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The aim of this study is to cvaluatc metrics of supply chain performance for Lithuanian statc forest enterprise
sawmills. The mctrics arc used to quantify supply chain performance for 6 state forest enterprisc sawmills. These sawmills
were randomly sampled from groups of high, medium and low cconomic potential. Based on the monthly flow volume
per aggregated assortment, the following indicators were used to quantify performance of the supply chain: flow variability
(coctficient of variation for flows), average inventory cover time (in terms of production time), degree of supply chain
dynamics (cross corrclations between monthly flows) and supply variability quoticnts (ratios between cocfficients of
variation for monthly flows).

The mills of high and medium potential were primarily focused on the main products assortments (boards, planks).
The fow potential mills were primarily focuscd on by-products (paliet wood). The mectrics for main and by-products
cxhibited four main differences. First, the supply variability quoticnt (w_ ) and degrec of supply chain dynamics (p_)
were both higher for the main products than by-products. Sccond, the degree of dynamics (p) was higher where the
cocfficicnt of variation for final sales (CV,) was high. The degree of dynamics (p) was also higher where the size of the
supply chain buffcr capacity (ICT ) was small. Finally, thc average supply chain responsiveness was higher for the main
products than by-products, indicating a highcr degrec of synchronisation for the main products than for by-products.
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Introduction

After a period of recession from 1994 to 1997 the
Lithuanian forest industry has been in a state of
steady growth. After regaining the independence in
1991, the Lithuanian timber sector redirected exports
from eastern to western markets (Anon. 2002 (2)).
According to the statistics 16 state sawmills were
operating in 2001. The capacities of sawmills varied
from 2.000 to 16.000 m? of the annual sawn wood pro-
duction. Approximately 70% of the production consist-
ed of palletwood products. Altogether these sawmills
generated profit of 7,7 mil. Euros. At present, approx-
imately 2/3 of all sawmilling production is exported
(Anon. 2002 (1)).

The situation in the state sawmilling sector, how-
ever, is still difficult. Production in the sector has been
declining and closure due to bankruptcy or financial
complications 1s increasing. One of the reasons, which
have l:d to this situation, is inability to react appro-
priately to the changing market situations. The resti-
tution of forestland to former owners has also caused

changes in the raw materials market. This has result-
ed in a cheaper source of round wood for many pri-
vate sawmills. The restructuring, which should have
resulted from these transitions, has been quite slow.

Supply chain strategies in the forest sector

The connection between the market environment,
enterprise strategy and success has been examined for
a number of sectors. Fisher (1997) developed a dichot-
omy describing efficient and market responsive sup-
ply chain strategies for typical manufactured products.
[.ehtonen (1999) adopted Fishers dichotomy to Nor-
dic paper industry environment. Lehtonen (1999) names
these strategies efficient and flexible. Enterprises with
an efficient strategy gain from high utilization of pro-
duction capacities and having even-flow of materials
and standard product range. For enterprises with a
flexible strategy the priority is given to high custom-
er service level resulting in a more uneven flow of
materials and wider product range. The study on an-
alysing marketing strategies of sawmulls in Lithuania
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was carried out by Gaizutis (2000). According to this
study Lithuanian sawmills fall into five distinctly dif-
ferent strategic groups where the first group consists
of sawmills with the highest unnual capacities and
highest productivity. Sawmills, which fall into the sec-
ond and third group, are similar by their nature spe-
cializing in construction, furniture and packaging sec-
tors and having very low productivity rate. The fourth
group of sawmills usually have no strategy and the
survival of such sawmills depends on the immediate
radical changes inside them. The fifth strategic group
consists of newly established sawmills, which already
have relevant technical facilities enabling them to pro-
duce cheap sawn wood products. Finally, Gaizutis
(2000} states that almost half of analysed sawmills “had
no definite marketing strategies determining their busi-
ness activities with all due consequences”. The Fin-
ish researchers Hameri and Nikkola (1999) describe the
prevailing production management strategy in Scan-
dinavian paper industry as still being based on high
volumes with long production cycles resulting in very
long average supply chain (SC) throughput times. So
tar no supply chain dichotomy has been developed for
typifying production strategies in the sawn products
sector. However, Lehtonen’s description of efficient
and flexible strategies may also be applicable here.

Supply chain performance

The performance of the supply chain should sup-
port the chosen supply chain strategy. There are three
basic levels of indicators for economic success. These
include revenue, which minus costs yield profit, which
when considered in relation to capital use yields the
rate of return on investment. Lehtonen’s (1999) effi-
cient and flexible strategies place different weight on
these indicators. An efficient strategy aims primarily
at reducing costs by increasing capacity utilization.
A flexible strategy aims primarily at increasing reve-
nues through adjusting production towards the high-
est value alternatives 1n the production palette and
reducing capital tied up in production through reduc-
Ing inventory.

Table 1. Supply chain strategy according to Lehtonen
(1999), with economic effect and production characteristics

Strategy | Economic effect | Production characteristics
|

Efficient | Cost High utilization of | Even flow, standard
minimization facilities products, large inventories
Flexible Value-added High customer service | Uneven flow, wide product

maximization range, low inventorics

The consequences of these strategies are most
clear in the context of the generic stock decision model
(GSDM) presented by Ford and Sterman (1998). This
model is bascd on locally available information and
recognizes three motives for ordering O, at time t.
These motives include: replacing expected losses from
stock (L)), reducing discrepancies between desired and
actual stock (AS =adjustment to stock), and reducing
discrepancies between desired and actual supply line
of unfilled orders (ASL =adjustment to supply line).
This model also takes into consideration the expected
acquisition time lag (A7) to receive adjustments.

An efficient supply chain strategy assumes less
consideration to coordinating demand and supply
within specific periods. This strategy is based on prog-
nosis levels of losses with a higher level of stocks to
even out eventual discrepancies. A flexible strategy,
however, demands that supply meet the actual demand
for each palette of production with corresponding
adjustments of stock and supply line.

Sources of industrial dynamics

The potential consequences of demand uncertain-
ty and pull control in industrial supply chains, termed
industrial dynamics, weie first analysed by Forrester
(1961). Using simulation models he demonstrated how
small variations in consumer demand can be amplified
upstream in the supply chain, initiated by slow order
handling, lack of downstream sales information and
immediate corrective actions for inventory discrepan-
cies. Numerous terms have been suggested for this
phenomenon (bullwhip effect, flywheel effect, demand
amplification). In essence, the effect involves a dis-
tortion of demand signals, as a vendor is unaware of
how much of the received order constitutes real de-
mand, and how much constitutes strategic decisions
on changes in inventory levels. Demand distortion
refers to the effect itself, while the result of the dis-
tortion 1s referred to as amplification of demand var-
iation. Hameri and Nikkola (1999) were the first to
study these effects in supply chains for paper mills.
According to Hameri (1996) the demand for products
is transmitted along the series of inventories using
stock control ordering and estimates. With this sup-
ply chain configuration, the demand variation will in-
crease with each transfer. Hameri and Nikkola (1999)
state that the existing reaction time for market demand
information s not being explored and that production
allocation 1s not being well matched with real demand.
They conclude that mills close to main markets do have
an advantage over those located far away, but it is also
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shown that tlits advantage could be overtaken by
shorter production cycles and better integrated sup-
ply chain operations that add up to reliable operational
performance with no safety margins and buffers.

Most studies of industrial dynamics have been
aimed at controlling demand distortion and amplifica-
tion. However, supply variability is also an important
factor influencing the overall performance of the sup-
ply chain. In other sectors supply variability appears
when manufacturing predictability deviates through
poor yield, supplier and carrier delivery performance
and manufacturing lead times that cause additional
disruptions. Supply variability is a typical character-
istic for wood supply because of the uncontrollable
conditions of forest production. Figure | shows typ-
ical patterns for monthly round wood delivery from
Lithuanian state forest enterprises and sawn wood
sales from state sawmills.

1 2 3 4 5 6 7 8 9 10 11 12

month

Figure 1. The distribution of monthly round wood delivery
and sawn wood sales in the Lithuanian state forest sector in
1998-2001

There are many factors, which affect the flow of
goods in the forest sector supply chain. The GSDM
can be used as a framework (Figure 2) to show the
relationship between flow variation and factors result-
ing in varying delivery (expected acquisition rate) and
demand (expected loss rate).

The main factors influencing delivery are seasonal
(predictable) capacity restrictions and stochastic (un-
predictable) factors. The seasonal capacity restrictions
include stand accessibility (stands with moist ground
conditions are accessible only during winter time), the
summer holiday period and quality-related aspects (re-
duction in wood quality during summer time). Stochas-
tic factors include insect attacks and wind- or snow-
storms. Demand is influenced by forecast error, which
1s mainly due to incorrect information about down-
stream actors and price fluctuations. Lead time varia-
tion is a factor influencing both delivery and demand
sides of the GSDM. Lead times and delivery precision
for wood supply to Lithuanian state forest enterpris-
es have been examined by Puodziunas and Fjeld
(2002). They estimated that delivery precision was low
and lead times varied considerably between different
components of the production palette. Differences
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Figure 2. An adaptation of the GSDM to factors influenc-
ing flow variability in the Lithuanian state forest sector

between enterprises, however, were determined prima-
rilly by the products they focused on.

An aspect of wood supply, which is particular for
only a few other sectors, is the diverging product iden-
tities, which results from industrial processing. Har-
vesting initially results in two primary classes of round
wood; saw logs and pulp logs, depending on the qual-
ity characteristics as judged by the outside of the log.
The most valuable of these two classes is saw logs.
For this reason saw log demand is the dominating
factor for overall harvesting levels and therefore the
resulting flow of pulp logs. When the saw log arrives
at the sawmill the same logic may be applied again.
The price for main products processed from the cen-
tre of the saw log 1s highest, and demand for these is
therefore the dominating factor for the flow of by-prod-
ucts from the outer cylinder of the log. It is first when
the planks and boards are visible that the final quali-
ty characteristics are known. Divergent flow in wood
supply and processing makes complete coordination
of supply and demand difficult to attain. This should
also lead to a lower degree of dynamics for sawn by-
products than main products.

Aim

In order to evaluate supply chain performance a
number of indicators must be developed and estimat-
ed. The aim of this study is to evaluate metrics for
quantifying supply chain performance in the Lithuanian
state sawmilling sector. These metrics will be compared
for main and by-products. These will then be examined
for their relevance to supply chain strategies.

Materials and methods

The study examines supply chain performance for
6 state forest enterprise sawmills. All state sawmills
are classified according to high, medium and low eco-
nomic potential (Anon. 2002 (2)). The sawmills stud-
ied were grouped according to their product focus.
Production in mills 1 to 4 focus on production of as-
sortments often characterized as the main products of
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wood supply. Production in sawmills 5 and 6 focus on
the lower quality assortments normally characterized
as the by-products of wood supply. Two sawmills per
class were chosen at random in order to get a com-
plete coverage of different sawmills. The sample of
these six sawmills represents 40% of studied popula-
tion. The economic result for two years is shown be-
low (Table 2).

Table 2. The round wood consumption and primary econom-
tc results for the 6 studied sawmills in 2000 and 2001

Sawmill [ 1000 m* round | result for 2000 /2001 (1000 €) Assels
nutmiber wood in revenue [ cost ‘ pl-'ot.zl.l.-l\ (1000 €)
| 2000/2001 | - |
[H 1 27.2727.1 180971586 | 1785/1247 | 37 | 774
| 2 0.9/11.1 | 678/639 | 675/839 1| 1406
M3 195/252 | 888/778 888 /733 0 585

4 1257172 5431572 530/ 605 66 572
L5 6.1/7.1 2597269 2597278 | 0 120

6 35136 220/165 2147152 76 129 |

Monthly product flows were collected for each
sawmill. These data were available for one calendar
vear of operations. The monthly statistics included

- volume of received round wood (R), processed
sawn wood (P), and sold sawn wood (S) per month

- volume of inventory levels for round (InvR),
sawn wood (InvP) and supply chain (InvSC = InvR
InvP) at the end of each month (Fig. 3)

The calculations were done for two different up-
stream intervals of the supply chain: from sawn wood
sales to sawn wood processing (S/P) and from sawn
wood sales to round wood received (S/R).
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Figure 3. The monthly flows recorded along the supply
chain for each of the studicd sawmills. R, P and S represent
received round wood, processed sawn wood, and sold sawn
wood, respectively. The supply chain inventory (InvSC) is
the sum of inventories for round wood and sawn wood

For round wood, volumes were recorded for up
to ten different species. For sawn wood, volumes are
recorded for different quality assortments (deciduous
and coniferous boards in pallets, unedged and edged
qualities). For tracing the monthly flows different lev-
els of resolution are possible. For this study, the vol-
ume per aggregated assortment is used. Two classes
of aggregated assortments are defined: main products

(all unedged and edged sawn wood of coniferous and
deciduous species) and by-products (pallet wood of
all species).

Using the basic statistics described above, four
indicators of supply chain performance are estimated
for main and by-products. The first is coefficient of
variation for monthly volumes within the operating
year (CV). This metric is specific for one position (n)
within the chain and is calculated as the variance di-
vided by the mean.

CV. =io. [,

The second melric is average inventory cover time
(ICT). The inventory cover time is calculated as the an-
nual average of Inventory volume expressed in terms of
how many days of processing production it represents.
The cover time 1s specified for round wood inventories
(ICT ), sawn wood inventories (ICT ) or the sum of in-
ventory within the defined supply chain (ICT, ).

The degree of dynamics between upstream and
downstream positions is quantified as the third indi-
cator. This is done by the cross correlation between
time series of flows at the respective positions. The
correlated pairs of positions include sawn wood sales
to received round wood (S/R) and sawn wood sales
to processed sawn wood (S/P). When necessary, var-
ying time lags (whole months) were introduced. The
degree of dynamics between positions is indicated by
the cross correlation coefficient p where:

p, = cov/(o o )

The subscripts for n represent the positions of
the supply network being correlated.

Most time series patterns can be described in
terms of two basic classes of components: trend and
seasonality. The former represents a general system-
atic linear or (most often) nonlincar component that
changes over time and does not repeat or at least does
not repeat within the time range captured by our data
(e.g., a plateau followed by a period of exponential
growth). The latter may have a formally similar nature
(e.g., a plateau followed by a period of exponential
growth), however, it repeats itself in systematic inter-
vals over time. Those two general classes of time se-
ries components may coexist in real-life data.

Finally, a supply variability quotient (@) is esti-
mated. This quotient is based on the ratios of the co-
efficients of variation between sawn wood sales and
received round wood (S/R) and between sawn wood
sales and processed sawn wood (S/P). The ratio of
monthly flow variation upstream to monthly {low var-
iations downstream is intended to quantify the rela-
tive supply variability at different positions of the
supply chain. The supply variability quotient (o) is
measured as:

w =CV /ICV

h} m
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Again, the subscripts for m represent the positions
of the supply chain for which the coefficient of varia-
tion is used in the numerator (n) and the denominator
(m) of the quotient. The same or related metrics have
been used by Fransoo and Wouters (2000) and Haartveit
and Fjeld (2003) to quantify demand amplification un-
der the assumption that upstream supply variations are
driven by downstream demand variation.

Results

A comparison of the proportion of processed
volume showed that the percent of total production
volume consisting of main and by-products varies
between the different mills (Fig.4). The share of main
products was higher for sawmills in high and medium
economical potential groups compared to the low
group.

100%
80% -
60% -
40% -
20% -

0%

sawmills

Figure 4. The share of main and by-product classes of prod-
uct quality in 6 sawmills. Bottom part of column represents
main products and upper part represents by-products. The
sawmills previously classificd as having highest economic po-
tential are on the left and right, respectively

The coelficients of variation for monthly sawn
wood sales (CV,) also varied considerably between
sawmills. The highest coefficient of variation was es-
timated for sawmill No. 6 within the low economical
potential group. The lowest coefficient was for saw-
mill No. 3, which belongs to medium economic poten-
tial group. The inventory cover times (ICT) also var-
ied between main and by-products. (Table 3).

Generally, buffer volumes were higher for main
products than by-products (Figure 5). For main prod-
ucts most of the supply chain inventory is accumu-
lated as processed sawn wood. For by-products proc-
essed sawn wood constitutes roughly 50 % of the
supply chain inventory.

The next step in the analysis was to estimate the
cross correlation coefficients, which indicate the de-
gree of dynamics (p) in the SC. The calculations were
done for two different echelons in SC: sawn wood sales
to processed sawn wood (S/P) and sawn wood sales

Table 3. Coefficients sawmill 23456
. . | e T T

of variation for sales CVd M 02 |0,15610.17 | 0,45 | 0,68

(CVy) and inventory E 028 0221026 022|058

et M IcT. [256) 147 98 527|523

cover times (ICT in 10T, | 35,1 | 23,5 | 16.8 | 63,4 | 92,2
days) for the main (m) | B |ICT,| 81 |11,6]|11,4]137 134
and by-products (b) of | 0T, | 18,6227 208,275, 19,6
the five studied saw-

mills. ICT =inventory

cover time for proc-

essed sawn  wood.

ICT, ~accumulated in-

ventory cover time for

whole SC

50
40
30

mnvP

20 = ELEE

10 ] —

inventory cover time

main products by-products

Figure 5. The average inventory cover times (days) for proc-
essed sawn wood (ICT,) as well as for the accumulated cov-
er time for the whole supply chain (ICT) for main prod-
ucts and by-products.

to received round wood (S/R). This was done for all
sawmills except for no. 1, because of incomplete data.
The main products tend to have a higher degree
of the dynamics between positions than by-products.
The degree of the dynamies was also higher for sawn
wood sales to processed sawn wood (S/P) than for sawn
wood sales to received round wood (S/R) (Figure 6).

Table 4. Degree of [ — 5

sawmill 3 4 5 ]
dynamics (p) be- [0 wm [ s [091]083]084] 064080
tween sawn wood | SR |059] 0.7
sales and processed B [ sP [os3o7s]o,
sawn wood (S/P) as | S/R.10;511042]02
well as  between

sawn wood sales
and received round
wood (S/R) for main
(m) and by-prod-
ucts (b) in five stud-
ied sawmills (2-6)

The next step was to find the relationship between
inventory cover time (ICT) and degree of dynamics
(p). This was done using stmple linear regression anal-
ysis.

Lower inventory cover times (ICT) were correlat-
ed with an increased degree of dynamics (p). The
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Figure 6. Degree of dynamics (p) for sawn wood sales to
processed sawn wood (S/P) and sawn wood sales to received
round wood (S/R) for main products and by-products

coefficient of variation for sales (CV,) was also taken
into consideration where higher CV lead to higher
dynamics in the supply chain. The initial formula tested
for this relationship included both the standard inter-
cept and slope for simple linear regression. While the
first analysis yielded an R? of 56%, the level of signif-
icance for the intercept was p=0.40. With the removal
of the intercept constant, the new formula has a sig-
nificance level of p< .001:
B

=t _xCV,
P=%cr ;

where:

p=degree of dynamics,

[f=slope (regression coefficient).
ICT = inventory cover time (days)
CV, = sales variability

The formula simply implies that a high variation
in sales combined with a lower buffer capacity results
in a high degree of dynamics. It also implies that a low
variation in sales combined with a large buffer capac-
ity results in a low degree of dynamics. The basic logic
in this case 1s that the degree of dynamics expresses
the degree of synchronization in the supply chain,
where small buffer capacities force greater dependence
between the different parts of the supply chain.

Slope (B) is dependant on the product and for
main products is equal to 64 and 32 for by-products.

The quotients of supply variability (w) were also
estimated (Table 5). These varied from under 1.0 to
over 2.0. The highest quotients were found for main
products and sawmills in higher classes of economic
potential.

The combinations of average values for supply
variability quotients and degree of dynamics for main
and by-products can be seen in Figure 7. Main prod-
ucts have higher quotients of supply variability (w)
and higher degree of dynamics (p) than by-products.
The degree of dynamics (p) 1s higher and supply var-
iability quotient (w) 1s lower for sawn wood sales to

processcd sawn wood (S/P) than for sawn wood sales
to received round wood (S/R).

Table 5. The quotients of supply variability (w) for sawn
wood sales to processed sawn wood (S/P) and sawn wood
sales to received round wood (S/R) for main (m) and by-
products (b)

sawmill 2 3 4 5 6
(®) M S/P |1,81/1,26|1,26|0,76|1,24
S/R |2,24|2,056|1,74] 09 [ 1,09
B S/P |1,36/1,08(0,62|0,93{1,04
S/R 1,27/1,91]0,82|1,67]0,52
2 P - —
|5
£ |
3
(=3 I f
::?1 1 W main products
."E i by-products
m
= SIR s/
o
(=%
A0+
0 1

degree of dynamics

Figure 7. The average values of supply variability quotient
(w) and degree of dynamics (p) for sawn wood sales to proc-
cssed sawn wood (8/P) and sawn wood sales to received
round wood (S/R) for main and by-products

Discussion

The study has estimated four metrics of supply
chain performance for 5 sawmills as well as for their
main- and by-products.

The capacities of high and medium economic
potential sawmills were in certain cases up to & times
larger compared with low ones. The product palette
in the two first groups of sawmills was much wider,
The first three sawmills were equipped with wood dry-
ing facilities enabling them to produce more varying
products. The second sawmill produced more than 20
different products while the 4th sawmill produced 12.
The situation in the third group was totally different.
They produced only basic products and the number
in both sawmills reached 6. Many of the differences
between mills are associated with willingness to make
new investments in order to improve the performance
of the mill. The investments in low potential sawmills
reached only about 0.5 mil. Lt. in year 2001, whereas,
the corresponding average figure in high and medium
groups were about 3 mil. Lt.
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From a supply chain perspective, the reduction of
product diversity to two classes constituted a signif-
icant simplification of the chain structure. The esti-
mates of supply chain performance for the two groups
are summarized below.

Table 6. Summary of supply chain performance indicators for
the sampled sawmills (CVs refers to sawn wood sales, while
ICT . p,,,and w, refer to the supply chain between round
wood delivery and sawn wood sales

Indicutor | Sawmill | Main- Hy-
_products products
Focus 2-4 63 % 37 %
5- 33% 67 %
Cv, 24 0.17 0.25
561056 040
ICT,. |2 |25 21
| 78 24 !
(Pa) 24 0.60 0.49
'—5-6 To3s  |053
() 2-4 2.01 .00 |
5-6 1.33 L |

This summary shows a lower variation in sales for
the focal products of mills 2-4 (63 % main products)
compared to mills 5-6 (67 % by-products). The same
comparison shows approximately the same inventory
levels for both groups’ focus assortment. The degree
of dynamics and supply variability quotients for mills
focused on main products, however, were higher than
mills focused on by-products. For both groups the
sales variation 1s larger and the degree of dynamics
is lower for the mills non-focused assortments.

If we compare the above indicators for the two
sawmill groups, we sec some differences, which are
parallel to differences between Lehtonen’s (1999) sup-
ply chain strategies for paper mills. For the sawmills
focusing on main products, this would be a result of
focusing on the most valuable part of the production
palette, which is associated with a flexible strategy.
Assuming that the dynamics are demand-driven, the
higher level of dynamices (p_, = 0.60 cf. 0.53) would also
be the expected result of a flexible strategy. Accord-
ing to the literature on supply chain dynamics, the
higher supply variability quotient (0_ = 2.01 cf. 1.10)
would then be interpreted as a measure of the demand
amplification. If, however, we assume that these dy-
namics are driven primarily by supply variability, which
is a typical characteristic of wood supply, alternative
interpretations of the performance indicators are pos-
sible. In this case, the higher supply variability quo-
tient (w, = 2.01 cf. 1.10) and lower variation in sales
(CV, = 0.17 ¢f. 0.40) could then suggest the aim of
achieving an even flow of products to the market,
implying an efficient strategy.

The interpretation of supply chain performance
indicators for quantifying strategy is therefore de-

pendent on whether upstream variation leads down-
stream variation, indicating dynamics dominated by
supply variability or the opposite, indicating demand-
driven dynamics. The cross correlation analysis of the
monthly fluctuations in round wood delivery, process-
ing and sawn wood sales showed that in most cases
there was neither lag nor lead in the time series data.
This may, however, be a result of the insufficient
number of positions along chains (from received raw
material to processed sales) in this analysis. In this
study the lead time between positions is most proba-
bly less than the observed time unit (one month). For
both mill groups, the accumulated supply chain buff-
er (received round wood and sawn wood) was just
under one month production. Assuming supply-driv-
en dynamics, this situation would have shown one
month downstream lags in volume fluctuations. A sta-
tistically valid test of lags or leads within time series,
however, requires a longer data collection period than
was available in this study. However even national
statistics for sales of round wood and sawn goods
(Figure 1) show simultaneous seasonal fluctuations.

An analysis over a wider portion of the supply
chain could perhaps help quantify the time lags or leads,
Earlier studies of delivery precision in wood supply
from Lithuanian state forest enterprises indicate that
yearly or quarterly agreements are rarely good indica-
tions for the final monthly volumes actually delivered
to specific mills (Puodziunas and Fjeld 2002). For en-
terprises considered having a flexible strategy, only
20 % of customers actually purchased volumes close
{monthly volume within 20 %) to those agreed to earli-
er. The corresponding figure for an efficient strategy
was 40 %. [n this study, lead times (here defined as time
from harvest to delivery) variation was correlated with
the focus product, not the enterprise. The focus prod-
uct for the enterprise with the flexible strategy (venecer
logs) was associated with a lead time of less than 20
days. As non-focus product, the same product had a
lead time of 50 days in the enterprise with the efficient
strategy. The focal product of the enterprise with the
efficient strategy (pallet wood) was associated with a
lead time of 50-55 days. Again, as non-focus product
the same assortment had a longer lead time (65 days)
in the enterprise with the flexible strategy. In this study,
most agreements were conlirmed on short time horizons.
The longer lead times for pallet wood help us explain
the higher delivery precision for the efficient enterprise
(Table 7).

Looking at the cross correlation coefficients,
which describe the degree of dynamics (p) in the sup-
ply chain, it was observed that the closest positions
had the best correlation of flows. The correlation anal-
ysis demonstrated that the degree of the dynamics
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increased with increasing variation in final sales (CV)
and decreased with increasing inventory cover time
(ICT ). This is logical given that large inventory buff-
ers easier absorb fluctuations in supply and demand
without having to call on resources at neighbouring
supply chain positions. The fact that the correlation
coefficient B is higher for main products (§=64) than
by-products ($=32) indicates that the supply chain re-
sponds more to fluctuations in main products than by-
products.

Varying supply chain responsiveness to fluctua-
tions in different parts of the production palette is a
point of particular interest. This knowledge 1s impor-
tant for understanding industrial dynamics in any sec-
tor with diverging product identity. Gaming studies of
an integrated forest sector supply chain by Fjeld (2000)
and Haartveit and Fjeld (2003), have shown that the
divergent structure of the forest products provide a
higher potential for demand distortion if the supply
chain processes are demand driven by a “pull” (ac-
cording to present demand) principle. Declining sup-
ply chain performance may, however, also be caused
by supply variability. The short period of data collec-
tion in this study make it difficult to accurately esti-
mate lead or lag times, which could be used to clearly
identify “push” or “pull” reaction patterns in the
monthly flows between positions. In this study, there-
fore, we assume that the observed dynamics are driv-
en primarily by supply variability.

Comparing the indicators in Tables 6 and 7 we
see that many arc related to the characteristics de-
scribed carlier in Lehtonen’s classification of supply
chain strategies. The same characteristics may be ap-
plied to wood supply organizations (see Table 7).
Applying these metrics to both wood supply and
processing would increase the width of the analysis
and therefore its relevance. However, the seasonal
variation of wood supply due to long-term biotic or
scasonal capacity limitations would still prevent the
upstream positions of the supply chains from becom-
ing market-driven.

Conclusions

The estimation of 4 performance metrics during one
operational year showed the following results:

1. For main products, more of the SC buffer ca-
pacity is accumulated as processed sawn wood while
for by-products it is more evenly distributed between
round wood and sawn wood.

2. The estimates of supply chain dynamics (p_)
and supply variability quotient (w,,) were both high-
er for main products than by-products

3. The degree of supply dynamics (p) was higher
in cases with high variation for final sales (CV,). The
degree of dynamics was lower in those cases with
larger supply chain buffer capacity (ICT ).

The supply chain responsiveness (correlation
coefficient p) was higher for main products (}=64) than
by-products (f=32).

The tested performance metrics give logical re-
sults in the context of sawn wood products. Their
estimated values seem to support the assumptions of
the different supply chain strategies associated with
main and by-products. While the data collection peri-
od for this study is limited, the results indicate that
the metrics are suitable for further development. Tesi-
ing over a large number of echelons and different
supply chains with longer time series is desirable,
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OLEHKA ®YHKIIUOHHUPOBAHUS LEIIA IIOCTABOK B N'OCYJAPCTBEHHbBIX

JECOIMWIBHAX JIMTBbI
M. Ilyopxwonac, 1. ®wven, U. Becrepayun
Pesione

ens 9TOro Uecne10BaHHs

OLEHUTH QYHKIMOHIPOBAHHE LEMH MOCTABOK B TOCYAAPCTBCHHLIX JIecomIbEax JInTent. B

9TOH CTATHE MCCICOBAHME UCHH 1TOCTABOK MPOBOAIIOCH B HICCTH JECONHIBRAX FOCYAAPCTBEHHBIX JIeCHIYeCTE. OHH OBLIH
oTo6paHbl M3 TPYI BBICOKOTO, CPEJHEr0 M HH3KOTO IKOHOMHYECKOTO moTeHiurana. s onpenesieHns HenH MoCTaBoK
HCTIOME30BAINCE CIICIYIOUINE HHMKATOPLL: MEPEMEHIHBOCTE (KOIDPHUMCHT BAPHALIMI MECAUHEIX [TOTOKOB), BPEMs MOKPLITHS
3anacoB (B CMBICJIC MPOJIYKTHRHBIX JHE), ITHAMHKA UEMH TTOCTABOK (KOS HUIIFIEHT KPOCC-KOPEMALIH MEKLY MCCATHBIMMU
TMOTOKaMIt) H KoedHIHEHT BapHaMH MOCTABOK (paTHO MEK 1y Koe@dHIHEHTaMH BapHALMH MECSUHbBIX TOTOKOB).
JlecomubHU BLICOKOTO H CPEIHETO MOTEHIHANA CIeHATH3HPOBAINCH HA [IPOH3BO/ICTBE OCHOBHLIX MPO/IYKTOR - IOCOK.
JleconmuasHH HH3KOrO MOTEHUHMANA Y/IC/BUTH BHHMAHHE BCIIOMOIaTe/ILHEIM TPO/IyKTaM (Tapa). AHaTH3 OCHOBHLIX H BCIIO-
MOTATENBHBIX MPOAYKTOB TIPOJICMOHCTPUPOBAI TPH PasHbIe TEHACHIMM. [Tepras: cTeneds AHHAMUKN LHEUH MOCTaBoK (P ) 1
KOODOHUHEHT NECPEMCHUMBOCTH NOCTaBOK (w ) OBUIM BHIIIC MO OTHOWCHHIO K OCHOBHBIM TPOLYKTaM 110 Cp:lHHCHi:.}.O c
BCTIOMOTATENBHBIMU. Bropas: cTencHs AHHAMHUKH (p) Oblia OPsiMO [IPOMOPLHOHAIBHA KOOPOHUHEHTY MepeMeHYHBOCTH
nponax (CV,) u naobopotr NponopuHOHATLHA YPOBHIO 3amacos et noctasox (ICT ). Tperwa: peaxuus venu nocTaBox
BBILIE [TO OTHOILGHHIO K OCHOBHBIM IPOAYKTaM C CBA3H BLICOKOHN TCKyd9eH (CeroHANTHIA Cnpoc) AHHAMIIKON crpoca Ha

OCHOBHBIC NIPOAYKTEI N0 CPABHCHHEIQ C BCITOMOTATCIILHLIMHY,

Kimwouesnie ciaosa: JCCOMUIBHA, UCNE [HOCTABOK, NMEPCMCHYHBOCTE, 3anacel, JUHAMIKS, PCAKUHA, OCHOBHBIC H

BCHOMOTaTCIILHEIC TIPO/LYKTHI
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