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Abstract 
At present, the most common company level inventory performance yardstick is inventory 
costs in relationship to revenue. This yardstick does not adequately reflect differences in the 
scope of vertical integration between different companies. The first objective is to develop a 
suitable yardstick for inventory performance that could enable strategic or company level 
screening for the need for improvement. This new yardstick is then tested with pulp and pa
per industry statistics and annual report data. 

The second objective is to develop a framework for logistical performance measurement at 
the operations level. An application of the measurement framework in the distribution logis
tics of one mill of a large Finnish pulp and paper company is described. 
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INTRODUCTION 

At present, the most common company-level inventory performance yardstick is inventory 
costs in relationship to revenue. For example, A.T. Kearney's (1993) survey used that one. 
The inventory costs in A.T. Kearney's report were further divided into capital and operating 
costs. According to Bowersox et al. (1986) using cost accounting data for logistics perform
ance measurement has two problems. First, the logistics costs are reported differently in dif
ferent companies and are therefore not comparable. Another problem is that traditional ac
counting is not capable of specifying true inventory costs. The problems with the reliability 
of cost accounting data can be overcome by measuring the inventory value. It is also com-
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mon practice to estimate the true inventory costs as a percentage of inventory value (e.g. 
Schonberger and Knodd, 1988 or Bowersox et al, 1986). 

Another yardstick of inventory performance is inventory turnover, which at the company 
level is revenue divided by inventory. Both inventory turnover and the inventory costs I 
revenue relate inventory commitment to revenue. These measurement tools are not valid to 
screen inventory performance at the company wide level because they do not take into ac
count differences in the scope of vertical integration. This is an especially notable handicap 
in the pulp and paper industry where degree of vertical integration varies considerably. 

The first objective of this paper is to develop a suitable yardstick for inventory perform
ance that could enable strategic level screening for re-engineering needs. This new yardstick 
is compared to the inventory I revenue yardstick using pulp and paper industry data and is 
then applied to an annual report sample. 

At best, screening tools are only able to highlight problems. Concrete logistics performance 
re-engineering actions must take place at the operations level. A framework of logistical op
erations measurement is needed to locate the problem areas, although the right re

engineering actions depend on the particular situation. The second objective of this paper is 
to develop a framework for logistical performance measurement at the operations level. 
Traditional cost measurement is unable to take into account the dynamics of logistic chain. 
The framework should also be able to guard against these amplifying effects of the chain. 
Then the applicability of the measurement framework is tested in a case study. 

2 THEORY 

2.1 Strategic level inventory performance measurement 

Buzell and Gale (1987) define vertical integration as 

Vertical integration= (sales- purchases) I sales. 

As somewhat different definitions for value added exists, in this paper value added is defined 
as revenue less purchases. At any rate, in the light of available statistics the treatment of rents 
for instance is not a significant issue 

Figure l shows two logistical chains that perform identical functions. The only difference 
between the two chains is in ownership structure. The chain on the left is owned by one sin
gle, vertically integrated company while the other is composed of three different enterprises. 
We can now calculate inventory commitment in relationship to revenue for the first chain 

Inventory I revenue = 90 : 100 = 90 %. 
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For the second chain we get three different figures, one for each company 

Pulp mill 
Paper mill 
Converting 

inventory I revenue = 30 : 40 = 75 % 
inventory I revenue = 30 : 70 = 42,9 % 
inventory I revenue= 30: 100 = 30 %. 

Stock Turn- V a!. 
over Add. 

30 30 

30 30 

30 100 30 

90 100 90 

Figure 1 Two functionally identical logistic chains. 

Stock Turn- Val. 
over Add. 

30 40 30 

30 70 30 

30 100 30 

90 210 90 

If we relate inventory commitment to value added instead of revenue we get for the first 
chain 

Inventory I value added= 90 : 90 = 100 %. 

For each the pulp mill, paper mill and converting we get the same results 

Inventory I value added= 30 : 30 = 100 %. 

The inventory I revenue yardstick gives different values to inventory performance in the 
two identical example chains depending on the scope of vertical integration. With the inven
tory I value added yardstick the results are stable. The advantage of measuring inventory per
formance by inventory I value added is that the different scope of vertical integration is taken 
into account. 

2.2 A framework for logistics performance measurement at the 
operational level 

Theoretical background for the performance measurement framework 
The measurement framework at operations level is based on the methodology of controlla
bility engineering (Eloranta and Raisanen, 1986) and the concept of logistical performance 
cycles (Bowersox et al., 1986). 
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According to Bowersox et al. (1986) a logistical performance cycle consists of nodes and 
links. A node is a physical location, for example a factory, a warehouse or a customer. 
Transportation and communication connections are referred as links. Bowersox et al. (1986) 
claim that the essential interfaces and decision processes of a logistical system can always be 
described in terms of individual performance cycles. 

The central information acquiring method in Eloranta and Raisanen's (1986) controllability 
engineering is zooming and focusing. This means that any aggregated phenomenon is taken 
into consideration from outlines into details (zooming). At each level the aspect of major 
relevance is identified (focused) for further analysis (zooming). With the zooming and focus
ing method the analyst can concentrate only on essential phenomena even at a detailed level. 

Demand 
Distortion 

Delivery 
Accuracy Stock 

Days 

Throughput 
Time 

Figure 2 The measurement framework with two performance cycles. 

Figure 2 shows the operational level logistics performance measurement framework. The 
framework consists of two consecutive performance cycles where nodes are referred as 
stocks and links as information and material flow. Any logistical system can have a number 
of performance cycles. Controllability engineering methodology should be used to identify 
the most important ones. 

The measurement framework should also be able to find the presence of demand distortion. 
Towill (1992) names two types of demand distortion or amplification of variability in infor
mation flow. The first is Forrester effect, relatively long-term chain dynamics (Forrester, 
1961 ). Houlihan (1988) explains the causes of Forrester's (1961) chain dynamics by a cycle 
of shortages, over ordering, unreliable deliveries and increased safety stocks. The second one 
is Burbidge effect which is shorter duration multi-phase noise present in multi-cycle ordering 
systems (Burbidge, 1984). 

The operative level logistical peiformance measurement framework 
The four crucial concepts for operational logistical performance are 

• Delivery accuracy 
• Inventory commitment 
• Manufacturing and transport throughput time 
• Demand distortion. 
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These concepts can be operationalized as follows. Inventory commitment can be measured as 
stock days which is the inverse of inventory turnover. Throughput time is the time needed 
from one milestone to another. Delivery accuracy can be measured as the difference between 
actual and due date. If safety stocks are large, delivery accuracy poor or throughput times 
long one should be alert for the possible presence of demand distortion. These three yard
sticks are already much used and need no further comments. 

The demand distortion yardstick needs some explaining. It measures the quality of infor
mation flow by calculating the ratio of demand standard deviation in two performance cy
cles. It is especially designed to find out the presence of chain dynamics. Because it is a ratio 
of standard deviations of two random variables, a common F-test Cal) be used to test the sta
tistical significance of the amplification effect between two performance cycles. 

3 SOLUTION METHODOLOGY AND RESULTS 

3.1 Strategic level 

Industry statistics 
The inventory I value added yardstick was first compared to the traditional inventory I reve
nue yardstick with pulp and paper industry statistics provided by the Statistical office of the 
UN Secretariat. The statistics cover years from 1980 to 1991. 

Figure 3 shows the development of inventory I revenue in four countries. There seems to 
be no notable differences in inventory performance between different countries. 
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Figure 3 Inventory I revenue. 

A completely different picture of reality is shown in Figure 4 where the same countries are 
analyzed with the inventory I value added yardstick. Two things can be seen from the statis
tics. Firstly, the Finnish inventory performance was clearly inferior to US and Canadian. 
Secondly, Japanese were able to increase their inventory performance during the period. 
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Figure 4 Inventory I value added. 

The Canadian vertical integration average during 1980-1991 was 43,9% and American 
45,5%. The Finnish vertical integration was only 34,1 %. The Japanese vertical integration 
shows a growth trend. The average Japanese vertical integration from 1980 to 1985 was 
29,5%, while from 1986 to 1991 it had climbed to 38,7%. The Finnish vertical integration 
was lower than US and Canadian and Japanese increased their vertical integration during the 
period. The different pictures of reality in figures 3 and 4 reflected the differences in vertical 
integration. 

Annual report sample 
The inventory I value added yardstick was calculated for 38 pulp & paper company sample to 
assess the usefulness of the measurement tool in terms of being able to find the improvement 
potential. The data for this was found in annual reports and covered a five-year-period 1988-
1992. The results are shown in Figure 5. 
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Figure 5 Inventory I value added in 38 pulp & paper companies. 
Nordic= I, North American= 2 and European= 3. 
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It can be seen from Figure 5 that significant differences exist between companies, which 
suggests logistics re-engineering potential. When the sample was divided in groups of 
American, European and Nordic companies, the null hypothesis of no group differences was 
refuted by Kruskall-Wallis test at P = 0.05 level (H = 8.43, x2 = 5,99, df = 2). 

Interpretation of this result is that in Figure 5 the Nordic companies for some reason need 
larger inventories to achieve equal value added and are on the right hand side of Figure 5 
while the North Americans center on the left hand side. The European companies are dis
tributed rather evenly in the sample. This suggests that especially Nordic pulp & paper com
panies have room for improvement in inventory performance. 

3.2 Operations level case results 

Basic information 
The applicability of the measurement framework was tested in a case. The company in ques
tion was a major Finnish pulp and paper manufacturer and the case was a manufacturing and 
distribution chain of a large paper mill with 350 000 tons of annual capacity. The study 
lasted for six months. Some major findings that also demonstrate the applicability of the 
measurement framework are presented briefly. 

Results 
Figure 6 shows the delivery accuracy measurement results at one, fairly typical performance 
cycle. The delivery accuracy is inadequate. Almost a half of the deliveries are late and 25 % 
are early. 
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Figure 6 Delivery accuracy in days at one performance cycle. 

8-14 

The demand distortion test revealed weekly demand amplification effect of 1 : 3,19 in the 
most important single performance cycle, indicating thus problems in the information flow. 
The data is shown in Figure 7. Based on the F-statistic the hypothesis of equal variances 
could be refuted with P = 0,01 (S/1 S/= 10,16, F.99•40,40 = 1,94, df= 50,50) 
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Figure 7 Weekly demand in two consecutive performance cycles. 

Even worse, the delivery accuracy in some other performance cycles could not be measured 
at all because of lack of any records. The inventory levels were generally found much too 
large in relationship to stock level variation, indicating excessive safety stocking policy. Re
gardless of the relatively long sea transport times their effect was a minor concern in com
parison to a rather long manufacturing lead time. 

Throughout the study, the controllability engineering methodology was found useful in 
identifying the potential areas for re-engineering actions. 

4 DISCUSSION 

With pulp and paper industry statistics the strategic level inventory performance yardstick 
inventory I value added was found superior to inventory I revenue because it takes differ
ences in vertical integration into account. If someone still wants to relate inventory perform
ance to revenue he should be alert for differences in vertical integration both between and 
within companies. 

The reliability of the results in annual report sample was undermined by three factors: 
small sample size, lack of many American companies to report their employment cost which 
had to be estimated and the tendency of pulp and paper companies to be diversified in many 
logistical chains (i.e. business units) sometimes even outside pulp and paper industry. 

As such, the operational logistics performance measurement framework turned out to be 
applicable in this special case. It was able to highlight problem areas but it should be put to 
further tests. 
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