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COINTEGRATION ANALYSIS IN THE CENTRAL
EUROPEAN SPRUCE TIMBER MARKET

The oversupply of spruce timber in Central Europe reduces softwood prices,
compromising the profitability of forest holdings. To date, relationships between
Central European timber markets have been relatively little studied; the same is
true of the factors affecting roundwood price variability and fluctuations in that
region. An understanding of changes in those markets and linkages between them
is important not only for forest owners and managers, but also for companies in
the wood sector.

The present work describes market analysis in terms of long-term
correlations between the Austrian, Czech, Polish, and Slovak markets
(cointegration analysis). Cause-and-effect relationships between the analyzed
markets were verified using the Granger causality test.

The Engle-Granger and Johansen cointegration tests revealed a long-term
equilibrium between the analyzed spruce sawlog markets, except for Slovakia.
Bidirectional causality was found between the Austrian, Czech, and Polish
markets. However, there was no evidence for the integration of pulpwood markets,
which indicates their independence.
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Introduction

The functioning of the timber market and trade is vital for timber producers and
the wood industry. Globalization processes have increased the importance of the
international timber market, while the rational management of forest resources
requires the monitoring of timber price changes not only on the national level,
but also on the European or even global level. The resulting knowledge is
indispensable for developing optimum market strategies. It is widely believed
that there are strong linkages between European markets, and that they influence
each other [Toivonen et al. 2002; Ratajczak 2003; Olmos 2014]. If markets in

Anna KozucH™ (a.janusz@ur.krakow.pl), Katedra Zarzadzania Zasobami Lesnymi, Wydziat
Lesny, Uniwersytet Rolniczy im. H. KoHtataja w Krakowie



120 Anna KozucH

different countries are competitive and efficient, then prices in those countries
should be identical after adjusting for transportation costs (according to the law
of one price) [Maki-Hakola 2002].

The situation in the timber market (including timber prices) in a given
country depends on timber supply, which is determined by biological and
silvicultural factors, as well as the forest ownership structure, sustainable
forestry practices, environmental policies, market organization, and national and
global economic trends. In addition to economic variables, timber prices are also
indirectly affected by climatic and biotic factors and by natural disasters
(hurricanes, droughts, etc.) [Zajac 1999; Adamowicz 2010; Hanewinkel et al.
2013; Wysocka-Fijorek and Lachowicz 2018; Bana$ and Kozuch 2019;
Adamowicz and Goérna 2020].

Market linkages have been the subject of research for many years. Initially,
market integration was investigated in terms of correlation, with one equation
and regression analysis. The difficulty with such models is that they may fail to
identify a correlation between two price time series characterized by the same
type of trend [Méki-Hakola 2002]. Currently, price relationships are analyzed
using the concept of cointegration to eliminate the problem of spurious
regression. The Engle-Granger procedure may be applied when all variables are
integrated of order one, I(1).

Markets are integrated when prices are similar irrespective of the seller and
buyer of a given product. There is a considerable body of research on the vertical
and horizontal integration of roundwood and wood product markets in Europe
and the USA. In a US study encompassing the years 1977-2011, Zhuo and
Changyou [2014] showed that market integration at the first stage of the supply
chain (timber prices) is stronger than at further stages (processed timber).
Parajuli et al. [2016], who analyzed linkages among timber prices in the south-
central United States for 1981-2014, reported that while timber prices were
intercorrelated, the effects differed depending on product type. The Granger test
suggested a unidirectional causality from pulpwood markets to respective
sawtimber markets. While there is a rich literature on price linkages in the
Scandinavian markets [Toppienen and Toivonen 1998; Jukany and Lundmark
2015], there are few papers analyzing relationships between individual Central
European and Scandinavian countries. Examples include a study by Toivonen
etal. [2002], who did not find any relationships between spruce and pine
roundwood prices in Scandinavian countries (Finland and Sweden) and Austria.
Maiki-Hakola [2002], who investigated linkages between timber prices in
Finland, Estonia, Germany, and Lithuania in the years 1994-2001, reported
partial integration of the spruce pulpwood markets and full integration of the
pine pulpwood markets. On the other hand, the sawlog markets were fully
endogenous and did not form a single market. Also Olmos and Siry [2018]
showed that in the years 1995-2012 sawlog prices in Finland and Germany were
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not cointegrated. On the other hand, there is a scarcity of research on the
integration of Central European markets.

Due to the changing situation of the forestry and wood industry in Europe, as
well as the evolution of trade relations between countries, there is a need to
study and understand the mechanisms governing the regional and national
timber markets. Over the past decades, and especially in the last several years,
the supply of spruce timber has abruptly increased as a result of the spruce
dieback in Europe due to bark beetle outbreaks (especially Ips typographus (L.))
and abnormal weather conditions leading to droughts and hurricanes (which, in
particular, resulted in a drop in prices locally). The current situation in the spruce
timber market shows that after large-scale incidental fellings in previous years
and due to the increasing demand for timber in China and the USA, there is
a significant shortage of softwood timber, which is driving up its prices.

Data on exports and imports of unprocessed spruce softwood suggest the
presence of market linkages between Central European countries. Nevertheless,
the degree of integration of geographic markets can be best understood by
analyzing price correlations rather than trade flows.

Relatively little is known about linkages between Central European timber
markets. There is a need to expand our knowledge about long-term linkages
between markets (by cointegration analysis). An understanding of changes in
wood markets and relationships between them is important not only for forest
owners who wish to optimize timber supply management. It is also crucial for
commercial decision-making by other entities in the supply chain, as well as by
potential investors in the forest and wood industry.

The objective of the present work is to analyze the prices of spruce sawlogs
and pulpwood in selected primary timber markets of Central Europe — Austria,
Czechia, Poland, and Slovakia — in 2005-2019, and in particular, to analyze the
long-term (cause-and-effect) relationships between spruce timber prices in
European markets.

Materials and methods

Econometric and statistical methods are designed to reveal the effects of causal
mechanisms, but not their nature. The main objective of the current analysis was
to determine cause-and-effect relationships between the analyzed markets using
the concept of Granger causality, where X is understood to cause Y when X is
useful in forecasting Y [Granger 1969]. This can be assessed using the Granger
causality test [Granger 1980]; the following formula was applied in the study:

k k
yr:ao"'z a; yt—l+z bix,_i+¢
i=1 i=1

The combined significance of the parameters b; means that the values of the
X series significantly affect the forecasts of the Y series, which is taken to mean
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that X is the Granger cause of Y. The null hypothesis of the test, according to
which X is not a Granger cause of 7, is as follows:

H,:b,=b,=--=b,=0

Before performing the test, the Akaike information criterion (AIC) [Akaike
1974] was used to determine the number of prior observations in the time series
X and Y that should be considered (designated by k). The parameters of the
model were estimated by the ordinary least squares (OLS) method to make sure
that the X and Y series meet certain conditions, such as the stationarity of both
series and their integration of order one (the stationarity of the first differences if
the series itself is nonstationary) combined with cointegration (there is a linear
combination of these series which is stationary — the coefficients of such
a combination were determined with a cointegrating vector). A violation of these
conditions may result in spurious regressions, which, while showing statistically
significant results, do not correspond to actual relationships in reality. A price
time series cointegration test is performed after determining the stationarity of an
individual time series. In this study, the stationarity of time series was examined
using the augmented Dickey-Fuller (ADF) test [Said and Dickey 1984], the
Phillips-Perron (PP) test [Phillips and Perron 1988], and the Kwiatkowski-
-Phillips-Schmidt-Shin (KPSS) test [Kwiatkowski et al. 1992]. In contrast to
ADF and PP, in KPSS the null hypothesis assumes series stationarity, and so the
interpretation of its results is different from the other tests: a low p-value
indicates nonstationarity. The three tests often provided inconclusive results
(with some indicating stationarity, and some nonstationarity). In the case of
series which were integrated of order one, I(1), cointegration was evaluated
using the Johansen test [Johansen 1991], which involves analysis of the vector
autoregressive model (VAR):

t
Y=uk ) AY, te, (M
i=1
where Y designates the vector of the analyzed time series [MacKinnon et al.
1999].
Analysis of differences in the above model leads to two possible versions of a

vector error correction model (VECM):
k—1

AX,=pu+TIX |+ T AX,+e, 2)
i=1
or
k—1
AX,=u+T1X,_+D TA X, +g 3)
i=1
Inferences are identical in the two cases, as they are based on the matrix II,
which has the same form in both VECM versions:
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n=) 4-1 (4)

The rank of this matrix (designated as r) is equal to the number of vectors
cointegrating the series comprising Y, with » = 0 indicating the absence of such
vectors (no cointegration). Any higher number indicates cointegration. Johansen
proposed two test statistics for determining 7: the trace statistic and the
maximum eigenvalue statistic in a sequential procedure. The first step involves
testing the null hypothesis (the same for both statistics):

H,:r=0
in the next step
H,:r<l
then
H,:r<2
and analogously up to
H,:r<n—1

where n stands for the number of tested series. The procedure was terminated
upon the first statistically non-significant result, and the » value from the first
non-rejection of the null hypothesis was taken as an estimator of 7. Similarly to
Granger causality, the Johansen test requires the determination of &, or the
number of lags considered (this time in the VAR model), which was done using
the AIC. Analysis was performed using R software ver. 4.0.3.

The study materials consisted of time series of net nominal prices of spruce
roundwood and pulpwood for the years 2005-2019 on a quarterly basis. In the
case of Austria and Slovakia, data for 2005-2018 were obtained from the FAO
Database, and data for 2019 from the websites of statistical agencies in those
countries [www.fao.org/forestry/statistics]. Data for Slovakia were taken from
the Forest Portal Market Information System [www.forestportal.sk], and those
for Poland from reports of the State Forest Information System.

Price comparisons between countries are difficult and challenging because of
disparities in timber size and grade classifications, and also due to different trade
terms. However, differences between the most important types of timber
(sawlogs, pulpwood, and firewood) are negligible; indeed, the studied
assortments are very similar in terms of quality specifications, and so they can
be meaningfully compared [Malinen and Kilpelainen 2013; Gejdos et al. 2019].
The present study focused on the prices of spruce sawlogs and pulpwood on a
quarterly basis (as sold at the forest road, roadside landing, or timber storage
parity — Slovakia).

It should be noted that in Austria and Slovakia the prices of spruce and fir
softwood were available only for the two species together. For Austria, the mean
net prices of spruce/fir were given in €/m3, while for Czechia, Poland, and
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Slovakia, prices expressed in the local currencies were converted into euros at
the quarterly exchange rates published by the Czech National Bank, the Polish
National Bank, and the Bank of Slovakia, respectively.

Results

The nominal prices of spruce roundwood in the years 2005-2019 differed
considerably between the analyzed countries (Fig. 1), with the highest prices for
spruce sawlogs recorded in Austria (101.24 €m™), and the lowest in Poland
(69.45 €m) (Table 1). The lowest minimum price was found in Slovakia
(39 €m), and the highest minimum price in Austria (68.34 €-m™).

Price [€1m?]
Price [€4m?]

— Austria “--+ Czechia —=— Poland =-—- Slovakia — Austria ---* Czechia —= Poland === Slovakia

Fig. 1. Nominal prices of spruce sawlogs and pulpwood in selected Central
European countries in the years 2005-2019

Table 1. Descriptive statistics of quarterly price time series for spruce sawlogs and
pulpwood (Czechia, Poland) and spruce/fir sawlogs and pulpwood (Austria,
Slovakia)

Austria Czechia Poland Slovakia

Unit sawlog sawlog sawlog sawlog
pulpwood pulpwood pulpwood pulpwood

Mean €/m?3 8546 3227 72.08 29.53 59.55 31.16 6546 28.27

Median €/m3 88.61 3295 7553 2831 61.68 3287 7092 28.11
Maximum €/m3 101.24  37.72 8735 4423 6945 4192 8506 36.35
Minimum €/m3 68.34 2561 5127 16.80 4393 20.87 39.00 21.00

Max/min - 150 150 170 260 1.60 2.00 220  1.70
Standard - 10.10 350 1100 670 670 540 13.10 430
deviation

Coefficient

.. % 11.80 11.00 1520 22.70 11.30 17.30 20.10 15.20
of variation
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The Polish and Austrian markets revealed the greatest stability of sawlog
prices, while the highest volatility was recorded for Czechia and Slovakia, with
the lowest prices since 2011 (Table 1). The highest and lowest pulpwood prices
were found in Czechia (44.23 €m> and 16.80 €m™, respectively). In that
country, wood prices dropped significantly in 2019 due to massive outbreaks of
the spruce bark beetle, hindering the planning of harvesting and limited local
demand.

Stationarity of time series of timber prices and their differences

Tests for Austria, Czechia, and Slovakia consistently indicate price
nonstationarity for sawlogs. In the case of price differences, the tests are
inconclusive, but since two out of the three tests applied (PP and KPSS) suggest
stationarity, it is assumed that time series in those countries are integrated of
order one. Tests for Poland were inconclusive both for timber prices and price
changes; in terms of prices, two tests (ADF and PP) suggested nonstationarity
(Table 2), while in terms of price differences two tests (PP and KPSS) indicated
stationarity, which is taken to mean that the price series is integrated of order

I(1).

Table 2. Results of ADF, PP, and KPSS stationarity tests for spruce roundwood
prices and their first differences (with constant)

Price series First differences of price series
Country
ADF PP KPSS ADF PP KPSS
Austria -1.346 -3.027 0.279** -2.631 -45.777** 0.078
Czechia -0.412 -1.656 0.277** -2.652 -54.177** 0.103
Poland -3.239 -13.009 0.145 -3.135 -42.224%%* 0.033
Slovakia -1.618 -4.819 0.202* -2.982 -46.676** 0.064

* and ** indicate null hypothesis rejection at the 5% and 1% probability levels, respectively.

The tests consistently indicate the nonstationarity of pulpwood prices. While
the results for price changes in the studied countries are inconclusive, both PP
and KPSS suggest stationarity (Table 3), and so the time series are taken to be
integrated of order I(1).

Cointegration tests

Since all four time series are of order I(1), their cointegration was evaluated
using the Johansen test. Both versions of this test showed a cointegration
relationship of =1 in the sawlog market (Table 4).
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Table 3. Results of ADF, PP and KPSS stationarity tests for spruce pulpwood prices
and their first differences (with constant)

Price series First differences of price series
Country
ADF PP KPSS ADF PP KPSS
Austria -1.164 -2.856 0.318%* -2.816 -60.779%* 0.056
Czechia -1.157 -2.781 0.314** -3.465 -45.534%* 0.059
Poland -2.122 -9.005 0.244** -3.302 -55.804%* 0.036
Slovakia -0.574 -2.769 0.332%* -4.04* -62.314** 0.097

* and ** indicate null hypothesis rejection at the 5% and 1% probability levels, respectively.

Table 4. Results of the Johansen test for cointegration among spruce sawlog prices

Maximum eigenvalue

Country HO test statistic Trace test statistic
R=0 30.24* 53.37*
Austria-Czechia- r<i 15.32 23.13
-Poland-Slovakia
(k=3) r<2 6.05 7.81
r<3 1.76 1.76

* and ** indicate null hypothesis rejection at the 5% and 1% probability levels, respectively.

Subsequently, pairwise comparisons were performed to test for market
cointegration. Both versions of the Johansen test revealed the cointegration of
the Polish, Austrian, and Czech markets (Table 5).

Also in the case of pulpwood prices (where all time series are of order I(1)),
cointegration was evaluated using the Johansen test. Both versions of this test
suggest the absence of cointegrating relationships (Table 6).

Granger causality test

The integrated markets were tested in terms of causality using the Granger
test, in order to examine how they influence each other. The analysis showed
that the Czech market affects the Polish and Austrian markets (Table 7). In turn,
the Polish and Austrian markets influence the Czech market (consequently, there
are linkages between Poland and Czechia and between Austria and Czechia).
Furthermore, the Austrian market affects the Polish market. Taking into
consideration k, or the lags in the model, it was found that Austrian prices have
an impact on Czech prices at k = 2 (with a lag of two quarters). For the other
analyzed relationships, k=5, which means that the identified effects are
considerably extended over time.
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Table 5. Results of pairwise cointegration comparisons using the Johansen test

H Maximum eigenvalue T test statisti
Country 0 test statistic race test statistic
Austria-Czechia r=0 18.58 * 20.89 *
(k=2) r<l 231 231
Austria-Poland r=0 29.26 ** 32.99 **
(k=3) r<l1 373 3.73
Austria-Slovakia r=0 8.14 11.85
(k=2) r<l 3.71 371
Czechia-Poland r=0 26.01 ** 27.66 **
(k=3) r<l 1.65 1.65
Czechia-Slovakia r=0 8.09 10.01
(k=2) r<l1 1.92 1.92
Poland-Slovakia r=0 12.52 16.81
(=2) r<i 43 43

* and ** indicate null hypothesis rejection at the 5% and 1% probability levels, respectively.

Table 6. Johansen test checking for cointegrating vector among spruce pulpwood
prices

Maximum eigenvalue

. H ..
Countries i test statistic Trace test statistic
r=0 19.47 43.82
Austria-Czechia- r<l1 19.18 24.34
-Poland-Slovakia
(k=2) r<2 495 5.17
r=<3 0.22 0.22

* and ** indicate null hypothesis rejection at the 5% and 1% probability levels, respectively.

Discussion

Price variation in individual markets results from an interplay of numerous
natural, economic, and political (legal) factors, as well as the processing
potential, technological development, and innovation of the wood industry. In



128 Anna KozucH

Table 7. Results of Granger causality test evaluating the mutual effects of markets

Direction F P k
Austria—Czechia 7.5 0.001** 2
Czechia—Austria 3.82 0.025* 2
Austria—Poland 5.95 <0.001** 5
Poland— Austria 0.83 0.532 5
Czechia—Poland 3.69 0.004** 5
Poland—Czechia 2.86 0.019* 5

* and ** indicate null hypothesis rejection at the 5% and 1% probability levels, respectively.

the years 2005-2008, spruce timber prices in the Central European market were
on an increase, with 2008 marking the beginning of a downturn as the global
financial crisis destabilized the timber market. The most pronounced drop in
timber prices during the 2008 downturn affected large-sized softwood
assortments [Suchomel et al. 2012; Gejdos and Potkany 2017]. Since 2015, there
has been a decreasing trend in spruce and spruce/fir timber prices (except for the
Slovak market), which is largely attributable to a dramatic increase in the supply
of timber in the aftermath of major hurricanes (and especially Niklas in 2015),
droughts, as well as bark beetle outbreaks (in 20182019 in Austria, Czechia,
and Slovakia).

Recent years have shown the negative effects of abiotic and biotic factors on
spruce stands, which disrupted the timber production policies in Czechia,
Austria, and Slovakia. In 2019, in the Czech forests, a total of 32.58 million m?
of timber was harvested (an increase of 6.89 million m?3 over 2018), with the
proportion of incidental felling amounting to 95% (approx. 31 million m?) in
2019 [MZ 2019]. The overall volume of timber harvested in Slovakia from
forests under all forms of ownership was 9.22 million m? in 2019, with
incidental cutting accounting for 56% (more than 5 million m? of softwood)
[Ministry of Agriculture 2020]. In the same year, 18.90 million m? of timber was
produced in Austria (85% softwood), which was 5.6% higher than the ten-year
average. Toth et al. [2020] reported a strong correlation between salvage felling
attributable to Ips typographus outbreaks and a decrease in timber prices in
Czechia.

Analyses by many authors have revealed either the presence or absence of
long-term relationships between prices in the global and European timber
markets. Long-term linkages were more often found between markets for similar
timber assortments located in the proximity of each other than in the case of
distant markets. Certain studies [Olmos 2014; Olmos and Siry 2018] showed the
absence of linkages among global pulpwood markets, but numerous long-term
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linkages were identified for sawlog prices (nevertheless, Europe was not defined
as a single market for sawlogs). Chudy and Hagler [2020], who analyzed
linkages between selected markets around the world, many of them distant,
found moderate correlations and no integration between countries, which
indicates the apparent independence of those markets.

Markets in one region are often interrelated and driven by similar market
mechanisms and climatic factors. Moreover, investments in infrastructure and
lower costs of transportation contribute to the integration of timber markets. The
current analysis of neighboring Central European spruce timber markets
revealed long-term relationships between sawlog prices, except in the case of
Slovakia. This result may be explained by disturbances in the Slovak market
after 2007. In 2010 the Slovak government implemented a new policy on timber
trade involving long-term contracts with several entities, which led to a more
than 20% surge in spruce/fir prices; furthermore the country’s adoption of the
euro currency in 2009 weakened its linkages with the neighboring markets. On
the other hand, the present study did not find evidence for the cointegration of
spruce pulpwood markets. It should be noted that these findings do not entirely
preclude integration, as the results may be affected by the use of quarterly data
(in the case of Slovakia and Czechia monthly data are not available).

The spruce sawlog markets of Central Europe may be deemed cointegrated,
with mutual causality found for three market pairs (with a half-yearly lag
between the Czech and Austrian markets). Consequently, a decrease (increase) in
one of them is highly likely to result in a decrease (increase) of prices in the
neighboring countries, which should be taken into consideration in designing
timber sales policies. These results are convincing, as such linkages are also
suggested by the patterns of spruce timber exports and imports between these
countries. In contrast, other authors have reported the absence of integration for
beech sawlog prices in Europe, which may be attributable to the small size of the
beech timber market as compared to the spruce and pine markets [Toppinen
et al. 2005].

According to Niquidet and Manley [2011], discrepancies in the findings
obtained by different authors studying the integration of roundwood markets
may be due to differences in the applied statistical methods and materials (data).
Furthermore, the results of research on market integration also have some major
policy consequences, as they may be used in defining the geographic scope of
markets in the process of developing competitiveness strategies [Niquidet and
Manley 2007].

However, market cointegration findings should be interpreted cautiously,
especially if they are to be used as an input in defining trade policies, due to the
increasing frequency of hard-to-predict external factors, which may distort and
limit existing linkages between markets. Natural disasters as well as spruce
dieback may be detrimental to timber producers due to their effects on timber
production and prices. Some large-scale events may decrease both timber prices
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and standing stock resources, also exerting a negative influence on the owners of
unaffected stands. Viewed with hindsight many years later, the actual effects of
anatural disaster are generally inconsistent with expectations [Prestemon and
Holmes 2004].

In the short term, timber oversupply leads to negative spikes in prices, while
also reducing standing stock, which may lead to an increase in timber prices in
the long term. This would mean that the owners of affected stands should delay
harvesting, but some disturbances exhibit temporal and spatial autocorrelations
influencing price risks, which complicates the picture [Prestemon and Holmes
2000]. In the case of beetle outbreaks, the catastrophic consequences usually last
for several years, and so the owners of intact timber should consider the promise
of future price increases, given increased production risk over time [Prestemon
and Holmes 2000]. On the other hand, an oversupply of “cheap” spruce timber
in the region offers an opportunity for the growth and development of the
Central European wood industry. In particular, short-term benefits may be
reaped by manufacturers of cellulose, particle boards, and sawn timber products.

The southern pine beetle epidemic in the southern United States in the years
1984-1985 reduced the growing stock by 18% in Louisiana and by 13% in
Texas. Prices declined at a rate of 1.5% per percentage point of growing stock
decrease [Holmes 1991]. In the case of Hurricane Hugo, the long-term price
increase was approx. 0.5% to 1.0% per percentage point of growing stock
decrease [Prestemon and Holmes 2004].

It is interesting whether and to what extent incidental spruce harvesting in
Central Europe will affect the markets and distort existing trade relationships in
raw and processed timber (mostly sawn products) in Europe. It seems that timber
oversupply in Central Europe will affect the Scandinavian market, as a similar
oversupply has been observed in Germany, which has been the most important
market for Finland, accounting for 20-25% of Finnish exports of spruce sawn
timber [Olmos and Siry 2018]. The Scandinavian (Finnish) market has already
suffered because of increased timber supply from Eastern Europe and Russia,
with the Finnish sawmilling industry having an uncertain future [Malaty et al.
2007].

Spruce dieback alters the age structure of stands and, over the coming
decades, will cause problems with supply for the sawmill industry, which
requires a predictable and stable input of timber. Thus, it is necessary to adjust
forest management practices to the consequences of climate change, primarily
by altering species composition (mixed forests), which would translate into
a different structure of assortments supplied to the market and entail the need to
modify technology in processing plants.
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Conclusions

The nominal prices of spruce sawlogs and pulpwood in Central Europe in 2005-
-2019 differed between the analyzed markets. Sawlog prices commanded the
highest prices in Austria in Q1 2014 (101.24 €/m?) and in Czechia in Q1 2015
(87.35 €/m?). The lowest and most stable prices occurred in the Polish market,
peaking in 2011 at 69.45 €/m3. The growth trend was the longest in the Slovak
market, lasting from 2005 (39 €/m®) to 2018 (85.06 €/m?). The sawlog and
pulpwood markets were destabilized by the American financial crisis of 2008
and by the oversupply of timber resulting from spruce dieback in the region in
the years 2015-2019. Downward trends were observed in all markets, with
nominal prices in Czechia in 2019 being lower than in 2005.

Both the Johansen and Engle-Granger tests for the cointegration of price
time series revealed a long-term equilibrium between the analyzed spruce
roundwood markets, except for Slovakia (where prices were influenced by state
interventionism). Bidirectional relationships and causality were found between
the Austrian, Czech, and Polish markets. This is important information for
companies from the wood sector. However, there was no evidence for
integration in pulpwood markets, which indicates their independence.

There is a need to continue studies in this field and to monitor the influence
of timber oversupply in Central Europe on markets in other regions. Attention
should also be given to the long-term effects of this situation on timber prices
and relationships between markets.
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