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ABSTRACT

This paper traces the diffusion of “just-in-time” production in the Japanese
automotive sector, as reflected by inventory reductions in a sample of 52 suppliers and
assemblers. We show that most inventory reductions occurred during a remarkable burst
of activity starting in the late 1960s. Companies affiliated with Toyota were the early
adopters but were followed very quickly by others in Japan. By the late 1970s nearly all
of the firms in the sample had made drastic reductions in inventory. Work-in-process and

suppliers’ finished goods fell by nearly two thirds on average.



1. INTRODUCTION

The concept of “just-in-time” (JIT) or “lean” production has had a revolutionary
impact on manufacturing operations in recent years. Pioneered by Toyota in the late
1950s and perfected by the firm over the following decades, the basic JIT system was
adopted by mést Japanese auto producers in the 1970s and by many North American firms
starting in the 1980s (Womack, Jones and Roos, 1990).

A central feature of JIT is the ability to operate with minimal levels of inventory.
Inventory reduction exposes defects in the manufacturing process, forcing managers and
workers to eliminate sources of production variability and waste. In the automotive
supply chain, the relevant inventories are (1) work-in-process (WIP) held internally by
parts suppliers and vehicle assemblers, and (2) buffer inventories held between firms.! The
amount of time required for basic materials to be converted into finished products depends
directly on the magnitude of these inventories. Inventory levels are therefore important
indicators of production capabilities.

This paper examines the historical process of if;ventory reduction in the Japanese
automotive sector. We use financial accounting data on 52 Japanese auto assemblers and
parts suppliers to assess inventory levels over the period from 1965 to 1991. We address
questions such as: What has been the magnitude of inventory reductions made by
Japanese auto companies since the 1960s? Has JIT édopticn been widespread? When did
the process of drastic inventory reduction begin, and how quickly was it completed?

' Moreover, how does Toyota, the pioneering firm, compare with others? Was the JIT

! In this study these inter-firm inventories are the sum of finished goods held by suppliers and raw
materials held by assemblers.



system transferred more rapidly or effectively within the Toyota group of companies than
outside the group?

We show that most inventory reductions occurred during a remarkable burst of
activity starting in the late 1960s. Companies affiliated with Toyota were the early
adopters but were followed very quickly by others in Japan. By the late 1970s, nearly all
of the firms in our sample had made drastic reductions in inventory. On average, work-in-
process and suppliers’ stocks of finished goods fell by nearly two thirds. Subsequent
progress has been incremental.

This paper is part of a larger study of inventory reduction and productivity growth

in the automotive sector. In this paper we document the timing and magnitude of

inventory reduction by Japanese automotive companies. These basic findings are extended

in related work. Lieberman and Demeester (1995) analyze the link between WIP
inventory and manufacturing productivity, gains in efficiency are found to follow (rather
than lead) inventory reduction, with an average lag of about one year. Lieberman and
Asaba (1995) consider inventory and productivity differences between the US and Japan;
the comparison shows that since the mid-1980s the US automotive assemblers have
largely caught up to average Japanese levels of inventory and productivity, but the parts
supply sector h:~ stagnated in the US. Helper and Lieberman (1995) evaluate various
determinants ot inventory levels in the US and Japan; the findings suggest that the
manaéerial influences documented in the present study have been far more important than -
the effects of technology, interest rates, vertical integration, and other factors.

This paper is organized as follows. Section 2 describes the inventory measures,
data, and companies in our sample. Section 3 assesses work-in-process inventory and its
reduction over time. Section 4 considers inventories held as a buffer between firms (i.e.,
supplier finished goods and assembler raw materials). Section 5 concludes the paper with

a brief discussion of major findings and implications.



2. DATA AND MEASURES

Companies in the Sample

The sample includes a total of 52 Japanese automotive companies, which can be
subdivided as follows. Eight are “core” assemblers.?2 (A core assembler, such as Nissan
or Toyota, is a company that assembles and sells finished automobiles under its own
name.) Three are “contract assemblers,” companies that assemble automobiles as
subcéntractors for the core assemblers. The remaining 41 companies are “first-tier” parts
suppliers, i.e., firms that supply parts directly to the assemblers. The sample includes
nearly all of the Japanese automobile assemblers and most of the largest parts producers.3
Thus, findings from the sample should be representative of (larger) firms in the Japanese

automotive industry.

Company Group Structure

The Keiretsu or group alliance structure of Japanese companies has been widely
documented. In this study we test whether the timing and extent of inventory reductions
were influenced by the structure of vertical alliances and subcontracting relationships
among companies (Asanuma, 1985a, 1985b; Smitka, 1991; Nishiguchi, 1994; Fruin and
Nishiguchi, 1994). Accordingly, we assigned many of the firms in the sample to groups,
based on the identity of the core assembler at the head of the group. The two primary
groups were for Toyota and Nissan. An Isuzu group (Isuzu and 3 supﬁlieis) was also

identified but was too small for meaningful analysis.

2The core assemblers are Toyota, Nissan, Honda, Mazda, Daihatsu, Isuzu, Fuji Heavy Industries
(marketed as “Subaru” in the United States), and SuzuklMxtsubxslu Mcff)tdr‘s,b which did not report
financial data until 1978, is omitted from the sample. The term “core assembler” is due to Asanuma
(1989).

3 We attempted to include virtually all firms in the Japanese automotive sector which are listed in the
first or second section of the Tokyo Stock exchange. We excluded tire and glass producers, firms with
fewer than 200 employees, and firms engaged primarily in the production of heavy trucks.



We assigned parts suppliers to these groups based on their percentage of sales to
each of the core assemblers. Table 1 lists the part suppliers in the sample and their
percentage of sales to Toyota and Nissan.4 Suppliers with more than 35% of their sales to
Toyota and less than 20% of sales to Nissan were assigned to the “Toyota group.”
Suppliers were assigned to the Nissan and Isuzu groups based on equivalent criteria.
These assignments are very similar to other group definitions in the literature (e.g.,
Dodwell, 1983; Saxonhouse, 1980; Toyo Keizai, 1991). We classified all remaining
suppliers as “independents.”® In addition, we assigned the contract assemblers on the
basis of widely-recognized affiliations: Toyota Auto Body and Kanto Auto Works as

subcontractors to Toyota, and Nissan Shattai as subcontractor to Nissan.6

Inventory Data and Measures

The measures in this study are derived from annual accounting data on sales,
value-added, and the value of inventories (raw materials, work-in-process, and finished
goods), which are reported on a consistent basis by all manufacturing firms in Japan.
These data are publicly available and have been compiled by various Japanese
organizations.” The annual data correspond to company fiscal years, ending typically in
March. Thus, most of the sales reported for a given fiscal year occurred in the previous
calendar year.

' The inventory data and their interpretation are central to our study. The Japanese

annual financial reports give detailed information on year-end inventories, broken down by

4 The distributions in the table are for 1990, but the percentages have remained fairly stable over time.

SMany of these “independents” nevertheless participate in Toyota’s “Kyohokai” and Nissan’s
“Nishiokai” supplier associations, which have broad membership (Sako, 1994). While any cut-off point
for defining the Toyota and Nissan groups is arbitrary, our procedure, based on sales distributions, gives
assignments similar to those adopted in other studies.

6 Daihatsu and Fuji Heavy Industries, two of the core assemblers, are also affiliated with Toyota and
Nissan, respectively.

7 The specific data used in this study are from the Analysts’ Guide published annually by the Daiwa
Securities Corporation. Detail for 1976 and earlier years was obtained directly from Daiwa Securities.



major type (raw materials, work-in-process, and finished goods). Our analysis focuses on
(1) work-in-process inventory, z;nd (2) inventories held as a buffer between parts suppliers
and final assemblers.

Figure 1 indicates how these inventory levels are related to the speed of materials
flow. For simplicity, the Figure shows only a single parts supplier with sales to a single
vehicle assembler. The vertical axis represents the accumulation of product value; the
horizontal axis gives elapsed time. Inventory stocks are represented as areas under the
graph. The work-in-proceés inventories held by the supplier and by the assembler
correspond to the areas under line segments R;S; and R,S,, respectively. The buffer
inventory held between the two firms corresponds to the area under the line segment,
SiR..

The Figure implies that inventory levels can be translated into corresponding
“cycle times.” The level of work-in-process inventory, for example, is directly related to
the time required for materials to move from the beginning to the end of the company’s
manufacturing process. Figure 1 shows that the production cycle time is Tw,; for a supplier
with WIP inventory equal to the area under R;S;. This cycle time estimate is based on the
assumption that work-in-process accumulates accounting value-in a linear fashion as it
moves through sequential processing stages at a constant speed.

To allow an intuitive interpretation of the accounting data, we report all inventory
level§ in terms of corresponding cycle times. Production cycle times were computed in
“weeks of WIP,” an estimate of the elapsed time from the beginning to the end of
fabrication of a typical product manufactured by the firm. To compute this cycle time, we
divided end-of-year WIP by the total sales reported for the previous year, and then

multiplied the result by 50 (on the assumption of 50 working weeks per year).8

8 This approach slightly underestimates the cycle time since it assumes that the areas under line
segments R,S; and R,S, are rectangular, rather than trapezoidal. However, estimates based on the
trapezoidal assumption were very similar to (and highly correlated with) those presented here. Moreover,
our use of a simple WIP/sales ratio allows comparability with similar ratios commonly reported in



As shown in Figure 1, the inter-firm buffer between suppliers and assemblers has
two components, whose cycle times were estimated separately. The cycle time for the
supplier’s inventory buffer, Tr1, was computed by dividing the supplier’s year-end finished
goods inventory by the total sales for the prior year, and multiplying this result by 50. The
cycle time for the assembler’s inventory buffer, Tgz, was computed by dividing the
assembler’s year-end raw materials inventory by the firm’s total raw materials purchases in
the prior year, and multiplying by 50.° In any given case, the specific allocation of these
inter-firm inventories to the supplier or the assembler may not be meaningful, given that
title can be assigned arbitrarily between the :-vo firms.

Two of the assemblers in the sample, Nissan and Fuji Heavy Industries, are
diversified into the production of aircraft and missiles, products with very long production
cycle times. Line-of-business information from their corporate annual reports (Yuka
Shoken Hokokusho) was used to adjust the inventory data for these two companies to

exclude aerospace manufacturing operations. 1
3. WORK-IN-PROCESS INVENTORY

In this section we document the dramatic reductions in work-in-process inventory
associated with the adoption of JIT in the Japanese automotive sector. Toyota and
afﬁliafed companies were the early leaders in WIP inventory reduction, but the innovation
spread very quickly throughout Japan. Most of the inventory reduction occurred during a

decade of intense activity starting in the late 1960s.

industry. Note also that our cycle time estimates are slightly smaller than those obtained using cost of
goods sold in the denominator, rather than total sales.

9 We assumed that raw materials purchases during the year were equal to sales minus value-added.

10 Most of the suppliers in the sample are heavily focused on producing high-volume automotive
components. Nevertheless, it is likely that some of the inter-firm variation in production cycle times, as
estimated below, stems from differing degrees of diversification into low-volume products with high WIP
requirements.




Figure 2 plots the work-in-process inventory levels of the core assemblers over the
period from 1965 to 1991.1! Toyota and Honda (the latter still primarily a motorcycle
producer in the 1960s) maintained the lowest WIP levels throughout the sample period.
In the mid-1960s Toyota held about three days of WIP; this was gradually reduced to
about one day by the late 1970s. (As described in the previous section, these values can
be interpreted as production cycle timés.) In the 1960s and early 1970s, many other
assemblers, such as Mazda, Daihatsu, Fuji Heavy Industries and Suzuki, held considerably
larger WIP inventories, which fluctuated widely from year to year. The manufacturing
cycle times corresponding to these WIP inventories sometimes exceeded one month. By
the late 1970s, though, the most serious fluctuations were eliminated, and inventory levels
began trending downward for all producers except Toyota and Honda, which had made
the early reductions. Considerable differences acrdss producers nevertheless remained,
with Fuji and Suzuki holding roughly four times as much WIP as Toyota and Honda in the
early 1990s.

Figure 3 plots WIP inventory averages for three groups of suppliers: Toyota
suppliers, Nissan suppliers, and all others.!? Some differences are apparent among these
groups, but the general pattern is similar: substantial inventory reductions occurred during
the relatively brief period from 1968 to 1978, after which inventory levels remained
comparatively stable.!3> The average production cycle time for all parts suppliers in the
sampie fell from about 2.5 weeks in the late 1960s to about one week by the 1980s.14

These findings suggest that “lean manufacturing” was almost fully-implemented in the

11 For simplicity, we omit the 3 contract assemblers.

12 The 3 Isuzu suppliers were combined with the independents, as no significant differences could be
detected.

B3For simplicity, Figure 2 omits the three contract assemblers, who cut their WIP inventory in late
1960s.

14 Although not shown in Figure 3, the degree of variation across firms fell by a comparable margin.



Japanese automotive sector by the early 1980s, when reports of its features first began to
emerge in the West (e.g., Shonberger, 1982; Hall, 1983).

Figure 3 provides evidence, moreover, that the JIT system spread first among
Toyota suppliers, and then among the broader class of producers. The WIP inventory of
Toyota suppliers was initially higher than the average of all other suppliers in the sample,!s
but starting in 1968 the Toyota group launched dramatic cuts.!é By the early 1970s the
WIP inventory level of Toyota suppliers had fallen significantly below the average for all
suppliers. By the mid-1980s, however, the differential between the Toyota and non-
Toyota companies virtually disappeared, as lean manufacturing methods diffused
throughout the Japanese automotive sector. At the same time, the Toyota group firms
began to hold more WIP, to accommodate the demands of Toyota’s increased product
variety.

We performed statistical tests to verify the differences in group averages plotted in
Figure 3. These were implemented by averaging the annual WIP levels for suppliers in
each group over three periods (1965-68, 1970-78 and 1980-91), using a t-test to detect
significant differences among the groups. The test results are in Table 2. The Toyota
suppliers cut their average WIP to a level significantly below that of independents during
the 1970-78 period,; this difference persisted but was no longer significant (at the .01 level)
in the 1980s. Historically, the Nissan suppliers in our sample held less WIP inventory than

the Toyota companies or the independents. Adjusting for their low initial base, the tests in

15 In the mid-1960s the Nissan suppliers in our sample held about half as much WIP, on average, as
the Toyota suppliers and independents. Thus, the Nissan suppliers started much “leaner” than the Toyota
suppliers. Despite these low initial levels, the Nissan suppliers cut their WIP inventories about 50%
further in the mid-1970s.

16 This timing corresponds roughly with the start of “process-cutting campaign seminars” run by
Toyota’s supplier association (Kyohokai), which disseminated ideas for “eliminating waste” and
implementing the “kanban system.” These seminars started in the Tokai district in 1966 and were
expanded to suppliers in other regions the following year (Wada, 1991).




Table 2 confirm that the period of major inventory reduction by Nissan suppliers occurred

several years later than for the Toyota suppliers.

Algorithm for Identifying Periods of Substantial WIP Reduction

Visual inspection of the data revealed that for most companies in the sample there
was a well-defined period when most ‘of the inventory reductions occurred. To identify
these periods more objectively, we developed and applied a simple algorithm. We then
performed a test to determine whether the change in inventory constituted a statistically
significant departure from long term trend.

The algorithm for identifying periods of substantial WIP reduction was
implemented as follows.!7 For each firm we prepared the time series data on production
cycle timé, as indicated by the ratio of WIP inventory to sales.!3 We then found the
earliest year, if any, where the WIP/sales ratio for the next six years fell below a trajectory
involving 4% annual reduction.!® We defined the following year (i.e, the first year of
substantial reduction) as the start of the WIP reduction period. To establish the end of
this period, we identified the earliest year fbr which the cycle time fell within 20% of the

average cycle time of the remaining years in the data.2°

17 We experimented with several algorithms, which gave similar results. The procedure reported here
is the simplest of the algorithms we tested.

12 To reduce the noise level of the data, we computed a moving average across each two-year period.
Hence, the data point for year ¢ is the average of the WIP/sales ratio in year ¢ and year -1 (except for the
first year of data).

19 In Lieberman and Demeester (1995) we also apply a more stringent criterion of 8% annual
reduction. All but two of the firms that met the 4% criterion met the more stringent criterion as well. We
report the results for the 4% criterion, as the periods 1denuﬁed by the a.lgomhm tend to be longer.

20 For any given company, the period of substantial inventory reduction identified by this algorithm
may not correspond exactly to the period when a formal program of JIT was 1mplemented For example,
some preliminary cuts in inventory may be neoessaxy or desirable before a ‘kanban system can be used for
production scheduling. Indeed, a comparison with the dates of kanban adoﬂhon identified by Shiomi
(1985) in his questionnaire survey of Toyota supphers suggests ‘that this was often the case. Nevertheless,
the inventory reduction periods identified by the algorithm are hkely to be strongly correlated with those

of formal JIT adoption.



This algorithm was applied to all companies in the sample. For 6 of the 52
companies, the algorithm was not able to find a meaningful period and it was clear on
inspection that those companies did not display a period of substantial cycle time
reduction. Presumably, they had not yet adopted JIT. Figure 4 shows the results of this
search for company specific JIT adoption periods. The supplier companies are grouped to
reflect their links with the major assemblers. Within each group, the earlier adopters are
listed first.

Figure 4 shows varation in the length of the adoption period, and more
interestingly, in the starting date of the adoption. Most firms began to adopt JIT during
the 1970s and completed the basic process by the early 1980s. Among the assemblers,
Toyota, Honda and Nissan began cutting in-process inventories during the 1960s or
earlier; the smaller assemblers followed by 1975.2!

Moreover, it can be seen that companies in the Toyota group tended to cut their
inventories several years earlier than companies in the Nissan or Isuzu groups or the
independents. Within the Toyota group, the three earliest adopters maintained very close
ownership and sales ties with Toyota: Kanto and Toyota Body are Toyota’s two largest
contract assemblers, while Aisin Seiki is a closely linked supplier of primary components.
Only one of the Toyota group companies in the sample failed to make substantial
inventory reductions during the period studied.??

| For firms that demonstrated a period of substantial WIP reduction, as identified by

the algorithm, we performed an additional test to determine whether this reduction

21 For Toyota and Nissan, we obtained inventory data going back to the early 1950s. Using these data,
we identified 1958 as the start of Toyota’s WIP reduction period, which is consistent with various
accounts in the literature. For Nissan, we identified 1966 as the start of WIP reduction. (However,
Nissan’s reduction did not prove statistically significant, as discussed below, a finding consistent with the
fact that Nissan never successfully adopted a Toyota-style approach to production control (Cusumano,
1985). In the case of Honda, we inferred an early adoption date from the fact that Honda’s inventory
levels were below those of Toyota in the earliest years of data available.

22 Chuo Spring did not begin implementing the kanban system for production control until the 1990s,
well after most other Toyota suppliers. (Interview at Chuo Spring, September 8, 1992.)
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represented a statistically significant departure from the long-term trend.?* For 40
companies, this difference was statistically significant at the .05 level. The companies for
which significance was obtained are indicated by an asterisk in Figure 4.

We computed the average reduction in manufacturing cycle time for the core
assemblers and suppliers that were found to have significant WIP reduction periods.*
The average cycle time of assemblers fell from 2.0 weeks to 0.7 weeks, while the average

cycle time of parts suppliers fell from 2.6 weeks to 0.9 weeks.?’
4. INTER-FIRM INVENTORIES

As illustrated previously in Figure 1, the inter-firm inventories in our sample
consist of finished goods (FGI) held by suppliers and raw materials held by assemblers.
The total elapsed time between completion of a component part at the supplier stage and
its insertion in a vehicle at the assembly stage can be roughly estimated by adding these
two inventories.

Consider, first, the stocks of finished goods held by suppliers.26 Figure S plots the
magnitude of suppliers’ finished goods inventories over the period from 1965 to 1991.
The pattern of reduction is similar to that shown previously for WIP. On average across

the sample, supplier FGI fell from nearly three weeks supply in the 1960s to about one

23 For each company we used a one-tailed t-test to determine whether the annual rates of inventory
reduction were significantly greater during the period identified by the algorithm, as compared with the
other years of data coverage.

24 Toyota and Honda are excluded from the assemblers, as their WIP reduction began prior to 1965.

25 Moreover, the variability in cycle time fell an even greater margin: the standard deviation of cycle
time fell to one-fifth its previous value (from 0.48 to 0.10) in the case of assemblers, and about one-third
(from 0.36 10 0.13) in the case of parts suppliers.

26 Two parts suppliers, Topre and Press Kogyo, report no holdings of finished goods inventory during
the sample period. We excluded these companies, as presumably, the value of their output is transferred
immediately to assemblers.
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week in the 1980s. The most dramatic reductions took place during the decade from 1968
to 1978, |

As with WIP,‘ the move to cut finished goods inventory began with the Toyota
suppliers but spread quickly throughout the Japanese automotive sector. In the mid-1960s
Toyota suppliers maintained finished goods inventory levels similar to those of other
suppliers in the sample. Over the next decade, from the late 1960s to the late 1970s, the
Toyota suppliers cut their FGI by about two-thirds. These suppliers continued to make
further, incremental reductions through the 1980s (unlike the case with WIP inventory,
which increased for Toyota suppliers during the 1980s). Hence, a significant differential in
finished goods inventory between Toyota suppliers and others perSisted into the 1990s.
By 1991, Toyota suppliers held about 3 days of finished goods, Nissan suppliers about
four days, and independents about one week.2’

Table 3 documents the statistical significance of these finished goods inventory
differentials. During the mid-1960s there was no significant difference among Toyota,
Nissan and independent suppliers. For years after 1970, however, the Toyota suppliers
held significantly lower finished goods inventories than independents.

We applied the algorithm described in Section 3 to identify periods of substantial
reduction in FGI by each company.?® Figure 6 shows these periods, which were detected
for all but one supplier. The periods proved statistically significant (based on the t-test
descﬁbed in Section 3) for all but seven of the companies. The Figure shows that on
average, the Toyota suppliers cut FGI several years earlier than others.

Supplier FGI constitutes only one component of the inventory buffer between

firms; assemblers’ stocks of raw materials must also be considered. Figure 5 shows the

27 The finished goods inventory held by suppliers to service Toyota is probably less than the estimate
given here, given that the suppliers also deliver to other assemblers. One reason for the very low inter-
firm buffers in the Toyota group is that most Toyota suppliers are located near Toyota’s assembly plants.

28 In this case we applied the algorithm to the time series data on finished goods inventory / sales,
rather than work-in-process inventory.
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raw materials held by assemblers at the end of each fiscal year. These raw materials
inventories tended to be smaller than the finished goods inventories held by suppliers. On
average, assemblers held about half a week of raw materials inventory, with little change
over timé. The largest raw materials inventories were held by Isuzu, Fuji, and Nissan; the
smallest by Daihatsu, Toyota, Suzuki, and Mazda. A

Combining the supplier finished goods inventories (Figure 5) with the assemblers’
raw materials inventories (Figure 7) reveals that most reductions in inter-firm inventory
were made by suppliers. There is certainly no evidence supporting the allegation, common
in the US, that as assemblers adopt JIT, they cut their own inventories but force suppliers
to hold more finished goods. By the end of the sample period, the total inter-firm buffer
was approximately four days for the Toyota group (three days supplier finished goods plus
one day Toyota raw materials) and seven days for the Nissan group (four days supplier
finished goods plus three days Nissan raw materials).

Figure 8 compares the start dates for WIP and FGI reduction, as identified for
parts suppliers using the algorithm described in Section 3. Firms below the 45-degree line
began cutting FGI before cutting WIP; firms above the line did the opposite. Firms
plotted at the extremes failed to exhibit a period of substantial reduction in either FGI or
WIP (or both). The Figure shows that all nine of the Toyota parts suppliers began cutting
FGI by 1970, whereas only about one-third of the other part suppliers did so. Within the
Toyofa group, the earliest adopters began cutting WIP and FGI simultaneously, later
adopters cut finished goods first, followed by WIP. For the non-Toyota suppliers, no

similar tendency is apparent with respect to the sequence of inventory reduction.
5. CONCLUSIONS

Using financial accounting data on inventory holdings, we have traced the diffusion

of JIT, or “lean manufacturing,” through the Japanese automotive sector. Companies
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affiliated with Toyota were the early adopters of this important managerial innovation but
were followed very quickly by others in Japan. Over the period of about a decade from
the late 1960s to the late 1970s, auto assemblers and parts suppliers made dramatic cuts in
their work-in-process inventories. At the same time, suppliers sharply cut their stocks of
finished goods. Production cyclé times fell by about two-thirds, on average, while
suppliers cut their finished goods inventories by a similar margin.

This rapid diffusion of JIT methods in Japan contrasts with a much slower
diffusion process in the US, where many automotive suppliers have yet to adopt the basic
features of the JIT system (Helper, 1991; Cusumano, 1985; Lieberman and Asaba, 1995).
The speed of Japanese adoption reflects the rapid flow of technical information in Japan.
Early adoption by Toyota affiliates points to the role of assembler-supplier networks as a
vehicle for technology diffusion (Sako, 1994). However, the rapid diffusion outside the
Toyota group indicates that these network boundaries are highly permeable, despité the
low mobility of workers among companies in Japan.

Moreover, the data show the central role played by suppliers in the inventory
reduction process. On average, suppliers cut work-in-process inventories by a slightly
greater margin than assemblers, and suppliers made substantial reductions even when their
most closely affiliated assembler did not. There is no evidence supporting the allegation,
common in the US, that assemblers pushed inventory requirements backward onto
suppliers; if anything, the opposite seems to have occurred. In general, the findings are
consistent with a cooperative relationship between assemblers and . suppliers, as
documented in other studies (e.g., Asanuma, 1985a,b; Nishiguchi, 1994).

The pattern of inventory reductions documented here, while of historic interest,
may also serve as a potential benchmark for companies that are beginning to adopt JIT
production methods. We have provided comparative information on inventory levels and
the speed and extent of inventory reduction typical of larger firms during the adoption

period in Japan.
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Finally, we have demonstrated a simple methodology for identifying periods of
dramatic change in firms’ accounting ratios. We have used this methodoldgy to detect
periods of inventory reduction. The approach should be equally applicable in other
research studies where objective procedures are required to identify periods of company

transformation and restructuring activity.
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Table 1.

Parts Suppliers in Sample

Sales Distribution
Supplier Name % Toyota % Nissan Assignment Typical Products
Aisin Seiki 66.5 0 Toyota Group Transmissions Brake master cylinders
Futaba industrial 54.6 0 Toyota Group Mufflers Canisters
Nippondenso 53.4 0 Toyota Group Pistons&Piston pins  Hydraulic tappets
Tokai Rika 63 0 Toyota Group Switches Seat Belts
Aisan Industry 73.7 0 Toyota Group Fuel injector Throttle body
Toyoda Gosei 60 0 Toyota Group Hydraulic brake hoses Rubber mountings
Shiroki §7.3 26 Toyota Group Window frames Window regulators
Chuo Spring 44 0 Toyota Group Valve springs Control cables
Pacific industrial 442 0 Toyota Group Tire valves Valve cores
Koito 38 15 Toyota Group Automotive lithting_;
Stanley Electric 15 0 Independent/Other  Head lamps Sealed beam units
Toyo Radiator 13.8 0 independent/Other  Radiators Qil Coolers
Owari Precise Prod  19.4 0 independent/Other  Air compressors Bolts&nuts
Nippon Cable Syst 12.5 57 Isuzu Control cables
Akebono Brake 12.2 14.9 Independent/Other  Disc brake ass'y Drum brake ass'y
Kayaba Industry 15 15 independent/Other  Shock absorbers Hydraulic jacks
NHK Spring 15 15 Independent/Other  Leaf springs Coil springs
NOK 15 15 Independent/Other  Oil seals Mechanical seals
Tokico 7 23 Independent/Other  Shock absorbers Drum brake
Riken 3.8 8.4 Independent/Other  Pistons _ Piston rings
Nippon Piston Ring  NA NA Independent/Other  Piston rings Cylinder liners
Topy Industries NA NA Independent/Other  Wheels-steel Wheels-light alioy
Showa 0 0 independent/Other  Shock absorbers Suspension struts
Jidosha Buhin Kog 0 0 Isuzu Front&rear axies Propeller shafts
Keihin Seiki 0 0 Independent/Other  Carburetors Fuel pumps
Mikuni 0 0 independent/Other  Carburetors “Oil pumps
Tokyo Radiator 0 0 Independent/Other  Radiators Qil coolers
Press Kogyo 0 14 Isuzu Frame Axle casing
Topre 0 21 independent/Other  Misc.
Zexel 0 21.8 independent/Other  Fuel injection system Air-condition system
Daikin Manufacturi 0 10.8 independent/Other  Transmission parts Clutch covers
Ichikoh 17.2 57.7 Nissan Group Lamps Rear view mirrors
Tochigi Fuji Sangy 0 444 Nissan Group Propelier shafts Oil pumps
Jidosha Denki Kog 0 73.1 Nissan Group Wiper motor & linkage Wiper arms & blades
Calsonic 0 79.4 Nissan Group Radiators Catalytic converters
Fuji Univance 0 70.3 Nissan Group Transmission and devi Timing gears
Fuji Kiko 0 69.6 Nissan Group Steering column Seat belt
lkeda Bussan 0 79 Nissan Group Seats Interior trim parts
Kansei 0 82.2 Nissan Group Digital displays Instrument-analog type
Kasai Kogyo 0 742 Nissan Group Door trim Rear quarter trim
Atsugi Unisia 0 78.2 Nissan Group Pistons&Piston pins  Hydraulic tappets



Table 2.

Tests for WIP Inventory Differences Between Supplier Groups

1965-68 1970-78 1980-91
Toyota Suppliers 2.64 124 0.89
: (0.82) (0.50) (0.35)
a a
Nissan Suppliers 1.45 1.36 0.65
(0.93) (0.88) (0.45)
a al a
Other Suppliers 2.86 2.48 1.35
(1.62) (1.30) — (0.86)

Figures represent WIP/Sales (in weeks of inventory) averaged across annual observations for
suppliers in each category. (Standard deviation across suppliers listed in parentheses.)
-

2 Difference in supplier means is statistically significant (1% level) based on one-tailed t-test
assuming unequal variances.



Table 3.

Tests for Finished Goods Inventory Differences Between Supplier Groups

1965-68 1970-78 1980-91
Toyota Suppliers 240 131 _ 0.66
(1.50) (0.79) (0.41)
Nissan Suppliers ' 2.40 1.80 . 0.93 .
| |
(1.70) (0.93) (0.49)
Other Suppliers . 3.00 , 2.60 133
(2.30) - (1.80) ©.80)

Figures are for FGl/Sales (in weeks of inventory) averaged ;a{::n;)ss'an;nual observations for
suppliers in each category. (Standard deviation acrbsssubpuers listed in parentheses.)

? Difference in supplier means is statistically significant (1% level) based on one-tailed t-test
assuming unequal variances.



Figure 1.

Inventories and Cycle Times for
Parts Supplier and Auto Assembler
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Weeks of WIP

Figure 2.
- WIP Inventory of Core Assemblers
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Weeks of WIP

Flgure 3.
WIP Inventory of Parts Suppliers (Group Averages)
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—a— Nissan Suppliers
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Figure 4.
Periods of Substantial Reduction in Work in Process Inventory'
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* Data not available for this year.



166}

! . S.m- B_a— _ mo.a— . ne.a— I864 6.61 L1161 Gl6} €.6} 126} 6961 196} 5061

— 4ttt —t—t—t 0

+ 60

’

T

161

Tc
sJalddng Jsoyi0 ——

ssalddng uessiN —m— - §¢C
sialddng ejoho) —e—

- €

~G¢€

(sabesany dnodg) ssaijddng sped Jo SaLI0JudAU| SPOOL) paysiul
‘g ainbi4

Aiojuaaug jo SHIIM



Figure 6.

Periods of Substantial Reduction in Suppliers’ Finished Goods Inventory'

TOYOTA Suppliers

6566 67 686970 71 7273 74 75 768 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91

KOITO*

AISIN SEIKI®

PACIFIC®

FUTABA INDUSTRIAL®
SHIROKI*

TOKAI*
NIPPONDENSO"*
CHUO SPRING®

TOYODA GOSEI*

AISAN INDUSTRY"|

NISSAN Suppliers

‘CALSONIC*
IKEDA BUSAAN
KANSE!*
ICHIKOH*
-KASAI KOGYO*
ATSUGI UNISIA®
FUJI UNIVANCE®
JIDOSHA DENKI KOGYO*
TOCHIGI FUJI*
FUJI KIKO*

ISUZU Suppliers
TOKYO RADIATOR*
JIDOSHA BUHIN KOGYO*

ZEXEL(D.KIKI)
SHOWA MFG.
NHK*
KAYABA
STANLEY
AKEBONO BREAK®
DAIKIN MFG.*
MIKUNI®
KEHIN SEIKI®
RIKEN®
OWARI SEIKI®
NIPPON PISTON®
NOK®
TOPY INDUSTRIES®
TOKICO

TOPRE CO.
TOYO RADIATOR

INDEPENDENT Suppliers

NIPPON CABLE SYSTEM®| x

1 As identified by aigorithm described in text.
° Change in rate of inventory reduction was statistically significant (.05 level).
* Data not available for this year.
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Start of FGI Reduction

Figure 8.
WIP vs. FGI Reduction
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