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Transplanting Keiretsu

Empirical Evidence from Southeast
Asia’sAuto Industry

For decades, Japanese manufacturersthat assemble machinery such
as computers and automobiles have cultivated close, longstanding,
and mutually reinforcing ties with suppliers who, in most cases,
produce high quality parts and deliver them to the assembler on
time. While they create opportunity costs by neglecting price sig-
nals, these vertical keiretsu, or supply networks, often yield net
gainsthrough greatly reduced transaction costs, and thus may serve
as a significant source of competitive advantage.* We should not
be surprised, then, to learn that Japanese assemblers have asked
their most valued subcontractors to follow them as they expand
into overseas markets with new production facilities.

In Southeast Asia, for example, Japanese automakers have es-
tablished their own supply networks in each host country market
inwhich they operate, and acrossthe region asawhole.? Overseas
affiliates of parts manufacturers headquartered in Japan usually
occupy the central positions in these networks, supplying every-
thing from wire harnesses to seat upholstery, from alternators to
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brake systems. Indigenous firms (that is, firms capitalized largely
with local equity) occupy peripheral positions, and usually supply
only very low value-added parts.

For example, ToyotaMotors Thailand (TMT), tightly controlled
by the giant automaker in Japan, did not rely on non-Japanese
suppliers to supply any of the critical components for vehicles it
assembled there in the late 1990s. Thiswas cause for envy among
rival executives at the Nissan affiliate in Thailand, even though
they themselves relied on only one indigenous firm—a producer
of tailpipes—for Nissan vehicles assembled there. TMT’s supply
club, the Kyoho-kai of Thailand, was completely dominated by
Japanese affiliates—thirty-two altogether, only four of which are
“offspring” of parent firms who do not belong to Toyota's home-
based supply club, the Kyoho-kai of Japan.* Table 1 lists all of
these club members. <<Table A renamed Table 1, OK?>>

Despite this apparent replication of relationships, many observ-
ers believe overseas auto markets are more “open” than domestic
networks in Japan; that is, they are held together by “looser” (or
lessrestrictive, less exclusionary) ties between assembler and sup-
plier.® Indeed, one can find the local affiliates of Toyota suppliers
producing parts in Bangkok and Jakarta for Nissan's affiliates in
those two cities, and vice versa.

But this empirical fact may reflect nothing more than the rela-
tively small size of automobile marketsin Southeast Asia; in 2005,
the Thai market, for example, was only 8 percent asbig as Japan'’s,
while Indonesia’s was 6.8 percent as large.® As a result of this,
suppliers are unable to achieve economies of scale (and thus are
unable to operate at maximum efficiency) without selling their
parts to a wider circle of assembly customers. According to this
logic, then, Japanese automakers have encouraged their key sub-
contractors in Japan to come to Southeast Asia, establish local
production facilities, and supply parts to them as well as to other
assemblers—at least for the time being.

If the difference in market size does in fact explain the differ-
ence between Japanese supply keiretsu in Southeast Asiaand Japa-
nese keiretsu in Japan, we should naturally expect such variation
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to decline gradually as automobile markets in host countries
throughout the region get larger and larger—as they did in South-
east Asiafrom 1990 through 1996, before aregional financial cri-
sis caused those markets to contract dramatically. (The number of
vehicles manufactured in the Thailand, Indonesia, Malaysia, and
the Philippines jumped from 822,000 to 1,417,000, a 72 percent
increase over those six years.”) That is, the economic need (mea-
sured in cost savings) to engage in extra-keiretsu transactions in
Southeast Asiawould lessen as suppliers begin to achieve econo-
mies of scale by manufacturing parts for one primary customer.
And by implication, then, intra-keiretsu transactions should in-
crease as the markets in those countries reach a sufficient scale.

The preceding set of assumptions can by restated as a pair of
hypothesesto be tested with an ordinary least squares (OLS) mul-
tiple regression analysis of both firm- and country-level data:

1. As Japanese automobile assemblersincreasingly regionalize
their production activities (that is, expand manufacturing in South-
east Asiarelative to Japan), their affiliated subcontractors do the
same.

2. This correlation between the regionalization of keiretsu
assemblers and subcontractors grows stronger over time as auto-
mobile markets in Southeast Asiaincrease in size.

Collecting Data

Of the four leading automakers in Japan, three (Toyota, Nissan,
and Mitsubishi Motors) agreed to provide the author with lists of
(@) their keiretsu suppliers (here “ subcontractors’) in Japan; (b) the
keiretsu suppliersof their affiliatesin Thailand; and (c) the keiretsu
suppliers of their affiliates in Indonesia. (A Honda representative
initially indicated his firm would cooperate, but in the end—after
numerous regquests—chose not to produce any lists.)

My original plan wasto collect data on these subcontractorsfor
1990, when the regionalization activities of Japanese automobile
subcontractors began to accelerate, and 1996, when these activi-
ties reached their peak. But this proved to be too narrow a target;
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data on sales by the overseas affiliates of Japanese firms are occa-
sionally included in astatistical volume published annually by Toyo
Keizai shinposha(Kaigai Shinshutsu Kigyo Soran)—»but only when
firms agree to supply it. Indeed, | quickly discovered that data on
salesin Thailand or Indonesiawere spotty; that is, when they were
available at all, they often were available for 1989 or 1991, rather
than 1990, or for 1995 or 1997, rather than 1996. So | decided to
collect as much firm-level data as possible for all six years, rely-
ing not only on the Toyo Keizai volume mentioned above, but al'so
on published records in the two host countries,® and on responses
to asurvey | submitted to some affiliates in Thailand and Indone-
sia. Still, anumber of holes remain in these data for host-country
sales by subcontractors.

Coverage is also incomplete for data on some of the firm-level
control variables, especialy the R&D intensity and export inten-
sity of subcontractors in Japan. These are sometimes included in
and sometimes omitted from the annual reports (Yika Shoken
Hokokusho) filed by individual firms with the Tokyo Stock Ex-
change (if listed firms) and the Ministry of Finance (if unlisted).
In alimited number of cases, | was ableto fill holes by relying on
Teikoku Databank’s Kaisha Nenkan. On the other hand, the an-
nual reportsfiled by the companies almost invariably include data
on sales in Japan, as well as number of employees.®

Country-level data on wages, interest rates, and the size of dif-
ferent automobile markets were, by comparison, easy to obtain.
For wage data, | relied on International Labor Organization, Inter-
national Labor Satistics, as well as Government of Japan, Japan
Satistical Yearbook, and Government of Indonesia, Indonesian Sa-
tistical Yearbook. For data on interest rates (aswell asthe consumer
price index, which was used to deflate those nomina rates), | relied
on International Monetary Fund, International Financial Satistics.
For data on market size, | relied on a handout from Automotive
Resources Asia, a private consulting company based in Bangkok,
and the Web pages of the Japan Automobile Manufacturers Asso-
ciation and Japan Automobile Dealers Association.

For the reasons stated earlier, | collected data for two sets of
years: 1989, 1990, and 1991; and 1995, 1996, and 1997.
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Building a Model

The dependent variable in this model, which | refer to here as
“regionalization of subcontracting,” is defined as the annual sales
by a Japanese auto parts manufacturing affiliate in Thailand and/
or Indonesia (the host countries), divided by the annual salesof its
parent firm, the auto parts manufacturer in Japan (the home coun-
try). This gives us a measure, expressed in percentage terms, of
the intensity of a subcontractor’s regional production.

The following is a list of independent variables (the key ex-
planatory variable, three country-level variables, and four firm-
level variables) that may contribute to the regionalization of
automobile subcontracting.©

* Regionalization (or regionalization of automobile assembly).
Thisis the annual sales by a Japanese automobile assembling af-
filiate in the host countries, divided by the annual sales of its par-
ent firm, the automaker in Japan, the home country. Asin the case
of the dependent variable, this test variable gives usameasure, in
percentage terms, of the intensity of the assembler’sregional pro-
duction. If my hypotheses are correct, regionalization (that is,
regionalization of automobile assembly) should have a positive
and statistically significant impact on the dependent variable
(regionalization of subcontracting), particularly in later years.

» Wages (or wage level). Thisisthe ratio of wage levelsin host
and home countriesin agiven year. Subcontractors may beinclined
to produce morein locations offering relatively cheap wages. There-
fore, we can expect the sign here to be negative. (Note: ideally, we
would adjust wage data to account for productivity differentials.
But because | was unable to obtain comparable productivity figures
for the automobile industry in different countries, that adjustment
was not made here.)

* Irate (or interest rate). Thisis the difference between real in-
terest rates in host and home countries in a given year. Each
country’sreal interest rate is obtained by subtracting the changein
the consumer price index during a given year from the nominal
lending rate (i.e., the short- and medium-term rate) for that year.
Although they obtain much of their capital in Japan and offshore
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financial markets such as Singapore and Hong Kong, subcontrac-
tors do borrow in the host country. Thus, higher real interest rates
inThailand and/or Indonesia, relative to Japan, should have anega-
tive impact on the regionalization of subcontracting.

» MktSize (or market size). This is the size of the market for
automobilesin the host country in agiven year, divided by the size
of the Japanese market. Market size is measured by the total num-
ber of new vehicles sold per year. We should expect the sign to be
positive.

* RDInt (or R&D intensity). Thisisthe amount of money spent on
research and development by the subcontractor in Japan in a given
year, divided by total sales in Japan. We cannot predict the outcome
here. Although it seemslogical to expect innovating firmsto be more
capable of investing oversess, it also seems quite likely that Japanese
subcontractors are becoming less internationally competitive and
pursuing a regionalization strategy in lieu of making domestic in-
vestmentsin R&D. In addition, becauseit iscould be multicollinear
with V-added, we must be cautious in predicting the sign.

» V-added (or value-added). This is the sum of the subcontrac-
tors' personnel expenses, rent and tax payments, patent royalties,
depreciation, and operating income in a given year. We can pre-
dict that the sign of the coefficient will be positive. But because it
might be multicollinear with RDInt, we have to be cautious about
predicting the size of the coefficent.

* ExInt (or export intensity). Thisis measured by the ratio of a
subcontractor’s exports from Japan divided by its total sales in
Japan. It is assumed that export-oriented firmswill be more likely
to engage in FDI, and that the sign will thus be positive.

* FirmS (or firm size). Thisis based on the number of workers
employed by the subcontractor in Japan. It is assumed that larger
firmswill be more capable of investing overseas, and that the sign
will therefore be positive.

Results

Five different tests were conducted using a two-way, fixed-effect
model with panel data.*! Test results are displayed in Tables 2—6.
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Table 2

All Years (no. 1)

Variable Coefficient Standard error  T-statistic Probability
Constant 0.0065 0.0046 1.4163 0.1570
Regionalization 0.0018 0.0007 2.7941 0.0053
Wages -0.0421 0.0503 —-0.8370 0.4028
Irate —0.0006 0.0003 -1.9704 0.0491
MktSize —0.0353 0.0353 —-1.0020 0.3166
RDInt —6.52E-06 1.63E-06 —3.9984 6.84E-05
V-added 1.13E-06 9.84E-07 1.1509 0.2500
ExInt 0.0026 0.0043 0.6049 0.5454
FirmS 1.37E-07 1.22E-07 1.1213 0.2624
<<corrected bottom number in col. 3; was missing decimal, ok?>>

R 0.048.

Adj. Rz 0.041.

Number of observations; 1,031.

Table 3

All Years (no. 2: rerun to address multicollinearity)

Variable Coefficient ~ Standard error  T-statistic Probability
Constant 0.0022 0.0014 1.6627 0.0966
Regionalization 0.0020 0.0005 3.8722 0.0001
Irate —0.0003 0.0002 -1.7874 0.0741
RDInt —5.89E-07 1.17E-06 -0.5021 0.6157
R? 0.013.

Adj. Rz 0.010.

Number of observations: 1,163

One unavoidable conclusion is that the model is, to be chari-
table, imperfect. First, it leaves far too much unexplained; even
the most robust test produces an R-squared of only 0.079. Second,
it contains alarge amount of “noise;” that is, thereis a great deal
of multicollinearity between independent variables. For example,
R& D intensity and value-added were highly correlated.

‘ E78+8PG | /o]
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Table 4

1989-1991

Variable Coefficient ~ Standard error T-statistic Probability
Constant 0.0027 0.0012 2.2021 0.0282
Regionalization —3.09E-05 0.0003 -0.1054 0.9161
Wages —2.43E-07 4.45E-06 —0.0547 0.9564
Irate —9.01E-05 7.08E-05 -1.2726 0.2039
MktSize —-0.0432 0.0208 -2.0782 0.0383
RDInt —5.20E-08 3.95E-07 -0.1319 0.8952
V-added —-1.03E-07 2.67E-07 —-0.3876 0.6985
ExInt —0.0009 0.0012 —-0.7180 0.4732
FirmS 7.45E-09 2.75E-08 0.2713 0.7863
R% 0.018.

Adj. Rz -0.002.

Number of observations: 409.

Table 5

1995-1997 (no. 1)

Variable Coefficient ~ Standard error T-statistic Probability
Constant 0.0083 0.0069 1.1933 0.2332
Regionalization 0.0019 0.0010 1.8438 0.0657
Wages —2.17E-05 2.91E-05 -0.7472 0.4552
Irate —0.0008 0.0005 -1.6187 0.1060
MktSize -0.0327 0.0729 —0.4480 0.6543
RDInt —1.01E-05 2.46E-06 -4.1186 0
V-added —2.66E-06 1.83E-06 -1.4511 0.1473
ExInt 0.0002 0.0062 0.0354 0.9718
FirmS 8.69E-07 2.61E-07 3.3242 0.0009
Rz 0.079.

Adj. Rz 0.067.

Number of observations: 622.

Despite these problems, however, the model does lend limited
support for both of my hypotheses:
1. For the entire time period under study (1989-97), the key ex-
planatory variable (regionalization of Japanese automobile assembly)
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Table 6

1995-1997 (no. 2: re-run to address multicollinearity)

Variable Coefficient ~ Standard error T-statistic ~ Probability
Constant —-0.0021 0.0011 -1.9553 0.0510
Regionalization 0.0017 0.0007 2.5465 0.0111
RDInt —-1.05E-05 2.39E-06 —4.3805 1.39E-05
FirmS 5.15E-07 8.08E-08 6.3716 3.66E-10
R% 0.071.

Adj. Rz 0.066.

Number of observations: 622.

had a positive and statistically significant impact on the depen-
dent variable (regionalization of Japanese automobile subcontract-
ing). Thisis evident in the test for “All Years.” “Regionalization”
was one of only three variables that proved reliable; and when the
test wasrerun with fewer variables (to control for multicollinearity),
it was the only variable that actually became more reliable.

2. The correlation between these two variables grows stronger
in timewith an increase in the size of the host country automobile
market. Whereas the test for 1989-91 showed that the
regionalization of automobile assembly did not then contribute to
theregionalization of subcontracting, the test for 1995-97 showed
that it had a positive impact. Indeed, when | dropped “noisy” vari-
ablesfrom thefirst test for 1995-97 and ran another test to control
for multicollinearity, the T-statistic for “regionalization” (the key
explanatory variable) jumped rather sharply.

Notes

1. This article does not analyze the welfare effects of vertical keiretsu—a
field that has been well tilled by economists and management scholars. | refer
interested readers to Imai and Kaneko (1988), Nishiguchi (1994), Dyer (1997),
and Fujimoto (2004).

2. The creation of region-wide networks in particular industries, especially
the automobile industry, has been facilitated by the Association of Southeast
Asian Nations (ASEAN), acting principally on behalf of Japanese manufacturers.
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For example, the organization adopted the Brand-to-Brand Complementation
(BBC) schemein 1988 and the ASEAN Industrial Cooperation (AICO) scheme
in 1996; both schemes dramatically reduced tariffs on the intraregional and in-
tra-industry trade of certain products, such as auto parts.

3. Interviews, Siam Motors and Nissan Co., Bangkok, September 23, 1997.

4. Some authors use the term “parent firm” to refer to the assembler (vis-a
vis the subcontracting “child”) in a vertical keiretsu. For clarity, | avoid that
usage here. Instead, | use this term exclusively to refer to the home company in
Japan (or honsha; that is, the capitalizing firm, or primary headquarters opera-
tion) that controlsand/or capitalizes an overseas manufacturing affiliate—whether
an assembler or parts supplier.

5. See, for example, Kamo (1997, 77), and Guiheux and Lecler (2000,
13-16).

6. Thisisbased on total salesof all vehicles: 5.85 million in Japan; 468,000
in Thailand; and 397,000 in Indonesia. See the Web site of the U.S. Commerce
Department, International Trade Association, www.ita.doc.gov/td/auto/
asean402.pdf, and the Web site of the Japan Automobile Manufacturers Asso-
ciation, www.jama.org/statistics.

7. Nikkan Jidésha Shinbunsha, Jidésha Sangyd Handobukku, <<are those
supposed to bemacronsover the“ 0’ ? trandation of publication?>> various
years. For more on changes in the Asian automobile market, see Maruyama
(1997).

8. Two sources in Thailand proved useful: Thailand Company |nformation
(an annual report published by Advanced Research Group, a consulting firm in
Bangkok) and 1,000 Companies (an annual report published by the Nation Pub-
lishing Company, a Bangkok media group). | am grateful to Professor Suehiro
Akiraat the University of Tokyo for introducing me to these sources. For addi-
tional data on firmsin Indonesia, | used: Profiles of 800 Major Non-Financial
Companiesin Indonesia (prepared by PT. CISI Raya Utama, a member of the
CIC Consulting Group in Jakarta). | am grateful to Sato Yuri of Ajia Keizai
Kenky(jo <<should “u” haveamacron?>> for pointing metoward thissource.

9. They do not, however, include data on value-added. For these, | relied on
Nihon Keizai Shinbunsha, Nikkei Keiei Shihyd <<macron?>> [Nikkei Finan-
cia Index].

10. Many of the independent variables in this list (as well as the dependent
variable) are money valuesinitially stated in baht or rupiah (but later converted
to dollars) divided by money valuesinitially stated in yen (and then converted to
dollars). As a consequence, | was compelled to drop from the model a variable
designed to measure the influence of relative exchange rates.

11. With this methodology, the panel data are organized by year, stacked
end-on-end, and then analyzed jointly. See Green (2000).
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