEP advises the
government on all major international economic policy issues and serves as a warehouse
of information on Korea’s international economic policies. Further, KIEP carries out
research by request from outside institutions and organizations on all areas of the

Korean and international economies by request.

KIEP possesses highly knowledgeable economic research staff. Our staff includes
many research fellows with PhDs in economics from international graduate programs,
supported by dozens of professional researchers. Our efforts are augmented by our
affiliates, the Korea Economic Institute of America (KEI) in Washington, D.C.
and the KIEP Beijing office, which provide crucial and timely information on local
economies. KIEP has been designated by the government as its Center for International
Development Cooperation and the National APEC Study Center. KIEP also maintains
a wide network of prominent local and international economists and business people

who contribute their expertise on individual projects.

KIEP continually strives to increase its coverage and grasp of world economic
events, and expanding cooperative relations has been an important part of these efforts.
In addition to many joint projects in progress KIEP is aiming to become a part of a
broad but close network of the world’s leading research institutes. Considering the
rapidly changing economic landscape of Asia, which is leading to further integration
of the world’s economies, we are confident that KIEP’s win-win proposal for greater
cooperation and sharing of resources and facilities will increasingly become standard

practice in the field of economic research.

HYUN Jung Taik
Dresident

Korea Institute for International Economic Policy

370 Sicheong-daero, Sejong-si, 30147, Korea

Tel. 82-44-414-1251 Fax, 82-44-414-1144

www.kiep.go.kr

K Korea Institute for International Price USD 3

B=% Economic Policy



WORKING PAPER 16-14

Trade in Intermediate Goods: Implications
for Productivity and Welfare in Korea

KIM Young Gui and PYO Hak K.

Kl{P Korea Institute for International
I=¥ Economic Policy



KOREA INSTITUTE FOR
INTERNATIONAL ECONOMIC POLICY (KIEP)

Building C, Sejong National Research Complex, 370,
Sicheong-daero, Sejong-si, Korea

Tel: 82-44-414-1251 Fax: 82-44-414-1144

URL: http://www.kiep.go.kr

HYUN Jung Taik, President

KIEP Working Paper 16-14
Published December 30, 2016 in Korea by KIEP
ISBN 978-89-322-4265-1
978-89-322-4026-8(set)
Price USD 3

©2016 KIEP



EXECUTIVE SUMMARY

There have been voluminous contributions such as Daudin ef a/. (2011), John-
son and Noguera (2012), Koopmans ¢f a/. (2010), and Trefler and Zhu (2010) in
measuring value added trade based on input-output tables as generalizations of
the vertical specialization measures following Hummels ez @/ (2001). These
studies focused on trade in intermediate goods as a key feature of recent global
trade. In the case of Korea, about 50% of total exports and 70% of its total
imports are intermediate goods trade. This paper contributes to the discussion
about the trade in intermediate goods and productivity by revisiting Basu (1995),
Jones (2011), and Lee and Pyo (2007) to examine implications of trade in in-
termediate goods for macroeconomic business cycles and productivity and wel-
fare at the current stage of Korean development. The major revision of the
Basu (1995) model is attempted by decomposing intermediate goods into do-
mestically produced intermediate inputs and imported intermediate inputs to
investigate implications of the model in a small open economy. The major find-
ing is that the pro-cyclicality of the intermediate goods usage relative to labor
usage and TFP changes in both value added and gross-output regressions are
significantly weaker in a small open economy like Korea than the large econo-
my of the United States. We also investigate the effects of misallocation and
multiplier effects due to intermediate goods on industrial productivity and effi-
ciency following the model of Jones (2011). Since the effects of misallocation
can be intensified through the industrial input-output structure of the economy,
we calculate the intermediate goods multiplier by Korea's 29 manufacturing
industries. We find technical changes and the degree of inefficiency are related
with the magnitude of multipliers, but we leave a fundamental identification

problem to future research.
Keywords: Imported intermediate goods, productivity, business cycle, misallocation,

input-output structure

JEL Classification: E2, F1, O1
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Trade in Intermediate Goods: Implications for
Productivity and Welfare in Korea

KIM Young Gui' and PYO Hak K"

l. Introduction

There have been voluminous contributions such as Daudin e a/ (2011),
Johnson and Noguera (2012), Koopmans e a/ (2010), and Trefler and Zhu
(2010) in measuring value added trade based on input-output tables as generali-
zations of the vertical specialization measures following Hummels ez /. (2001).
These studies focused on trade in intermediate goods as a key feature of recent
global trade. In the case of Korea, about 50% of total exports and 70% of its
total imports are intermediate goods trade. This paper contributes to the dis-
cussion about the trade in intermediate goods and productivity by revisiting
Basu (1995), Jones (2011), and Lee and Pyo (2007) to examine implications of
trade in intermediate goods for productivity and welfare at the current stage of
Korean development.

The first part of this paper aims to revise and extend the simple menu-cost

* An earlier version of the first part was presented at the Western Economic Association Meetings held in
Portland from June 29 — July 2, 2016. We thank Younghan Iee of Seoul National University for providing
valuable assistance to the research.

t Research Fellow, Korea Institute for International Economic Policy (KIEP).

#t Professor Emeritus, Seoul National University and Visiting Scholar at KIEP.
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model of Mankiw (1991) and Basu (1995). Basu (1995) proposed a new ap-
proach to explain the pro-cyclical productivity. Hall (1990) explained pro-
cyclicality of productivity as a result of imperfect competition and increasing
returns to scale, which implies that cyclical productivity should be related with
only sectoral output, not aggregate output. Caballero and Lyons (1989) pointed
out the possibility that sectoral productivity could be correlated with aggregate
output through technological spillover. Bernanke and Parkinson (1991) sug-
gested cyclical factor utilization (labor-hoarding) as an explanation. Basu (1995)
used the model with intermediate goods in production to demonstrate that
sticky price models can explain larger output fluctuations and can generate pro-
cyclical productivity movements without assuming increasing returns to scale.
The model was also used to estimate the markup and the degree of returns to
scale with U.S. manufacturing data and compared with Hall’s (1990) estimates.

The major revision of the Basu (1995) model is attempted by decomposing
intermediate goods into domestically produced inputs (I”) and imported in-
termediate inputs (IM) to examine implications of the model in a small open
economy. We find the pro-cyclicality of the intermediate goods usage relative to
labor usage, which implies that the sticky price of intermediate goods plays an
important role in pro-cyclical productivity. Also total factor productivity (TFP)
changes in both value added and gross-output regressions were shown to be
significantly weaker in a small open economy like Korea than the large econo-
my of the United States.

In the second part of the paper we apply the model of Jones (2011) to a
country-specific industry-panel data set and estimate multiplier effects and inef-
ficiency by using a stochastic frontier model based on Lee and Pyo (2007) to
examine implications for welfare (productivity loss) at the current stage of Ko-
rean development. There have been voluminous recent contributions such as
Chati, Kehoe and McGrattan (2007), Restuccia and Rogerson (2008), Banerjee
and Duflo (2005), Hsich and Klenow (2009) and Jones (2011) who have exam-

ined the role of resource misallocation in explaining income differences across
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countries and across industries within an economy. Jones (2011) demonstrates
through a simple illustrative model how misallocation can reduce TFP and the
effects of misallocation can be amplified through the industrial input-output
structure of the economy because outputs of many firms are used as the inputs
of other firms. Therefore, the larger the weights of intermediate inputs in gross
output production, the larger the amplification effects of misallocation would
be. In addition, if we decompose intermediate inputs into domestically pro-
duced inputs (I”) and imported intermediate inputs (IM), the amplification ef-
fects of two intermediate inputs would be different depending on the relative
size and the distribution of the two intermediate inputs.

We consider explicitly each of the N sectors production function with phys-
ical (K) and human capital (H), domestic intermediate goods (I”), imported
intermediate goods (IM) and an exogenous productivity term as the product of
aggregate productivity (A) and sectoral productivity (7;). Since the effects of
misallocation can be intensified through the industrial input-output structure of
the economy, we estimate the intermediate goods multiplier by Koreas 29
manufacturing industries. We follow Battese and Coelli (1992), Lee and Schmidt
(1993), Kumbharkar (1990), Lee (2006a, 2006b) and Lee and Pyo (2007) to
identify the sources of misallocation in the form of the patterns of productivi-
ty growth and changes in inefficiency in Korea’s 29 manufacturing industries
using the stochastic frontier approach with industry-panel data. We find large
variations in temporal and cross-industry inefficiency, which explains why inef-

ficiency has led the economy into a lower productivity regime.
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2. Trade in Intermediate Goods and Pro-cyclical
Productivity

2-1. The Model with Domestic and Imported Intermediate Goods

Following Mankiw (1991) and Basu (1995), we model the use of domestic
and imported intermediate goods in an input-output structure so that all firms
use intermediate inputs in production. There is a continuum of goods, indexed
on [0, 1]. The representative consumer is assumed to maximize the following

utility function:
1 11— . M
u=—r Jo Qip " di+log (?) - L, 1)

where Qj is the quantity of product i used for final consumption, ¢ is the
reciprocal of the elasticity of substitution between different products
(0 < ¢ < 1), M is money demand which is assumed to be equal to money sup-
ply in equilibrium, P is the general price level which is a Tornqvist aggregator
of domestic inputs prices (Pid) and imported inputs prices ( PMy which are as-
sumed to be determined in the competitive international markets and therefore,
are given to the producer, and L is labor supply.

The price level, P, is defined as follows:!

¢
91 -1
®

7 (%)

I The consumer maximizes the utility function (1) subject to a budget constraint, and the derived
first order conditions are provided in the Appendix.

1-B

>
Il
—
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The production side consists of a continuum of monopolistic firms, each
producing one variety of products. Each firm is assumed to maximize profits

given the production function
Qi = ALK, 7P, e

where
1

_ ! 1-¢ -9 av¥,;m1-v
Iy = L, " dk i = I L
0

and where Q; is the gross output of the firm i, A is the total factor productivity,
L; is the labor input of the firm i, K; is the capital input, and I; is the quanti-
ty of intermediate input which is a Tornqvist aggregator of domestically pro-
duced intermediate inputs (Ild) and imported intermediate inputs (IM) with
shares of y and 1 —y. Following Basu (1995), we assume all firms produce
for both manufactured inputs and final goods and the final goods can serve as
inputs for the production of other goods. We also assume constant return to
scale in gross output production function.?

Under these conditions, each firm’s profit-maximizing nominal price, P, is

1
1-¢
= p(werfpl-a-F), 3)

P = (vwarfpi-a=f)

where p is the markup, W is the nominal wage, 7 is the capital return, and
U is an unimportant constant. This equation shows that output price is set as a
markup on marginal costs.

The optimal relative price for each firm i, p;, is derived as

2 Unlike Hall (1990), Basu’s (1995) model explains pro-cyclical productivity without increasing
returns to scale.
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The optimal relative price is dependent on real wage and capital returns
raised to the power a and B(a+ B < 1). This means that the change in the
optimal price is a + f times the percentage change in aggregate demand. The
intuition behind this relationship is simple: with fixed prices an increase in out-
put raises demand for labor and capital, which also raises the real wage and cap-
ital return. If intermediate goods are used in production, firms’ marginal costs
rise only in proportion to input factor shares, o + B, because prices of inter-
mediate goods are fixed.

For price stickiness to be a Nash equilibrium, the loss to each of not chang-
ing prices, assuming that another firm adjusts, is less than the menu cost of
changing prices. The change in profit to a firm from not adjusting its price in
response to an output shock can be approximated by a second-order approxi-

mation as follows:
* * 1 14 * * *
T[(pnew) - T[(pold) ~ ET[ (p )(pnew - pold)zs (5)

where " is the second detivatives of the profit function with respect to prices.
To see how the profit loss changes with respect to o+ f, firms’ losses are
normalized so that the profit loss in the base case (a + = 1) is 1 as follows>:

T —T
*

©)

[T[;:n] |cx+ B=1

From a relationship among the revenue shatre of intermediate goods in total

revenue, a, and B and the fact that the share of intermediate goods in total

3 The base case means that a firm does not use intermediate goods in production.
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. Q .
revenue is (1 — EF , we can obtain

(1-a=PB) = n(1 -, ¢

where Qp is final production (value-added) and Q is total (gross) output. By
equation (7), a negative relationship between a+ f and markup (u) given the
shate of intermediate inputs is defined. Basu (1995) estimates the share of in-
puts in U.S. manufacturing is about 0.5 and over. Therefore, the upper band of
a+f is 0.5. Because the production function is Cobb-Douglas, the share of
intermediate goods in total cost is 1 —a — . Since we assume monopolistic
competition, the cost share is equal to revenue share multiplied by the markup.
With equation (7), we can obtain an implied value of markup corresponding to
a range of values for a+ f.

To show one of the stylized facts of business cycles, pro-cyclicality of total
factor productivity, Basu (1995) used a business cycle model with constant re-
turns to scale. With this model, pro-cyclical productivity is driven by three
properties: imperfect competition, lower inefficiency at higher level of output,
intermediate goods in production.

We also specify the following value-added production function:
Qr; = AL{KY ®)
According to Basu (1995), the percentage change in A, total factor produc-
tivity, is positive and monotonically increases as a+ b decrease. Also if pu =1
(petfect competition) or a+f =1 (no intermediate goods in production),
productivity is not pro-cyclical.

logQg; = log A; + alogL; + blogK; )

But we do not impose constant returns to scale on value-added production

2. Trade in Intermediate Goods and Pro—cyclical Productivity 13



function assuming separability of value-added production function from gross
output production function.
Hall (1990) tested the invariance of the cost-based Solow residual at both

the economy-wide and two-digit SIC levels by a value-added model.

AlnQg = y(aAlnL + bAInK;), (10

where a and b are the shate of labor and capital in the total cost of produc-
ing value added, respectively. ¥ is Hall’s estimate of the degree of returns to
scale. Basu (1995) calibrates the model and examines derived implications with
Hall’s (1990) estimates. Basu’s calibrated estimates from the gross-output model
show a constant (or slightly decreasing) returns to scale which is in sharp con-
trast with Hall’s (1990) finding of strongly increasing returns to scale. In the
present paper, instead of calibrating the revised and extended model of Basu
(1995), we impose these results by Basu of constant returns to scale in gross-
output production and estimate the model directly by using the Korean manu-

facturing data (1970-2013) from the KIP database.
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2-2, Empirical Results
1) Cyclical Regularities

One of the predictions by the model is that materials prices are countercy-
clical relative to the prices of substitutes such as labor and capital. The modi-
fied predictions from the above extended model with two intermediate inputs

with all variables in logs would be

(API‘jt — APL_it) = constantfl + BfAYit an
(APII,\f[t — APL,it) = constant%v[ + Bg‘AYib (12)

where Yj¢ is sectoral output, Pp;+ is the price of labor, Pffit is the prices of
domestically produced intermediate goods, and P}Y{t is the prices of imported
intermediate goods.

Using a panel of annual observations on 21 manufacturing industries in the
United States from 1959 to 1984, Basu (1995) reports the estimate of the elas-
ticity which was constrained to be equal across industries as $1( —0.20) nega-
tive and significant. His interpretation of the result suggests that the real wage
is significantly pro-cyclical. He argues further that labor becomes more expen-
sive relative to intermediate inputs, which must lead producers to economize on
labor and use intermediate goods more intensively. In our revised and extended
model of Basu (1995), we will examine whether the substitutability between
labor and intermediate goods can be extended to both or either of domestically
produced intermediate inputs and imported inputs.

Our estimate of f; when we combine two inputs into one aggregate in-
termediate input as Basu (1995) did is negative (—1.00) and significant, implying
that the elasticity which is constrained to be equal across industries shows sig-
nificantly that the real wage relative to intermediate input prices is pro-cyclical.

This is consistent with the findings by Basu (1995) that in a small open econo-

2. Trade in Intermediate Goods and Pro—cyclical Productivity 15



my in expansion, the cost of labor input becomes more expensive relative to
the price of intermediate goods which could lead producers to economize on
labor and use intermediate goods more intensively. Also the degree of price
rigidities of intermediate goods could be larger in a relatively smaller open
economy than the US economy. Basu (1995) argues that the labor quality data
in the US manufacturing data of Jorgenson, Gollop and Fraumeni (1987) is
significantly counter-cyclical. In our data set of KIPS (KKorea Industrial Produc-
tivity) database, the labor input data was quality adjusted by sex, education lev-
els and age levels.

It is interesting to note that the pro-cyclicality is higher with imported in-
termediate inputs (B=-0.97) than with domestically produced inputs (Bf=
-0.92). As we already mentioned above, this might imply that prices of import-
ed intermediates are given to a small open economy such as Korea and the de-
gree of price rigidities of imported intermediate goods might be larger than
those of domestic intermediates.

The next theoretical proposition is that materials usage is pro-cyclical rela-
tive to labor. We decompose intermediate goods into domestically produced

goods (IH) and imported goods (IN) as follows:

(AI§ — ALy;) = constant{ + BJAY;, (13)

(Alil\.f - ALit) = constant + BYAY;, (14

Our estimates of f, in Table 1 are positive and significant in both the
combined input model (S, = 0.58) and decomposed input model (B5 =
0.57 and B3 = 0.64). This is consistent to the positive estimate (B, = 0.56) of
Basu (1995), who claimed that the materials usage in U.S. manufacturing is pro-
cyclical relative to labor. In the case of Korean manufacturing, we also find that
material usage is pro-cyclical relative to labor. At the time of business expan-
sion with demand-pull, Korean manufacturing firms may find both domestical-

ly produced and imported inputs more cheap relative to labor and therefore
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economize on the use of primary inputs. A comparison of the results of equa-
tion (13) and (14) indicates that the pro-cyclicality in using intermediate inputs
relative to labor is weaker in the use of domestically produced inputs than in
the use of imported inputs. The industries which use more imported interme-
diate goods tend to economize on labor input and use imported input more
strongly than the industries which use more domestically produced inputs.
There is stronger substitutability between labor and imported intermediate in-
puts than between labor and domestically produced inputs, which is consistent
with Korean manufacturing firms’ behavior of outsourcing and off—shoring
business activities.

Basu (1995) revisits the issue of labor-hoarding in the context that the use
of pro-cyclical intermediate goods is driven by labor-hoarding. He obtains the
clasticity estimate as 0.56 without labor market variables and 0.41 with labor
market characteristics such as the ratio of production workers to nonproduc-
tion workers, the average number of overtime hours worked and the number
of hours worked by an average worker in each industry. Both estimates are pos-
itive and significant so that Basu concludes the intermediate usage is pro-
cyclical and might be driven partly by labor-hoarding. We have used average
working hours as a proxy variable for cyclical labor utilization to control for
labor-hoarding, The estimates after controlling for labor hoarding by each in-
dustry’s average working hours (AGH;) are smaller in magnitudes (B¢ =
0.55 and B3’ = 0.57) but still positive and significant. Because the estimate of
AGH; in equation (13) is insignificant, the pro-cyclical domestic intermediate

usage might not be explained by labor-hoarding for Korea’s case.
2) Specific Hypotheses

(a) Sensitivity of intermediate goods-output ratio to changes in relative prices

The model was tested by the following three hypotheses. The first hypothe-
sis was whether changes in the intermediate goods to output ratio are consist-

ently related to changes in the relative price of these inputs. In our revised

2. Trade in Intermediate Goods and Pro—cyclical Productivity 17



model, the intermediate goods are decomposed into domestically produced

goods and imported goods as follows;

(ALY — AY;,) = constant{ + B (AP, ;; — ARS) (15)
(A1{! — AY;) = constant}! + (AP, — AR (16)

Basu’s estimate of f; was 0.12 and significant. Basu (1995) states that if
the production function is in fact Cobb-Douglas, the estimate of f3 is equal to
the shate of labor(@). Our estimates in Table 1 shows 0.03 (0.008 with domes-
tically produced intermediate goods and 0.036 with imported intermediate
goods),* which is far less than the estimate of Basu and which implies markup
higher than 1.706 when a = 0.1 according to Basu’s calibrated result (Table 3
in his paper). The lower estimate of @ = f3; seems to indicate the omission of
capital stock in both gross-output and value added production function. In or-
der to reflect this issue, we have adopted the gross-output and value-added
production functions with explicit capital input separately from intermediate

inputs in generating total factor productivity (TFP).

4 For robust check, we estimate the modes with different model specifications and estimation
methods but the main results do not change much. Also we try an instrumental estimation
method in order to control potential endogeneity of outputs, but we fail to obtain appropriate
estimates because our instrument variables (military expenditures and oil prices suggested by
Basu) are dropped when we add year dummies.
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Table 1. Empirical Regularities of Extended Basu (1995) Model with Two

Intermediate Goods
Explanatory Variables l
Dependent
Variable AY, AY AGH; | AP,;—AP;; | AP,; —APY | AP,; — AP}
-1.01%**
AP, — APy, (0.022)
-0.92*%*%*
d —_— .
AP = 4Pl (0.022)
-0.97%**
M —_— .
APii = APeil 10.026)
0.58***
(0.030)
0.bh*** 0.011
(0.035) (0.007)
0.57***
(0.031)
Al — AL,
0.55*** 0.008
(0.036) (0.007)
0.64***
(0.035)
AIM — AL;
0.57%** 0.028***
(0.040) (0.008)
0.004
(0.016)
Ali—AY 0.03%**
(0.007)
-0.015
(0.017)
AIf — Ay,
0.008
(0.008)
0.158***
0.032
AIM — 4y, { )
0.036**
(0.015)

Note: *, ¥, #%%: sionificant at 10%, 5%, 1 % level respectively. The sample period is 1972-2012. Iid, M and L;
are industry materials for domestic and import, and labor input; Pﬂ, Plll\f[ and Py ; are the associated ptic-

es. Y; and Y are industry and manufacturing gross output and AGH; is the number of hours worked by
an average worker in each industry. All variables are in logs.
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(b) Sensitivity of Changes in TFP to Changes in Input Mix

The second proposition we test is whether changes in input mix are respon-
sible for changes in total factor productivity. Modifying the Basu (1995) model,
we decompose material inputs into domestically produced input (I%) and im-

ported input (I}1).

ATFP; = constant; + B4 (Al — ALjp) 17)
ATFPy = constantid + BE(AI{{ — AL;p) (18)
ATFP, = constantM + Y (ALY — AL;,) (19)

We also modify the way we generate TFP for both value added and gross
output. Instead of calculating the growth rate of TFP based on cost shares as
attempted by Hall (1990) and Basu (1995), we estimate TFP (A) directly from

the following Cobb-Douglas production function with constant returns to scale

imposed:
v, Mm(1-a—=B-y)
Qi = AL?KFIid LM
Qi LY Kp Iidy IiM(l_a_B_Y)
— AL DL
L _AL;* Lf LY Li(l—a—B—v) (20)

We estimate:

log Q; = logA + alogL; + BlogK; + ylogld + (1 — a — B — y) log ;™
logQ; — logL; = logA + B(logK; — logL;) + y(logI? — logL;)

+(1 - a— B —y)(logl" — logL;) @
We generate TFP;(A) in value added production as follows:

(logQ;) = log A + alogL; + blogK; (22)
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The estimates of f, reported in Table 2 indicate two findings. First, the
degree of pro-cyclicality of both gross-output and value added TFP in re-
sponse to changes in the intermediate inputs—labor mix in Korean manufactur-
ing is much less than in the U.S. manufacturing. Basu’s estimates of value-added
based TFP and gross-output based TFP regressions were 0.33 and 0.12 respec-
tively. In contrast, our estimates are 0.25 and —0.029 respectively without much
difference in decomposed TFP estimates (0.25 in value-added and —0.029 in
gross-output TFP regressions). Second, the pro-cyclicality is highly stronger
with value-added TFP than with gross-output TFP in Korean manufacturing
compared to estimates in Basu (1995) for U.S. manufacturing.

While Basu finds evidence of significant pro-cyclicality of both value-added
(ATFP/*) and the gross-output residual (ATFPF®) from U.S. manufacturing
data, we find pro-cyclicality in value-added but no (zero) cyclicality in gross-
output data of Korean manufacturing, The results remained the same when we
decomposed intermediate inputs into domestically produced ones and import-
ed ones. By explicitly considering imported intermediate goods, we allow firms
to choose an optimal level of imported intermediates usage to maximize their
profit. Because TFP is measured based on residuals, we speculate that more

input usage is attributed to low TFP.

(c) Difference in estimates of internal returns to scale and external effects from
aggregate activity between value-added data and gross-output data

Finally we can test if there is a significant difference between value-added
data and gross-output data in terms of estimates of internal returns to scale (y)

and external effects (k) from aggregate activity by the following specification:
AY;; = constant; + yAX;; + kAX,, (25)
where AX; is the cost share-weighted sum of sectoral input growths and AX

is growth of aggregate (manufacturing) inputs, similarly cost weighted. AY{“is

the growth of value added; AY,%“is the growth of gross output. This test shows
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the degree of extent of how well Hall’s argument can explain the pro-cyclicality
of TFP in Korea.

The estimates by Basu (1995) were y =0.63 and k = 0.79 for value added
growth regression and y =0.96 and k = 0.01 for gross-output growth regres-
sion. Our estimates reported in Table 2 arey =0.44 and k = 0.89 for value
added growth regression and y =0.95 and k = 0.08 for gross-output growth
regression. Our estimates from Korean manufacturing data reveal much smaller
degree of internal returns to scale and stronger externality effects than Basu’s
estimates from US. manufacturing, This contrasts with the results of Hall
(1990), who finds significantly increasing returns to scale using value-added data.
In our estimates, thete are no constant returns to scale (y =0.44) found in the
value added growth regression as Basu’s (y =0.63) but there is near constant
returns to scale (y =0.95) in the gross-output growth regression while in Basu
(1995) the estimate (y =0.96) of returns to scale in gross-output is almost
equal to 1, implying constant returns to scale. Our estimate of externality coef-
ficient from value-added growth regression (k = 0.89) is consistent with the
Caballero-Lyons (1989) stylized fact that it is evidence for a true technological

externality.

Table 2. Value-added and Gross Output Results with Two Intermediate Goods

Explanatory Variables
DSZEZgTem Al — AL, | AI% — AL |AIM — AL1| 4axY% | axvA | axS0 | axco
0.25%%*
(0.019)
0.25%%*
ATFP{* (0.019)
0.21%%*
(0.017)
AyVA 0.44%** | 0.89%**
i (0.064) | (0.081)
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Table 2. Continued

-0.029
(0.007)

-0.029

Go
ATFP; (0.007)

-0.022
(0.006)

0.95*** | 0.073**
(0.011) | (0.019)
Note: *, **, *¥%: sionificant at 10%, 5%, 1 % level respectively. Standard errors are given in parentheses. The

sample period is 1972-2012. AYA and AYS© are growth rates of industry value added and gross output.
AXYA s the sum of the growth rates of industry capital and labor inputs, each weighted by its share in the

AYiGO

production of value added. AXVA is the analogue for aggregate manufacturing. AXEO is the sum of the
growth rates of industry capital, labor and intermediate goods, each weighted by its share in the produc-
tion of gross output. AX®C s the analogue for aggtegate manufacturing. ATFPYA s the growth rate of
industry total factor productivity calculated from value added and capital and labor inputs: ATFPYA =
AYYA — AXYA. ATFPSO s the growth rate of industry total factor productivity ~ calculated  from
gross output and capital, labor and intermediate goods: ATFPSC = AYSO — AXSC. Al and AL; are
growth rates of intermediate goods and labor input.
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3. Trade in Intermediate Goods, Misallocation and
Productivity Loss in Korea

3-1. Model of Misallocation and Multiplier Effects in Input-Output
Framework

According to Jones (2011), there are only two fundamental reasons for in-
come differences across countries: either different production possibilities or
different allocations. In particular, misallocation amplified through an input-
output structure can explain a substantial part of differences in TFP.

We follow Long and Plosser (1983) and Jones (2011) to consider how in-
termediate goods generate a multiplier by adopting the following gross output

(Q) production function with capital (IK), labor (L) and intermediate goods (I).
Qe = A(K L) TLC 26)

where I, is decomposed into domestically produced intermediate input (I.°)
and imported intermediate input M.
Let us assume a constant fraction(?) of gross output is used as an interme-

diate good:

lirq1 =1Q¢ @7

Then GDP is defined as gross output net of spending on intermediate

goods:

— 1
Y, =(1-1DQ; = TFP-K“L ™%, TFP = (A°(1 — D191 28)

TFP is dependent on the allocation of resources to intermediate goods. It

will be maximized when T = o, which is the optimal spending share on inter-
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mediates. For any other spending share, however, TFP will be lower and this
effect will be amplified as the intermediate goods share increases.
Let us also assume a constant fraction § of GDP is saved and invested and

labor is exogenous and constant:

Ky = 8Yp + (1 = 8K = 5(1 —X)Q + (1 — 8K, (29)

The level of GDP per worker in a steady state (y, = Y /L,) is

*

y =

=<

1
_ (g0¢1 _ 1o (3 0((1—0'))(1—0()(1—0')
= (Al (1-1 (8)

(30)
Jones (2011) notes that the effects of misallocation or basic productivity dif-

ferences get multiplied and that since the misallocation applies to a produced

1
m > 1 that

good, its effects are amplified: there is an exponent of
applies to misallocation.
Let’s assume the economy consists of N sectors and each sector produces

with the following Cobb-Douglas technology:

. N1-0j—A4 oj oj oj A Ai A
_ o 1—-x i iyD9i1yD iz | . 1D iN M1 MAi2 . .M iN
Qi = Ai(K;“H;' ™) I I "oy Lip L Ty
domestic IG imported IG >

(31)

where i indexes the sector. A; is an exogenous productivity term, which is the
product of aggregate productivity A and sectoral productivity 7;: 4; = An;.
K; and H; are the quantities of physical capital and effective labor embodied

by human capital and used in sector i. Two kinds of intermediate goods are
used in production: Ii[])' is the quantity of domestic good j used by sector i,

and Ig-’ is the quantity of the imported intermediate good j used by sector i.

We adopt the Armington assumption (imported intermediate goods from dif-
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ferent sources are different), so that they are not perfect substitutes. We abuse
notation by assuming there are N different intermediate goods that can be
imported and by indexing these by j as well. The parameter values in this pro-
duction function satisfy g; =X\, 0;; and A, =X}, 4; and 0<a; <1, so
the production function assumes constant returns to scale.

Each domestically produced good can be used for final consumption, ¢; or

can be used as an intermediate good:
G + ZiN=11Dij =Q, j=1,..,N 32)

Rather than specifying a utility function over the N different consumption
goods, it is more convenient to aggregate these final consumption goods into a

single final good through another log-linear production function:
Y =C, P oy, (33)
where YN B = 1.
This aggregate final good can be used as consumption or export to the rest
of the world:

C+X=Y (34)

It is these exports that pay for the imported intermediate goods. Considet-

ing the long-run steady state of a model, we impose balanced trade:
X =YL XL piIMy (35)

where p; is the exogenous world price of the imported intermediate goods.

Finally, we assume fixed, exogenous supplies of physical capital and human capital.
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LK =K (36)

N Hj=H (37)

As reviewed by Acemoglu, Johnson and Robinson (2005), misallocation is
the equilibrium outcome of the political economy interacting with institutions
and distribution of resources including physical capital, human capital and in-
termediate input mix. Jones (2011) demonstrates why improvements in the al-
location of resources would not take place in the most distorted countries be-
cause the immediate gains are so large despite the potentially enormous in-
crease in the size of the economic pie that is possible in the long run if the al-
location of resources can be improved by the ruling elite of the political econ-
omy. Jones (2011) further argues that the intermediate goods for economic
growth, development and macroeconomics should be regarded as another form
of capital and therefore, the capital share should be treated as 2/3, higher than
most of empirical estimates around 1/3, implying that the neoclassical growth
model should generate a larger multiplier on changes in productivity or the in-
vestment rate.

Jones (2011) has estimated the aggregate multipliers for the 35 countries
from the OECD Input-Output Database, which contains 48 industries and 35
countries. The multipliers estimated include the contribution not only from
imported intermediate goods but the aggregate intermediate goods share. He
noted that the simple approximation of “one over one minus the intermediate
goods share” does a very good job of approximating the true multiplier. The
average value for the multiplier estimated ranges from the highest value of 2.53
in China, 2.10 in Korea, 1.83 in Japan, 1.77 in the United States to the lowest
values of 1.59 in India and 1.51 in Greece. The average value for the multiplier
in the OECD sample was about 1.9.

We applied the estimation of multiplier to a country (Korea)-specific 29
manufacturing industries’ panel data. The estimated parameters of capital share

(a) and intermediate goods share (o) for domestic intermediate goods, im-
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ported intermediate goods and total intermediate goods multipliers are present-
ed in Table 3. The total multipliers range from the highest value of 174 (Rubber
and Plastic Products) to the lowest value of 1.80 (Petroleum Refinery and Nu-
clear Fuel) with the manufacturing average of 15. Therefore, we note the dis-
patity of multiplier effects among manufacturing industries is fairly large. The
large multiplier effects are due to the high value of estimated capital share (o).
For example, there are seven manufacturing industries such as Rubber and Plas-
tic Products (0.99) and Railway Products (0.98) of which estimated capital
shares are above 0.90. Since the average shate of intermediate goods (0) in

gross output is 0.55 and varies within the range of 0.31 and 0.71, the total mul-
1

tiplier effect (m

) is mainly influenced by the magnitude of estimated

capital share.

We have also plotted estimated multipliers against the per-capita value added
of each industry in Figure 1. Except notable outlier industries such as Rubber
and Plastic Products (21) and Railway Products (37), total estimated multipliers
fall in the range between 1.80 and 41.32. The relationships between multipliers
and per capita value-added are not particularly discernable but there is a large
pet-capita income (value-added) difference among 29 manufacturing industries.
As Jones (2011) noted, there is a large literature which have considered various
mechanisms through which misallocation can reduce TFP and can lead to in-
come differences among countries. He conjectured that the effects of misallo-
cation can be amplified through the input-output structure of the economy. We
observe here in the industry panel data of 29 manufacturing industries during
the period of 1972-2013 that such a large income differences can exist within a
country like Korea. This suggests misallocation of inputs among industries can

lead to income differences among industties.
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Table 3. Estimated Multipliers across a Range of 29 Manufacturing Industries

in Korea
Domestic Imported Total
Industry A 1 1 1
% | 0-0-0p| ™ [G-wl-0p| ° |[G-0(-0
21 | Rubberand Plastic | g9 | 5 44 152.63 0.08 98.10 0.48 174.75
Products
37 | Railway Products | 0.98 | 0.47 75.88 0.10 44.50 0.57 93.13
24 | Fabricated Metal | g3 | 5g 33.02 0.09 16.10 0.65 41.32
Product
26 Of;incg x)ani*;i:t‘;'r‘; 0.92 | 0.46 23.20 0.15 14.67 0.61 31.88
23 Basic Metals 0.90 | 0.46 18.53 0.21 12.60 0.68 30.81
38 | Other Product | 0.92 | 0.49 25.00 0.04 13.28 0.52 26.90
14 Wood 0.91 | 0.51 22.10 0.08 11.86 0.59 26.33
9 |[Food and Beverages| 0.78 | 0.58 10.87 0.13 5.24 0.71 15.59
10 Tobaccos 0.87 | 0.42 12.92 0.09 8.23 0.51 15.39
13 Ta:fnizgtﬁgs E;g:ﬂ:fr 0.83 | 0.49 11.47 0.12 6.69 0.61 15.12
27 | Insulated Wire | 0.83 | 0.36 9.04 0.17 6.94 0.54 12.43
25 Machineries 0.82 | 0.42 9.51 0.14 6.33 0.56 12.42
11 Textiles 079 | 0.49 9.38 0.12 5.46 0.61 12.40
32 de:?%'(:ﬁ:;‘;"::f 0.83 | 0.33 8.94 0.18 7.29 0.52 12.31
12 Drzfimf’ﬂi‘ge?;fi%? 0.75 | 0.49 7.94 0.12 4.65 0.61 10.44
16 Publishing 081 | 0.38 8.52 0.06 5.58 0.44 9.44
20 | Chemical Products | 0.80 | 0.36 8.01 0.07 5.49 0.43 8.95
15 | Pulp and Paper | 0.75 | 0.47 7.44 0.07 4.27 0.54 8.63
30 Te'ef‘;‘:};‘;ﬂzzzo” 0.69 | 0.46 6.00 0.15 3.78 0.61 8.27
34 | Motor Vehicles | 0.70 | 0.50 6.50 0.10 3.66 0.60 8.18
35 Ships 071 | 0.47 6.49 0.10 3.82 0.57 7.94
17 Printing 0.76 | 0.39 6.88 0.06 4.49 0.45 7.63
28 | Electronic Machineries| 0.66 | 0.37 4.61 0.17 3.54 0.54 6.35
31 |Radio and Television| 0.54 | 0.46 4.00 0.15 2.52 0.61 5.52
22 N‘,’\;I‘Ir:':f;?;"c 0.68 | 0.33 471 0.07 3.39 0.39 5.23
29 | FlectronicValves | 5 | 44 3.37 0.19 2.48 0.60 4.99
and Tubes

19 Pharmacy 0.63 | 0.36 4.25 0.07 2.91 0.43 4.75
36 Aircraft 0.29 | 0.47 2.66 0.10 1.56 0.57 3.26
18 | Petroleum Refinery | 0.20 | 0.23 1.62 0.07 1.34 0.31 1.80

average 0.75 | 0.43 17.43 0.11 10.72 0.55 21.45
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Figure 1. The Multiplier across a Range of Industries (29-Manufacturing Industries)
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3-2. Productivity Growth and Efficiency Changes in Industry-Panel
Data

For empirical analysis, a log-linearized stochastic frontier gross output pro-
duction function with constant returns to scale imposed is assumed to specify

the technology in industries, as follows:

Inyje = o + 2 65 Inxjie + 6 T + vy — Gt(ng)ui
j1=KL1IP, M 3%)

with 36 /=1 and a neutral technical progress imposed and where y is gross
output, and K, I, I, I and T are capital stock, labor, domestically produced
intermediate input, imported intermediate input, and time trend respectively.

From Equation (38), technical change and elasticity of input can be derived as

TP, = dlny; /0 T = &, (39)
g =0dIny/dInx; = §; (40)

To consider the measurement of technical efficiency, the separation of Uy
from @; follows the same method used by Lee (2006b) and Lee and Pyo
(2007):

ap = max; 8;(Mg) &, (41)

where &; = [H(ng)le(ng)]_le(ng)’ei([?) and the inefficiency term Uuj; is then

estimated as
U; = & — Gt(ﬁg)o’q, Vi € Group g. (42)

Because the dependent variable is natural log transformed, the technical ef-
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ficiency scores are calculated from Equation (42) as follows:
TEy = exp(—T) = exp[— (& — 8:(7lz) &)] #3)

Here, technical efficiency is a relative concept and the average efficiency in-
dex is related to the variance of a;: the higher the variance, the smaller the av-
erage efficiency. This relative efficiency concept should be taken into account in
application studies. Temporal flow of efficiency measure and its ranking is
more meaningful for the analysis than absolute measure of efficiency.

The next step that we considered was how to categorize 29 Korean manu-
facturing industries into a number of groups. In this empirical exercise, we
made three different groups depending on the size of estimated multiplier ef-
fects: The first group is composed of top-10 industries with highest multiplier
effects, the second group is the next 10 industries and the last third group is the
remaining 9 industries with lowest multipliers.

The parameter estimates for the production frontiers are presented in Table
4. The estimates of both the Battese and Coelli (1992) model and two group-
specific Battese and Coelli (1992) model are shown for comparison. The pa-
rameter estimates are generally significant except the coefficient of imported
intermediate goods. The t-values are generally larger in the group-specific 1
model with the BC specification (G-BC) than in the BC model. In the two
models, the coefficients of temporal neutral technical change are in the range
of 2.2-2.4% and highly significant. When we decomposed it into three groups
in in the G-BC specification, the estimated coefficient was larger (2.3%) with
the group 3 (lower multiplier effect and lower misallocation group) than the
group 1 (1.6%) and the group 2 (1.8%). Therefore, we note the rate of tem-
poral neutral technical change was larger with the manufacturing group with
lower degree of misallocation and multiplier effects. The hypothesis that there
is the same pattern of technical change among three groups can be rejected.

The parameter 17 in the BC model indicates the average temporal pattern of
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technical inefficiency over all industries and its estimate is statistically significant
at 1%. However, the G-BC model provides with three different parameters rel-
evant to the temporal pattern of inefficiency. The second null hypothesis we
tested is that there was an identical temporal pattern of technical inefficiency
across all industries (Hy: 11 = 1, = 13). All of the group-specific estimates of
N1, 1M, and 713 have large enough t-values to show their statistical significance.
The three estimates are approximately close to the range 0.034-0.035 without
group-specific time dummy variables and this implies that even though the
magnitude of inefficiency in Group 3 (9 lower multiplier industries) is slightly
bigger than Group 1 and Group 2, the difference does not seem to be statisti-
cally significant. But with the group-specific time dummy variables, the degree
of inefficiency is larger with the group 3 (-0.039) than the group 1 (-0.036) and
the group 2 (-0.035) If the null hypothesis were true, the estimation model
would be that of BC. Rejecting the hypothesis does not necessarily mean that
the misallocation across industries is attributed to differences in inefficiencies
because we have a fundamental identification problem. Even though we can
observe intermediate goods shares, we cannot decompose data into distortions
and differences in technologies as Jones mentioned in the paper.

More formally we use the generalized likelihood ratio (LR) test of Lee
(2006b) which computes the ratio of the difference between restricted SSE and
unrestricted SSE to the pooled SSE. The first hypothesis in Table 4 is that there
is the same pattern of technical change among three groups. The second null
hypothesis was that there was an identical temporal pattern of technical ineffi-
ciency across all industries (HO:p; = 1, = 13). If the null hypothesis were true,
the estimation model would be that of BC. Rejecting the hypothesis does not
necessatily mean that the misallocation across industries is not attributed to
differences in inefficiencies because we have a fundamental identification prob-
lem. Even though we can observe intermediate goods shares, we cannot de-
compose data into distortions and differences in technologies as Jones men-

tioned in the paper.
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Table 4. Estimated Coefficients in the Frontier Production Function of 29 Manufacturing
Industries in Korea (1972-2013)

Battese and Coelli Group-specific 1 Group-specific 2
(1992) Battese and Coelli (1992) | Battese and Coelli (1992)
(InK) 0.069 0.082 0.081
(0.008) (0.008) (0.008)
(InL) 0.075 0.084 0.069
(0.012) (0.011) (0.011)
(In1®) 0.781 0.774 0.792
(0.012) (0.011) (0.012)
(In1™) 0.005 0.001 0.002
(0.006) (0.006) (0.006)
T 0.024 0.022
(0.001) (0.001)
0.016
Ty
(0.002)
T 0.018
2 (0.002)
0.023
Ts (0.002)
-0.034
1 (0.001)
-0.034 -0.036
M (0.001) (0.001)
-0.034 -0.035
N2 (0.001) (0.001)
-0.035 -0.039
M3 (0.001) (0.001)
Note: Standard errors of estimates are in parenthesis.
Table 5. Log Likelihood Test for Three Models
LR Test chi2 Prob > chi2
Test 1 (model 1/ model 2) 26.32 0.00008
Test 2 (model 2 / model 3) 29.12 0.00014
Test 3 (model 1/ model 3) 55.44 1.062e-10
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4. Conclusion

In the first part of the paper, we have focused on the revision and extension
of the Basu (1995) model. We decomposed intermediate inputs explicitly into
domestically produced goods and imported goods. The major finding is that
the pro-cyclicality of the intermediate goods usage relative to labor usage and
TFP changes in both value added and gross-output regressions are significantly
weaker in a small open economy like Korea than the large economy of the
United States.

We find from the Korean manufacturing data (1972-2012) that the real wage
relative to intermediate input prices is pro-cyclical. This is consistent with the
findings by Basu (1995) that in a small open economy in expansion, the cost of
labor input becomes more expensive relative to the price of intermediate goods,
which could lead producers to economize on labor and use intermediate goods
more intensively. It is interesting to note that the pro-cyclicality is higher with
imported intermediate inputs (§;=-0.97) than with domestically produced in-
puts (8;=-0.92). The industries which use more imported intermediate goods
tend to economize on labor input and use imported input more strongly than
the industries which use more domestically produced inputs. There is stronger
substitutability between labor and imported intermediate inputs than between
labor and domestically produced inputs, which is consistent with Korean manu-
facturing firms’ behavior of outsourcing and off—shoring business activities.

In the case of Korean manufacturing, we also find that the material usage is
pro-cyclical relative to labor. At the time of business expansion with demand-
pull, Korean manufacturing firms may find both domestically produced and
imported inputs cheaper relative to labor and therefore economize on the use
of primary inputs. The degree of price rigidities of intermediate goods could
be smaller in a relatively smaller open economy than the U.S. economy.

Regarding a set of hypothesis tested in Basu (1995), we tested the first hy-

pothesis of whether changes in the intermediate goods to output ratio are con-
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sistently related to changes in the relative price of these inputs. In our revised
model, the intermediate goods are decomposed into domestically produced
goods and imported goods. Our estimates shows 0.03 (0.008 with domestically
produced intermediate goods and 0.036 with imported intermediate goods)
which is far less than the estimate of Basu and which implies markup higher
than 1.706 when a=0.1 according to Basu’s calibrated result. Basu’s estimates
of value-added based TFP and gross-output based TFP regressions were 0.33
and 0.12 respectively. In contrast, our estimates are 0.25 and —0.029 respectively
without much difference in decomposed TFP estimates (0.25 in value-added
and —0.029 in gross-output TFP regressions. The degree of pro-cyclicality of
value added TFP in response to changes in the intermediate inputs—labor mix
in Korean Manufacturing is slightly less than in the US manufacturing. While
Basu finds evidence of significant pro-cyclicality of both value-added (ATFP}*)
and the gross-output residual (ATFPF?) from U.S. manufacturing data, we find
pro-cyclicality in value-added but no (zero) cyclicality in gross-output data of
Korean manufacturing, The results remained the same when we decomposed
intermediate inputs into domestically produced ones and imported ones.

The lower estimate of @ =f3 seems to indicate the omission of capital
stock in both gross-output and value added production function. In order to
reflect this issue, we have adopted the gross-output and value-added production
functions with explicit capital input separately from intermediate inputs in gen-
erating total factor productivity (TFP). The second proposition we tested is
whether changes in input mix are responsible for changes in total factor
productivity. We found that the degree of pro-cyclicality of both gross-output
and value added TFP in response to changes in the intermediate inputs—labor
mix in Korean manufacturing is much less than in the US manufacturing, Third,
we tested if there is a significant difference between value-added data and
gross-output data in terms of estimates of internal returns to scale (y) and ex-
ternal effects (k) from aggregate activity. Our estimates reported ate y = 0.44

and K=0.89 for value added growth regression and y=0.95 and » = 0.08 for
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gross-output growth regression. Our estimates from Korean manufacturing
data reveal a much smaller degree of internal returns to scale and stronger ex-
ternality effects than Basu’s estimates from U.S. manufacturing,

In conclusion, the cyclical behavior in manufacturing sector of a small open
economy can be quite different from that of a large economy because they can
change not only the input mix between intermediate goods and labor but also
the composition of intermediate inputs between domestically produced goods
and imported goods. In general they exhibit less degree of pro-cyclicality, be-
cause they tend to adjust intermediate input mix by outsourcing.

In the second part the paper, we have extended the model of Jones (2011)
to apply it into a cross-section of industries in a specific economy (Korea) ra-
ther than a cross-section of countries and to show the relationship between
misallocation and inefficiency through input-output economics. We have esti-
mated multipliers in Korea’s 29 manufacturing industries during the period of
1972-2013 by estimating the two key parameters of capital share in value-added
production function and the share of intermediate goods in gross output pro-
duction. We have validated the proposition advanced by Jones (2011) that the
larger the capital share and the intermediate input share, the larger the multipli-
er effects would be.

In order to identify the sources of misallocation and its propagation through
multiplier effects, we have used the frontier gross-output production function
with constant returns to scale and neutral technical progress imposed. We have
estimated both the Battese and Coelli (1992) model and its group-specific ver-
sion and found that the technical progress is statistically significant and all the
inefficiency parameters are also statistically significant. And we could reject the
null hypothesis of equality in the pattern of inefficiency among three groups
with different multipliers. Rejecting the hypothesis does not necessarily mean
that the misallocation across industries is not attributed to differences in ineffi-
ciencies because we have a fundamental identification problem. We leave it to

future research.
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APPENDIX

By maximizing the utility function (1) subject to a standard budget con-

straint, the consumer’s first order conditions ate detived as follows:

w=M
1

Qir = (gi)$ ,

1—
oot =[5) 2 oo
o= [ E) o

Solving a minimization problem of cost subject to the production function

(2) produces the input demands for each firm i:

1
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Substituting input demands into the cost function gives the following form:

e (0

where v = () () (i)

By summing up demands for a firm’s output as final goods and as interme-

1-a-B

diate inputs, we can obtain the total output of each firm.

o= |6 T G G e
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