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Wood production has been among the most important objectives in forest resource management for a
long time. Therefore, quality and quantity losses, especially caused by bark beetles in growing stock
and wood based products, have been a prominent problem. In recent years, Artvin State Forest
Enterprise in northeastern Turkey has been affected by bark beetles, which caused serious destruction
in forests. This study aims to estimate the parameters of sales prices of insect-damaged industrial
roundwood of spruce (Picea orientalis (L.) Link.) species in Artvin State Forest Enterprise. To this end,
a linear price model is constructed in which the sales price is deemed to be a function of: 1) number of
bidders in an auction, 2) year after harvest, 3) appraised value and 4) insect damage level. The model
explained, statistically significantly, almost 80% of the variation in sales prices of insect-damaged

timber in the region.
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INTRODUCTION

Wood production has been among the most important
objectives in the management of Turkish forest resources
for decades. Therefore, quality and quantity losses in
growing stock and timber products have been a promi-
nent problem. Not surprisingly, such value losses affect
marketing activiies as well as long term forest
management plans and decisions.

In recent years, Artvin State Forest Enterprise (SFE) in
northeastern Turkey has suffered grave bark beetle
destruction in pure or somewhat mixed spruce forests. At
first, destruction was caused by the Great Spruce bark
beetle (Dendroctonus micans (Kug.)) in 1970s, and
exacerbated by European spruce bark beetle (/ps
typographus (L.)) and six-spined engraver beetle (lps
sexdentatus (Boern)) damages in recent years parti-
cularly in Hatila Valley National Park and nearby forested
areas. Consequently, a total of more than 500 000 m® of
growing stock in Artvin SFE was seriously damaged bet-
ween 2001 and 2006 (Aksu, 2007; Oztirk et al., 2008).

*Corresponding author. E-mail: atakO8@hotmail.com. Tel: + 90
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Quality and quantity losses are seen in industrial
roundwood, produced depending on insect damage. This
damage negatively affects the industrial roundwood
marketing activities of SFEs. Thus, Dikilitas and Oztiirk
(2005) state that customers tend not to buy or buy less
roundwood products harvested from insect-damaged
forest areas in Artvin SFE. In other words, because of
insect damages, there have been important marketing
problems in especially spruce logs and other industrial
roundwood in general. Within this period, there has been
image problem, as current and potential customers
thought that all of the products in Artvin exposed to insect
damage and quality loss (Dikilitas and Oztirk, 2005).

It is thought that insect damage can have effect on
auction sales price together with various factors (Sendak,
1991). For instance, Dobie and Wright (1978) referring to
Levi and Dietrich (1976), state that, 10 to 22% of the
customers in North Carolina do not accept to buy insect-
damaged industrial roundwood. Furthermore, there are
studies about value losses in log and lumber as a result
of damages of insects on wood products (Dobie and
Wright, 1978) and determination of economic effects of
mortality of trees and their incremental losses
(Lyytikainen-Saarenmaa et al., 2003).
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Table 1. Some characteristics of timber parties.
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Group Number of parties Volume (m®)
Non-damaged (level 0) 17 496.427
Slightly damaged (level 1) 64 2075.3
Heavily damaged (level 2) 30 972.04
Total 111 3543.74

This study is to estimate the parameters of sales prices
of insect-damaged industrial roundwood of spruce (Picea
orientalis (L.) Link.) in Artvin SFE. By this, degree and
direction of the effect by insect damages, together with
some other hypothesized explanatory variables, upon the
sales price, are expected to be determined.

THE MODEL

Several variables can reasonably be deemed to affect sales price of
timber sold by SFE’s in Turkey. Among them are 1) number of
bidders in the auction, 2) number of years after harvest of timber, 3)
appraised value (the starting price in the open ascending price
auction), 4) damage level of a particular timber party, and 5) type of
timber product specified by grade, length and diameter of logs in a
party. In practice, however, appraised value is known to depend
“heavily” upon product type, that is, a probable collinearity, which is
examined by a bivariate (pair-wise) correlation analysis. Having
dropped the fifth explanatory variable, we further followed the
recommendation by Gujarati and Porter (2009) for detecting multi-
collinearity among the remaining four explanatory variables through
auxiliary regressions as well in order to finalize the set of explana-
tory variables (that is, regressors). To that end, each of the four
proposed explanatory variable is regressed on the remaining
explanatory variables, and the corresponding R”s computed and
compared with the original price model. Finally, eigenvalues (hence
condition indices) and other measures of multicollinearity
diagnostics are examined as well.

Ultimately, we hypothesize that the sales price of timber may rea-
sonably be deemed as a function of the first four variables defined
earlier. In notational terms:

P=f(NoB, YaH, AV, LoD)
+ -+ -

where, NoB stands for number of bidders (participants) in an
auction, YaH for year after harvest (0 for the timber harvested in the
year auction takes place, and 1 for the timber harvested the year
prior to the auction), AV for the appraised value (TL/m®), and LoD
for damage level (0 for non-damaged timber party, 1 for slightly
damaged, and 2 for the heavily damaged).

Moreover, the corresponding signs right below the variables, are
the expected signs showing the direction of the effects each
variable is expected to have on timber sales price. As bidders and
their interest on sales cause competition in auctions, a positive
correlation is expected between number of bidders and sales price
(Dahal and Mehmood, 2005; Dunn and Dubois, 1999).

As there will be more degradation in stock products due to
climate conditions, it is expected to have negative correlation
between products produced before sale year, and their sales price.

The variable of appraised value shows the beginning sales price
level in auction. Hence, sales price will always be higher than

appraised value and most part of this price is comprised of the
appraised value. So, a linear relationship is expected between
these two values. On the other hand, as an increase in the amount
of insect-damaged products in timber party will decrease demand of
the product, there will be a negative relation between damage level
and sales price.

Ultimately, we propose the following linear model to estimate the
parameters of the insect-damaged timber price:

P, = /Bo +IBINOBi +182YaHi +183AV1' +IB4L0D1' tu,

where, in addition to the variable notation explained earlier, P
stands for timber sales price, By is the intercept coefficient, the
remaining B’'s represent the coefficients of the corresponding
variables, and u; is the error term.

Data

A total of 111 timber parties from two different timber depots in
Artvin SFE, in approximately one year period (from October 2006 to
December 2007) have been analyzed. Data on roundwood auction
sales price of these parties and variables such as appraised value,
number of bidders, year after harvest, diameter, length and quality
properties of logs and insect-damage level have been collected
from Artvin SFE sales table and records. As data in this study cover
one year period, current prices have been used for sales price and
appraised value.

In sales depots, damage level of a given timber party, which may
typically be made up by 30 to 50 logs, has been specified by the
proportion of the number of insect-damaged logs to all logs in the
party. Whether a log is insect-damaged is decided by physical
detection of logs; any visible sign or trace of insect damage on the
outer surface of a log was deemed to be enough to classify that
individual log as “damaged”. As briefly mentioned in the previous
section, damage level of timber parties can be 0, 1 or 2. Non-
damaged (level 0) parties comprise no damaged logs, slightly
damaged (level 1) parties consist of damaged logs by up to 50% in
number, and heavily damaged (level 2) parties have damaged logs
by more than 50% (Table 1).

RESULTS

First of all, results of correlation analysis serve to statis-
tically justify the leaving out the variable “type of product”
in view of its nearly perfect correlation with “appraised
value” (Table 2).

Secondly, Table 3 shows the R’s as well as adjusted
R?s computed for auxiliary regressions among the
proposed explanatory variables (the first four in Table 2).
The computed RPs of the auxiliary regression which
serve to detect multicollineaity in the timber price model
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Table 2. Pair-wise correlation of “potential” explanatory variables for timber sales price model.

Number of bidders Year after harvest Appraised value Level of damage Type of product

Number of Pearson correlation 1 -0.019 0.366*** -0.618*** 0.380***
Bidders Sig. (2-tailed) 0.843 0.000 0.000 0.000
N 111 111 111 111 111
Year after Pearson correlation -0.019 1 -0.346*** 0.242** -0.266***
Harvest Sig. (2-tailed) 0.843 0.000 0.011 0.005
N 111 111 111 111 111
Appraised  Pearson correlation 0.366 -0.346 " 1 -0.590*** 0.958***
Value Sig. (2-tailed) 0.000 0.000 0.000 0.000
N 111 111 111 111 111
Level of Pearson correlation -0.618" 0.242" -0.590*** 1 -0.607***
Damage Sig. (2-tailed) 0.000 0.011 0.000 0.000
N 111 111 111 111 111
Type of Pearson correlation 0.380 " -0.266 0.958*** -0.607*** 1
Product Sig. (2-tailed) 0.000 0.005 0.000 0.000
N 111 111 111 111 111

** ** = Correlation is significant at 5 and 1% levels respectively.

Table 3. Summary information the auxiliary regressions among four explanatory variables for timber sales price model.

Auxilliary regression 3 Auxilliary regression 4
Appraised value Level of damage

Level of damage; number of Appraised value; year after
bidders; year after harvest harvest; number of bidders

Auxilliary regression 1
Number of bidders

Year after harvest; appraised
value; level of damage

Auxilliary regression 2
Year after harvest

Number of bidders; appraised
value; level of damage

Dependent variable

Explanatory variables

R 0.401 0.150 0.393 0.544
Adjusted R 0.385 0.126 0.376 0.531
Significance i ox - -

***= Significant at 1% level.

range between 0.150-0.544 and adjusted R’s
between 0.126 and 0.531, and all of them stand to

be statistically very significant. Adopting Klein’s

for the auxiliary regressions turn out to be lower
Rule of Thumb, inasmuch as the (adjusted) R®’s

than the overall (adjusted) R° (Table 4),
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Table 4. Results of timber sales price model.

Model summary

Model R R’ Adjusted R? Std. error of the estimate

Timber sales price model 0.893% 0.798 0.790 13.47967
ANOVA®

Model Sum of Squares df Mean Square F

Regression 75899.596 4 18974.899 104.429"

Residual 19260.361 106 181.702

Total 95159.956 110

Coefficients®

Unstandardized Standardized Correlations Collinearity
Model Coefficients Coefficients t Sig. Statistics
B Std. error Beta Zero- order Partial Part Tolerance VIF

(Constant) 12.771 16.386 0.779 0.437

Years_after_harvest 6.939 2.808 0.117 2.471 0.015" -0.110 0.233 0.108 0.850 1.176
Number of_bidders 2.941 0.372 0.446 7.904 0.000" 0.720 0.609 0.345 0.599 1.671
Appraised_value 1.020 0.105 0.545 9.711 0.000" 0.740 0.686 0.424 0.607 1.648
Level_of damage -5.663 2.959 -0.124 -1.914 0.058 -0.693 -0.183 -0.084 0.456 2.191

Collinearity diagnostics®

Variance proportions

Condition

M | Di i Ei | i
ode imension igenvalue Index (Constant) Year after Nurnber of Appraised Level of
harvest bidders value damage
1 4.020 1.000 0.00 0.02 0.01 0.00 0.01
Timber sales 2 0.544 2.719 0.00 0.56 0.06 0.00 0.01
| r
price model 3 0.371 3.292 0.00 0.30 0.12 0.00 0.14
4 0.061 8.090 0.01 0.06 0.79 0.04 0.50
5 0.004 33.565 0.99 0.06 0.01 0.96 0.34
*,**, ***= Significant at 10%, 5% and 1% levels respectively.
multicollinearity is probably not worrisome for our significantly, almost 80% of the variation in have the expected signs. However, coefficient of
timber sales price model. sales prices of insect-damaged timber in the re- “year after harvest” turns out to have a sign oppo-

In view of the results in Table 4, our proposed gion. When we look at the coefficients, “number of site to what we expected. There may be some

model appears to be able to explain, statistically buyers”, “appraised value” and “level of damage” reasons of such a result. One of these reasons is
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that, although a part of roundwood harvested in 2006 are
sold in 2007, time period between the harvest and the
sale is short (five months at most). Even though all of the
products harvested as a high quality timber in respect of
diameter, length, etc. and sold in the year following
harvest, due to intensive insect damage, these products
were put up for auction as a pulpwood with lesser
appraised value than timber. Lastly, all of the roundwood
harvested in 2006 are sold in first months of 2007 when
there was product shortage in market. The main reason
for this shortage is related to preventing the production
because of winter conditions. Consequently, while the
average number of bidders in total 111 timber parties in
two years period, was 7,3; for the timber

parties sold in the following year of harvesting this figure
was 8,5. Therefore, increase in demand depending on
listed factors, might have led to the unexpected sign of
coefficient of “year after harvest”.

All coefficients can be discerned as statistically signi-
ficant. Although the “appraised value” and “number of
bidders” have the smallest unstandardized coefficients, it
turns out that the highest absolute standardized coef-
ficients are theirs, which can reasonably be interpreted
those two variables have more contribution than the
remaining two variables.

Furthermore, collinearity statistics and diagnostic
values appear to go somewhat parallel with the findings
of bivariate correlations and Klein’s rule of thumb. More
precisely, ) all predictors (explanatory variables), except
“level of damage”, escape the suffering of sharp drop
from the zero-order to partial and part correlation; II) all
predictors, including “level of damage”, have rather high
tolerances, that is, the percentage of the variance in a
given predictor that cannot be explained by the other
predictors; Ill) high tolerances are reflected by reasonably
low variance inflation factors-VIF’s (“level of damage” has
a VIF just over the practical threshold of 2); IV) eigen-
value for “level of damage” is quite close to zero that
results in a high (higher than 30) condition index that can
be a sign of strong collinearity, yet the remaining varia-
bles appear to have higher eigenvalues, hence lower
condition indices. From these findings, it may arguably be
asserted that albeit the variable “level of damage”
probably suffers a considerable degree of collinearity, it
can still be included in the insect-damaged timber price
model inasmuch as it contributes to the explanation of
variance of the prices.

According to results obtained by model, a negative
correlation between insect damage level and sales price
has been determined. According to this, while other
factors are constant, 1 unit increase in log damage level
will decrease roundwood sales price by 5.66 TL/m®. In other
words, by considering increase in damage level, bidders
have less reserve price and so they cause less log sales
prices. Similar to these findings Lowell and Parry (2007)
state that defects on lumber decreases sales price
dramatically.

Based on the results of model, while other variables are

constant, the coefficient of bidder number reveals that
one more bidder in auction will increase the roundwood
sales price by 2.94 TL/m°. Similar results have been
obtained in Dun and Dubois’s (1999) study. Accordingly,
each bidder increases the sales price by $ 33.26.

Conclusion

In this study, insect damage effect with other factors on
spruce industrial roundwood sales price has been
examined. The proposed regression model appears to be
strong enough to explain most of the variation in sales
price of insect-damaged timber in the region, which could
reasonably lead to generalization of the proposed model
to a certain extent for other regions marketing insect-da-
maged roundwood. As for the effect of insect damage per
se on the price, it could be noted that the “damage level”
probably has collinearity in negative direction with the
“appraised value” and “number of bidders”. This, in turn,
may lead to the conclusion that the effect of “damage
level” on sales price is reflected not only by itself directly
but also through “appraised value” and “number of
bidders”. By the same token, all of these three variables
can still be included in the model.

After all, whether directly or indirectly through other
factors, the damage by the bark beetles, can be said to
have considerable negative effect on timber sales prices.
Thus, it can arguably be suggested that the timber parties
should be separated in a certain way as opposed to
mixing some damaged logs into the “clean” timber
parties. In fact, as reported by Dikilitas and Oztlrk,
(2005), there can be some potential buyers who think that
all of timber parties are somewhat insect-damaged,
hence they tend to be unwilling to partake in any auction.”
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