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Abstract
The rates of ecosystem degradation and biodiversity loss are alarming and current conservation efforts are not suf� cient to
stop them. The need for new tools is urgent. One approach is biodiversity offsetting: a developer causing habitat degradation
provides an improvement in biodiversity so that the lost ecological value is compensated for. Accurate and ecologically
meaningful measurement of losses and estimation of gains are essential in reaching the no net loss goal or any other desired
outcome of biodiversity offsetting. The chosen calculation method strongly in� uences biodiversity outcomes. We compare a
multiplicative method, which is based on a habitat condition index developed for measuring the state of ecosystems in
Finland to two alternative approaches for building a calculation method: an additive function and a simpler matrix tool. We
examine the different logic of each method by comparing the resulting trade ratios and examine the costs of offsetting for
developers, which allows us to compare the cost-effectiveness of different types of offsets. The results show that the
outcomes of the calculation methods differ in many aspects. The matrix approach is not able to consider small changes in the
ecological state. The additive method gives always higher biodiversity values compared to the multiplicative method. The
multiplicative method tends to require larger trade ratios than the additive method when trade ratios are larger than one.
Using scoring intervals instead of using continuous components may increase the difference between the methods. In
addition, the calculation methods have differences in dealing with the issue of substitutability.

KeywordsBiodiversity offsetting� Ecological compensation� No net loss� Trade ratio� Biodiversity calculation method

Introduction

Biodiversity offsetting is a conservation tool designed to
compensate for the loss of biodiversity caused by development
projects (McKenney and Kiesecker2010). It requires that
whenever developers degrade biodiversity, comparable

ecological gains must be provided elsewhere so that the lost
ecological value is compensated for. The principle of no net
loss of biodiversity (NNL) is commonly associated with bio-
diversity offsets (OECD2016). Offsets are designed to com-
pensate for unavoidable biodiversity loss only, which means
that in accordance with a mitigation hierarchy, developers
must always avoid and minimize harm and restore biodiversity
on the development site� rst (McKenney and Kiesecker2010;
see Moilanen and Kotiaho2020for a suggestion of a modi� ed
mitigation hierarchy). Currently, offsetting schemes are
becoming increasingly popular as a way to complement the
policy mix for biodiversity conservation (Bull and Strange
2018; zu Ermgassen et al.2019b). These initiatives face,
however, multiple sources of uncertainty and ecological risks
as well as several theoretical and practical challenges (e.g.,
Bull et al. 2013; Maron et al.2016). Among other things,
dif� culties in measuring biodiversity and matching ecological
losses and gains, are one of the most problematized issues in
scienti� c biodiversity offsetting literature (Gardner et al.2013;
Gonçalves et al.2015; Guillet and Semal2018; Quétier and
Lavorel2011; zu Ermgassen et al.2019a).
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To meet the objective of NNL, both ecological losses
from development and gains from compensation projects
need to be estimated and balanced. Calculation methods are
used to describe how much compensation in each case is
needed to achieve NNL. A trading ratio determines the
offset requirement: it calculates the area of compensation
site(s) required by matching the ecological value of loss and
gain. The trade ratio can be adjusted with multipliers to
increase the offset requirement to account for factors such
as risks and uncertainties regarding the success of restora-
tion, time lags, leakage,� exibility, spatial issues, and other
important aspects of offsetting (Laitila et al.2014; Moilanen
and Kotiaho2018; Moilanen et al.2009). However, some of
these issues could be better addressed with complementary
approaches instead of multipliers (e.g., temporal issues can
be overcome with habitat banking) (Bull et al.2017).

A large number of indicators have been developed to
measure different aspects of biodiversity (e.g., Juutinen and
Mönkkönen2004; Morris et al.2014). In biodiversity off-
setting, the indicators and the calculation method must
re� ect what the offsetting mechanism is targeted at and
balance trade-offs between feasibility and ecological
robustness. The choice has an effect on the outcomes for
biodiversity as different metrics and methods lead to dif-
ferent offsetting requirements (Bull et al.2014a; Gonçalves
et al. 2015; Quétier and Lavorel2011). In many cases,
offsets have been measured based on area alone, i.e., a given
degraded area is compensated with a similar-sized restored
or preserved area of the same habitat type (Quétier and
Lavorel2011). Crude methods are usually simpler and less
costly to implement, but as such methods ignore variations
in an ecosystem quality, there is always a risk that some
biodiversity features are overlooked and lost (OECD2016).

Compound methods, which supplement area-based
measurements with ecological information on different
biodiversity features, are considered to be preferable (Bull
et al. 2013). Different attributes of biodiversity can be
combined to measure the condition of a given type of
ecosystem. Well-designed attributes can ideally capture all
components of biodiversity that the offsetting scheme aims
to protect. There is a trade-off between the bene� ts of
including more precision in the calculation method and the
ef� ciency and cost-saving gains of simpler methods (Lave
et al.2010; Needham et al.2019). This trade-off affects the
choice of components included in the method (Gamarra
et al.2018).

There are few scienti� c articles that numerically compare
different calculation methods and metrics in the context of
biodiversity offsetting. Bull et al. (2014a) provide numerical
calculations with different existing methods: they compared
the approaches by calculating the required offset gains with
a case study from gas extraction projects in Uzbekistan and
found that the methods result in various different

requirements for the gain to offset the same development.
More recently, Marshall et al. (2020) compared the perfor-
mance of four metrics by measuring the development
impacts and offset requirements, simulating the development
and subsequent offsetting, and linking the simulations to
population viability models for three species. They found
that bene� ts delivered by offsets are species-speci� c, tar-
geting offsets to habitats does not necessarily lead to species
persistence, and species bene� t more likely when impacts
are avoided rather than offset. However, several papers have
identi� ed and analyzed existing methods qualitatively in
order to recognize the needs for further development
(Bezombes et al.2017; Marshall et al.2019; Quétier and
Lavorel 2011) and aimed to help offsetting practitioners to
choose the right calculation method (Gamarra et al.2018;
Knight et al.2019).

We add to the literature by comparing numerically three
different approaches to develop an offset calculation
method: a multiplicative or additive function that combines
multiple indicators or a simpler matrix method. A method
called ELITE index identi� es biodiversity components
important for different ecosystems, assumes multiplicative
effects of the components, and uses them to calculate an
ecological index value (Kotiaho et al.2015, 2016; Musta-
järvi et al. 2019). By using the same biodiversity compo-
nents, we build an additive calculation method and a matrix
method and compare the results. We use Habitat Hectares
(HH) developed in Australia as an example for the additive
approach and an offset scoring matrix (updated version
called Biodiversity metric 2.0) developed originally for
offsetting pilots in the UK as an example for the matrix
method. The comparison between the calculation methods
is performed using ecosystem data from Southern Finland.
We assume a hypothetical offsetting case and calculate both
ecological losses at a development site and gains at a
compensation site with each of the three methods. We
compare the trade ratios and relate those to the area needed
to offset the losses. We complement this comparison by
examining how the trade ratios derived from the different
calculation methods lead to differences in costs of offsetting
when there are different options to produce the offset. Thus,
we can compare the cost-effectiveness of the passive mea-
sure of conservation and active restoration measures.

Calculation Methods for Measuring
Biodiversity in the Context of Biodiversity
Offsetting

Here we extend the ELITE index and use the components
of the index for building the additive and matrix methods
for Finnish ecosystems based on the HH and the UK
approaches.
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A Multiplicative Calculation Method

The ELITE index was originally developed for estimating the
degree of degradation compared to the natural state of eco-
systems in Finland (Kotiaho et al.2016). The state of an
ecosystem is calculated using a few ecosystems type-speci� c,
ecologically most relevant structural components. These key
components important forbiodiversity were identi� ed based
on expert assessments. The latest scienti� c understanding as
well as the availability of data affected the choice of the
structural components. For each structural component, the
current state is compared to a pre-de� ned reference state. The
reference state represents the pre-degradation state of the
ecosystem in question, also known as the natural state.

Weights are attributed to each component in the ELITE
index. They represent the fraction of the ecosystem’s overall
condition lost if the component in question is completely
degraded. The weights are set because different ecological
components have different overall in� uences on the ecolo-
gical state of the ecosystem and in most cases, the site’s
condition is not zero even if there is a complete degradation
of one of its components (Kotiaho et al.2016). Similarly,
restoration of one component does not usually lead to the
complete recovery of the ecosystem. The index value for the
overall state ranges from 0 to 1, where 1 is the ecosystem
condition in the natural state (reference state) and 0 implies
that an ecosystem is completely degraded.

RE ¼

Q NE

n¼1 1 � LE
n 1 � ncurr

nref

� �� �
�

Q NE

n¼1 1 � LE
n

� �

1 �
Q NE

n¼1 1 � LE
n

� � ð1Þ

Equation (1) calculates the condition of a given ecosystem,
RE, by assuming multiplicative effects of the components.
NE denotes the number of structural components in the
ecosystemE and LE

n represents the weight of each
componentn in the ecosystemE. ncurr and nref denote the
current and the reference state of componentn respectively.
The lower bound of the original index proposed by Kotiaho
et al. (2015) is dependent on the weights and is always
larger than zero. For comparison purposes, here we have

rescaled the index to fall between 0 and 1.
Q NE

n¼1 ð1 � LE
nð1 � ncurr

nref
ÞÞis the original index formulation.

Q NE

n¼1 1 � LE
n

� �
is the minimum value of the original index,

and thus the whole formula scales the original index to
range from 0 to 1 when the difference is divided by term

1 �
Q NE

n¼1 1 � LE
n

� �
.

We extend the index from Kotiaho et al. (2015, 2016) by
dividing originally one component, the amount of decaying
wood, into three components. The amount of decaying
wood is one of the most important factors affecting the
diversity of forest species (Kotiaho et al.2016): in natural
forests, there is plenty of deadwood in all stages of suc-
cession from different tree species, diameters and degrees of
decay, as well as continuity in the availability of dead wood,
and altogether more than 4000 species in Finland are
directly or indirectly dependent on dead wood (Siitonen
2001). For this reason, the amount of deadwood in the
original version and the different decay stages together here
are given the largest weight in the index.

With the division to� ner categories, we aim to increase the
accuracy of the index. As we have divided one component
into three, the relative sizes of the weights have been updated
and new reference values have been set. All weights have been
scaled in order to keep their interpretation similar to the ori-
ginal method after the modi� cation of Eq. (1).

Components for large trees (with a diameter of at least
40 cm) and broad-leaved trees are set to re� ect the impor-
tance of the structural diversity of the tree stand. Large trees
are signi� cant especially for predator birds and epiphytes,
and they produce important large-sized decaying wood
(Kotiaho et al.2016). Broad-leaved trees, such as birches,
goat willow, and especially aspen, increase the species
diversity of forests signi� cantly (Kouki et al.2004; Tikka-
nen et al.2006). Table1 represents the original and new
versions of the ELITE index for sub-xeric, mesic, and herb-
rich heath forests, which belong to the forest ecosystems in
the ELITE index and are thus assessed by using the same
components, reference values, and weights. The ecosystems
in our numerical analysis belong to this type of forest.

Table 1The original and
extended ELITE index
components, their weights, and
reference values for sub-xeric,
mesic, and herb-rich heath
forests (source for the original
reference values and weights:
Kotiaho et al.2015)

Structural components Weights Reference values

Original Extended Original Extended

Decaying wood (m3/ha) 0.6 80

Decaying wood, stage 1 (m3/ha) 0.17 26

Decaying wood, stage 2 (m3/ha) 0.17 26

Decaying wood, stage 3 (m3/ha) 0.17 26

Broad-leaved trees (m3/ha) 0.4 0.28 50 50

Large trees (� 40 cm, pcs/ha) 0.4 0.28 20 20
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An Additive Calculation Method

As the second biodiversity offset calculation method, we
consider the possibility to use an additive function instead
of a multiplicative one. An example of this kind of method
is the Australian HH, which was originally developed for
offsetting native vegetation areas in Victoria (DSE2004;
Parkes et al.2003). Nowadays, several different methods
are based on the HH approach (OECD2016). Similar to the
ELITE index, HH is a compound method that assesses
vegetation quality against a reference state in a given
vegetation type. The maximum score of each component
has a similar role to weights in the ELITE index. We
compare the additive method to the multiplicative one by
using the components and deriving the maximum scores
from the weights of the ELITE index. As HH does not use
raw input data but instead, converts the values of compo-
nents into scores based on scoring intervals, we convert the
raw data used in ELITE into scores by using a similar logic
for the scoring as in HH (DSE2004). The value is calcu-
lated as an arithmetic sum through pre-de� ned components
and their scores:

RH ¼
Xh

i¼1

� i ð2Þ

where the condition of a given ecosystem,RH, is calculated
by assuming additive effects of the components. Parameter
h is the number of structural components in the ecosystem
H. Parameter� i is the score of a given component and is
determined based on scoring intervals, which are explained
in more detail in Online Resource 1.

A Matrix Method

As a third calculation method, we examine a simpler matrix
approach. This kind of method was developed for an off-
setting pilot in the UK (DEFRA2012). The method quan-
ti� es the value of habitats as a product of habitat
distinctiveness and condition scores:

Bha ¼ Dhab � Chab ð3Þ

whereBha is the number of biodiversity units per hectare,
Dhab is the distinctiveness score of the habitat (6, 4, or 2 for
high, medium, and low) andChab is habitat condition score
(3, 2, or 1 for good, moderate or poor) (McVittie and
Faccioli2020).

We convert the ELITE index into a condition score. The
distinctiveness categories are adapted to the Finnish eco-
systems based on a report examining the suitability of
Finnish habitats for biodiversity offsetting (Raunio et al.
2019). The sites used in the analysis are assigned to the
same distinctiveness category. Thus, this approach simply

scores the result of the multiplicative method into three
categories. To make the results comparable, we scale this
method between 0 and 1, the same as the multiplicative and
additive methods. Categories and scoring of the habitat
distinctiveness and condition can be found in Online
Resource 1.

General Properties of the Multiplicative and
Additive Methods

In this section, we explore the general properties of the
multiplicative and additive methods. We show that the
additive method gives always higher biodiversity values
compared to the multiplicative one. We further show that
the multiplicative method tends to require larger trade ratios
when the average loss at the development site is higher than
the average gain at the compensation site. Here we focus on
the aggregation method itself and assume that both methods
use the same continuous component values as inputs. Thus,
the additive method does not use scoring intervals as in the
subsequent analysis. Under this assumption, the additive
method is simply a weighted arithmetic mean of the input
values as given by Eq. (4).

RH ¼
XN

n¼1

Lnxn

PN

n¼1
Ln

ð4Þ

In Eq. (4), the condition of a given ecosystem isRH, N
denotes the number of components,Ln represents the weight
of component n, and xn denotes the input value of
componentn.

Proof

To simplify the equations, we denote a vectorX of N indicator
valuesncurr

nref
with X xi 2 R 0 � x � 1jf g . For simplicity, we

further assume that all component weightsL are exactly 1.
This simpli� es the multiplicative method (Eq. (1)) to a simple
product of the input valuesX given by Eq. (5).

RE ¼
YN

n¼1

xnð Þ ð5Þ

1. For allX, RE Xð Þ � min Xð Þ. To explain this, consider
the smallest value inX. When it is multiplied with the
other values ofX, the product will always be smaller
than the minimum itself, because the multipliers are,
by de� nition, always smaller than one.
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2. For all X, RH Xð Þ � min Xð Þ. The arithmetic mean of
the minimum ofX and all other valuesX have to be
larger than the minimum because the other values are
by de� nition larger than min(X).

3. By transitivityRE(X) � RH(X).

Numerical illustration

Here we explore the two methods numerically. We created a
matrix containing all possible combinations of the� ve
components when they range from 0 to 1, with increments
of 0.1. This created all together 161,051 unique value
combinations ranging from the situation where all compo-
nents are zero, to a situation where all features have reached
the reference condition and have value 1. We computed the
overall state for all possible combinations of the component
input values using both the multiplicative and additive
methods.1 Fig. 1 compares the methods. The diagonal
dashed line illustrates a situation where both methods would
provide the same outcomes. Each black dot represents one
value combination. All dots are below the dashed line
indicating that with similar variable combinations the mul-
tiplicative method gives always lower biodiversity values
compared to the additive one.

Implications for biodiversity offsetting

The curved relationship of the two methods also in� uences
the offset requirements in different situations. Figure2
shows trade ratios computed for 50,000 randomly selected
development and compensation sites that are drawn from
the same value combinations that were used in Fig.1. The
dashed red line indicates where the trade ratios are similar
regardless of the computation method. If the dot is above
the line, the multiplicative method requires higher trade
ratios, and if the dot is below the line, the additive method
requires higher trade ratios. The solid red line is a smoothed
average of the realized trade ratios based on the random
draw of sites. Figure2 shows that the offset requirements
differ depending on whether the trade ratios are below or
above 1. When the average loss per unit area at the devel-
opment site is higher than the average gain produced per
unit area at the compensation site (trade ratio is larger than
one), in a majority of the cases, the multiplicative method is
expected to require higher trade ratios than the additive
method. If the offset gain is higher than the loss at a

development site, the situation is reversed. Thus, the shape
of the solid red line is convex below 1 and concave above 1.

Data and Methods

Hypothetical Offsetting Case and Scenarios

We analyze the calculation methods by comparing offset
trade ratios in a hypothetical offsetting case. The data is
from two sites situated in Southern Finland, one of which is
considered as the hypothetical development site and the

Fig. 1 Numerical comparison of the methods, multiplicative method
on they-axis and additive one on thex-axis

Fig. 2 Trade ratios computed for 50,000 randomly selected develop-
ment and compensation sites, multiplicative method on they-axis and
additive one on thex-axis on a logarithmic scale

1 The R code for producing the outputs and detailed methodology can
be accessed from https://github.com/PKullberg/compensation_
method_comparison
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other as the hypothetical compensation site. The data is
collected by Parks and Wildlife Finland, which is a part of
the state-owned organization Metsähallitus and manages
state-owned nature reserves in Finland (SAKTI2018). The
sites belong to the same group of ecosystems in the ELITE
index and are thus assessed by using the same components,
reference values, and weights.

The procedure of the calculation is illustrated in Fig.3,
where the development site is represented in the panel on
the left and the compensation site on the right. Linear curves
are used just for illustration. The current states of both the
development and compensation sites (A, B) are calculated
using each method. Data for the components used in the
calculation methods are represented in Table2. We postu-
late an exogenous loss and assume that when the site is
developed, its condition drops to zero. Thus, the loss equals
the current state of the development site. Also, we assume
that the area of the development site is 1 ha. The time period
of the calculations is 30 years.

To get a better insight into the implications of choosing a
certain calculation method, we have three different scenar-
ios for the compensation site: 1. conservation, 2. con-
servation and restoration with deadwood creation, or 3.
conservation and restoration with prescribed burning (D, E,
F in Fig.3). The gain is calculated as the difference between
the compensation scenario and a baseline (C) (e.g., Maron
et al.2013). Although the additive and matrix methods are
applied in a policy context where governments and

landowners make� xed management contracts, we assume
that conservation guarantees a permanent gain with all the
methods. Restoring degraded forests by creating dead wood
where it is scarce aims to increase the quantity, quality, and
continuity of decaying wood closer to the amount typical
for natural forests, which strengthens the populations of
deadwood-dependent species (Elo et al.2019; Hekkala et al.
2016). Controlled burning is considered the most effective
way to restore heathland forests, but it is costly (Similä and
Junninen2012; Penttilä et al.2013). The � re increases the
amounts of charred and decaying wood, affects the quality
of wood in living trees, supports the continuity of decaying
wood as damaged trees die gradually even years after the
� re, and adds to the diversity of tree structure, for instance,
by increasing the volume of broad-leaved trees. (Eales et al.
2018; Kuuluvainen et al.2002).

The trade ratio determines the amount of compensation
area required and is adjusted to match the amount of loss to
the gain as follows (e.g., Laitila et al.2014):

� ¼
L
G

; ð6Þ

where� is the trade ratio,L is the amount of loss andG is the
amount of gain. Equation (6) matches the ecological value of
loss and gain assuming certain offset outcomes. Multipliers
are used to adjust the trade ratio to account for time lags and
other sources of uncertainty. Each of the calculation methods
has a different practice for employing multipliers, dependent

Table 2Data for the structural
components from the
development and compensation
sites (current states) and three
compensation scenarios over the
30-year time period

Development site Compensation site

Current state Current state Conservation Dead wood creation Burning

Dead wood, stage 1 14 3 7 7 26

Dead wood, stage 2 11 3 6 26 26

Dead wood, stage 3 11 1 8 26 26

Broad-leaved trees 49 9 9 14 24

Large trees 18 10 10 10 10

Fig. 3 The procedure of calculating the amount of loss due to devel-
opment and the gain from producing offsets: the current states of the
hypothetical development site (A) and the compensation site (B) are

calculated with the data, and the amount of gain is the difference
between the baseline (C) and three compensation scenarios (D, E, F)

Environmental Management (2021) 68:170–183 175



on the policy context where they are used (adjusted trade
ratios for each method in Online Resource 2). We examine
the impact of multipliers on the results brie� y in “Offset
Requirements with Adjusted Trade Ratios”.

Estimates for the Scenarios

To calculate the amount of gain in different compensation
scenarios, we must assess how the biodiversity features,
measured with the components of the methods, develop over
the 30-year time period. These assessments are based on lit-
erature. To cover all the scenarios, we must assess both the
natural succession of the ecosystem (conservation scenario)
and the impacts of the restoration measures. As our calcula-
tions are based on hypothetical offsetting cases, we use rough
estimates in assessing the development of the components.
They suf� ce to facilitate our analysis for comparing the dif-
ferent methods. However, in real-life offsetting cases, expert
assessments and possibly detailed forest simulations should be
used to assess the future gains of restoration when used as
offsets. Also, the trade ratioshould be adjusted with appro-
priate multipliers to account for the uncertainty of the esti-
mations (Moilanen and Kotiaho2018). In “Sensitivity
analysis”, we perform sensitivity analysis to account for the
uncertainty of restoration outcomes.

Table2 shows how the components are estimated to evolve
under different scenarios. With only conservation, we assess
the natural accumulation of decaying wood based on Tuhus
(1997). The amount of dead wood in each decay class as well
as the rate of decaying is assessed based on Mäkinen et al.
(2006) and Heikkilä et al. (2008). We assume that dead wood
stays 15 years in stage 1, 10 years in stage 2, and 17 years in
stage 3. With dead wood creation, we assume that 20 m3 ha� 1

of decaying wood is arti� cially created twice, immediately and
after 10 years (Similä and Junninen2012). With prescribed
burning, the amount of dead wood increases substantially as
on average 50% of the tree stand dies over time (Similä and
Junninen2012) and thus, the reference values are achieved in
each decay class during the 30-year time period.

For broad-leaved and large trees in the conservation
scenario, we make a simplifying assumption that their
volume and number remain constant. The production of
dead wood supports the growth of broad-leaved trees and
thus, their volume increases. With prescribed burnings, the
increase is higher (Kuuluvainen et al.2002). The� gures for
broad-leaved trees are rough estimates, as we know that
their volume increases (Similä and Junninen2012), but the
exact� gures are dif� cult to estimate. The number of large
trees is kept constant over the 30-year time period since the
restoration measures do not have an impact on their number.

To sum up the scenarios and their impact on the com-
ponents of the methods, with conservation, only the amount
of dead wood increases moderately, whereas, with the

restoration, we� nd an increase in all components, apart
from large trees, either to some degree (creating decaying
wood) or very effectively (prescribed burning). These
aspects bring out the different qualities of the calculation
method in the next section.

The choice of a baseline (C in Fig.3) impacts greatly the
calculation results for the gain and trade ratios, and conse-
quently, whether the goal of NNL is achieved (Bull et al.
2014b; Gordon et al.2011). We use a� xed baseline against
which the gain is calculated, i.e., we have a simplifying
assumption that the state would remain constant in the
business-as-usual scenario. A more likely scenario would be
that the ecological state decreases due to forestry. However,
the baseline that would predict the future trend in the state is
inherently more uncertain, and overestimating future bio-
diversity decrease leads to lower offset requirements and the
risk of net loss (Bull et al.2014b). In the long run, mea-
suring gains against a relative, decreasing baseline leads to a
declining trend of biodiversity overall, although at a slower
rate than without offsetting, whereas a� xed baseline would
halt the declining trend (Simmonds et al.2020). In “Sen-
sitivity analysis” , we perform sensitivity analysis to exam-
ine the implications of different baselines to the offset
requirements. The conservation scenario represents a so-
called averted-loss offset, which is related to several pro-
blems in achieving biodiversity outcomes (Moilanen and
Laitila 2016; zu Ermgassen et al.2019b). In our analysis,
we do not take into account these aspects.

The Costs of Conservation and Restoration

We compare the costs of offsetting for the hypothetical
developer in the different scenarios. We calculate the costs,
derived from the costs of conservation and restoration, and
examine the implications of choosing a given calculation
method. In our analysis, the cost of conservation is esti-
mated to be 3000€ha� 1, which is calculated as the Faust-
mannian discounted bare land value for heath forests in
Southern Finland, administrative costs of establishing a
nature reserve added (Kangas and Ollikainen2019). The
costs of producing dead wood is estimated to be 500€ha� 1

(Hyvärinen and Aapala2009; Kotiaho et al. 2016).
Restoration burning is expensive in comparison with other
restoration measures: the costs per hectare are ~1500€ha� 1

on average (Lindberg et al.2018).

Results

Offset Requirements in Different Scenarios

First, we calculate the current ecological state of the
hypothetical development and compensation site with each
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