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Abstract

Valuation of forests and their components is a significant problem, both for science and practice. At present, in many 
countries, the market of forest property is limited. As a result, no conclusions may be inferred on the forest value 
based on the information on forest purchase and sale transactions. In this situation, we apply static methods of forest 
valuation. The problem of forest statics has been discussed for years (e.g., Brukas et al. 2001; Chang 1983, 2001; Di-
eter 2001; Hartman 1976; Manley and Bare 2001; Mohring 2001; Zhang 2001; Viitala 2016). Static methods of forest 
valuation are well known. In the construction of the proposed mathematical formula (Eq. 6), the Faustmann theory 
was applied, concerning the economic equilibrium in forestry. Numerous modifications of his equation for economic 
equilibrium were used to develop, for example, an income method for forest valuation based on discounting the final 
value or prolongation of initial value. The forest interest rate is a key element in these equations. At present, there 
are no procedures for the establishment of this interest rate, which would be generally accepted by the scientific 
community. Therefore, the article presents and discusses selected concepts for determining the forest interest rate.
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Introduction

Efforts to give forestry a  rational economic basis are 
almost as old as regulated forestry itself. During the last 
two centuries, many well-known forestry scientists and 
practitioners have worked on this topic (Möhring 2001). 
Valuation of assets is a significant element in the reali-
sation of contemporary politics and economy. Litera-
ture on the subject presents several definitions of value. 
When talking about ‘value’, the term should either be 
specified or be understood as an ‘umbrella concept’, 
comprised of several incommensurable kinds of values 

(Holland 2011). Within the broader sense of ‘value’ in 
relation to environmental aspects, it was analysed by 
Pearce and Seccombe-Hett (2000) and Spangenberg 
and Settele (2016).

The concept of valuation is directly connected with 
value. Valuation is the process of value attribution; 
every valuation is based on specific ethics determining 
the value system applied and uses its own ‘language of 
valuation’ (Martinez-Alier et al. 1998; Martinez-Alier 
2001). Most typically, valuation is connected with mon-
etary representation of value. Monetary valuation of 
ecosystem services is a widely used approach to quan-
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tify benefits supplied by the natural environment to the 
society (Ansink et al. 2008).

The greatest interest in forest valuation was ob-
served around the 1850’s, when capital was acknowl-
edged as the dominant production factor and forest land 
was considered to be the only capital engaged in forest 
production. At the same time, the adopted sustainable 
and continuous utilisation of timber resources limits the 
forest market turnover. This results in the disturbance 
of its marker prices. In such a situation, valuation meth-
ods are developed for forest land and stands based on 
income generated by forest income from timber sales. 
At present, in many countries, such as Poland, forest 
land turnover is still limited. Thus, in forest valuation, 
static methods may be applied.

In forest statics, the primary methodological prem-
ise in forest valuation, including its basic components, 
that is, forest land and the stand growing on it, is the eco-
nomic equilibrium equation formulated by Faustmann 
(1849). As it was reported by Viitala (2016), a common 
notion in forest and natural resource economics is that 
the celebrated ‘Faustmann’s formula’ was discovered 
by a young Hessian forester Martin Faustmann in 1849 
and that the ‘Faustmann’s rule’ or Faustmann–Pressler 
solution to the optimal rotation age was derived from 
it a decade later by a distinguished professor of forest 
mathematics Max Robert Pressler (e.g., Crocker et al. 
2002; Gan et al. 2001)

Numerous modifications of this equation were used 
to develop the income method of forest valuation. Forest 
valuation is a science and an art. It is a science, since it 
applies proper methods and formulas, and it is an art, 
because we need to select a  valuation method for the 
purpose of its valuation and to characteristics of stands 
such as tree age and species as well as the method of 
its generation and management (since every stand is 
unique). Thus, forest economics takes a  cautious ap-
proach to stand valuation, as it is based on estimation. 
It is always an estimate, despite the application of ap-
propriate methods and formulas.

Static methods of forest valuation

In this paper, the primary object of interest is the for-
est interest rate. For this reason, it presents only the 
most important observations concerning methodologi-

cal foundations for the estimation of forest value using 
static methods. A detailed review of the application of 
static forest valuation methods was given in literature 
on the subject (Brukas at el. 2001). In all the presented 
opinions, static methods are based on the common as-
sumption that forest is a capital, on which certain inter-
est or income (rent) are dependent.

The procedure is based on the assumption that if 
the initial capital, reflected in the costs of forest culture 
establishment or land value (K0), will be deposited for 
a specific number of years at a specific interest rate (p), 
the value of this capital (Ki) at the age of the estimate (i) 
may be calculated using the following prolongation for-
mula:

	 Ki K0 1,0p
i( )= × 	 (1)

Also, if we know the final value of stands (Ku), ex-
pressed in the value of sold timber, we may calculate the 
value of stands at any given age (i) by discounting it:

	 Ki K

1.0p
u
i( )

= 	 (2)

As mentioned above, the foundations for forest stat-
ics were created by Faustmann, who in 1849 published 
a formula for economic equilibrium of forest economy. 
For many years, this concept shaped the economic mod-
el of forest economy in which forest land (land capi-
tal) is the basic production factor. Income from forest 
comprised interest on this capital. In simple terms, the 
Faustmann formula is as follows:

	 Du B 1.0p 1 c 1.0pu u( )= × − + × 	 (3)

It results from the presented formula that for-
est economy is in equilibrium when income from fi-
nal cutting (Du) is equal to interest on land capital 
[B×(1.0pu – 1)] charged for the entire production period 
(rotation) of the stand (u) and regeneration costs (c) with 
interest (c×1.0pu). In some countries, this formula is still 
used to determine the age of financial cutting maturity 
of the stands.

However, the paradigm of environmentally friendly 
forest economy adopted, for example, in the Central Eu-
rope, results in a much greater cutting age of the stands 
than that produced by the economic equilibrium equa-
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tion. Nevertheless, the economic equilibrium equation 
may be used in forest valuation, particularly since the 
stand is a  source of positive cash flows (revenue) and 
negative cash flows (costs). These cash flows are gener-
ated at different, occasionally very distant time points 
(equal to the rotation age). An adequate method to com-
pare and aggregate these cash flows is to update their 
value. The significance of the Faustmann formula and 
condition is not restricted to forestry. As it was pointed 
out by (Gaffney 2008), the Faustmann formula osten-
sibly deals with timber growth, but can be adapted to 
deal with all capital assets, with any time-patterns of 
inputs and outputs whatsoever. Another relevant point 
is that although the economic problem of handling nat-
ural resources is as old as civilization (Lowry 1965), 
the Faustmann model (encompassing both the formula 
and the condition) has been regarded as perhaps the 
oldest formal description of natural resource use that 
is still considered to be theoretically valid (Tahvonen 
and Salo 1999). It appears that in early natural resource 
economics, only the works of Johann Heinrich von 
Thünen in the year 1826 and Thünen in the year 1863 
contain similar theoretical sophistication with regard to 
capital valuation and marginal analysis as the writings 
of Faustmann, Pressler and other early German forest 
economists (Viitala 2016).

Forest capital (forest economy and its assets) need 
to be seen as any other market good, subjected to the 
same economic and financial principles as well as for-
mal and legal valuation rules. For this reason, the capi-
tal solutions connected with economic forest valua-
tion should be considered when developing theoretical 
foundations for forest valuation. This is particularly 
because –  as it was shown by Paua Anthon Samuel-
son, awarded the Alfred Nobel Bank of Sweden prize 
in economics –  the Faustmann concept concerning 
forest valuation may also be applied in new areas of 
economic activity (Płotkowski 2010). Stand value may 
be estimated by the capitalisation of cash flows and 
updating the future (expected) revenue and net costs. 
Applying the theory of money value, we may deter-
mine the value of a  stand at any specific age (NPV) 
as a sum of updated (to that age) net cash flow (NCF) 
in individual periods (years) of its life (Zając and 
Świętojański 2002). Net cash flows constitute the dif-
ference between the future revenues and costs of their 
generation and discounted interest:

	 NPV K0 NCF

1 p
i

i 0

u
i
i∑( )

= +
+=

	 (4)

The Faustmann theory of discounted cash flow 
analysis was presented by Manley and Bare (2001). 
They described three valuation approaches: compound-
ing costs, compounding discounting annuities and dis-
counting future cash flows (Manley and Bare 2001). 
At present, the method of forest value estimation is not 
a problem. It is rather the determination of an adequate 
interest rate.

Forest interest rate

In the 20th century, at the turn of the 1980’s and 1990’s, 
Podgorski and Kikayi (1996) investigated the empirical 
determination of the volume of forest interest rate (p). 
They stated that a reliable method to determine the for-
est interest rate is provided by the annual cutting budget 
(Eu) in relation to the structure of standing timber re-
sources (Znp):

	 p Eu
Znp

= 	 (5)

In financial terms, they proposed to calculate the 
volume of forest interest rate (p) from the ratio of the 
value of the assumed yield and the value of standing 
timber resources.

Podgórski and Kikayi (1996) were of the opinion 
that replacing the category of net income from forest 
economy with the volume or value of the allowable an-
nual cut is more consistent with the contemporary for-
est economy practice, while the modified forest interest 
rates may be used for monetary valuation of both forest 
land and standing timber resources. In Poland, the for-
est interest rate calculated in this manner is approxi-
mately 2%.

Some literature sources present an opinion that in-
terest rate is a comparative measure, which may be used 
to determine value and as a result of such an economic 
character, it has to be uniform in all valuation cases. 
A discussion on this subject was presented by Molenda 
(1945), who indicated that some researchers, such as 
Endres (1919), assumed a constant value of interest rate 
at 3%. Nördlinger (1805) claimed that the conventional 
(risk adjusted) discount rate to be applied on farmland 
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investments was 3% and on pure money capital 5% 
–  for this reason, he felt it reasonable if it was some-
thing in between for forest; thus, as an integer, 4%. Lehr 
and Borggreve (1879) were strong opponents of a  low 
interest rate and for permanent forest culture he applied 
rates of 4−6%, while for less permanent cultures they 
applied rates of up to 10%. Some researchers express 
an opinion that in the case of capital, with an extensive 
productive life interest rate, (p) is 1–3% (Zydron et. al 
2012). In turn, Piekutin and Skreta (2012) claimed that 
the level of forest interest rate decreased from 5% in the 
early 1800’s to approx. 1% at present.

Proposal for establishment  
of forest interest rate

It is stressed that discount rate is viewed as one of the 
most important decision parameters, and in this regard, 
it should be given to non-timber forest outputs, social 
and institutional settings and other factors (Brukas 
et al. 2001). Additionally, the current forest economy 
practice does not impose economic aspects as a prior-
ity, which is associated with ecological considerations. 
Many studies have been undertaken to determine the 
optimal forest rotation length under different scenarios 
since the advent of the Faustmann’s formula. Some were 
focused on the optimal rotation age with the considera-
tion of only timber value (Chang 1983; Mcconnell et al. 
1983; Newman et al. 1985). Others searched for the op-
timal rotation age with the inclusion of both timber and 
non-timber benefits (Calish et al. 1978; Hartman 1976; 
Vankooten et al. 1995). These studies have provided 
important guidelines on when to cut trees in even-aged 
plantations. However, their applications in uneven-aged, 
or natural forests, are limited because age is no longer 
an appropriate variable under such circumstances (Gan 
et al. 2001). As a  consequence, the interest rate is no 
longer of great importance as an element determining 
optimal rotation (Price 1987). However, it may be used 
in stand valuation.

Forest interest rate for the purpose of forest valua-
tion should be determined in relation to actual market 
data connected with the specific forest economy. Over 
the entire stand life cycle, we may easily obtain at two 
time points reliable and comprehensive financial infor-
mation concerning the whole area occupied by a given 

stand. They are costs of establishment of the forest cul-
ture and revenue from timber sales from the mature 
stand. We may ask here whether the volume of revenue 
or rather income from timber sales should be applied in 
methodological discussions. Since we intend to valuate 
standing stands at any given age, it is proposed to base 
the calculations on data concerning revenue from tim-
ber sales. Revenue is informative of the value of stand-
ing timber.

In this proposal, the estimation of value is based 
on information that may be called marginal data (costs 
of forest culture establishment and revenue from timber 
sales). Based on this information, after the transforma-
tion of conventional formulas of prolongation (Eq. 1) 
or discounting (Eq. 2), we may calculate the volume of 
forest interest rate. Assuming that at maturity (u), the 
expected value (Ki) will be equal to the value of sales 
(Ku), the value of forest interest rate is calculated as:

if 

i = u

then

Ki Ku K0 1.0p K

1,0p

u u
u( )

( )
= = × =

and thus,

	 p Ku
K0

1 100%u=








 −












× 	 (6)

Due to the application of marginal measures, the 
applied value of the stand at the age of estimation (Ki) 
has to be equivalent to the value of the stand at matu-
rity. In other words, the age of stand maturity is the 
age of estimation (i = u). In view of the fact that we 
may easily record regeneration costs for individual 
forested areas (k0) and we may obtain comprehensive 
information on revenue from timber sales (Ku), for-
est interest rate may be calculated separately for indi-
vidual species and quality classes (with quality class 
understood as an indicator determining the potential 
productivity for a given species in a specific forested 
area). In the calculations, we need to use the current 
average costs of forest regeneration and revenue from 
timber sales from a given region or country. In order 
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to collect data, we may use forest reporting statistics. 
Historical data concerning stand regeneration should 
not be used, since the actual costs incurred for regen-
eration of a specific forested area were incurred over 
periods frequently exceeding 100 years, that is, under 
completely different economic conditions. Application 
of current information on forest regeneration from the 
year, from which the information on revenue from tim-
ber sales is obtained, is an automatic update of costs to 
current economic conditions. Obviously in considera-
tions on the volume of forest interest rate and also as 
a result on the forest value, we need to consider costs 
and revenue in relation to individual species and forest 
site types specified, for example, in the European For-
est Type Classification.

In view of the above, for example, the value of for-
est interest rate was calculated for pine stands grow-
ing on soils differing in production potential (quality 
classes from Ia to V). For experimental purposes, we 
assumed 100 years to be the rotation age of these stands. 
Calculations were based on information presented by 
the Central Statistical Office of Poland for the State 
Forests National Forest Holding (PGL LP) in 2014 and 
the financial statement of this organization. The State 
Forests is a state organizational unit with no legal entity 
and it represents the State Treasury of the Republic of 
Poland in management of property. PGL LP operates as 
a financially independent entity. The area administered 
by PGL LP according to the status of 31 December 2014 
is a total of 7,605,178.77 ha.

Using the method of marginal utility value, the for-
est interest rate was established for pine stands growing 
in various types of forest sites. Depending on quality 
class, the forest interest rate for these stands in 2014 
for quality class Ia was 3.19%, quality class I – 3.03%, 
II – 2.79%, III – 2.52%, IV – 2.23% and in the poorest 
site, that it, quality class V – 1.58%.

Concluding remarks and discussion

In the traditional approach, forestry economics is a sci-
ence investigating how people cope with the scarcity 
and a lack of unlimited availability of forest goods. At 
present, the definitions of forest economy are more ex-
tensive and at the same time highly diverse. It is gener-
ally stressed that forest economy comprises all human 

activity connected with forest, which has the aim to pro-
vide sustainable optimal satisfaction of human needs 
for material and non-material forest goods.

Value is thus a multifaceted term and for this rea-
son, forest economics uses a set of various categories of 
forest value. Two basic categories of value, with which 
we deal in economics, are connected with market value 
and non-market value. The market value is specified by 
the market as a result of interactions of supply and de-
mand. Occasionally, market value is referred to in Polish 
as the exchangeable value and value in exchange. Non-
market value is a value ascribed by consumers to a good 
or service, for which there is no real market (Płotkowski 
2010). Ecosystem Services Valuation (ESV) now occu-
pies a central place in both the political and academic 
agendas of biodiversity conservation (Centemeri 2015; 
Costanza 2002; Farley and Costanza 2010; Deng et al. 
2011; Garcia-Llorente et al. 2011; Kates et al. 2001; 
Kaffashi et al. 2011; Shaw et al. 2011; Thompson et al. 
2011). At present, attempts are being made at estima-
tion of non-productive forest functions (Barrena et al. 
2014; Campbell and Tilley 2014; Doherty et al. 2014; 
Luo and Zhang 2014; Shapiro and Báldi 2014), while 
there is no single, legally sanctioned method to evalu-
ate the economic value of forests. Valuation of material 
functions of the forest, particularly the stand, is thus the 
primary problem in forestry economics, especially for-
estry accounting, resulting directly from current legal 
regulations.

In accordance with the monetary theory commonly 
accepted in free market economy and the assumptions 
of land rent, formulas were developed for the calcula-
tion of economic value of stands at any given age (Spei-
del 1967). In view of the fact that in practice it is diffi-
cult to reach the assumptions for a normal forest, static 
methods are widely criticised. The concept of time pref-
erence had hardly any relevance in developing the the-
ory of the normal forest. Defenders of forest rent reject 
the idea of discounting in forestry. No time preference 
is assumed and simply the average annual cash flow is 
maximised.

Various arguments have been raised against dis-
counting, such as ethical indefensibility (Ramsey 1928), 
depletion of natural resources (Clark 1973) and inter-
generational equity (Brukas et al. 2001). Even if forest-
ers believe that the calculations of interest rates have 
nothing to do with the practice of sustainable forestry, 
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their actions are in accordance with the economic theo-
ry. Stands of different yield conditions are harvested at 
the same marginal interest rate, which leads to an opti-
mal allocation of the standing volume. The ignorance 
of economic theory obviously does not prevent actions, 
according to this theory. This insight might be a basis 
for closer links between practical forestry and forest 
economic work in future (Möhring 2001).

At present, procedures for the application of income 
methods of forest valuation are not considered problem-
atic and have been extensively described. Estimation of 
a  suitable discount rate is not a  trivial task when the 
experience of decision making under market economy 
conditions is absent (Brukas et al. 2001). As it has been 
previously mentioned, a difficulty here is posed by the 
establishment of an adequate interest rate. We may 
hardly agree with an opinion of Podgórski and Kikayi 
(1996) that the relationship between standing timber 
resources and the allowable annual cut refers directly 
to forest value, particularly at the current ecologically-
oriented approach to forest economy. Analyses of forest 
recovery in a number of European countries were con-
ducted by Mather and others in the 1990s (Mather 1992; 
Mather and Needle 1998) and at its simplest they indi-
cate the point, at which a country, as it becomes eco-
nomically more prosperous, begins to gain forest area 
rather than losing it. Studies of forest transitions have 
been carried out by many researchers (André 1998; Fos-
ter 1992; Rudel et al. 2005; Staaland et al. 1998) lead-
ing both to more careful theorizing and a more general 
set of explanations of why forest transitions may occur 
(Rudel et al. 2005).

Moreover, we may not agree with an opinion that 
forest interest rate may be constant for all forest econo-
mies. Interest rate applied in forestry may not be a con-
stant value, since it depends on a whole series of vari-
ables (time, location, rotation, economic situation, etc.). 
Moreover, various economic entities show differing 
profitability depending on tree species, site quality and 
forest management system (Riebel 1905). Martin (2013) 
also opposed uniformity of interest rates and considered 
them dependent not only on technical, but also on mac-
roeconomic factors. He stated that interest rate is a re-
sultant of objective moments (defined by stand growth 
increment) and subjective moments, defined by, for ex-
ample, the objective pursued by a given forest economy. 
In view of the above, it seems justified to say that when 

determining forest interest rate, we need to consider fer-
tility of forest sites and species composition of stands.

Nördlinger (1805) claimed that in reality, forests 
diverge from the model of the normal forest, thus we 
need to calculate the individual value of each stand. The 
total value of individual stands represents the value of 
the forest. Such an approach indicates the need to apply 
various interest rates for individual tree species.

The method (Eq. 6) proposed in this study may be 
used to calculate the forest interest rates for any species 
in any given country and for any administrative unit. 
An advantage of the proposed method for the calcula-
tion of forest interest rate is connected with the fact that 
revenue and costs used in the determination of forest 
interest rate are based on the current economic data. 
This information is available even if turnover in forest 
property is limited. It is of utilitarian value. The ap-
plication of the proposed marginal method to establish 
forest interest rate makes it possible to include national 
or even local economic conditions in the valuation of 
stands connected with forestry and the wood industry. 
This contributes to the variation (by diverse values of 
interest rate) in stand value in individual countries and 
regions of a country.

The presented solution (Eq. 6) is a proposal, which 
needs to be verified by the scientific community. This 
method was preliminarily tested in Poland. Currently, 
the proposed methodological solutions should be veri-
fied under economic conditions found in other coun-
tries. In the case of the proposed solutions being accept-
ed by the scientific community as a method to establish 
forest interest rate, the next step should be to establish 
a common forest valuation method. Uniform principles 
for the determination of economic value may influence 
the foundations of valuation for non-productive func-
tions of forests.

Constantly improved scientific methods of valua-
tion for economic and non-productive functions, includ-
ing public functions of forests constituting external ef-
fects of forest economy, have not been yet fully utilised 
in economic practice in forestry. Forest functions, the 
value for which was established using various valuation 
methods, although adopting identical valuation meas-
ures (monetary units), may not be compared or totalled 
due to the application of different valuation criteria for 
these functions. The proposal of a  uniform establish-
ment of forest interest rates may be the first step in the 
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establishment of uniform principles for forest valuation 
at least within comparable climatic and social condi-
tions found in individual parts of the world.
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