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A B S T R A C T   

Drawing from the idea that income distribution is affected by imperfect market competition, this article examines 
the effect of a wood market cartel, where roundwood buyers illegally exchanged price information in Finland 
during 1997–2004. Prices before, during, and after the infringement period are examined using a comparator- 
based econometric approach with indicator variables in single-equation cointegrating models and in a seem-
ingly unrelated regressions model. Using monthly data during 1996–2012, we investigate the prices of four 
softwood assortments, pine logs and pulpwood, and spruce logs and pulpwood, consisting of the majority of the 
industrial wood volume traded in the Finnish wood market. The results suggest that the price of pine pulpwood 
was statistically significantly affected and that the reduction in the price of pine pulpwood due to the 
infringement was on average about 10% over the 1997–2004 infringement period.   

1. Introduction 

The European Union antitrust policy - Articles 101 and 102 of the 
Treaty of the Functioning of the European Union (TFEU) - is based on the 
accepted theoretical result stating that perfect competition in a market 
leads to the highest well-being of a society achievable with the available 
resources.1 Monopolistic (monopsonistic) competition leads to losses in 
welfare due to higher (lower) prices charged from the consumers (paid 
to sellers) and due to lower levels of goods (inputs) traded (cf. Dixit and 
Stiglitz, 1977, Varian, 1992, 234–257). 

The aim of our study is to measure the possible effects on average 
wood prices of the illegal roundwood buyer cartel made up of the three 
major Finnish forest industry firms in the domestic wood market over 
the period of 1997/1–2004/3 (Market Court, 2009). Instead of 
attempting to capture the total welfare loss caused by the buyer cartel, 
we follow an approach often used in practical policy decision-making 
and in enforcing competition laws, and attempt to measure the effect 

on income distribution of the buyer cartel. The effect on income distri-
bution is measured by the difference between observed price during the 
cartel period and the “but-for” price that might have prevailed in free 
market competition (Gravelle and Rees, 1985, 380–392, Komninos 
et al., 2009, 14). The free market structure can be (more or less) perfect 
competition or, in the case of the Finnish wood market, an oligopsony 
(Kallio, 2001). 

Oligopsonistic behavior of the market can be expected particularly in 
the Finnish pulpwood market due to the dominance of the three largest 
forest industry firms that operate nationwide. They purchase the wood 
from approximately 350,000 woodlots owned by over 600,000 non- 
industrial forest owners. Average woodlot size is ca. 30 ha (METINFO, 
2018). Forest industries purchase 80% of the domestic wood from pri-
vate forests and the remaining 20% percent is bought mainly from 
communal and state forests and harvested from industry-owned forests. 
Until 1991, timber prices were negotiated between the Central Union of 
Agricultural Producers and the Finnish Forest Industries Federation. In 
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1 “European antitrust policy is developed from two central rules set out in the Treaty on the Functioning of the European Union: First, Article 101 of the Treaty 
prohibits agreements between two or more independent market operators that restrict competition. This provision covers both horizontal agreements (between actual 
or potential competitors operating at the same level of the supply chain) and vertical agreements (between firms operating at different levels, i.e. agreements between 
a manufacturer and its distributor). Only limited exceptions are provided for in the general prohibition. The most flagrant example of illegal conduct infringing 
Article 101 is the creation of a cartel between competitors, which may involve price fixing and/or market sharing. Second, Article 102 of the Treaty prohibits firms 
that hold a dominant position in a given market to abuse that position, for example by charging unfair prices, by limiting production, or by refusing to innovate to the 
prejudice of consumers.” (https://ec.europa.eu/competition/antitrust/overview_en.html, cited 26_02_2020). 
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the mid-1990s, when Finland had joined the European Union, centrally 
negotiated price “recommendations” ceased, and roundwood prices 
became determined in the market. While the number of sellers in the 
market has increased, the number of roundwood buyers has decreased 
significantly in the 1980s and 1990s, as a result of company mergers. In 
the mid-1990s, the three largest buyers purchased more than 80% of the 
pulpwood originating from private forests (Uusivuori and Mykkänen, 
1996). In the sawlog market, the number of buyers has remained larger 
due to small- and medium-sized sawmills. Although Ronnila and Top-
pinen (2000) detected no obvious signs of imperfect competition using 
wood market data before the 1990s, Kallio’s (2001) results, based on 
numerical pulpwood market analyses, indicate features of oligopsonistic 
competition as early as the late 1980s. 

The empirical motivation for our study is, firstly, the ruling of the 
Finnish market court (Market court, 2009, see also Finnish Competition 
and Consumer Authority, 2020),2 according to which the three main 
roundwood buyers practiced illegal price cooperation in the Finnish 
timber markets during 1997/1–2004/3. Secondly, three separate judi-
cial proceedings were conducted against the three forest industry firms 
since 2010, first at district courts and then at courts of appeal. The 
Finnish Forest Service (Metsähallitus), a group of Finnish municipalities, 
and a group of non-industrial private forest owners were the plaintiffs in 
these three court cases, attempting to gain compensation for economic 
losses due to price cooperation of the three wood buyers. According to 
the court rulings, sufficient evidence was not found in any of the cases to 
show that illegal price cooperation caused economic losses to the 
plaintiffs in terms of reduced wood prices during the infringement 
period 1997–2004 (Helsingin hovioikeus (Helsinki court of appeal), 
2018).3 Finally, one of the defendants’ economic experts in the court 
case of the Finnish Forest Service presented a market-level analysis of 
the stumpage price development before, during, and after the cartel 
period using market-level data finding no evidence of the effects of a 
cartel on aggregate stumpage prices (Pöyry Management Consulting Oy, 
2012). The aim of the present analysis is to investigate whether publicly 
available market-level data gives any indication of cartel behavior on 
prices of different wood assortments during the infringement period 
stated in the market court (Market Court, 2009) decision. 

The methods for quantifying damages at the market level for any 
type of antitrust infringement may be divided into market structure- 
based approaches and comparator-based approaches (Komninos et al., 
2009). Market structure-based approaches use models that have been 
developed in the field of industrial organization and describe various 
competition regimes in the markets. With these approaches, the nature 
of competition may be examined either through structural econometric 
models or numerical models describing company activities (Murray, 
1995a; Murray, 1995b). Kallio (2001) used a structural numerical model 
to study the effects of various competition regimes in the Finnish 

pulpwood industry during 1988–1997. Kallio (2001) concluded that 
firm mergers in 1990 increased the remaining firm’s “ability to perceive 
influence of their own wood demand on the market price of wood”.4 

Using a structural econometric model, Brännlund (1989) studied the 
concentrated Swedish pulp industry and concluded that the total welfare 
loss from assumed monopsony (perfect cartel) behavior of the industry 
could have been 23% of the annual pulpwood sales income of Swedish 
forest owners and ca. 10% of the total roundwood sales income 
compared to perfect competition in the market. However, monopso-
nistic behavior is an assumption in Brännlund (1989), instead of a hy-
pothesis to be tested (see Bergman and Brännlund, 1995). 

The principles of the econometric analysis of comparator-based ap-
proaches, particularly the use of indicator variables in reduced-form 
price equations, are presented in Davis and Garces (2010). Use of the 
comparator-based approach in many real-world court cases (Komninos 
et al., 2009) may be explained by the more straightforward econometric 
analysis with fewer required assumptions than when structural models 
are used. Data requirements are also less demanding. As indicated by the 
name, the comparator-based approach compares prices between 
cartelized and non-cartelized markets or prices before, during, and after 
the cartel period (Komninos et al., 2009). In the Finnish timber market 
case, comparing prices e.g. between Finland and other Scandinavian 
countries is not possible due to different market structures and pricing 
methods. Furthermore, because the three largest wood buyers operate 
nationwide in Finland, a comparison between cartelized and non- 
cartelized regions in the market is not possible. Therefore, we use 
aggregate market data, similar to Pöyry Management Consulting Oy 
(2012), and study the price formation in the market before, during, and 
after the cartel period. 

The indicator approach has been used in forest economics to study e. 
g. the effects of institutional changes and customs duties on export and 
import volumes and/or prices of wood raw materials and forest industry 
products (Baek and Yin, 2006; Mutanen and Toppinen, 2007; Nagubadi 
and Zhang, 2013; Parajuli et al., 2018; Prestemon, 2015). The approach 
is based on finding a theoretically and statistically valid representation 
for the reduced-form price equations of the studied goods with an in-
dicator variable representing the period when prices are expected to 
deviate from competitive prices. We estimate a dynamic equation 
(Nieberding, 2006) for the stumpage price of each of the four softwood 
assortments: pine pulpwood, pine logs, spruce pulpwood, spruce logs,5 

traded in the Finnish wood market. To avoid spurious regressions, we 
use a single-equation cointegration estimation method by Pesaran et al. 
(2001), where both stationary I(0) and nonstationary I(1) variables can 
be used as forcing variables without a priori knowledge of the order of 
integration. Furthermore, a system of reduced-form equations of the 
prices of four included wood assortments are estimated simultaneously 
using seemingly unrelated regressions (SUR) of Zellner (1962) and a 
generalized method of moments (GMM) estimator (e.g., Davison and 
MacKinnon, 1993, pp. 583–621) to account for the interrelatedness of 
prices of various wood assortments. 

The paper is organized as follows. In the next chapter, we present the 
equilibrium model for the Finnish wood market and the estimable 
reduced-form price equations, which are followed by the description of 
material and methods, results, and discussion and conclusions. 

2 According to the Finnish Competition and Consumer Authority (Finnish 
Competition and Consumer Authority, 2020):“The Market Court found the 
forestry companies Metsäliitto Osuuskunta, Stora Enso Oyj, and UPM-Kymmene 
Oyj guilty of national forbidden price cooperation and sharing of procurement 
sources in the purchase of raw wood during 1997–2004. It was a price-fixing 
cartel formed by the purchasing party. The directors in charge of forestry had 
e.g. convened regularly to discuss issues pertaining to the availability and price 
of timber. The development of the procurement price of timber had been 
examined in the light of statistical information per forestry centre and timber 
assortment. The company price had been compared to average price or the 
price of other companies. No specific decisions were made in the meetings but 
they sought to influence future pricing.”  

3 This outcome is the complete opposite to the outcome of the judicial process 
in the case of the Finnish asphalt cartel, where “the (district) court provided 
both considerable direct compensation for the 40 municipalities that sued and 
also several types of indirect relief” (Connor and Kalliokoski, 2014). For most 
municipalities, the Court applied an overcharge of either 15 or 20% of the size 
of the affected sales. 

4 In an unpublished report used as evidence in the court, Kuuluvainen (2011), 
using Kallio’s (2001) method and a supply elasticity of 0.5 for pine pulpwood 
estimated in the same study (Kuuluvainen, 2011), concluded that pine pulp-
wood prices during 1997–2004 could have been ca. 5% percent lower in mo-
nopsony (perfect cartel) structure compared to Cournot oligopsony and the 
forest owner’s total income from pine pulpwood sales could have decreased 
approximately 7%.  

5 Pulpwood is small dimension wood used as raw material in chemical wood 
working industry, while logs are used as raw material in mechanical wood 
working industry (sawmills). 

J. Kuuluvainen et al.                                                                                                                                                                                                                           
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2. Equilibrium market model for the Finnish wood market 

The structural simultaneous equations model of the Finnish timber 
market is the theoretical structure behind the estimable price equations. 
The demand for various wood assortments may be derived from the 
representative firms profit maximization problem and written as 

Qd
lt = αd

l1plt +
∑kd

l

i=2
αd

lizlit + ad′

l elt + vlt (1)  

while the supply is derived from the present value maximization prob-
lem of a representative forest owner, 

Qs
lt = αs

l1plt +
∑ks

l

i=1
αs

liwlit + as′
l elt + ult (2)  

where 
Qlt

d, Qlt
s – demand and supply for wood assortment l in period t. 

plt – price of wood assortment l in period t. 
zlit – wood demand shifters. 
wlit – wood supply shifters. 
elt – vector of deterministic variables, including infringement period 

indicator in the demand equation for wood assortments l in year t. 
αl1

d , αl1
s – slope parameters of the price variable in demand and supply 

equations. 
αli

d, αli
s – slope parameters of demand and supply shifters i = 2, …. kl

di 
= 2, …. kl

s, for wood assortment l. 
ali

d,ali
s – vectors of slope parameters of the deterministic demand and 

supply shifters. 
l – refers to wood assortment l (l = pine pulpwood, pine logs, spruce 

pulpwood, spruce logs). 
The infringement period indicator in the demand equation is a 

dummy variable equal to one over the cartel period 1997/1–2004/3 
(and zero otherwise). The same indicator variable is used for all wood 
assortment prices. If this indicator variable is statistically significant, it 
indicates that prices during the infringement period have, ceteris par-
ibus, differed from prices that would have prevailed without the 
infringement (e.g. McCrary and Rubinfeld, 2009). Similar structural 
formulations for roundwood markets have been used e.g. by Brännlund 
et al. (1985) in Sweden, and Kuuluvainen et al. (1988), Hetemäki and 
Kuuluvainen (1992), Toppinen (1998), and Mutanen and Toppinen 
(2005) for the Finnish wood market. The demand shifters, zlit, include 
prices of pulp in pulpwood price equations and sawn wood prices in 
sawlog price equations, and unit costs of production, i.e. energy and 
labor. In the short-run, we assume a quasi-fixed production capacity, 
and therefore we include two scale factors, i.e. commercial fellings of the 
relevant timber assortment and the volume of imported wood,6 to 
describe the apparent consumption of wood raw materials. In the case of 
spruce sawlog price, the European construction index was also included. 

The supply shifters, wlit, only include two variables, which are the 
market interest rate and the available merchantable timber stock, as 
described by the annual allowable cut of the wood. The reduced-form 
equations obtained from the market equilibrium condition become 

Plt =
∑kd

l

i=2
θlizlit +

∑ks
l

i=2
θliwlit + θl

′

elt + εlt (3)  

where θ ‘s are functions of the parameters for the demand and supply 

equations and therefore the long-run parameters to be estimated. All 
variables used in the initial statistical models are shown in the 
appendix.7 

Similar reduced-form equations were used by Pöyry Management 
Consulting Oy (2012) as court evidence on the side of the defendant in 
the court case, with the Finnish Forest Service as plaintiff. Reduced-form 
price equations in Pöyry Management Consulting Oy (2012) were esti-
mated using dynamic single-equation OLS models for all softwood and 
hardwood timber assortments exchanged in the Finnish timber market 
with quarterly data from the first quarter of 1996 to the fourth quarter of 
2010.8 The main result of the analysis by Pöyry Management Consulting 
Oy (2012) was that price cooperation between the three major Finnish 
forest industry firms did not affect the prices of any studied timber as-
sortments, as none of the included indicator variables describing the 
infringement period were statistically significantly different from zero. 
In addition to the non-significant indicator variable, many other 
explanatory variables turned out not to be statistically significant in the 
single-equation models estimated by Pöyry Management Consulting Oy 
(2012) and the equations in some cases did not meet statistical criteria 
for OLS estimations. Hence, the question of cartel effects at the market 
level merits additional statistical attention. 

3. Materials and methods 

3.1. Data 

We use the available monthly data on Finnish timber markets from 
1996/1 to 2012/12. The dependent variables of the reduced-form price 
equations are country average stumpage prices (€/m3, over bark) based 
on information from contracts between the buyer and seller (METINFO, 
2018). The four studied roundwood assortments, i.e. pine and spruce 
logs and pulpwood, form an 87% share of the wood harvested in Finland 
during 1996–2012 (METINFO, 2018). Stumpage prices represent the 
information available to both parties at the time of the sales contract, 
after which the buyer has two years time (three years in northern 
Finland) to harvest the trees. As 70–80% of all wood purchased in 
Finland by the forest industries comes from stumpage sales, stumpage 
price is the best indicator of the domestic roundwood market supply and 
demand situation (Kuuluvainen et al., 2018). Prices for final products 
and pulp for the time period 1996:1–2012:12, commercial fellings of 

6 Commercial fellings were adjusted seasonally using the X-12 method by U.S 
census (EViews 9 User’s Guide, 1995–2015). We do not include prices of im-
ported wood as explanatory variables, because domestic prices lead the price 
developments and also because Kuuluvainen et al. (2018) showed that causality 
runs from domestic prices to import price and not vice versa. According to 
Kuuluvainen et al. (2018), “wood imports grew steadily in Finland until 2005 
and represented one of the largest markets of imported wood measured using 
trade volume. Since 2005, the quantity of imported softwood has decreased 
from 12 million cubic meters per year to approximately 3 million cubic meters 
by 2012”. 

7 Our approach in estimating the reduced-form equations is actually “from 
general to specific”, as advocated by Hendry and Richard (1983), which starts 
with a general model containing all the available theoretically justified vari-
ables and a sufficient number of lags to produce a non-autocorrelated error 
term.  

8 Pöyry Management (2014) extended same models by using both monthly 
and quarterly data from 1997 to 2012 (compared to 1996–2010 in the earlier 
report). The results were principally the same as in the earlier analysis and were 
used as evidence presented by the defendant in the court case in which the 
Finnish Forest service was the plaintiff. No statistically significant effect of 
infringement at the market level was found by Pöyry Management (2014). 
Using exactly the same data as Pöyry (op. cit), Kuuluvainen (2015) presented an 
analysis using reduced-form price equations and a partial adjustment formu-
lation with the same quarterly data as Pöyry (op. cit) and also a seemingly 
unrelated regression model for softwood prices, indicating that price coopera-
tion might have affected at least the prices of pine pulpwood and pine and 
spruce sawlogs at the market level. 

J. Kuuluvainen et al.                                                                                                                                                                                                                           



Forest Policy and Economics 124 (2021) 102380

4

pine and spruce logs and pulpwood,9 and monthly importation of 
roundwood were obtained from the official statistics of Finland 
(METINFO, 2018). The quantity of imported wood was available on a 
monthly basis from the beginning of 2002, while monthly observations 
were constructed by Mutanen and Viitanen (2017) for the period 1996:1 
to 2001:12. Wage index was obtained from the International Monetary 
Fund’s (IMF) international financial statistics. The unit cost of electricity 
for middle-sized industrial buyers (annual energy consumption between 
10,000 and 20,000 KWh) was used as the price of energy because this 
was available on a monthly basis for the whole study period including 
electricity transfer and taxes (Energiamarkkinavirasto, 2019).10 

Real monetary terms are used in empirical market studies, as eco-
nomic theory assumes that the agents base their decisions on relative 
prices and because this also decreases the danger of spurious relation-
ships caused by general inflation (Asteriou and Hall, 2016, p. 22). The 
prices and costs in our study are therefore deflated using the monthly 
wholesale price index for Finland (Finnish official statistics) with 2008/ 
1 as the base. The wholesale price index is used to reflect the decision- 
making situation of both the forest owners and forest industries (Kuu-
luvainen et al., 2018). Models are estimated with logarithmically 
transformed data. 

3.2. Econometric methods 

3.2.1. Single-equation cointegration estimations 
The reduced-form Eq. (3) for each price is first estimated using the 

single-equation ARDL specification in Eq. (4) below. To estimate an 
average or equilibrium effect of price cooperation during the infringe-
ment period 1997/1–2004/4, a statistically significant long-run rela-
tionship formed by the reduced-form price equation (Eq. (3)) must be 
found for the stumpage price of each wood assortment. For this purpose, 
we use the ARDL approach to cointegration and bounds testing by 
Pesaran et al. (2001), which enables testing the existence of statistically 
significant level11 or long-run relationships without a-priori knowledge 
of the order of integration of the regressors when they are either I(0) or I 
(1). The approach is based on the augmented autoregressive distributed 
lag model, ARDL(rl, q1, q2, …qkld+kls) (e.g. Pesaran and Pesaran, 2009, p. 
463), 

ϕl(L, rl)plt =
∑Kl

i=1
βli(L, qli)xlit + δl

′

elt + υlt (4)  

where 

ϕl(Lrl) = 1 − ϕ1L − ϕ2L2 − ..ϕpl
Lrl ,

βli(Lqli) = βli0 + βli1L + βli2L2 + … + βliqli
Lqli  

and i = 2, …,Kl, where Kl = kl
d + kl

s is the number of explanatory vari-
ables in the reduced-form price equation for wood assortment l and 
superscripts d and s refer to demand and supply respectively. L is a lag 
operator, Lyt = y(t-1), and et is a vector of deterministic variables. This 

equation will be estimated with OLS for all possible values of rl, qli, and 
Kl, and rl, qli indicate the number of lags of p and x respectively. To find 
the optimal lag structure, we use Akaike, Hannan and Quin or Schwarz 
Bayesian information criteria (Pesaran and Shin, 1999; Vrieze, 2012).12 

The dependent variables plt are the wood prices in Eq. (3), subscript l 
denoting the wood assortment, and xlit are the explanatory variables 
from zljt and wljt. Vector elt of deterministic variables includes the 
infringement period indicator and other deterministic variables (e.g. 
constant term, trend, and outlier indicators). The long-run coefficients 
and their asymptotic standard errors are computed using the estimated 
parameters obtained from estimated ARDL equations.13 The equations 
for the long-run coefficients are 

θ̂ li =
β̂li0 + β̂li1 + … + β̂lîqli

1 − ϕ̂l1 − ϕ̂l2 − … − ϕ̂l̂p

(5)  

and for the deterministic variables 

ψli =

δ̂l

(

r̂ l, q̂l1, q̂l2,…, q̂lk

)

,

1 − ϕ̂l1 − ϕ̂l2 − … − ϕ̂l̂r

(6)  

where r̂ l and q̂li, i = 2,…,Kl are the estimated values of lags r and q,. 
The existence of level or long-run relationships between the variables 

are tested with the bounds F test in Pesaran et al. (2001). This test does 
not require prior knowledge of the order of integration of the forcing 
variables as long as the order it at most I(1). Pesaran et al. (2001) bounds 
test is based on the error correction version of the ARDL(rl, ql1,ql2,…qlk) 
model, 

Δplt = bl0 +
∑pl − 1

i=1
bliΔpl(t− i) +

∑ql1 − 1

i=1
bl1iΔxl1(t− i) + … +

∑qlk − 1

i=1
blkiΔxlk(t− i) + d’

l∆elt

+ cl0yl(t− 1) + cl1xl1(t− 1) + … + clkxlk(t− 1) + a’
l el(t− 1) + vlt.

(7) 

The hypothesis to be tested is the null of level or “no long-run rela-
tion”, i.e. 

H0 : cl0 = cl1 = … = clk = 0 against H1 : cl0 ∕= 0, cl1 ∕= 0,…, clk ∕= 0 (8) 

As shown in Pesaran et al. (2001), the distribution of F statistics for 
testing this joint hypothesis is non-standard irrespective of whether the 
level variables are I(0) or I(1). Pesaran et al. (2001) provide critical 
value bounds for this F test. However, the critical values presented in our 
study differ somewhat from those presented in Pesaran et al. (2001), as 
they are simulated by Microfit 5 and can be applied also when deter-
ministic variables are included (see Pesaran and Pesaran, 2009, p. 465). 
Lower bound critical values assume that all variables are I(0) and upper 
bound values assume that they are I(1) variables. If the test statistics falls 
below the lower bound, the null hypothesis cannot be rejected and no 
level relationships between the variables exists. If the test statistics is 
above the upper bound, the null of the no level relationship between the 
variables is rejected irrespective of the order of integration of the forcing 
variables. If the test statistics falls between the limits, the test result is 
inconclusive, and the order of integration of the variables should be 
tested. Thus, the a-priori determination of the order of integration of the 
variables and pre-testing errors can be avoided if the test statistics are 
outside the critical bounds. We do not report estimation results of Eq. 
(7), because we use the ARDL option of Microfit 5, which provides the 

9 In this respect, our data differ from the data used by Pöyry Managemnt 
Consulting (2012 and 2014), who had access to monthly time series of 
roundwood consumption by the forest industries. However, commercial fellings 
added by roundwood imports is considered a sufficient proxy variable for do-
mestic consumption, indicating a demand pressure at the timber market. 
Commercial fellings was the only variable in the data with a statistically sig-
nificant seasonal variation, and was seasonally adjusted using the U.S. Census 
Bureau’s X12 seasonal adjustment program (EViews 9 User’s Guide, 
1995–2015).  
10 Data used by Pöyry Management (2012, 2014) did not include the price of 

energy. 
11 As the data turned out to include both stationary and non-stationary vari-

ables, the variables may not be cointegrated in the traditional sense. Despite 
this, long-run relationships between the variables, labeled “level” relationships 
by Pesaran et al. (2001), may exist. 

12 The choice was made based on the requirement of a non autocorrelated 
error term 
13 We use Microfit 5 (Pesaran and Pesaran, 2009) for single-equation cointe-

gration estimations. Standard errors are computed in Microfit 5 using the 
Bewley (1979) regression approach, which gives numerically same results as 
the delta method (e.g. Bardsen, 1989). 
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bounds F -test critical values allowing for deterministic regressors (see, 
however, foot note 19) and reports the short-run and long-run estimates 
with their standard errors (Pesaran and Pesaran, 2009, p. 310). 

The bounds test results turn out to be conclusive for reduced form 
price equations, although for spruce pulpwood only barely at 10% sig-
nificance level. Before proceeding to estimate the system of four 
reduced-form price equations, we report the results of unit root tests on 
the variables that enter the reduced-form price equations, and discuss 
the implications of the results for the interpretation of single equation 
estimations and systems estimation. The order of integration of the 
logarithmic levels of the variables was tested using the augmented 
Dickey-Fuller (ADF) test (Dickey and Fuller, 1979) with nonstationarity 
as the null hypothesis and the Kwiatkowski-Phillips-Schmidt-Shin 
(KPSS) test, with (level or trend) stationarity as the null hypothesis 
(Kwiatkowski et al., 1992). For prices, we also calculated the unit root 
tests of Lanne (Lanne et al., 2002) because this test allows for one 
endogenously determined break. Unit root tests were performed using 
JMulti (Krätzig, 2004). 

3.2.2. Systems estimations 
Sales contracts in the Finnish stumpage markets are made at the 

stand level, often containing a mix of both spruce and pine (and birch in 
lesser amounts), and the sales consist of both pulpwood and logs. 
Because the prices in the markets for various forest products typically 
evolve in phase over the business cycles, also wood prices are likely to be 
correlated with each other. Therefore, the residuals of the estimated 
price equations may also become correlated. If there is a high contem-
poraneous correlation between the residuals, seemingly unrelated 
regression can be used to increase efficiency. Because our data set 
contained both nonstationary I(1) and stationary I(0) variables and 
variables for which the order of integration remains ambiguous, we 
follow the methodology used e.g. in the portfolio choice literature using 
the Almost Ideal Demand System, and use seemingly-unrelated- 
regression (SUR) by Zellner (1962) to account for contemporaneous 
correlations of the residuals of individual equations (Al-Zu’bi and 
Murinde, 2011; Bonizzi, 2015; Moore et al., 2005).14 

We estimate the SUR model for the above four price equations ob-
tained from the single-equation estimations. To account for the hetero-
scedasticity that seems to be present in the single-equation models for 
prices of spruce, the estimator allowing for the general form of hetero-
scedasticity available in GMM is used. Heteroscedasticity and the 
autocorrelation-consistent variance covariance estimator (HAC) is also 
available in the GMM (e.g., Davison and MacKinnon, 1993, p. 597–614). 
However, in estimating price equations using single equation ARDL, we 
attempt to find lag orders such that the ARDL equations to be used in 
system estimation do not suffer from serial correlation. The impact ef-
fects of the variables in system estimations are given by the estimated 
ARDL coefficients, and the long-run effects are calculated as in single- 
equation models above. The variances of the long-run effects are ob-
tained using the delta method (Bardsen, 1989). 

In the results section, we first report the Pesaran et al. (2001) bounds 
tests and the long-run solutions for reduced form price equations with 
optimal lag structure, and estimated using ordinary least squares. F and 
t-tests are used to omit variables that are clearly not significant statis-
tically. We then report the results of the unit root test for the stochastic 
variables entering the ARDL equations. Finally, both the short-run and 
long-run parameter estimates of the GMM estimator are reported and 
discussed. 

4. Results 

4.1. Bounds tests and the long-run solutions of ARDL price equations 

In this section, we report the results for the single-equation estima-
tion of the reduced-form equations for stumpage prices of pine and 
spruce pulpwood and logs. To conserve space, in Table 1, we only report 
the long-run equilibrium coefficient obtained from Eqs. (5) and (6) using 
the estimated ARDL coefficients (Eq. (4)). The bounds F test statistics for 
level effects, and the number of included lags for dependent and inde-
pendent variables are given in column headings. The diagnostic tests for 
each ARDL equation are at the bottom of the Table 1. 

The reduced-form ARDL price equation with optimal lag structure 
based on Akaike information criterion for pine pulpwood included one 
lag for the endogenous variable, for commercial fellings, and for the 
sulphate pulp price. Unit cost of electricity, real interest rate, and the 
allowable cut for pine enter the equation without lags. The real unit 
wage was included with four lags. Two outliers in the monthly stumpage 
price data for 199615 were removed using a dummy variable. The null 
hypothesis of no long-run effects is rejected by the bounds F test at a 5% 
significance level. The diagnostic tests accept, except for normality. 
Deviation from the residual normality may be due to remaining large 
residuals unavoidable when using monthly stumpage price data. The 
coefficient of the indicator variable for price cooperation is negative, 
and significant in the ARDL equation (not reported) and in the long-run 
equation at 10% significance level. Negative coefficient of sulphate pulp 
price is not significant. The effect of energy on stumpage price is positive 
and significant. The sign may be due to sulfate pulp production poten-
tially being a net energy producer. 

For pine log stumpage price, the optimal lag structure based on 
Schwarz Bayesian criterion included two lags of the dependent variable, 
commercial fellings of pine sawlogs, the real export price of pine sawn 
wood, unit cost of electricity, the imported volume of pine logs, and the 
unit wage with one lag.16 The non-existence of long-term effects is 
rejected by the bounds F tests at 5% significance, and the diagnostic tests 
accept apart from residual normality. In this equation the long run-effets 
of commercial fellings and sawn wood export price and real unit wage 
are significant. The indicator variable for price cooperation has a 
negative long-run effect but with large standard error. 

The ARDL specification with optimal lag structure for spruce pulp-
wood price equation included one lag for the dependent variable. The 
real interest rate, mechanical pulp real export price, unit cost of elec-
tricity, real unit wage, and imported volume of spruce pulpwood enter 
the equation without lags. The level relationships between the depen-
dent variable and the explanatory variables remains somewhat uncer-
tain for spruce pulpwood price, as the test statistics with two decimals is 
slightly below the upper bound 10% significant level. The underlying 
ARDL specification suffers from non-normality and heteroscedasticity. 
Heteroscedasticity is caused by the increased variance of the error term 
towards the end of the study period. In this equation, the sign of the 
price cooperation indicator is positive but not significant. The sign for 
the long-run effect of the export price of mechanical wood pulp is 

14 If all the variables had been tested to be unambiguously I(1), a cointegration 
estimation for the system of all included variables in single-equation cointe-
gration estimations would have been a preferable alternative (Johansen and 
Juselius, 1990). 

15 The outliers may be due to the changed export duties on Russian pulpwood. 
All export duties were removed 1st of April 1996, although a 5% export duty 
was reintroduced in March 1999 (Kalliovirta and Hänninen, 2017). The Lanne 
unit root (UR) test (Lanne et al., 2002) indicates a significant impulse indicator 
in pine pulpwood price in 1996/4, Table 2. This may be the explanation for the 
statistically significant outlier in 1996/5 and 1996/6 also for spruce pulpwood.  
16 For real unit wage in pine log price equation, Schwarz Bayesian criterion 

actually suggested no lags, while other criteria gave two lags. As the model with 
two lags indicated autocorrelation, the equation was estimated with one lag for 
this variable. For the same reason, lagged commercial fellings and lagged 
export price of pulp were added to the pine pulpwood price equation, in 
addition to the lags suggested by Akaike information criterion. 
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negative but not significant. The effects of the unit cost of electricity and 
unit wage are both negative, and significant. The import volume of 
spruce pulpwood indicating demand pressure has positive and signifi-
cant effect on price. The indicator variable for an outlier in 2012/1, is 
significant.17 As in the case of pine pulpwood, we experimented with a 
price that was a weighted average of pulp price and the prices of paper 
products (see Fig. 1), but the results did not markedly change in terms of 
signs of the coefficients or their statistical significances. 

Finally, ARDL specification for spruce log stumpage price with 
optimal lag structure based on Akaike information criterion with sig-
nificant bounds F test value included two lags of the endogenous vari-
able, real export price of spruce sawn wood, real unit cost of electricity, 
real interest rate with one lag, and European construction index with 
two lags. Export price of sawn wood, European construction index and 
the trend variable are significant. The effect of energy price is negative, 
as expected, but not statistically significant. The non-existence of a level 
relationship between the dependent and explanatory variables is rejec-
ted. Residuals indicate non-normality and heteroscedasticity, but are not 
autocorrelated. The indicator variable for price cooperation is negative 
but not significant. 

Unit root test results for the variables used in the above reduced form 
equations are reported in Table 2. According to the ADF and KPSS tests, 
out of the 17 original logarithmic-level series used in the estimation, 8 
variables are non-stationary according to both test statistics. Out of the 
remaining 9, two are stationary in both tests but the results concerning 
the remaining 7 variables remain ambiguous. The order of integration is 
ambiguous for both sawlog prices. Stationarity of the dependent vari-
able in ARDL model would mean that it cannot be cointegrated with 
nonstationary forcing variables. However, F-statistics in Pesaran et al. 
(2001) bounds tests are above the upper bound 5% significance level. 

Table 1 
The estimated long-run equilibrium coefficients from single-equation ARDL 
models of reduced form price equations of pine and spruce pulpwood and log 
prices in the Finnish wood market. Logarithmically transformed data. Estima-
tion period 1996/1–2012/12. Standard errors are given in parentheses.  

Model Pine 
pulpwood, 
p1ARDL 
(1,1,1,0,0,4,0) 

Pine logs, 
p2ARDL 
(2,0,0,0,1,0) 

Spruce 
pulpwood, 
p3ARDL 
(1,0,0,0,0,0) 

Spruce 
logs, 
p4ARDL 
(2,0,0,1,2) 

Independent 
variable 

Coefficient Coefficient Coefficient Coefficient 

Commercial 
fellings of pine 
pulpwood, z12 

0.16 (0.10)*    

Commercial 
fellings of pine 
sawlogs, z22  

0.19 (0.06) 
***   

Pine sawn wood 
real export 
price, z23  

0.58 (0.12) 
***   

Spruce sawn wood 
real export 
price, z43    

0.67 
(0.14)*** 

Mechanical pulp 
real export 
price, z33   

− 0.04 
(0.11)  

Sulphate pulp real 
export price, z13 

− 0.02 (0.08)    

Real unit cost of 
electricity, z14, 
z24, z34, z44 

0.57 (0.12) 
*** 

0.06 (0.11) − 0.39 
(0.13)*** 

− 0.14 
(0.13) 

Real interest rate, 
w15, w25, w35, 
w45 

0.03 (0.01) 
***  

0.06 (0.01) 
*** 

0.01 
(0.01) 

Real unit wage 
(index), z16, z26, 
z36 

− 1.49 (0.21) 
*** 

− 0.49 
(0.24)*** 

− 0.59 
(0.26)**  

Pine wood 
allowable cut, 
w17 

− 0.86 (0.29) 
***    

European 
Construction 
Index, z48    

0.08 
(0.04)** 

Pine log import 
volume, z29  

0.01 (0.01)   

Spruce pulpwood 
import volume, 
z39   

0.04 (0.01) 
***  

Trend,    0.003 
(0.0001) 
*** 

Infringement 
period 
indicator, 

− 0.08 (0.04)* − 0.02 
(0.03) 

0.02 (0.04) − 0.001 
(0.004) 

Outlier 
indicator1996/ 
56, 

− 0.62 (0.13) 
***  

− 0.21 
(0.14)  

Outlier 
indicator12/1,   

− 1.03 
(0.28)***  

Constant term, 9.64 (1.42) 
*** 

− 0.58 
(1.28) 

7.0 5 (1.49) 
*** 

0.33 
(0.87) 

Number of 
observations 

199 201 201 202 

Serial Correlation χ2(12) 
=17.61 
(0.128) 

χ2(12) 
=18.54 
(0.092) 

χ2(12) =
14.28 
(0.283) 

χ2(12) =
14.71 
(0.258) 

Functional Form χ2(1) =1.93 
(0.163) 

χ2(1) = 3.65 
(0.056) 

χ2(1) = 4.77 
(0.029) 

χ2(1) =
1.75 
(0.186) 

Normality χ2(2) = 28.76 
(0.001) 

χ2(2) =
29.30 
(0.001) 

χ2(2) =
11.41 
(0.003) 

χ2(2) =
40.38 
(0.001) 

Heteroscedasticity χ2(1) =0.89 
(0.346) 

χ2(1) = 0.59 
(0.442) 

χ2(2) =
20.21 
(0.000) 

χ2(2) =
5.805 
(0.016) 

Bounds tests for level relationship in reduced from price equations, F-statistics and 
critical values [L.B, lower bound; U⋅B, upper bound]  

Table 1 (continued ) 

Model Pine 
pulpwood, 
p1ARDL 
(1,1,1,0,0,4,0) 

Pine logs, 
p2ARDL 
(2,0,0,0,1,0) 

Spruce 
pulpwood, 
p3ARDL 
(1,0,0,0,0,0) 

Spruce 
logs, 
p4ARDL 
(2,0,0,1,2) 

Independent 
variable 

Coefficient Coefficient Coefficient Coefficient  

F-value [95% L.B; 
95% U⋅B] 

[90% L.B.; 
90% U.B.]  

Pine pulpwood 
real stumpage 
price 

4.10 [2.85; 3.96] [2.46; 3.51]  

Pine logs real 
stumpage price 

4.72 [3.05; 4.10] [2.62; 3.66]  

Spruce pulpwood 
real stumpage 
price 

3.63 [3.02; 4.14] [2.61; 3.65]  

Spruce logs real 
stumpage price 

5.33 [3.97;4.93] [3.38; 4.38]  

***, **, * Represent statistical significance of the elasticity coefficients at the 
significance levels of 1, 5, and 10%, respectively. 

17 The Lanne UR test also picks an impulse indicator for 2012/1 in pine log 
price and spruce pulpwood prices and for 2010/8 in spruce pulpwood prices. 
The former is significant in the spruce pulpwood price equation. In saw log 
price equations, the break points indicated by the Lanne unit root test are not 
significant. 
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Further more, in Eq. (7), also the t-statistics18 for the lagged level of the 
independent variable is above the upper bound of Pesaran et al. (2001) 
critical values. These indicate a stable levels relationship between log 

prices and the regressors. Further-more, the error correction terms have 
expected negative signs in error correction models (not reported) with 
small standard errors.19 In Table 2, we also report the Lanne unit root 
tests (Lanne et al., 2002) for the dependent variables, allowing for an 
endogenous break point (see footnote 15), to further justify the use of 
the outlier dummy variables in the estimations (see foot note 17). 

4.2. System estimation results 

The bound tests reject the nonexistence of statistically significant 

Fig. 1. Pine and spruce pulpwood real stumpage prices and weighted average of pulp and paper industry’s real export prices during 1996–2012. 2011/1 = 100. Real 
weighted export price is calculated using sulfate pulp, magazine paper, fine paper, and paper board prices with equal weights. 

Table 2 
Unit root tests for logarithmically transformed levels data. Observation period 1996/1–2012/12.   

Levels Differences 

ADF; H0: Nonstat. KPSS; H0: Stationarity Lanne UR-test; H0:Nonstat. ADF KPSS 

Variable Test-stats; Test eq. Test-stats; Test eq. Test-stats; Test eq. Imp. dum. Test. Stat. Test. statistics 

p1 − 2.568; c, t, 1 1.130***; c, t, 1 − 1.986; c, 1 1996 M4 − 12.743***; c 0.000; c, 1 
p2 − 3.353*; c, t, 1 0.323***; c, t, 1 − 3.326**; c, 1 2012 M1 − 8.1826,***; c 0.000; c 
p3 − 2.471; c, t, 1 1.584***; c, t, 1 − 1.776; c, t, 1 2012 M1 − 12.720***; c 0.3340; c 
p4 − 3.137**; c, 1 0.974***; c, 1 − 3.214**; c, 1 2010 M8 − 8.1826***; c 0.1988; c 
z12 − 4.389***; c, t, 3 0.387***; c, t, 3   − 13.869***; c, 2 0.0160; c, 2 
z22 − 3.115**; c, t, 4 0.179**; c, t, 4   − 10.517***; c, 4 0.0225; c, 2 
z23 − 4.216***; c, t, 5 0.089; c, t, 5   − 7.1570***; c, 2 0.0566; c, 2 
z43 − 4.285***; c, t, 3 0.155**; c, t, 4   − 5.3862***; c, 2 0.1580; c, 2 
z48 − 1.542; c, t, 12 0.345***; c, t, 12   − 2.9956;c, t, 11 0.0775; c, t, 11 
z33 − 2.943**; c 0.00; c, t   − 13.760***; c 0.0456; c, 
z13 − 3.665***; c, t 1 0.354***; c, t, 12   − 8.4869***; c 0.000; c 
zl4 − 2.299; c, t, 1 0.777***; c, t, 2   − 10.3023***; c 0.000; c 
zl6 − 1.677; c, 4 3.549***; c, 4   − 6.2730***; c, 3 0.1623; c, 3 
z29 − 0.991; c, t 3 0.871***; c, 3   − 5.6463***; c, 8 0.1621; c, 8 
z39 − 2.406; c,t, 3 0.487***; c, t, 3   − 8.0926***; c, 5 0.0111; c, 5 
wl5 − 1.653; c,t, 12 0.210**; c, t, 12   − 4.9797***; c, 11 0.0650; c, 11 
w17 − 2.841; c,t, 13 0.130*; c, t, 13   –2.486***; c, 12 0.1409; c, 12 

Test equation: c-constant term, t-trend, #-number of lags in test equation. See explanations of the abbreviations in the appendix. 

18 The t-test value for lagged level of the endogenous variable in pine sawlog 
price error correction equation (7) is 5.36 and critical bounds with k=6 (and 
constant term) are 2.86–4.38. For spruce sawlog price the respective figures are 
4.96, and (k = 5, with constant term and trend) 3.41–4.52 (Pesaran et al., 2001, 
Table CII(iii) and Table CII(v). Kuuluvainen et al. (2018) tested the order of 
integration of log prices under cointegrating rank for period 2002–2014 and 
concluded them to be nonstationary. As also the F-statistics for omitting the 
lagged levels of the exogenous variables in equation (7) have small standard 
errors and are significant using conventional critical values, we believe the 
degenerate cases of Assumption 3 in Pesaran et al. (2001, p. 293) are avoided 
(McNown et al., 2018). 

19 The error correction terms (standard errors are in parentheses) were − 0.16 
(0.02), − 0.13 (0.02), − 0.14 (0.03) and − 0.11 (0.02) for pine pulpwood, pine 
log, spruce pulpwood and spruce log prices, respectively. 
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levels relationship in the four estimated reduced-form price equations, 
while the ambiguous results of the unit root tests for regressors indicate 
non-applicability of system cointegration estimation. In spite of this, it is 
of interest to see whether accounting for cross correlations between the 
residuals of the ARDL equations can increase the efficiency of the esti-
mated parameters. The Breusch-Pagan (Breusch and Pagan, 1980) Chi 
square test rejects the independence of the residuals at a probability 
smaller than 1% (χ2(6) = 521.0, prob.<0.001), justifying the estimation 
of the price equations as a system. We estimated a seemingly unrelated 
regressions model for the system of four ARDL price equations using 
GMM estimator. The results of the GMM SUR estimator are reported in 
Table 3. Hansen’s J-test accepts (Davison and MacKinnon, 1993, p. 616) 
the model at 5% significance level. Portmanteau Q test accept the null of 
no autocorrelation in the residuals but the Breusch-Godfrey LM test on 
residuals indicates that autocorrelation may be present in the pine log 
price equation.20 Normality is rejected, but the Bera-Jarque Chi-square 
statistics are clearly smaller than in single equation models.21 

The coefficients of the reduced form ARDL equations (Eq. (4), p. 11) 
are given in the second column of Table 3, and denoted “ARDL co-
efficients”. They have similar lag structure than the ARDL equations that 
were used to calculate the long-run effects reported in Table 1. In the 
third column of Table 3, we report the long-run coefficients calculated 
using Eqs. (5) and (6) and denoted “Long-run coefficients”. These again 
correspond to the reported long-run coefficients from single equation 
models in Table 1. 

Some remarks on the estimated coefficients of the reduced-form 
ARDL equations in Table 3 are in order. Based on the statistically sig-
nificant coefficients and their signs, the demand factors dominate price 
formation in the Finnish stumpage markets. Interest rate and annual 
allowable cut are the only supply side variables that can be used in this 
aggregate analysis. The latter is a trend-like variable (actually a step 
function) and is significant only for pine pulpwood price. Therefore, it 
was omitted from the other price equations.22 

End-product prices have expected signs in log price equations in 
Table 3 and are statistically significant. Price of sulphate pulp has the 
expected positive short-run effect. The long-run effect is negative but not 
significant. For the spruce pulpwood the effect is negative and signifi-
cant significant at 5% level both in the short- and long-run equations.23 

This may be due to the rapid expansion of pulp production in Finland 
during the study period. 

The unit cost of electricity has a positive coefficient for the pine 
pulpwood and pine log price, but not significant for the latter. The effect 
of energy unit cost is negative on spruce pulpwood and spruce log prices, 
and significant. This is expected, as particularly the mechanical pulp 
process is energy-intensive. The long-run effects of real unit wage are 
negative in all cases (omitted from spruce log price equation), and sig-
nificant. The scale variable, seasonally adjusted commercial fellings, 
measuring the demand pressure is significant in the pine pulpwood and 

Table 3 
Results of the seemingly unrelated regressions GMM estimator. Logarithmically 
transformed data. Estimation period 1996/1–2012/12. Except for the infringe-
ment period indicator, the long run coefficients of the deterministic variables are 
omitted. The standard errors of the estimates are given in parentheses.   

Number of parameters = 48, Number of moments = 132, Number of 
observations = 200 

GMM weight matrix: Robust 

Variable ARDL coefficients Long-run 
coefficients  

Eq. (1): Pine pulpwood real 
stumpage price    
Pine pulpwood real stumpage 
price, Lag 1 

0.89 (0.02)***   

Commercial fellings of pine 
pulpwood 

0.03 (0.01)*** 0.27 (0.07)***  

Commercial fellings of pine 
pulpwood, Lag 1 

0.0002 (0.03)   

Sulphate pulp real export price 0.06 (0.02)*** − 0.10 (0.07)  
Sulphate pulp real export price, 
Lag 1 

− 0.07 (0.02)***   

Real unit cost of electricity 0.04 (0.02)** 0.33 (0.11)***  
Real interest rate 0.01 (0.001)*** 0.06 (0.01)***  
Pine pulpwood annual allowable 
cut 

− 0.13 (0.03)*** − 1.26 (0.21)***  

Real unit wage 0.16 (0.09)* − 1.47 (0.17)***  
Real unit wage, Lag 1 − 0.17 (0.13)   
Real unit wage, Lag 2 − 0.11 (0.02)***   
Real unit wage, Lag 3 − 0.47 (0.13)***   
Real unit wage, Lag 4 0.43 (0.10)***   
Outlier indicator 1996/5,6 − 0.06 (0.01)***   
Infringement indicator − 0.01 (0.003)*** − 0.10 (0.03)***  
/e10 Constant term 1.13 (0.20)***   
Eq. (2): Pine log real stumpage 
price    
Pine log real stumpage price, Lag 
1 

1.26 (0.04)***   

Pine log real stumpage price, Lag 
2 

− 0.38 (0.03)***   

Commercial fellings of pine logs 0.02 (0.003)*** 0.20 (0.03)***  
Pine sawnwood real export price 0.06 (0.01)*** 0.54 (0.06)***  
Real unit cost of electricity 0.01 (0.01) 0.08 (0.05)  
Pine log import volume 0.001 (0.0003) 

*** 
0.01 (0.003)***  

Real unit wage − 0.03 (0.06) − 0.17 (0.10)**  
Real wage, Lag 1 0.01 (0.06)   
Infringement indicator − 0.001 (0.002) − 0.006 (0.02)  
/e20 Constant term 0.17 (0.07)   
Eq. (3): Spruce pulpwood real 
stumpage price    
Spruce pulpwood real stumpage 
price, Lag 1 

0.90 (0.01)***   

Real interest rate 0.005 (0.001)*** 0.05 (0.01)***  
Mechanical pulp real export price − 0.01 (0.01)** − 0.11 (0.05)**  
Real unit cost of electricity − 0.04 (0.01)*** − 0.34 (0.08)***  
Real unit wage − 0.07 (0.01)*** − 0.72 (0.15)***  
Spruce pulpwood import volume 0.003 (0.001)*** 0.03 (0.01)***  
Outlier indicator 2012/1 − 0.13 (0.03)***   
Outlier indicator 1996/5,6 − 0.03 (0.01)*   
Infringement indicator − 0.001 (0.002) − 0.01 (0.02)  
/e30 Constant term 0.85 (0.09)***   
Eq. (4): Spruce log real stumpage 
price    
Spruce log real stumpage price, 
Lag 1 

1.29 (0.04)***   

Spruce log real stumpage price, 
Lag 2 

− 0.41 (0.03)***   

European Construction Index 0.01 (0.003)** 0.08 (0.01)***  
European Construction Index, Lag 
1 

− 0.01 (0.003)***   

European Construction Index, Lag 
2 

0.01 (0.003)***   

Spruce sawn wood real export 
price 

0.08 (0.01)*** 0.61 (0.08)***  

Real unit cost of electricity − 0.02 (0.01)*** |-0.18 (0.05)***  
Real interest rate 0.01 (0.001)*** 

(continued on next page) 

20 Neither Portmanteau Q nor the Breusch and Godfrey LM-test are theoreti-
cally correct for testing residuals in system estimations (e.g., Baum, 2006, p. 
156, Davison and McKinnon, 1993 p. 357), but we believe the results are 
indicative enough. As stated in the text, the Q-test accepts normality for all 
equations. LM-test indicates that the residuals of the pine log price equation in 
GMM may be correlated both with some regressors and some of their lagged 
values, even if there was no serial correlation in the single equation residuals.  
21 Bera-Jarque Chi2(2) statistics (Davison and McKinnon, 1993 p.569) for pine 

pulpwood, pine log, spruce pulpwood and spruce log prices are 22.37, 12.57, 
6.22, and 15.43 respectively.  
22 Statistical significance of the annual allowable cut in the pine pulpwood 

equation is explained by the rapidly increased harvesting possibilities of pine 
due to peatland drainage and forest improvement and management practices 
that began in the late 1960s and in 1970s, which have markedly increased the 
harvesting possibilities of young pine stands.  
23 Mechanical pulp real export price was a stationary variable in both ADF and 

KPSS tests. 
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pine log price equations with the expected positive sign. 
The imported volume of logs in the pine log price equation and the 

imported volume of spruce pulpwood in the spruce pulpwood equation 
have expected positive signs. The effects are statistically significant. We 
do not report the long-run effects of the deterministic dummy variables 
for the GMM SUR specification except for the price cooperation indicator 
variable (to be discussed in what follows), as the absolute values of the 
coefficients are close to those reported for single-equation models in 
Table 1. 

The short-run effects of price cooperation are given by the estimated 
coefficients of the infringement period indicator, and the effect is sig-
nificant only in the pine pulpwood equation. It indicates an approximate 
1% impact reduction in the stumpage price. The adjustment speeds to-
wards the equilibrium calculated using the system estimation results of 
the ARDL equations have small standard errors and indicate a ca. 10% 
adjustment towards the equilibrium over a one-month period. 

The equilibrium effects of the infringement period are the long-run 
coefficients reported for each price equation in Table 3. Only pine 
pulpwood stumpage price seems to have been affected by the price 
cooperation as its estimated long run coefficient is statistically signifi-
cant. The other coefficients of the infringement period indicators have 
large standard errors. The equilibrium reduction in pine pulpwood 
stumpage price from the GMM SUR model is approximately 10%24 and is 
slightly higher than the effect estimated in the single-equation ARDL 
model (Table 1), where the effect is significant at 10% level. Fig. 1 
presents the prices of pine and spruce pulpwood and a weighted average 
of the export prices of the pulp and paper industry, and Fig. 2 the 
respective time series for log prices and sawn wood export prices. 

5. Discussion and conclusions 

The deviations from free market equilibrium and the resulting effects 

on income distribution in the wood markets in Finland have received 
only limited scholarly attention. In the Finnish wood cartel case of 
1997–2004, the question has mainly been discussed in un-refereed 
publications used as evidence in the court proceedings related to the 
buyer cartel. These studies on the wood market cartel in Finland 
therefore do not provide reference to our results, and can only be seen as 
reference for a sensitivity analysis of the results presented in this paper. 

To be used as evidence in the district court, Kuuluvainen (2011), 
using the numerical method of Kallio (2001), estimated the reduction in 
pine pulpwood price during the infringement period to be between 5% 
and 6%. This reduction was obtained using 0.5 as the absolute value 
estimated for the price elasticity of supply for pine pulpwood. Kuulu-
vainen (2015), using confidential quarterly data from Pöyry Manage-
ment (Pöyry Management Consulting Oy, 2012; Pöyry Management 
Consulting Oy, 2014) for 1997/1–2014/4 obtained larger (and also for 
pine log and spruce log prices) statistically significant equilibrium re-
ductions than were obtained in the present analysis. These results were 
in contrast to the defendants’ expert’s (Pöyry Management Consulting 
Oy, 2012 and Pöyry Management Consulting Oy, 2014) results, ac-
cording to which no effects on prices could be detected at the market 
level during the cartel period. The effect of energy price, was lacking in 
the data set used by (Pöyry Management Consulting Oy, 2012 and Pöyry 
Management Consulting Oy, 2014) and also from Kuuluvainen (2015) 
using the exact same data as Pöyry. This may have impacted the results 
obtained by Kuuluvainen (2015) as well as the fact that Kuuluvainen 
(2015) used quarterly data, and partial adjustment models. 

The results of our study imply that pine pulpwood stumpage price 
may have been affected by the exchange of price information between 
the forest industry firms during the infringement period, but show no 
effect of the infringement on sawlog or spruce pulpwood prices. For 
sawlog prices the result is intuitively understandable, as this market has 
larger number of buyers than the pulpwood market, in which the three 
large buyers dominate. For spruce pulpwood, its consumption in pulp 
production in relation to harvesting possibilities was high, especially 
during the first half of the study period, which may be a reason for 
nonsignificant effect of the infringement. 

Compared to the unpublished evidence used in the court case of the 
Finnish Forest Service (briefly discussed above) our results indicate 
clearly smaller price reductions than the plaintiff’s material by Kuulu-
vainen (2015), using econometric approach. However, the reduction in 
pine pulpwood price estimated in this study is larger than the one 
indicated by the numerical model for pine pulpwood market based on 
Kallio’s (2001) method used by Kuuluvainen (2011). On the other hand, 
the reports by the defendants’ analysts (Pöyry Management Consulting 
Oy, 2012; Pöyry Management Consulting Oy, 2014) did not find any 
evidence of price effects caused by the information change by the three 
forest industry firms. Neither statistical nor numerical methods are able 
to provide definitive information on market behavior in empirical real- 
world cases such as the one considered in this paper. Still, the analysis 
may provide useful information that can be used in policy planning and 
in designing institutional environments for correctly functioning 
markets. 
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Table 3 (continued )  

Number of parameters = 48, Number of moments = 132, Number of 
observations = 200 

GMM weight matrix: Robust 

Variable ARDL coefficients Long-run 
coefficients 

| − 0.01 (0.001) 
**  

Real interest rate, Lag 1 -0.01 (0.001)***   
Trend 0.0002 (0.0000) 

*** 
0.002 (0.0002) 
***  

Infringement indicator 0.001 (0.002) 0.01 (0.02)  
/e40 Constant term 0.11 (0.06)   
Hansen’s J statistics chi2 (84) 

=106.15 (0.052)  
eq1. Serial correlation: Portmanteau 

Q; Breusch-Godfrey LM-test 
χ2(12) = 10.23 
(0.53) 

χ2(12) = 19.52 
(0.077) 

eq2. Serial correlation: Portmanteau 
Q; Breusch-Godfrey LM-test 

χ2(12) = 16.13 
(0.11) 

χ2(12) = 20.67 
(0.055) 

eq3. Serial correlation: Portmanteau 
Q; Breusch-Godfrey LM-test 

χ2(12) = 12.73 
(0.389) 

χ2(12) = 19.23 
(0.083) 

eq4. Serial correlation: Portmanteau 
Q; Breusch-Godfrey LM-test 

χ2(12) = 14.58 
(0.265) 

χ2(12) = 22.43 
(0.033) 

***, **, *Denote statistical significance of the slope coefficients at the signifi-
cance levels of 1, 5, and 10%, respectively. 

24 The reduction is obtained from the estimated coefficient of the logarithmically transformed data using (exp(ψ l1)-1)×100, where ψ l1is the estimated long-run 
coefficient of the infringement period indicator for the wood assortment in question. For pine pulp wood price this is 9.64%. 

24 The reduction is obtained from the estimated coefficient of the logarith-
mically transformed data using (exp(ψ l1)-1)×100, where ψ l1is the estimated 
long-run coefficient of the infringement period indicator for the wood assort-
ment in question. For pine pulp wood price this is 9.64%. 
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Appendix A. Stochastic Variables used in initial reduced form price equations  

Abbreviation Label 

p1 Pine pulpwood real stumpage price, €/m3 
p2 Pine log real stumpage price, €/m3 
p3 Spruce pulpwood real stumpage price, €/m3 
p4 Spruce log real stumpage price, €/m3 
z12 Commercial fellings of pine pulpwood, m3/month 
z22 Commercial fellings of pine sawlogs, m3/month 
z32 Commercial fellings of spruce pulpwood, m3/month 
z42 Commercial fellings of spruce logs, m3/month 
z13 Sulphate pulp real export price, €/ton 
z23 Pine sawn wood real export price, €/m3 
z33 Mechanical pulp real export price, €/ton 
z43 Spruce sawn wood real export price, €/m3 
zl4 Real unit cost of electricity, l = 1,..,4, snt/Kwh 
wl5 Real interest rate (12 months euribor/helibor), l = 1,..,4, % 
zl6 Real unit wage, l = 1,..,4, index 
w17 Pine annual allowable cut, m3/year 
w27 Pine annual allowable cut, m3/year 
w37 Spruce annual allowable cut, m3/year 
w47 Spruce annual allowable cut, m3/year 
zl8 European Construction Index, l = 2,4, index 
z19 Pine pulpwood import volume, m3/month 
z29 Pine log import volume, m3/month 
z39 Spruce pulpwood import volume, m3/month 
z49 Spruce logs import volume, m3/month  
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analyysi markkinavoiman käytöstä Suomen raakapuun ostomarkkinoilla” 
analysointia. A report to Krogerus 1–62, 01.12.2015.  
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käytöstä Suomen raakapuun ostomarkkinoilla. (In Finnish). Pöyry. 52X173471; 
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