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According to the "zero inventory" paradigm, inventory reflects waste and should be eliminated in order for performance to rise. In this study we investigate the effect of inventory holding on firm performance, analyzing 3,057 firm years of data. Interpreting performance as a function of inventory, results show that firms with the lowest inventory have the worst performance (and vice versa). When understanding inventory as a function of performance, results indicate that low-performing firms carry the least inventory, whereas high-performing firms have the highest stocks. Besides questions of causality, our results do not support a paradigm which suggests that firms should move toward zero inventory.

INTRODUCTION

Thirty years ago legions of managers and scientists started a pilgrimage to Japanese manufacturing plants in order to study the tremendous success of Japanese firms at that time.

Impressed by drastically reduced inventory levels, the Western pilgrims coined a new management paradigm which was called zero inventory [START_REF] Hall | Zero Inventories[END_REF]. The core principle of zero inventory is that inventory reflects waste and should be eliminated, causing productivity to rise [START_REF] Nakane | Management specs for stockless production[END_REF]Schonberger 1983;[START_REF] Haan | Zero inventory management: facts or fiction? Lessons from Japan[END_REF]. However, inventory also has functions in regard to operations in manufacturing firms, e.g. to avoid costly setups or multiple orders and shipments, or simply to cope with uncertainty and secure acceptable service levels when balancing supply and demand. Accordingly, numerous normative models were developed in operations research to determine optimal lot sizes and inventory levels (e.g. [START_REF] Silver | Inventory Management and Production Planning and Scheduling[END_REF][START_REF] Silver | Operations Research in Inventory Management: A Review and Critique[END_REF]). Nevertheless, the zero inventory paradigm does not accept this view of necessary costs of carrying inventory, assuming inventory is necessary due to unsolved problems. Lieberman and Demester (1999, p. 466) point out that "inventories prevent the discovery of problems on the shop floor and thus [are] detrimental to productivity." In the context of determining optimal lot sizes, such unsolved problems could be time-consuming setup processes which it would be better to eliminate or reduce to a minimum. In consequence, the classical lot sizing problem would go up in smoke.

Whether inventory was always "waste" or not, if the zero inventory paradigm tended to be a reliable proposition, one could associate inventory reductions with improved firm performance in general. Hence, our main research questions are: (1) Do firms with lower inventories show superior financial performance? (2) Does the financial performance of firms increase when their inventories decrease?

This empirical study is motivated by the lack of empirically confirmed answers to such questions, although the zero inventory paradigm has been accepted for nearly thirty 4 years, even currently experiencing its second heyday in business practice [START_REF] Demeter | The impact of lean practices on inventory turnover[END_REF][START_REF] Obermaier | Disaggregate and aggregate inventory to sales ratios over time: the case of German corporations 1993-2005[END_REF]. To the best of our knowledge this study is the first to lead an empirical investigation into inventory development and its relation to financial performance for corporations in Germany, as a major European economy. Furthermore, this study is intended to critically analyze the zero inventory paradigm as a core management paradigm which served as a starting point for the development of several related paradigms such as "just in time" or "lean production" [START_REF] Womack | From Lean Management to Lean Enterprise[END_REF]. From a critical rationalist perspective, this study is also an attempt at sorting out falsified theories -"the good into the pot, the bad into the crop".

The article is organized as follows: In the subsequent section we review the existing body of literature and summarize our main findings. In Sections 3 and 4 we develop our hypotheses, and describe our research methodology and the data sources used. The results are presented in Section 5. Their implications and limitations are discussed in Section 6. We conclude with a summary of our key findings and further research opportunities in Section 7.

LITERATURE REVIEW AND HYPOTHESIS

Robert W. Hall, one of the first American authors to describe the Japanese just-in-time production system, and coin the terms "zero inventory" and "stockless production", did not of course mean that firms should literally run their business without inventory: zero inventory implies zero input, throughput and output. Instead, Hall (1983, p. 1) argued: "Zero inventories connotes a level of perfection not ever attainable in a production process. However, the concept of a high level of excellence is important because it stimulates a quest for constant improvement through imaginative attention to both the overall task and to the minute details."

Obviously, achieving zero inventories requires a high level of excellence which is often summarized in the literature in terms of seven other "zeros": zero defects, zero excess, zero [START_REF] Hopp | Factory Physics[END_REF]. But following this "zero logic", inventory levels act as a key indicator of business performance. The analogy of high water levels hiding unsolved problems is often used in this context. Undoubtedly, the zero inventory paradigm has caused quite a stir in business practice for many years. More than that, it seems to be an evergreen, which also served as a starting point for the development and application of several "lean techniques" in order to achieve the unachievable goal of zero inventory.

Twenty years ago, Blinder and Maccini (1991, p. 79) found that the inventory to sales ratios of US companies' inventories showed no decreasing trend between 1959 and 1986, a result "which casts serious doubt on buffer stock theories of inventory behavior since computerization should have reduced the need for inventories as buffers". This critical assessment of research on inventories evoked other empirical studies on inventory performance over time -mainly in the US. [START_REF] Bairam | Disaggregate inventory-sales ratios over time: the case of US companies and corporations, 1976-92[END_REF], for example, finds significant downtrends in inventory to sales ratios of individual US manufacturing firms between 1976 and 1992. [START_REF] Hirsch | Has inventory management in the US become more efficient and flexible? A macroeconomic perspective[END_REF] discovers improvement in work-in-process and raw material inventories at least for some manufacturing sectors (e.g. motor vehicles, rubber and plastics) in the US industry from the late 1960s to the early 1990s but not for manufacturing as a whole.

Using aggregate industry data, [START_REF] Rajagopalan | Have U.S. Manufacturing Inventories Really Decreased? An Empirical Study[END_REF] observe decreasing raw material and work-in-process inventories during the period between 1961 and 1994 in the majority of the 20 manufacturing sectors analyzed. Finished goods inventories decreased in some industry sectors and increased in a few others but did not show a clear, general trend . Their findings indicate that the total inventory to sales ratio decreased in four out of six industry sectors, whereas on the firm level, they find that half of the firms based in industry sectors that are especially well known for their use of just-in-time (JIT) techniques show a significant decrease in total inventories.

A second stream of research can be identified, examining the specific benefits of JIT adoption and other modern manufacturing technologies on inventory performance. [START_REF] Huson | The impact of Just-in-Time manufacturing on firm performance in the US[END_REF], for example, study a sample of 55 JIT adopters, discovering increased inventory turnover subsequent to their JIT implementation. Furthermore, they find a significant correlation between inventory turnover improvements and increasing earnings per share. [START_REF] Balakrishnan | Financial Benefits from JIT Adoption: Effects of Customer Concentration and Cost Structure[END_REF], on the other hand, also compare a sample of 46 JIT adopters with a sample of non-adopters of the same size but observe no significant effects on financial performance. This also holds for a survey conducted by [START_REF] Sakakibara | The Impact of Just-in-Time Manufacturing and Its Infrastructure on Manufacturing Performance[END_REF]. [START_REF] Lieberman | Inventory Reduction and Productivity Growth: Linkages in the Japanese Automotive Industry[END_REF] study 52 Japanese automotive companies over a time period from the late 1960s to the early 1980s, shedding light on the linkage between inventory and productivity: As expected from the standpoint of the zero inventory paradigm, they find firms reducing inventory substantially were able to improve labor productivity significantly.

Following this paradigm, inventories are not seen as residua of production and operations activities, but as important contributors to a firm's overall success. Accordingly, Fullerton and (2001) show that extensive adopters of JIT reduce their work-in-process inventories and increase their profitability substantially. [START_REF] Biggart | Impact of JIT on inventory to sales ratios[END_REF] find decreasing total and raw material inventory to sales ratios after JIT implementation, whereas this does not hold for work-in-process and finished goods inventories.

As most of these JIT studies are based on quite small sample sizes in the automotive industry in most cases, subsequent studies tried to broaden the industry scope and increase sample sizes. Although this third stream of inventory research is concerned with the relationship between inventory and firm performance, the variables are measured indirectly, based on survey data rather than financial metrics. [START_REF] Demeter | Manufacturing strategy and competitiveness[END_REF] notes that the existence of a clear manufacturing strategy should be associated with higher ROS, but finds no difference between firms with a clear manufacturing strategy and those without in regard to inventory turnover. [START_REF] Fullerton | An examination of the relationships between JIT and financial performance[END_REF] detect a significant positive effect of lower inventory levels on ROA and ROS in their survey, whereas [START_REF] Vastag | Inventory management: Is there a knock-on effect?[END_REF] find no significant overall relationship between inventory turnover and firm performance. [START_REF] Demeter | The impact of lean practices on inventory turnover[END_REF], however, show that firms applying lean practices have higher inventory turnover than those that do not rely on lean techniques.

The fourth and most recent stream of inventory research is concerned with the explicit relationship between inventory and firm performance. [START_REF] Chen | What actually happened to the Inventories of American Companies between 1981 and 2000?[END_REF] analyze this relationship from a capital market perspective and create portfolios of firms based on their relative inventory performance, finding abnormally high inventories associated with poor stock market performance. However, they also explore firms with slightly lower than average inventories that have good stock returns, while firms with the lowest inventories have only ordinary returns.

Analyzing the link between inventory and financial performance, [START_REF] Shah | Relationships among information technology, inventory, and profitability: An investigation of level invariance using sector level data[END_REF] discover improved inventory performance (i.e. lower inventory levels) with positively related financial performance for the US manufacturing industry as a whole. [START_REF] Swamidass | The effect of TPS on US manufacturing during 1981-1998: inventory increased or decreased as a function of plant performance[END_REF] argues that inventory holding could be a function of the firms' financial performance, observing that top performers reduced inventories significantly during the period 1981 to 1998, whereas low performers showed a surprising increase in inventories, carrying more inventory than top-performing firms. Considering the levels, Swamidass finds that bottom performers show higher inventory to sales ratios. [START_REF] Cannon | Inventory improvement and financial performance[END_REF] finds no significant link between inventory improvements and firm performance of US manufacturing firms between 1991 and 2000. In his empirical study, better inventory performance was associated with better financial performance for some firms while for many firms this remained unchanged.

Some firms showed even worse financial performance associated with better performing inventories. [START_REF] Capkun | On the relationship between inventory and financial performance in manufacturing companies[END_REF] continue this stream of inventory performance studies for US manufacturing firms. Over a 26-year period from 1980 to 2005 they find a significant relationship between lower inventory to sales ratios and the profitability of firms across a broad range of industries. [START_REF] Obermaier | Disaggregate and aggregate inventory to sales ratios over time: the case of German corporations 1993-2005[END_REF] perform a sensitivity analysis to grasp some insights into the relationship between inventory reduction and financial performance, using firm-level data on German firms. Although the results of a ceteris paribus analysis should be handled with care, they find that the potential contributions of inventory improvements to the financial performance of firms would only be a small amount. Apart from their work we found no recent empirical study concerned with the financial effects of changes in inventory holdings on the performance of either German firms or any other major European firms. Obviously there is a lack of consensus regarding the relationship between inventory holding and overall firm performance. This article is an attempt to fill this gap by explicitly analyzing the relationship between inventory holding and firm performance for a large sample of German firms, using financial metrics. While some researchers find that the contribution of inventory reductions to firm performance might be quite small when compared to other success factors [START_REF] Lieberman | Inventory Reduction and Productivity Growth: Linkages in the Japanese Automotive Industry[END_REF], the majority follow the zero inventory paradigm, interpreting inventory as unnecessary waste and costly, and therefore expecting performance to increase when inventories decrease [START_REF] Sugimori | Toyota production system and Kanban system: Materialization of just-in-time and respect-for-human system[END_REF][START_REF] Nakane | Management specs for stockless production[END_REF][START_REF] Hayes | Why Japanese factories work[END_REF], Monden 1981a, b, Schonberger 1982[START_REF] Wildemann | Just-in-time production in West Germany[END_REF]). Accordingly, JIT systems, in particular, have been widely established during the past decades. The main argument behind this paradigm is that inventory is only rendered necessary because of unsolved problems in several business processes; i.e. inventory holding does not solve problems, but hides difficulties on the shop floor. The range of examples of such problems goes from lengthy setup times to quality problems which make buffer inventories necessary. Thus, inventory is harmful to productivity, but solving such problems would lead to better business performance and make inventory holding dispensable to a certain degree.

Furthermore, inventory reduction programs are also widely established in order to release cash for alternative uses. Besides the effects on liquidity, inventory reduction programs are also expected to increase financial profitability. The logic behind this argument draws on the classical DuPont system of financial control and is quite obvious: decreasing inventories lead ceteris paribus to reduced capital requirements, causing profitability measures such as return on assets to increase (and vice versa). This also holds in a more sophisticated value-based management environment with residual income (e.g. Economic Value Added) as a key performance measure.

To sum up: While it is clear that ceteris paribus lower inventories cause higher return on assets, the proponents of zero inventory would also tend to associate inventory reduction with an increase in financial performance due to better business performance. Therefore, we postulate our main hypothesis: Hypothesis: Firms with lower inventories show higher financial performance.

RESEARCH METHODOLOGY

Data

To analyze inventory performance over time, the study could either be executed at the firm level using disaggregated data or at the industry level using aggregated data. This study is based on disaggregated data at the firm level, mainly in order to guard against an aggregation bias, i.e. firms performing differently cancelling each other out in each sector. In the majority of cases, firm-level data are only publicly available for stock-listed corporations, which, of course, represent just a fractional amount of the total number of German companies. All data used were taken from Thomson Financial's Worldscope Global Database.

The sample chosen spans the time frame from 1989 to 2004 and consists of 3057 company years with complete data for all the variables of interest. The reason for setting the end of our time frame at 2004 was a compulsory legislative switch for all German stock listed companies from local GAAP (German HGB) to international GAAP (IAS/IFRS) in 2005. In order to avoid any accounting effects in the data, we limited our analysis to firm data based on local GAAP. Although there were still some financial statements based on local GAAP in 2005, we excluded this year from our statistical analysis due to the small sample size for this year. Because several firms had already switched to international GAAP some years before 2005, the number of firms in the sample using local GAAP has recently declined. The reason for the beginning of our time frame was the sufficient sample size (n > 100), which was not given for the years before 1989. The distribution of our sample over time is shown in Figure 1.
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Measurement of Inventory Holding

Because inventory varies according to production and distribution levels, amongst other factors, it may increase (decrease) simply because sales have increased (decreased (1)

Generally speaking, a declining (rising) inventory to sales ratio over time means that inventories grow more slowly (faster) than sales. From an operations management point of view, we are especially interested in how long inventory is held. Accordingly, the inventory to sales ratio can be multiplied by 12 months or 365 days providing a measure of inventory reach for a given value of sales. One further advantage of the inventory to sales ratio is that it corrects for sector size and for the impact of inflation. Finally, the analysis is only affected by changes in price levels to a minor degree, given that prices of outputs vary according to the prices of inputs. As we are using annual data in this study we will not analyze inventory fluctuations, i.e. short-term oscillations, which are regularly used by analysts for short-term business cycle forecasting [START_REF] Knetsch | The Inventory Cycle of the German Economy[END_REF]). Instead, our focus is on long-term trends in inventory to sales ratios.

Measurement of Performance

Performance measurement is a huge topic in both the management accounting and operations or strategic management literature. Here, three fundamental theoretical approaches can be differentiated.

The goal-based approach measures performance by goals which a firm sets itself. The metrics used are widespread, but can be divided into two main groups. Whereas financial metrics are either based on balance sheet and P&L statement data (e.g. ROI, ROS) or on stock market values (e.g. EVA, market to book ratio), non-financial metrics focus on operational performance dimensions such as quality, time, or flexibility [START_REF] Neely | Performance measurement system design: A literature review and research agenda[END_REF]. Moreover, organizational theory has an even broader concept of business performance [START_REF] Venkatraman | Measurement of Business Performance in Strategy Research: A Comparison of Approaches[END_REF]). The systems approach measures business performance according to a firm's capacity for long-term survival in its surrounding environment (i.e. system). The 13 stakeholder approach argues that a firm should take into account the views of all the stakeholders of the business and not just the owners. Accordingly, this approach defines business performance as a firm's ability to achieve the goals of different stakeholder groups simultaneously.

The measurement problems of the latter perspectives are obvious. Furthermore, [START_REF] Murphy | Measuring Performance in Entrepreneurship Research[END_REF] report that most empirical studies use financial metrics such as ROI or ROS, which are consistent with the goal approach. In this study we also use financial data to measure performance. However, in order to account for the perils of a performance perspective which is too narrow (Venkatraman & Ramanujam 1986, p. 807), we decided to use Altman's Z-score as a financial but multidimensional performance measure [START_REF] Altman | Financial Ratios, Discriminant Analysis and the Prediction of Corporate Bankruptcy[END_REF]). One further advantage of this approach is that a multidimensional performance index is more robust than single performance measures such as ROI or ROS.

Altman's classic Z-score, originally developed to predict firm bankruptcy using financial data from annual reports, was based on a sample of 33 bankrupt and 33 ongoing firms. After conducting a multiple discriminant analysis based on five accounting ratios

( 1 X , …, 5 X ), the following discriminant function emerged: As ratio 5 X was considered industry-specific later on, it was excluded from the following model, '' Z , which was estimated as follows (Altman 2002): In this study, we applied these three models to our sample in order to generate specific Zscores. Hence, the coefficients had to be re-estimated. In a first step, all stock listed 2 For this classification, a cut-off-value has to be estimated. See [START_REF] Altman | Financial Ratios, Discriminant Analysis and the Prediction of Corporate Bankruptcy[END_REF], p. 606, for example. of complete data prior to the start of bankruptcy proceedings was selected (t-1 or t-2; Altman 1968, p. 593). In a second step, a corresponding number of existing firms was randomly chosen. To make sure that the set of existing firms fitted in terms of size and industry, a t-test and a 2 χ -test were performed. In cases where the null hypothesis was rejected, a new sample was randomly created. For every model we ran five randomly generated samples and executed a multiple discriminant analysis (see Appendix A).

1 1 2 3 4 5 1.2 1.4 3.3 0.6 0.999 Z X X X X X = + + + + , (2) with 
' 1 2 3 4 '' 6.56 3.26 6.72 1.05 Z X X X X = + + + , (4) with 
Comparing these models, we found that model '' Z showed the best goodness of fit criteria (e.g. percentage of correct classification, Wilk's lambda). Hence, based on our sample, the revised discriminant formula for model '' Z is as follows:

" ' 1 2 3 4 2.538 0.522 1.681 0.110 0.182 revised Z X X X X = + + - - . (5) 
It should be noted that it is not the purpose of this study to estimate the probability of a firm going bankrupt. Hence, the goodness of the discriminant function is of minor importance here.

Instead, the goal is to generate a more objective and robust multiple performance index in order to rank the firms by financial performance and prosperity.

Method

To investigate our hypotheses, several time series regressions were run, in which the firms were ranked by inventory-to-sales ratios, and divided into three deciles (high, medium, and low) for each year of our time frame. Then the average Z-score was calculated for each year and each inventory decile. A regression analysis was conducted to detect trends in performance over time. A multivariate regression was also conducted. 

RESULTS

Analyzing the time series of Z"-scores we found no significant differences between the means of the high (0.399) and medium (0.463) IS deciles, but high significant (p < 0.01) differences compared to the low IS decile (-0.589). Obviously, firms with medium to high inventories also have better performance criteria, whereas firms with the lowest inventories show the worst financial performance on average.

---------------------------------

INSERT TABLES 1 & 2 HERE ---------------------------------
Analyzing the time trends we found a constant performance trend for the high IS decile, whereas the low IS decile showed a strong significant decline in performance over time. For the medium IS decile we detected a slight but significant decline in performance. The difference between the high and medium groups was not significant. But comparing the high and medium groups to the low IS decile respectively, the differences were significant.

---------------------------------

INSERT FIGURE 3 HERE --------------------------------- --------------------------------- INSERT TABLE 3 HERE ---------------------------------
Hence, interpreting financial performance as a function of inventory holding, the results suggest a positive relation between inventory holding and financial performance; i.e. those firms with the lowest inventory also show the worst performance (and vice versa). These results were also confirmed when a multiple regression was conducted, showing a highly 4.

---------------------------------

INSERT TABLE 4 HERE ---------------------------------
To investigate how much inventory successful companies are carrying, we have to reverse our analysis in terms of dependent and independent variables. Analyzing the IS ratios, we find no significant differences between the means of the high (0.207) and medium (0.189)

Z" deciles, but highly significant (p < 0.01) differences compared to the low IS decile (0.086).

Obviously, firms with medium to high financial performance have significantly higher inventories than low-performing firms -more than twice the size. While low-performing firms have an inventory turnover of almost 12 on average, it is less than five for highperforming firms.

---------------------------------

INSERT TABLES 5 & 6 HERE

---------------------------------Although we detect highly significant decreasing IS ratios over time for our complete sample, there is no trend for low-and medium-performing firms. Nevertheless, firms with the highest financial performance show a significant downsizing of inventories, whereas the difference between high-and low-performing firms is significant.

F o r P e e r R e v i e w O n l y 18 --------------------------------- INSERT FIGURE 4 HERE --------------------------------- --------------------------------- INSERT TABLE 7 HERE ---------------------------------
Understanding inventory as a function of a firm's financial performance, our results again suggest a positive relationship between inventory holding and financial performance, as lowperforming firms carry the least inventory, whereas high-and medium-performing firms also have the highest inventory in stock.

DISCUSSION

Although we find significantly decreasing IS ratios over time, our results contradict the "critical argument on behalf of inventory reduction … that it will improve the financial position of firms" [START_REF] Chen | What actually happened to the Inventories of American Companies between 1981 and 2000?[END_REF](Chen at al. , p. 1025)).

From a capital market perspective, [START_REF] Chen | What actually happened to the Inventories of American Companies between 1981 and 2000?[END_REF] create portfolios of firms based on their relative inventory performance, and find abnormally high inventories associated with poor stock market performance. Considering quite simple shareholder value logic or the classical DuPont system of financial control, this is not very surprising. Furthermore, [START_REF] Chen | What actually happened to the Inventories of American Companies between 1981 and 2000?[END_REF] find that firms with slightly lower than average inventories have good stock returns, while firms with the lowest inventories have only ordinary returns. Obviously, this U-shaped relationship does not support the zero inventory paradigm. Nevertheless, according to signaling theory, [START_REF] Tribo | Firms' stock market flotation: Effects on inventory policy[END_REF] finds a kind of "window dressing" effect: Firms tend to reduce inventories before an IPO in order to signal low capital costs to future investors. Apparently, the capital market sanctifies abnormal high inventories but does not honor low inventory per se. While the former is not in line with our results, the latter is so, which indicates that a certain level of inventory is needed to run business processes properly.

However, more than that, our results contradict the recent empirical studies of [START_REF] Swamidass | The effect of TPS on US manufacturing during 1981-1998: inventory increased or decreased as a function of plant performance[END_REF] and [START_REF] Capkun | On the relationship between inventory and financial performance in manufacturing companies[END_REF], both concerned with the relationship between the inventories and performance of US manufacturing firms. Whilst [START_REF] Swamidass | The effect of TPS on US manufacturing during 1981-1998: inventory increased or decreased as a function of plant performance[END_REF] argues that inventory holding could be a function of firms' financial performance, where lower inventory-to-sales ratios are associated with higher performance, [START_REF] Capkun | On the relationship between inventory and financial performance in manufacturing companies[END_REF] assume financial performance to be a negatively related function of inventory holding. While our results do not support the latter, we have some reason to discuss the former: First, our results are also in contrast to those of [START_REF] Swamidass | The effect of TPS on US manufacturing during 1981-1998: inventory increased or decreased as a function of plant performance[END_REF]. We find a positive rather than negative relationship between inventory holding and firm performance: Increasing inventories lead to increasing financial performance (and vice versa). Our results suggest that inventories which are too low make it much more difficult to run business processes cost-efficiently. Second, our results support the interpretation of inventory holding as a function of financial performance. Like [START_REF] Swamidass | The effect of TPS on US manufacturing during 1981-1998: inventory increased or decreased as a function of plant performance[END_REF], we also found top-performing firms reducing their inventories, but on a higher level. Nevertheless, we argue that bottom performers suffer from low inventories, while he argues that bottom performers suffer from a variety of problems which make it hard for them to reduce inventories.

Besides the fact that correlation cannot prove causality, adhering to the idea of inventory holding as a function of financial performance, our results correspond to a certain inventory behavior in times of low financial performance: If general economic conditions become worse, firms with low financial performance may be forced to convert working capital into cash in order to generate liquidity. At first glance, it would stand to reason that reducing inventory might be the commonly chosen approach for that purpose. However, taking the resulting negative effects on business performance into account, for example delayed production processes or lower service levels, a reduction in inventory turns out to be the wrong approach. On the other hand, firms showing strong financial performance could afford to hold higher inventories in order to run their processes well, and serve their customers at higher service levels. Of course, it could be argued that financially successful firms also could afford to invest in modern manufacturing technology, leading to lower inventories, which is Swamidass' (2007) central argument. Considering our divergent results, there may have been differences between the manufacturing organization and strategies of US and German firms during the time frame investigated.

Furthermore, our results also help to interpret previous results of [START_REF] Obermaier | Disaggregate and aggregate inventory to sales ratios over time: the case of German corporations 1993-2005[END_REF]. Analyzing the inventory performance between 1993 and 2005, and conducting several ceteris paribus sensitivity analyses, they find that the potential contributions of inventory improvements -even a reduction of 50 percent -to the financial performance of 100 German corporations are only very small. In the light of our discussion so far, this would become even worse if we took into account that a sole inventory reduction in the "real world" (without a ceteris paribus condition) would reduce performance due to several suboptimal processes. While it is clear that ceteris paribus lower inventories cause higher return on assets, this relation does not necessarily hold in the real world, which does not offer a ceteris paribus opportunity in most cases.

Obviously, inventory holding costs money but is not always a disadvantage, because inventories do have benefits as well. Hence, when interpreting financial performance as a function of inventory, the notion "lesser inventory is better" cannot be maintained. Instead the classic view of operations research, seeking for optimum lot sizes and inventory levels, regarding inventory as a costly but necessary buffer to smooth production levels (e.g. [START_REF] Silver | Inventory Management and Production Planning and Scheduling[END_REF][START_REF] Silver | Operations Research in Inventory Management: A Review and Critique[END_REF], seems to regain ground. With respect to this operations research view the following distinction might be helpful: inventory (in monetary units) as a component of According to our results, inventory performance can be seen as an indicator of financial performance, but not in the direction expected. Firms obviously need sufficient inventory to ensure the safety stock level required, and to run their businesses properly and successfully, especially in an uncertain environment. On the other hand, low inventories may result from too limited financial resources rather than from the implementation of a zero inventory strategy. Low-performing firms might just need to reduce inventory in order to increase liquidity.

Nevertheless, high-performing German firms also show decreasing inventories over time which have still remained at a higher level in the recent past than those of low performers. Considering [START_REF] Chen | Quantifying the Bullwhip Effect in a Simple Supply Chain: The Impact of Forecasting[END_REF], this could be explained by the soaring role of information exchange with suppliers and customers, enabled by modern supply chain techniques (e.g. better forecasting techniques, advanced information and planning systems, closer and more collaborative relationships with customers or suppliers, automatic replenishment programs), which can help reduce inventories. Over the last few years, many companies have applied automatic replenishment programs, of which vendor-managed inventories (VMI) enjoy great popularity, to increase inventory turns (see [START_REF] Cheung | The Inventory Benefit of Shipment Coordination and Stock Rebalancing in a Supply Chain[END_REF] for example). However, both alternatives -higher inventories or better information exchange -are investments which require capital expenditures and the need to appraise investments in such techniques. Hence, top performing firms may choose between inventory holding and modern supply chain techniques, 3 while low-performing firms might not be able to afford such opportunities.

3

For some general aspects of this issue, see a formal model by Milgrom and Roberts (1988), in which inventories play a buffering role but whose importance is reduced when information exchange is increased. 

CONCLUSIONS

The core principle of concepts such as "just-in-time" or "zero inventory" is that inventory reflects waste and should be eliminated, causing productivity to rise. Nevertheless, our empirical results suggest that inventory holding costs money but is not always a disadvantage, because inventories do have benefits as well. Hence, the notion "less inventory is better" is empirically refuted. Interpreting financial performance as a function of inventory holding, our results suggest a positive relationship between inventory holding and financial performance;

i.e. those firms with the lowest inventory also show the worst performance (and vice versa).

Understanding inventory as a function of financial firm performance, our results suggest a positive relationship between inventory holding and financial performance. Low-performing firms carry the least inventory, while high-and medium-performing firms have more than twice as much inventory in stock on average. In short, our empirical results do not support the zero inventory management paradigm.

For managers, these findings may be relevant for several reasons. First, and most importantly, managers should not believe in the zero inventory paradigm per se. Second, managers should not expect to improve their firm performance simply by reducing inventories; instead they will risk the opposite. Third, in order to find the optimum inventory level, managers are well advised to apply well-known operations research techniques. Fourth, managers of financially stable firms may choose between investments in inventory holding or modern supply chain techniques. Finally, managers of firms in financial trouble have to face the fact that reducing inventories may help them to increase short-term liquidity in hard times, but this will not help the firms in better times, when they need inventories to run production and serve their customers. As the recent financial crisis showed, many firms went bankrupt when the recession was over. Firms which had discharged their inventories during the 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 

  sample which filed for bankruptcy were identified (n = 27) and the last year

  01) positive influence of inventory-to-sales on firm performance. These results are reported in Table

  ought to be minimized in an optimization calculus, while sufficient stock (in quantity units) has to be considered as a constraint.
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  [START_REF] Chen | What actually happened to the Inventories of American Companies between 1981 and 2000?[END_REF]Chen et al. ( , p. 1021) report that while "the medians of raw materials, finished goods, and total inventory days drop, the means actually rise between 1981 and 2000", as means may be influenced by outliers that are focusing on medians. Based on aggregate US industry level data,[START_REF] Shah | Relationships among information technology, inventory, and profitability: An investigation of level invariance using sector level data[END_REF] find that inventory levels trended downward in the manufacturing sector, which occurred rapidly during the 1990s. Performing the first study for a major European economy,[START_REF] Obermaier | Disaggregate and aggregate inventory to sales ratios over time: the case of German corporations 1993-2005[END_REF] analyze inventory performance of 100 German stock-listed corporations between 1993 and 2005.
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	Irvine (2003) identifies downtrends in inventory holding for manufacturers and merchant
	wholesalers carrying durable goods in the US since the mid 1980s, whereas nondurable goods
	6

retailers', wholesalers', and even manufacturers' finished goods inventories and to some extent work-in-process inventories increased. After investigating the inventories of 7,433 US

  ). Therefore, it is inappropriate to use absolute inventory measures (e.g. in euro values). Instead, we use relative inventory measures. One widely used ratio is inventory to sales, which measures the percentage of sales which could be served from stock on hand (see[START_REF] Bairam | Disaggregate inventory-sales ratios over time: the case of US companies and corporations, 1976-92[END_REF][START_REF] Irvine | Long term trends in US inventory to sales ratios[END_REF] 

	IS	it	=	it it S I	.
	F o				
	r				
	P				
	e e r		
	R e v i e w
					O n
					l y
	Chen et al. 2005, for example). If it I and it S denote total inventory (sum of raw materials,
				12	

work-in-process, and finished goods) and sales, respectively, of firm i in year t, then the inventory to sales ratio is:

  On the basis of this function Altman classifies 31 of the bankrupt firms and 32 of the ongoing firms correctly.2 The higher the Z-score of a firm, the lower its risk of bankruptcy. Although the estimated coefficients are sample specific, this classic formula is considered to be robust and is still used by practitioners and researchers.

			In subsequent years several derivatives of the classical Altman Z-score evolved. To
	apply it to non-listed firms the suggestion was to measure 4 X with the book value of equity F o as a proxy (Altman 2000). Based on Altman's original sample it followed model ' Z :
	Z	' 0.717 =	X	1	+	r 2 0.947 X +	3.107	X	3	+	0.42	X	' 4	+	0.998	X	5	,	(3)
	with:	X	1			=	P working capital / total assets,	
			X X	2 3			= =	e retained earnings / total assets, e r EBIT / total assets,
			X X	' 4 5			= =	book value of equity / total debt, R e w e i v sales / total assets.
		:	X X X	1 2 3			= = =	working capital / total assets, retained earnings / total assets, EBIT / total assets,	O n l y
			X	4			=	market value of equity / total debt,
			X	5			=	sales / total assets.					
																14		
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  Our findings might also give a direction for further research, seeing inventory not so much as a predictor of financial performance but as what it mainly is: A "buffer" which allows firms to carry out several processes and functions well, for instance achieving smooth production levels, shifting production to periods in which production costs are expected to be relatively low, avoiding costly setups or multiple orders and shipments, or as a precaution against stock-outs. It may also be interesting to analyze the relationship between inventory holding and financial performance for different stages of the supply chain. On a raw materials level, the worst case scenario for just-in-time or zero inventory may result in a complete production system coming to a standstill. From a finished goods point of view, however, high inventories can result in obsolescence and cause component devaluation. From a strategic point of view it might be interesting to investigate whether innovative companies with higher

	recession suddenly did not have sufficient liquidity to fill up their inventories when business
	cycles moved upwards again. FIGURE 2				
			7% SIC37	SIC38 5%	SIC39 3%	SIC20 14%	SIC22 4% 4% SIC23
	F o F o F o F o	SIC36 9%			SIC24 1% 1% SIC25
	r r r r					SIC26
	P e e r P e e r P e e r P e r e	SIC35 19%			4% SIC27 1% SIC28 SIC30 7%
	R e v i e w profit margins do not (have to) take care of inventories as much as companies following a cost-leadership strategy with lower margins. Nevertheless, further research is necessary to gain more insight into the causal logic of the relationship between inventory holding and firm performance. R e v i e w R e v i e w 4% SIC31 SIC32 9% SIC33 3% SIC34 4% R 0% e w e i v Sample
					O n O n O n O n
						l y l y l y l y
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TABLE 1

 1 

	Year / ZII	High IS Decile Middle IS Decile Low IS Decile	All
	MIN	0.076	0.278	-1.682	-0.029
	MAX	0.673	0.644	-0.070	0.486
	MEAN	0.399	0.463	-0.589	0.302
	MEDIAN	0.420	0.460	-0.417	0.330
	STD. DEV.	0.142	0.093	0.427	0.139
	VAR. COEFF.	0.357	0.202	-0.725	0.459
	Z"-				

Score performance of IS deciles: Descriptive statistics 1989-2004.
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	TABLE 3							
		High IS Decile Middle IS Decile Low IS Decile	All	High -Low	High -Mid	Mid -Low
	β	0.001	-0.010	-0.059	-0.026	0.060	0.011	0.048
	Sig		**	***	***	**		**
	T	0.153	-2.174	-3.057	-6.827	2.611	1.197	2.853
	p	0.881	0.047	0.009	0.000	0.021	0.251	0.013
	SF	0.008	0.005	0.019	0.004	0.023	0.010	0.017
	R 2	0.002	0.252	0.400	0.769	0.327	0.093	0.368
	R 2 adj.	-0.070	0.199	0.357	0.752	0.279	0.028	0.323
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Time series analysis of Z"-score performance grouped by IS deciles 1989-2004.

  

TABLE 5

 5 

	Year / TIS	High ZII Decile Middle ZII Decile Low ZII Decile	All
	MIN	0.150	0.108	0.055	0.127
	MAX	0.290	0.259	0.155	0.213
	MEAN	0.207	0.189	0.086	0.181
	MEDIAN	0.207	0.184	0.082	0.186
	STD. DEV.	0.034	0.047	0.025	0.027
	VAR. COEFF.	0.165	0.247	0.294	0.147
	IS ratios of Z"			
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		High -Low	High -Mid	Mid -Low
	T	11.707	1.115	6.820
	p	0.000	0.283	0.000
	Sig	***		***
		T-Test		

of mean IS ratios Page 38 of 39 http
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	TABLE 7							
		High ZII Decile Middle ZII Decile Low ZII Decile	All	High -Low	High -Mid	Mid -Low
	β	-0.005	-0.003	0.001	-0.005	-0.005	-0.002	-0.003
	Sig	**			***	**		
	T	-2.937	-1.004	0.542	-6.711	-2.944	-0.554	-1.041
	p	0.011	0.332	0.596	0.000	0.011	0.588	0.316
	SF	0.002	0.003	0.001	0.001	0.002	0.004	0.003
	R 2	0.381	0.067	0.021	0.763	0.382	0.021	0.072
	R 2 adj.	0.337	0.001	-0.049	0.746	0.338	-0.048	0.006
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Time series analysis of IS grouped by Z"-deciles 1989-2004 Page 39 of 39 http
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Multivariate Regression Analysis