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Abstract: Seasonal fluctuations play an important role in the pricing of a timber sale. A good
understanding of timber price mechanisms and predictability in the timber market would be very
practical for forest owners, managers, and investors, and is crucial for the correct functioning of
the timber sector. This research aimed to analyze the effect of sale season on timber (sawlog and
lumber) prices of high-value species groups (e.g., oriental beech, chestnut-leaved oak, common alder,
velvet maple, and common hornbeam) in the Hyrcanian temperate forests (Northern Iran). The data
were collected from official sale documents of the Azarroud Forestry Plan from 1992 to 2015. The
relevant data of 592 sale lots at forest roadside were extracted into a data set. Then, the average
timber prices (sawlog and lumber) per season/year in quarterly frequency were calculated. In doing
s0, two-time series of seasonal prices for the sawlog and lumber was obtained. The stationarity of
the time series was statistically verified using the augmented Dickey—Fuller test. The effect of sale
seasons on timber price was first analyzed using multiple linear regression analysis dummy variables.
The results showed that autumn and summer have a significant positive effect on timber prices of
6.5% and 6.1%, respectively. Additionally, the decomposition of time series results showed that the
highest prices of the sawlog and lumber were in quarter 3 and quarter 2, respectively, due to an
increase in construction activities that picked up in the autumn season. Information about potential
price fluctuations will be plausible and allow suppliers and users of sawlogs to adjust their supply
and demand. This valuable information can be used in marketing and strategic forest management
planning for Hyrcanian temperate forests and other temperate countries with similar conditions.

Keywords: cyclical fluctuation; sawlog price; sale season; seasonality; supply and demand; timber
market; timber price variability

1. Introduction

Development of timber prices is key to understanding how markets in different coun-
tries are functioning, anticipating price changes for different timber assortments, and
assessing how changes in these prices may affect the investment decisions of forest industry
enterprises and their profitability development [1-7]. Seasonality plays an important role
in pricing a timber sale [8-10]. The seasonal fluctuations could be influenced by some
factors such as the market conditions [11-14], weather conditions [15-17], and institutional
seasonality as calendar effects [10,18,19]. The supply factors in market status include
production costs and technology development at a given time. In other words, demand
factors include consumers’ preferences, joint products (fuelwood), and prices of substitute
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goods [10]. Additionally, due to seasonal harvest restrictions, timber prices usually demon-
strate seasonality [20,21]. Based on Michinaka et al.’s [22] study in Japan, the seasonal
price fluctuations were mostly attributable to pests damaging timber quality. However,
forest owners do not directly manage the above-mentioned factors, especially macroeco-
nomic factors such as timber’s export and import situation in some countries like Iran. For
example, from 2000 to 2005, the beech roundwood market in Europe was unstable and
increased prices due to roundwood and sawlog exports. Additionally, the 2008-2009 slump
in timber prices caused by the American financial crisis destabilized the large-diameter
sawlog market of beech timber markets in Europe [9].

Although the timber lots are sold through timber auctions, heterogeneous features
of a timber auction naturally cause the timber buyers to have no choice, unintentionally
and unavoidably, to bid for the whole timber sale lot. According to consumer choice
theory, heterogeneity in a product feature reduces a bid price for buyers [23-25]. Therefore,
identifying the effective factors, such as offering timber sale lots in specific seasons/years,
will help forest owners control the timber sale lot pricing.

A hedonic price method is an approach that most broadly uses regression analysis to
estimate the implicit values of characteristics from a value of commodity price [26,27]. Nu-
merous researchers have used the hedonic pricing approach with dummy season variables
to estimate the implicit values of timber sale season [25,28,29]. Dahal and Mehmood [30]
showed that the bid price per acre in the spring and summer seasons was lower than in win-
ter and autumn in Arkansas, USA. In Arkansas, the autumn season is drier than the other
seasons. Therefore, it increases timber-harvesting intensity simultaneously with the increase
of mill inventory policy during the autumn and winter seasons [30,31]. Brown et al. [32]
reported that timber lots offered at summer stumpage prices in Minnesota were nearly
higher (7%) than those in winter. In these seasons, the buyers harvest the timber due
to satisfying mill requirements in winter, the demand for timber is increased, and as a
result, stumpage price is enhanced. On the other hand, the more challenging conditions of
timber harvesting and lower storage capacity may be conducive to timber price increases
in wintertime [33].

Sometimes, the number of timber auctions in a quarter could influence the com-
petition level of timber auctions in the next quarter [16,29]. For example, Leefers and
Potter-Witter [16] reported that the largest number of sales occurred in the third quar-
ter (i.e., summer season) and the price reduced by 2.10 US $ m~2 in the next quarter
(i-e., autumn season).

Another of the main factors in the seasonality of timber price is a weather condition that
affects competition in timber auctions [15-17]. Timber auctions offered in Minnesota’s State
forests in the winter of the fiscal year 1991 reduced competition level due to seasonal harvest
restrictions (frozen areas) and, as a result, decreased timber prices [34]. Rissman et al. [17],
in a temperate forest in the USA, stated that the winter season was traditionally the most
productive time of year due to operations on frozen ground, while harvesting slows during
the wet spring, known as “spring break-up.”

Many researchers have used the seasonal adjustment program [22,35,36]. Many pro-
grams used the smoothing techniques for extracting seasonal effects from time series of
timber prices. For example, Michinaka et al. [22], by employing the monthly prices database
of Japanese domestic sawlogs, revealed that sawlog prices were low in June and July (rainy
season). Then, sawlog prices peak in October and November due to the seasonal nature
of construction activity coinciding with the minimum and maximum of timber products
supplied throughout spring and autumn, respectively. Matsushita [37] reported that im-
porting the sawlog and lumber from Russia, which peaks in June and July, has a reverse
relationship with domestic timber prices in Japan from 1969 to 1990.

This research aims to analyze the effect of sale season on timber (i.e., sawlog and
lumber) prices of high-value species groups (oriental beech, chestnut-leaved oak, maple,
wild cherry, linden, ash, elm) in Hyrcanian temperate forests and evaluate the seasonal
trend of timber price using two statistical approaches of multiple linear regression and
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seasonal adjustment program. The research findings could be used as a unique database
of timber sale programming in forestry plans of Hyrcanian temperate forests and other
countries with similar conditions.

2. Materials and Methods
2.1. Study Area and Data Source

In the north of Iran, the Hyrcanian temperate forests, also known as Caspian temperate
forests, cover an area of 1.8 million ha, vesting from the coast of the Caspian Sea to an
altitude of 2800 m above sea level on the northern slopes of the Alborz Mountain belt [38,39].
Generally, these forests are mixed broadleaf and managed as uneven-aged mountain
forests [40,41]. The average of standing volume is about 500 m> ha—!, and the most
valuable tree species include oriental beech (Fagus orientalis), chestnut-leaved oak (Quercus
castaneifolia), common hornbeam (Carpinus betulus), Caucasian alder (Alnus subcordata), and
velvet maple (Acer velutinum) [42]. Various silvicultural methods have been used to manage
the Hyrcanian forests: shelter wood-cutting from 1970 to 2000, selection cutting from 2000
to 2014, and restricted cutting to damaged and fallen trees from 2016 to the present [43]. The
average annual precipitation ranges from 600 mm in the east to more than 2000 mm in the
western Hyrcanian temperate forests [44,45]. The data were collected from official auctions
timber sale lot documents in the Azarroud Forestry Plan (36°10" N (latitude) and 52°50’ E
(longitude); located in a Mazandaran province) that occurred on the forestry plan of the
roadside from 1992 to 2015. The relevant data of 592 sale lots, including sawlog and lumber
prices at forest roadside, were extracted into a data set. The sawlog and lumber are timber
with dimensions 2 m x 0.3 m and 2.6 m x 0.22 m X 0.14 m, respectively. Additionally,
the average lumber prices are cheaper than sawlog prices because the dimension lumber
is the mandatory and limited function in the conversion industry, such as veneering. In
order to consider the construction activity in cities of Iran and its relationship with seasonal
variations in timber prices, we used the data on the number of residential units completed
by the private sector in urban areas [46].

2.2. Calculations

The average timber prices (i.e., sawlog and lumber) were calculated per season/year.
Two-time series of quarterly seasonal prices (i.e., Q1 = quarter 1; Q2 = quarter 2; quarter 3 = Q3;
quarter 4 = Q4) for the sawlog and lumber were obtained as dependent variables and
regressed on four seasonal dummy variables as the independent variable. The inflation
effect from raw data was removed using the producer price index (PPI) deflator [47]
(Figure Al).

2.2.1. Unit Root Test

Unit root tests are used to identify whether time series are stationary [48]. The aug-
mented Dickey-Fuller (ADF) unit root test was used in Eviews software (Ver. 10.0) [49,50],
which is widely applied to test whether the price time series and their first (and second)
differences, respectively, are stationary [48,51,52]. Since large autoregressive terms were
present, the ADF test for a unit root was employed [9,53,54]. We would reject the null
hypothesis of non-stationarity if the critical values were greater than ADF test statistics.

2.2.2. Multiple Linear Regression Analysis

The effect of sale seasons on timber price was analyzed using multiple linear regression
in Eviews (Ver. 10.0). We considered classical econometric hypotheses such as normality
of the residual, multicollinearity, serial correlation residual of regression by Jarque-Bera
test, variance inflation factor (VIF), and Durbin-Watson (DW) statistic, respectively. The
null hypothesis of the normality test was rejected if the p-value > 0.05. As a result, residual
values of models are normally distributed. This study used VIF statistics to detect the
magnitude of multicollinearity in the multiple regression analysis. If VIF was less than 2,
multicollinearity is not there [55]. Finally, the DW statistic is a test for autocorrelation in
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the residuals from a regression analysis. If DW reported 2, the residual values of the model
had no autocorrelation [56].

2.2.3. Decomposition of the Price Time Series

The timber price and construction activity of time series were described using a
multiplicative model incorporating four components of the following form [35]:

Yi=T - Cr- St - I 1)

where Y} is a timber price in period t, T; is a long-term trend, C; is a cyclical fluctuation, S;
is a seasonal fluctuation, and I; is an irregular fluctuation.

Individual components of the time series were identified using the Census X11
method). Seasonality was eliminated from the initial series by dividing empirical price
values by the corresponding seasonality indicators. The trend-cycle (T¢) component was
extracted as a Henderson moving average from the time series. Then it was decomposed
into a long-term trend (T) and cyclical fluctuations (C) using the Hodrick-Prescott filter
(using Gretl 2020b package) [57]. The Hodrick—Prescott filter was used to separate the
cyclical component from the trend to isolate a stochastic smoothly varying trend [58,59]. In
turn, irregular changes (I) were extracted by dividing the time series without the seasonal
component by the trend cycle. The significance of seasonal fluctuations was estimated
using the F test [57]. To determine the relative contributions of the various components to
the overall price variation, the proportions of the variance of those components in the total
variance were calculated for time horizons of one to four quarters and annual means.

2.3. Similarity of the Seasonal Indices of Timber Price and Construction Activity

In order to consider similarity between the time series of timber price (i.e., sawlog
and lumber) and construction activity, we categorized the quantitative variables in terms
of seasonal indices. Therefore, we used the tree clustering method and algorithm of the
complete linkage rule (squared Euclidean distances) [37,60,61].

3. Results
3.1. Descriptive Statistics
Descriptive statistics of two-time series for the sawlog and lumber of high-value

species were contained in Table 1. The results showed that the sawlog price has the highest
average price (140.15 US $ m~3).

Table 1. Descriptive statistics of time series variables, including sawlog and lumber price and
construction activities (number of residential units).

Variables Minimum Maximum Mean SD (+)
High-value species sawlog price (US $ m~3) 42.0 219.0 140.1 421
High-value species lumber price (US $ m~3) 324 116.6 73.5 222
Construction activities (unitless) 6611 64,034 39,900 11,661

3.2. ADF Test

The critical values of ADF test for two groups were —3.95 (p-value = 0.003) and —3.20
(p-value = 0.023), respectively (See Appendix B, Tables A1 and A2). Therefore, the results
of the ADF test showed that the time series of the forest products price is stationary.

3.3. The Linear Regression Parameter

Tables 2 and 3 showed statistically significant regression analysis results at the 5%
level. The estimated coefficients on the seasonal dummy variables showed that autumn and
summer have a significant positive effect on sawlog and lumber prices with 36.7 US $ m 3
(with a t-statistic of 3.86 and SE of £9.5 US $ m~3) and 17.9 US $ m 3 (with a t-statistic of
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3.1 and SE of +5.7 US $ m ), respectively. Additionally, the results showed a significant
adverse impact on a sawlog in spring with values of prices 38.8 US $ m 3. As a result,
dummy variables of summer, winter, and spring do not significantly affect sawlog and
lumber prices, respectively. Additionally, according to Table 3, instead of selling high-value
species lumber in summer, its price has increased by 17.9 US $ m .

Table 2. Parameter estimation of seasonal price for high-value species sawlog (model 1).

Coefficient SE (+) t-Statistic p-Value Elasticity of Sawlog Price (%) R?

Intercept 142.3 6.7 21.2 0.0000 * -

Spring —38.8 9.5 —4.08 0.0001 * —-6.9
Summer —6.6 9.5 —0.70 0.49 ns - 0.41
Autumn 36.7 9.5 3.86 0.0002 * 6.5

Winter 29 9.9 0.3 0.77 1 -

Note: * and ™ indicates significant and no significant relationships (p < 0.05), respectively.

Table 3. Parameter estimation of seasonal price for high-value species lumber (model 2).

Coefficient SE (+) t-Statistic p-Value Elasticity of Lumber Price (%) R?

Intercept 72.0 41 17.7 0.000 * -

Spring —10.5 5.7 -1.8 0.070 ™ -
Summer 17.9 5.7 3.1 0.000 * 6.1 0.22
Autumn -13 57 -0.2 0.820 "¢ -

Winter -2.0 5.3 —0.40 0.70 ™ -

Note: * and ™ indicates significant and no significant relationships (p < 0.05), respectively.

According to the VIF and Durbin—Watson statistics (Table 4), the estimated models of
sawlog and lumber of high-value species have no multicollinearity and serial correlation
in residuals of the model, respectively. Additionally, since the Jarque—Bera statistic is not
significant at the level of 0.05, the normality assumption of residual models was accepted.

Table 4. Results of econometric classical hypothesis of sawlog and lumber price model.

Model VIF DW Jarque-Bera Statistic p-Value
Sawlog price model 1.50 1.50 0.08 0.96 ™
Lumber price model 1.50 1.69 191 0.38 n¢

Note: ™ indicate no significant relationship (p < 0.05).

3.4. Fluctuation of Timber Price

The quarterly time series of sawlog prices decomposition revealed seasonal, cyclical,
and irregular fluctuation (Figures 1-3). The sawlog prices, up to 2000, were characterized
by a downward trend, followed by a period of stabilization, and next to an increasing trend
(Figure 1). The steady seasonality test results proved that the seasonal fluctuation of sawlog
price was statistically significant (p < 0.001; F = 58.31) (Table 5), the lowest prices were in
Q1, and the highest in Q3 (Figure 2). The amplitude of seasonal fluctuations in 1992 was
32.9% and gradually increased to 64% in 2002. Cyclical fluctuations varied both in the
amplitude of changes and cycle duration, with three major cycles identified between 1999
and 2008. In this period, the lower inflection points of the cycle fell in Q4 2000, Q1 2004,
and Q1 2007, respectively, and the upper ones in Q2 2010 and Q3 2012. The largest irregular
changes (Figure 3) were found in Q2 1992 (—46%), Q4 2000 (—47%), and Q4 2014 (+38%).

Different fluctuations also characterize the lumber price (Figures 4-6). The long-
term trend slightly increases up to 2002, and after that slowly decreases. The seasonal
fluctuations of lumber prices were statistically significant (p < 0.001, F = 21.45) (Table 6).
The seasonality model changed during the study period: the highest price of lumber was
in Q2 in all period, the lowest price was in Q1 up to 1994, from 1995 to 2002 it moved to
(4, and from 2003 it came back to Q1. From 2003 there were two seasonal peaks of higher
lumber prices: the bigger in Q1 and the smaller in Q4.
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Figure 1. Decomposition of time series of sawlog price, including a real price as well as long-term

trend and cyclical fluctuation.
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Table 5. Results of F-test for the seasonality in high-value species of sawlog price (price in

100 US $ m—3).
Source Sum of Squares  Degrees of Freedom Mean Square F-Value
Between seasons 40.8 3 13.6 58.32 ***
Residual 21.5 92 0.2 -
Total 62.3 95 - -

Note: *** indicate significant relationships (p < 0.001), respectively.
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Figure 4. Decomposition of time series of lumber price, including real price as well as long-term
trend and cyclical fluctuation in Hyrcanian forest in 1992-2015.
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Table 6. Results of F-test for seasonality in high-value species of lumber price (100 US $ m~3).
Source Sum of Squares = Degrees of Freedom Mean Square F-Value
Between seasons 21.5 3 72 21.45 ***
Residual 30.7 92 0.333 -
Total 52.2 95 - -
Note: *** significant at the 0.001 level.

The effects of seasonal fluctuation on overall price variation were the biggest within
the one quarter, amounting 62% in both sawlog and lumber prices. Within two quarters
the span increased to 70% in sawlog and decreased to 46% in lumber (Table 7). In terms of
annual-average values, seasonal fluctuations explained the largest portion of price variation
(48% and 39% for the sawlog and lumber, respectively), while irregular changes accounted
for the smallest percentage of price variation (25%). Additionally, Table 7 shows the relative
contribution of irregular, cyclic, and seasonal fluctuation in total variability of price and
NRC (in percent). Similar to these results, seasonality, assuming the stability of the high
cost of the sawlog and lumber was significant at the 0.001 percent level (Table 8).

Table 7. Relative contribution of irregular, cyclic, and seasonal fluctuation in total variability of timber
price and number of residential units completed (NRC).
Sawlog Lumber NRC
Span in Quarters (Q) Irregular Cyclic Seasonal  Irregular Cyclic Seasonal  Irregular Cyclic Seasonal
(%) (%) (%) (%) (%) (%) (%) (%) (%)
1 32 6 62 27 11 62 57 12 31
2 15 15 70 21 34 46 38 39 23
3 15 24 61 14 37 49 29 47 24
4 38 62 0 39 61 0 33 66 0
Average 25 27 48 25 36 39 39 41 20

Table 8. Results of F-test for seasonality in number of residential units completed (NRC) of time series.

Source Sum of Squares  Degrees of Freedom Mean Square F-Value
Between seasons 8.5 3 2.80 10.08 ***
Residual 25.8 92 0.28 -

Total 34.3 95 - -

Denote: *** significant at the 0.001 level.
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3.5. Fluctuation of the Construction Activities

Decomposition of the construction activity time series revealed this index’s seasonal,
cyclical, and irregular fluctuation (Figures 7-9). The number of residential units completed
in long-term trend characterized relative stabilization up to 2012 followed by a period of
increasing, and from 2012 it sharply decreased. As shown in Table 8, the results of the
seasonality test confirmed that the seasonal fluctuation of NRC was statistically significant
(p < 0.001; F = 10.08), with the lowest NRC in Q1 and the highest in Q3. Cyclical fluc-
tuations accounted for the largest share (on average 41%) of overall NRC volatility. It is
noteworthy that there is a relatively small share of seasonal fluctuations and a high share of
irregular fluctuations (20% and 39%, respectively) compared to such fluctuations in sawlog
prices (48% and 25% seasonal and irregular fluctuation) and lumber prices (25% and 36%,
respectively).

=———=NRC = = =Long-term trend e¢eeee Cyclical fluctuation
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Figure 7. Decomposition of the time series of construction activities, including the number of
residential completed (NRC) by private sector in urban areas of Iran in the years 1992-2015 as well as
long-term trend and cyclical fluctuation.
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Figure 8. Decomposition of the time series of construction activities, including seasonal fluctuation
indices in Hyrcanian forest in 1992-2015.
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Figure 9. Decomposition of the time series of construction activities, including irregular fluctuation
indices in Hyrcanian forest in 1992-2015.
3.6. Similarity of Seasonal Index Patterns

As shown in Figure 10, Q2lum and Q3sawlog have the same pattern as Q3R. Therefore,
the seasonal indices of the sawlog and lumber prices have the same pattern as the seasonal
fluctuation of construction activities.

120 ¢

100

80 |

60 |

(Dlink/Dmax)*100

40t

20

oL o
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Figure 10. Tree diagram for seasonal indices of sawlog and lumber price and number of residential
units completed (NRC).

4. Discussion

Forest products’ price is well-known for fluctuations [10,62]. In general, previous
studies have reported the causes of seasonal fluctuations as seasonal restrictions on har-
vesting, wood extraction on forest roads in winter, and the demand for timber processing
factories [19,57]. As shown in literature reviews, most efforts were focused on regression
analysis [30,32,63,64]. In primary and secondary industries, such as furniture, carpentry,
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and wooden kitchen sets, sawlog and lumber of high-value species have been used in
plywood, veneering, and sawmills products. Therefore, it is expected that seasonal fluctua-
tions in the supply and demand of timber affect its seasonal prices. The sawlog and lumber
prices considered two aspects: supply and demand [36,65,66]. The results of multiple linear
regression and decomposition of time series demonstrated that sale season significantly
affected sawlog and lumber prices. Similar to the findings of Dahal and Mehmood [30],
the study showed that spring has a significant negative effect on sawlog prices with the
value of 38.8 US $ m~>. In economics, the market price reflects the interaction between
supply and demand [67,68]. As the timber supply increases in the spring season (due to
executing the harvesting of Hyrcanian forests), the price in autumn gave the same demand
level and aggravated with low cash flow at the beginning of the year for private companies
and government institutions. Additionally, the free import of timber and forest products
caused a sharp fluctuation in the timber price in Iran and lowered prices for domestic wood
products [69]. Therefore, it seems the imports of timber from Russia in spring decreased
domestic forest products’ price due to an increase in timber supply, which corresponded
with the findings of Matsushita [37] in Japan.

Viewing this from a demand perspective, the private companies encountered a lack of
cash in Iran at the beginning of the New Year. Government institutions have been involved
in legal consideration of construction budget rank and preparation of necessarily written
agreement and then credit devotion that these occasions may cause inactivity in trade and
taking orders of related industries to timber in spring, and as a result of it, the falling of
forest products’ price. Seasonal adjustment analysis shows that the lumber price picks
up during summer—these results matched with Leefers and Potter—Witter [16]. The most
important demand field of timber is construction activities, which picks up in summer. In
Iran, about 1800 Kg of timber per 100 square meters foundation of the building has been
used in a door, partition, furniture, bed, etc. [70]. In this regard, factories and industries
that process large-scale wood raw materials in the Mazandaran province and its vicinity
increase their production capacities in summer. Therefore, competition intensifies when
the raw material industry operates the most monopolies, and raw material prices rise [8].
Another factor affecting the lumber price formation is that because the forest area of the
Hyrcanian forests is rugged, cutting, skidding, and transportation can only be done in the
middle of spring and summer when the snow has melted, and the climatic conditions are
relatively better. Actually, there may be seasonal restrictions on individual timber sales due
to soil concerns, access concerns, rare/threatened /endangered species, disease concerns,
and recreational conflicts [71]. Another factor that encourages summer purchases is high
transport costs. These factors contribute to an increase in lumber prices, particularly in the
summer. Similar to our result, a study by Dasdemir [72] in a temperate forest in Turkey
showed that spring months positively affect beech sawlog prices.

Viewing this from a supply perspective, due to the lengthy process for processing
sawlogs into lumber, domestic lumber supply coincides with the imports of foreign lumber
in autumn and harvesting the broken tree and windthrow more in autumn [73]. This can
increase lumber supply in autumn and, as a result, decrease lumber price.

Our findings (Table 2) explained that a high bid price of the sawlog in autumn corre-
sponded to Dahal and Mehmood [30]. A lack of high-quality timber products (especially
beech) from annual quota permits of forestry service in autumn and the presence of prod-
ucts was caused by marking 5%. This marking is related to damaged trees caused by forest
utilization, the cut of annual quota permits in forestry plans, and forest roadside trees that
could increase the sawlog prices of the high-value species group.

Statistics showed that the highest number of building permits in Tehran municipalities
and other big cities picked up in summer and winter [46]. However, timber has been used
at the ending stages of completed building construction that picks up in autumn for kitchen
sets, doors, and other building decoration (thus, timber demand has appeared by a dilatory
equivalent of make-completed building periods, i.e., at least 9 to 10 months). The results
showed that summer has a significant positive effect on timber prices of 6.1%, respectively.
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Similar to our finding, Sen and Giingor [8] found summer timber prices were higher in
Turkey.

5. Conclusions

The results suggest that the sale season significantly affects timber prices (sawlog
and lumber). This research suggested interesting issues regarding timber sale policies
and procedures. The static and dynamic analysis of the timber price shows that the price
picks occur in the summer and autumn seasons. Therefore, it makes the highest income.
However, our study highlights how managers of forestry plans would offer timber sale
lots in the suitable seasons. Awareness about potential price variations will perhaps allow
suppliers and users of sawlogs to adjust their supply and demand. Further research is
needed to examine the influential factors on seasonal fluctuations of timber prices.
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Appendix A

The producer price index (PPI) reveals the variation of commodity and services prices
supplied by the producer to the final consumer. Figure A1 shows the variations of PPI
during study periods.
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Figure A1. The variations of producer price index (PPI) between in study period.
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Appendix B

The results of ADF test for sawlog and lumber prices were shown in Tables A1 and A2,
respectively.

Table Al. The results of ADF test for sawlog prices.

t-Statistics p-Value
ADF test statistics —3.20 0.023
Test critical values at the 5% level —2.89 -
Table A2. The results of ADF test for lumber prices.
t-Statistics p-Value
ADF test statistics —3.95 0.003
Test critical values at the 5% level —2.89 -
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