Inventory Reduction and Productivity
Growth: Linkages in the Japanese
Automotive Industry

Marvin B. Lieberman e Lieven Demeester
Anderson Graduate School of Management, UCLA, Los Angeles, California 90095-1481
marvin.lieberman@anderson.ucla.edu
PricewaterhouseCoopers LLP, 400 S. Hope St., Suite 2200, Los Angeles, California 90071-2889
lieven.demeester@us.pwcglobal.com

he literature on JIT production suggests a causal link between work-in-process inventory

and manufacturing productivity. Such a connection has been described in numerous case
studies but never tested statistically. This paper uses historical data for 52 Japanese
automotive companies to evaluate the inventory-productivity relationship. We find that firms
increased their productivity rank during periods of substantial inventory reduction. More
detailed tests suggest that inventory reductions stimulated gains in productivity: On average,
each 10% reduction in inventory led to about a 1% gain in labor productivity, with a lag of
about one year. Such effects were more immediate for Toyota affiliates, but undetectable for
close suppliers of Nissan. These findings imply that inventory reduction served as an
important driver of process improvement for many Japanese automotive companies, although

some firms emphasized other methods.
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1. Introduction

In recent years manufacturing managers and aca-
demic researchers have dramatically changed their
view of work-in-process (WIP) inventories. These in-
ventories, held as a buffer between processing steps in
manufacturing plants, were once considered essential
for maintaining a steady production flow. But the
wide acceptance of “just-in-time” (JIT) production has
led to the contrary view that these inventories prevent
the discovery of problems on the shop floor and can
thus be detrimental to productivity. According to this
new perspective, inventory reductions expose defects
in the manufacturing process, forcing managers and
workers to eliminate (rather than accommodate)
sources of process variability.

Various authors have described causal mechanisms
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linking inventory reduction to productivity growth
(e.g., Schonberger 1982, Hall 1983). Nevertheless,
many questions remain unanswered. Does inventory
reduction lead to productivity gains, or does it merely
serve as an indicator that process variability has been
reduced so that less buffer stock is required? And if
inventory reductions do stimulate productivity gains,
how quickly do the gains appear, and what is the
magnitude of effect?

Details of JIT implementation have been addressed
in numerous case studies, but there has been little
statistical analysis of the connection between work-in-
process inventory and manufacturing productivity.'
In this paper we investigate this connection using data

! For case studies, see Monden (1981, 1983) and surveys by Im and
Lee (1989) and Voss and Robinson (1987).
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for 52 Japanese automotive assemblers and parts sup-
pliers over the period from 1965 to 1991.

We employ three different statistical approaches to
evaluate the nature and magnitude of linkage between
WIP inventory and productivity. First, we apply an
algorithm to the inventory data to identify periods of
substantial WIP reduction. During these periods, firms
are found to have (1) increased their productivity
rank, and (2) exhibited significantly higher rates of
productivity growth. Second, we use regression anal-
ysis to examine the correlation between inventory
levels and labor productivity. Third, we perform more
elaborate tests of the time structure of inventory-
productivity relationships. These tests show that WIP
reductions were followed on average by productivity
gains, with a typical lag of about one year. Significant
differences are observed, however, between “kei-
retsu” company groups. In general, the findings point
to a statistically significant link between WIP reduc-
tion and productivity growth for most companies in
our sample.

2. Theoretical Framework

The connections between work in process inventory
and factory productivity can be represented in a
causal link diagram, as shown in Figure 1. This
diagram illustrates the links between productivity, the
level of WIP, and the detection, analysis, and resolu-
tion of production problems.

Figure 1 makes a distinction between “actual” and
“required” WIP inventory. In any production line,
WIP is used to protect the production flow from the
variability and discontinuities of production. In gen-
eral, as variability rises and as discontinuities become
more pronounced, more WIP will be necessary to
achieve a certain level of output. The minimum
amount of WIP needed to guarantee the desired level
of output is what is called “required WIP inventory”
in the diagram. Depending on how the production
line is managed, actual WIP inventory will fall behind,
equal, or exceed the required level.

The diagram shows five important links, which can be
characterized as follows. If the gap between actual and
required WIP inventory is made small, the production
problems that create the need for buffer inventories
become visible (Link 1). Types of problems that may
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surface include machine failures, defective production,
time-consuming machine setups, long transportation
distances, unbalanced lines, and lack of coordination.
Link 1 is often described by the “rocks in the water”
metaphor for JIT: The rocks on the bottom of the riverbed
(the production problems) are exposed by lowering the
water in the river (the amount of WIP inventory).

Once visible, these problems can be solved, which
will have a positive effect on productivity (Link 2).
How, if, and when this will happen depends on the
problem solving capabilities present in the factory.
Sakakibara et al. (1997) call these capabilities JIT
infrastructure. Once a problem surfaces, workers or
teams of workers need to determine the root cause of
the problem and design, test, and implement a solu-
tion. The problems that cause the need for WIP
inventory typically involve some type of production
waste. When this waste is removed, whether it is
waste of materials, worker time, or machine time,
productivity rises. In addition, the quality of the final
product may improve, which may enable the firm to
obtain higher prices or lower warranty costs.

The removal of production problems feeds back to
reduce the need for WIP inventory (Link 3), allowing
actual WIP to be adjusted downward (Link 4). To
achieve this reduction in a production line that is
controlled by kanban cards, some cards must be
removed from the system. In MRP-type systems, in-
ventories remain unchanged until the lead time esti-
mates and lot-sizes that are used as parameters are
reset to lower values. The lag between the reduction in
“required” WIP and the reduction in actual WIP will
depend on how tightly this link is managed.

The reduction of actual WIP lowers the costs of
inventory holding and related activities, thereby making
a further contribution to productivity (Link 5). In addi-
tion to savings of WIP inventories, buffer stocks of
finished goods can often be cut in response to improve-
ments in process reliability and shortened cycle time.

The causal link diagram in Figure 1 provides a
framework for understanding the statistical models
and for interpreting the results in this paper. Unfor-
tunately, the model implied by Figure 1 cannot be
estimated directly, as we lack data on the problem
solving processes within firms. Rather, it is necessary
to infer the linkages from time series observations of
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Figure 1 Causal Link Diagram
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problem become shorter.

* If actual WIP inventory is cut to near or below “required” WIP, problems in the
manufacturing process (leading to variability, discontinuity or waste) will be detected.
* When WIP is low, the delays between the occurrence of a problem and the detection of a

* Reduced rework & scrap (less material & labor cost).

* Reduced setup times (higher machine utilization and
less labor cost).

* Reduced machine failures (less worker and equipment
idleness and hence higher utilization).

* Reduced setup times and costs allow
smaller lot sizes.

« Improved machine maintenance decreases
the need for buffer inventories.

« Reduced rework and scrap decreases the
need for buffer inventories.

(4) Reduction of required WIP may lead to

(3) Solution of problems leads to reduction
of required WIP inventory: reduction of actual WIP:

* When actual work in process inventory is
higher than what is required to achieve the
desired throughput, some action must be
taken to cause a reduction in actual work
in process, e.g. remove kanban or adjust
MRP lead times & lot sizes.

(5) Inventory reduction may raise productivity directly:

* Reduced inventory carrying costs.

* Reduced costs for materials management, warehouse
management, inventory obsolescence.

* Improved customer response time and
responsiveness to demand changes --> higher prices.

(actual) inventory and labor productivity across the
sample of automotive companies.

The strength of the links and the speed of response
may vary greatly across plants and firms. Manage-
ment methods differ, and effective problem solving
can occur in the factory without an initial stimulus
from inventory reduction (Link 1). Indeed, we hypoth-
esize that some firms rely on inventory reduction as a
driver for process improvement, while others utilize
different approaches. Cusumano (1985) contrasts the
inventory-driven system developed by Toyota with
the more conventional MRP system used by Nissan.

? While Nissan adopted some features of JIT manufacturing, “even
in the early 1980s, Nissan differed from Toyota in several areas. It
did not employ a “pull” system ... it produced in relatively large

468

In the present study we test whether the inventory-
productivity linkages represented in Figure 1 have
been significantly different, on average, between affil-
iates of Toyota and Nissan.

3. Data

The data sample includes a total of 52 Japanese
automotive companies, covering nearly all of the
Japanese assemblers and most of the largest parts

lots . .. (and it) chose to rely more on automation and computers to
raise productivity than production-management techniques such as
a complete kanban system or the job-cycle rationalization measures
and rapid line speeds that Toyota employed.” (Cusumano 1985, p.
307.)
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