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Abstract
1. Biodiversity offsetting is a tool to balance ecological damage caused by human 

activity with new benefits created elsewhere. Offsetting is implemented by pro-
tecting, restoring or managing sufficiently large areas of habitat. While there are 
concerns about the true feasibility of offsetting, they are becoming a common 
policy tool world-wide. Operationally uncomplicated, quantitative approaches to 
spatial analysis of offsets are rare and their use is often restricted by the availabil-
ity of suitable spatial data.

2. We describe a practical method for offsets that builds upon two layers of rela-
tively easily sourced spatial data, a balanced spatial priority ranking and a weighted 
range size rarity map. Together with (a) spatial information about impact and off-
set areas, and (b) extra parameters for the effectiveness of avoided loss and the 
amount of leakage expected, we can evaluate whether the proposed offset ex-
change represents a credible no net loss or net positive impact with an upward 
trade. The priority ranking and range size rarity maps can be produced in various 
ways, most notably using existing conservation planning tools. Here we used the 
standard outputs of the Zonation spatial prioritization software.

3. We illustrate the method and associated visualization in the context of offsetting 
of boreal forests in Finland, where forests experience high and increasing pres-
sures from forestry and bioenergy sectors. The example is timely as there is po-
litical demand for the uptake of biodiversity offset policies in Finland, and boreal 
forests are the most common biotope.

4. The methods described here are applicable to biomes around the world. The de-
scribed tools are made available as r scripts that utilize standard Zonation outputs, 
thus providing direct linkage to any past or future Zonation applications. As a limi-
tation, the present methods only apply to avoided loss offsets.
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leakage, time discounting and effectiveness of avoided loss. Globally 
66% of biodiversity offsets implement avoided loss as compensa-
tory action either solely or together with other offset activities (Bull 
& Strange, 2018), illustrating the extent to which such tools could be 
used.

There are prior studies in which some form of spatial prioritiza-
tion has been used for designing offsets (Kujala, Whitehead, Morris, 
& Wintle, 2015; Maseyk et al., 2016; Moilanen, 2013). Where eco-
logical loss of development for individual species is known and spa-
tial layers representing gains from offset action exist, it is possible to 
set adequate offset targets and use SCP for solving the optimization 
problem directly (e.g. Kujala et al., 2015). However, spatial data to 
run such optimizations are rarely available. Also, options for both 
impact and offset areas are much more frequently limited by land 
tenure and ownership, implying that a scenario-based investigation 
will often suffice. For those common situations, the proposed ap-
proach offers a plausible quantitative tool to assess offset proposals.

Consequently, the present work differs from studies using di-
rect spatial optimization for offset design in several ways. First, the 

proposed approach is post hoc applicable to standard SCP outputs, 
meaning that offset calculations may be based on results originally gen-
erated for different purposes. This may be beneficial for example, if ac-
cess to biodiversity data used in the SCP analysis is restricted. Second, 
targets are not needed for individual species (or other biodiversity 
features), making the assessment more straightforward. Third, the re-
duced dimensionality makes computations fast. Fourth, it is assumed 
there are pre-specified scenarios of impact and offset areas, meaning 
that scenario evaluation suffices and optimization is indeed unneces-
sary. Of course, these differences bring limitations as well. Although 
the present method is suitable for like-for-like offsets within a vegeta-
tion type, it is not suitable for strict in-kind offsetting for many species, 
as using aggregated SCP outputs can result in concealed trades.

Our example used SCP outputs for only one environment (for-
ests). If the outputs include different environments, as is commonly 
the case, it is possible that the impact and offset areas fall within dif-
ferent environment types. This can be easily overcome by restricting 
the analysis into a single environment or vegetation type. For out-of-
kind trades such restrictions may not be necessary, but care needs 
to be taken to assure that true upward trades can be made based 
on the SCP outputs, as commonly required in out-of-kind offset pro-
grammes (Bull, Hardy, Moilanen, & Gordon, 2015; Habib et al., 2013). 
In the described algorithm, the (optional) upward-trade condition 
states that, even within the same environment, the offset area needs 
to have higher conservation value or rarity-weighted richness, or 
both, than the impact area (first criteria, Figures 1 and 4) to achieve 
NNL. But the upward-trade condition can also quickly limit the op-
tions for offsetting, particularly when the area lost is of high value to 
start with. This limitation could be relaxed by allowing some pixels 
(e.g. up to 5%) to be compensated with lower values at offset site, or 
by replacing higher quality with an increased area for offsets. While 
doing so is possible, case-specific consideration will be needed. How 
much quality can be sacrificed and for what ecological cost, and 
whether trades between environments are allowed and how strictly 
values are traded up, should be an active decision. Effectively, it is a 
question of the degree of flexibility allowed versus the risks of not 
achieving policy goals (Bull et al., 2015).

Albeit an illustrative example, our analysis provides import-
ant insights to the practical challenges of avoided loss offsetting. 
Notably, even with just moderate assumptions on the realized re-
turns and time discounting, only offsets that harboured notably 
higher value, relatively mature stands and/or were of much larger in 
size than the impact site, successfully achieved NNL. These results 
highlight major difference between offsetting of young or devel-
oping managed forest versus offsetting of semi-natural or natural 
forest. Managed forest tends to retain limited structural features 
that promote biodiversity, such as mixed tree species composition, 
mixed age structure, natural hydrology and presence of mature 
trees and dead wood (Esseen, Ehnström, Ericson, & Sjöberg, 1997). 
Hence, offsetting young production forest with mature forest with 
some structural features of natural forest represents a true upward 
trade. Conversely, offsetting of semi-natural or natural forest will be 
hard, if not impossible, because all available offset areas will be of 

F I G U R E  4   Histograms of loss (HL) at the impact site (L), and 
the potential (HP), leakage-corrected (Hq), and final (HG) gains at 
the different offset candidate sites (A–F), as measured with log 
of M-values. For sites D and E, only the histogram of potential 
gains is shown, as they do not pass the first offsetting criteria of 
HP > Nh × HL. Pixels with M-values of zero do not influence the 
calculations and are not shown
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the same or lower quality as the impact area. When using avoided 
loss together with time discounting and leakage, such trades will in-
evitably require significantly larger areas to offset losses. This ob-
servation emphasizes the fact that offsetting of slowly developing 
late-successional habitats is unwise in general (Maron et al., 2012; 
McAlpine et al., 2016).

To conclude, SCP methods can provide a fast first-step assess-
ment of proposed avoided loss offsets. As spatial prioritization meth-
ods are not specific to environment, region or analysis resolution, all 
flexibility inherent to them applies to the proposed offset evaluation 
approach as well (Kujala et al., 2018; Lehtomäki & Moilanen, 2013). 
Here we used the SCP software Zonation, but the priority ranking 
and range size rarity maps utilized could have been produced via 
any other analysis path and in this sense, the proposed methods are 
completely general. Being one of the most commonly used SCP soft-
ware world-wide (McIntosh, Pressey, Lloyd, Smith, & Grenyer, 2017), 
our case study also illustrates the potential of post-processing use of 
Zonation analysis outputs.
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