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Abstract
High conservation value (HCV) areas include natural habitats with high ecological, biological, 
social or cultural values. The use of spatial analysis using Geographic Information Systems (GIS) to 
identify HCV areas is more cost-efficient and less time consuming that field surveys. GIS-based 
approaches can also be necessary for identifying HCV areas in heterogeneous landscapes where, 
e.g., HCV forests are scattered across a production landscape.

This study explores the use of density analysis to identify and delineate HCV forest areas in the 
county of Norrbotten, Sweden (99,000 km2). First, multiple official spatial datasets were used to 
identify the existence of HCV forest with a resolution of 10 m. Second, the share of HCV forest in 
relation to total forest area (i.e., HCV forest density) within a moving window of varying size 
around each 10 m cell in the county was calculated. Finally, HCV areas were delineated using 
different thresholds for HCV forest density. Stakeholders were involved in every step.

The results show that outcomes are highly dependent both on the size of the moving window and 
the density threshold. The use of a smaller search window results in greater precision and smaller 
HCV areas, while a larger search window identifies larger areas but fails to identify small or 
irregularly shaped HCV areas. Similarly, a low density threshold can be used to identify small and 
irregularly shaped HCV areas but results in inaccurate delineation of larger homogenous HCV 
areas. The opposite can be observed for a large density threshold. 

The use of density analysis for the purpose of delineating HCV areas in mixed forest landscapes can 
be effective for rationalizing the inventory of HCV areas, but method selection is critical and 
manual evaluation and adjustments are necessary. The potential for further method development, 
considering other relevant aspects, e.g., ecological connectivity, is notable.
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Introduction
High conservation value (HCV) areas include natural habitats of critical significance due to their 
high ecological, biological, social or cultural values (Areendran et al. 2020; Sahana et al. 2023). The 
main reason for identifying HCV areas was originally to maintain or enhance social and 
environmental values in production landscapes by identifying (and preserving) HCV forests within, 
but it has shifted to more broad landscape planning for nature restoration and biodiversity 
conservation (Areendran et al. 2020).

For some applications, there are concrete guidelines to help identify, assess and monitor HCV areas 
(Sánchez-Almendro et al. 2018), but given that HCV can refer to ecological, biological, social or 
cultural values and that there can be many reasons for conducting a HCV assessment, the methods 
and processes for identifying HVC areas are often determined on a case-by-case basis. The most 
common approach for identifying HCV areas is field surveys but also through stakeholder 
consultation (Areendran et al. 2020). 

Field surveys are time consuming and expensive and thereby impractical for large-scale 
assessments (Applestein & Germino 2024). They can also be characterized by subjectivity, both 
concerning what to look for and where to look for it (Hughes et al. 2021). As more and more high-
quality geospatial data is becoming accessible and new analytical tools are being developed, the use 
of remote sensing and spatial analysis using Geographic Information Systems (GIS) is becoming 
more common for identifying HCV areas (Larekeng et al. 2021; Abbasnezhad & Abrams 2022). 
Such approaches can enable the integration and analysis of multiple environmental datasets—also 
from field surveys—and can facilitate an objective delineation of high conservation value areas 
over extensive landscapes. However, it is crucial to approach GIS-based analyses with caution; 
unvalidated (and even validated) model outputs can be inaccurate. It is therefore essential to select 
appropriate methods, use high-quality data, and carefully evaluate the results (Englund et al. 2017), 
preferably in collaboration with relevant stakeholders. 

GIS-based approaches can also be necessary for identifying areas for nature conservation in 
heterogeneous landscapes where, e.g., forests with high ecological values are scattered in a 
landscape that is otherwise characterized by degraded forest. In such cases, even if all such areas 
can be identified manually, GIS-based methods are needed to understand how these areas are 
connected, and to what extent surrounding land-use could be adapted or regulated to maintain or 
enhance the ecological values at the landscape scale. Identifying and protecting only patches with 
high ecological values creates a fragmented landscape with limited ecological connectivity (Benitez 
et al. 2024). 

One approach to identify such "extended" HCV areas that has been used to inform decision-making 
in northern Sweden (Bovin et al. 2017), is to calculate the density of HCV forest within a certain 
distance from each cell in the landscape and then delineate extended HCV areas from cells that 
exceed a certain density threshold. The benefit of this approach is that it can identify areas with a 
large concentration of HCV forests, which in theory can be suitable to target for biodiversity 
conservation at the landscape scale.

The problem with this approach is that it is treacherously convenient; the method is understandable, 
the data are solid, and the maps that are generated are, as usual (Hauck et al. 2013), convincing. 
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However, methodological choices affect the results substantially and if such analyses should be 
used for decision making it is essential that these choices are informed and that the uncertainties are 
accounted for.

An additional aspect to consider in HCV assessment is the need for stakeholder consultation, which 
has become increasingly frequent (Areendran et al. 2020). This can ensure that appropriate  
ecological, biological, social or cultural values are accounted for, and that acceptable methods are 
used. But stakeholder consultations can serve yet another important purpose—to increase the 
quality of the research. Stakeholders can have important local knowledge and can therefore have 
valuable insights in which methods to use and what data that are available. When GIS-based 
methods are used, stakeholders can also contribute by evaluating preliminary model results, which 
can lead to refinements of the method.

This paper presents a study made in close collaboration with the County Administrative Board 
(CAB) in Norrbotten County, Sweden, intended to provide a new and improved basis for land-use 
planning in boreal forest landscapes, based on density analysis of HCV forest. The goal of the 
project was to identify "extended" HCV forest areas throughout the 99,000 km2 county of 
Norrbotten, Sweden, using available geospatial data. The study revealed that there are important 
methodological choices that need careful consideration to generate useful results.
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Material and Methods
This study explores the use of density analysis to identify and delineate HCV forest areas in the 
99,000 km2 county of Norrbotten, Sweden (Fig. 1). All spatial operations were made using GRASS 
GIS (GRASS Development Team 2023a) with the coordinate reference system EPSG:3035. 
Cartography was done in QGIS (QGIS.org 2023). Python scripts used to produce the results are 
publicly available on GitHub (Englund 2024a).

Input data and pre-processing

Official spatial datasets were used to identify the existence of HCV forest with a resolution of 10 m, 
as follows: 

Protected land was identified, including national parks (Swedish Environmental Protection Agency 
2023a), nature reserves (Swedish Environmental Protection Agency 2023a), Natura 2000 areas 
(birds directive and habitat directive) (Swedish Environmental Protection Agency 2023a), biotope 
protection areas (Swedish Forest Agency 2022a), and areas under nature conservation agreements 
(Swedish Forest Agency 2022b). Cells covered by any of these datasets were given the value 1.

Figure 1: (a) Location of study area (Norrbotten county) in Europe and Sweden; (b) HCV forests
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Additional land that can be considered under restrictions but not under strict protection was 
identified, including land identified as HCV forest areas by the county administration board in 
Norrbotten, and key biotopes (Swedish Forest Agency 2022c, 2022d). Cells covered by these 
datasets were given the value 2.

Probable and potential continuity forest, i.e., forests that have not been clear-cut during the last ca. 
70 years (Ahlkrona et al. 2017), was identified (Swedish Environmental Protection Agency 2023b) 
and given the value 3.

Two input datasets were then created, one with protected land combined with additional land that 
can be considered restricted ("input_restricted"), and a second that also includes continuity forests 
("input_restricted_contfor"), as described above. In the case of overlap between protected, restricted 
and continuity forest, the former was given priority. All cells not classified as forest in the national 
land use dataset (Swedish Environmental Protection Agency 2019) were removed from the two 
input datasets, including cells classified as temporary not forest (value 118 and 128). Finally, cells 
classified as forested in the land-use map but that has been subject to recent harvesting (i.e., 
harvested after the national land-use map was constructed, until October 2023) were removed from 
the two input datasets, based on a continuously updated database by the Swedish Forest Agency 
(Swedish Forest Agency 2023). A third input dataset containing all forest land ("input_forests") was 
also constructed in which all forest land was included, including temporary not forest and recently 
harvested forests.

Calculate density of HCV forests

The density of cells classified as restricted and restricted_contfor was identified by counting the 
respective number of cells in a moving window across the county. This was done using the 
r.neighbours tool in GRASS GIS (GRASS Development Team 2023b), executed using Python 
scripts (Englund 2024a). Three computations were performed, using the input_restricted, 
input_restricted_confor, and input_forests datasets (see above), respectively, with three sizes for the 
moving window radius: 250, 500, and 1000 m.

The density of restricted and restricted_confor cells in the 250, 500, and 1000 m radius 
neighbourhood of each cell across the landscape (i.e., the share of forest cells that are classified as 
HCV forest and HCV forest or continuity forest, respectively) was then calculated by dividing the 
number of restricted and restricted_confor cells in the neighbourhood with the number of forest 
cells in the same neighbourhood, using the output of r.neighbours, as described above. This was 
done using GRASS GIS through a Python script (Englund 2024a).

Delineating HCV forest areas

Different alternatives for HCV forest areas were delineated using different thresholds for the density 
of HCV forests and different sizes of the moving window. Vector data was created with thresholds 
of 25, 30, 35, 40, 45, and 50 %, for a 250, 500, and 1000 m search window, respectively, using 
GRASS GIS through a Python script (Englund 2024a).

Stakeholder involvement

Representatives from the CAB in Norrbotten County were involved in every step of the study: 
defining the scope, developing and evaluating methods, and evaluating the results. The 
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collaborative process was iterative. We had regular meetings in which methods were presented and 
discussed and feedback was given. Each revision of the methods was jointly agreed upon. Similarly, 
preliminary results were sent to CAB for evaluation and feedback. This resulted in agreements on 
further adjustments of the methods.

Results

Effects of methodological choices
The HCV forest density varies considerably depending on the size of the search window (Fig. 2). A 
smaller search window provides much greater detail while a larger search window identifies only 
larger areas. This is an expected outcome and, at this point, the size of the search window can be 
considered a parameter to adjust according to the intended use case. That is, if the intention is to 
delineate smaller HCV areas, a smaller search window should be used, and vice versa if the 
intention is to identify larger, continuous, HCV areas.

However, there are multiple implications with using a large search window. Most notably, a large 
search area generally fails to consider small, scattered areas of HCV forest (cf. Fig 3a and Fig 3c). 
This may, however, be acceptable and sometimes also desired—if the ambition is to delineate larger 
areas. Another concern is that a large search window combined with a density threshold of < 50% 
results in areas that extend unreasonably far outside of actual HCV forests (Fig. 3c). For example, if 
a clearcut is located in direct connection to a HCV forest, a large search window results in the 
inclusion of a greater part of the clearcut in the delineated HCV area than a small search window. 

Figure 2: HCV forests in the example area (a) and the corresponding density as percentage of total forest area (b-e). 
Continuity forest is included in (d) and (e) and excluded in fig. (b) and (c). The search window is 250 m in fig. (b) and 
(d) and 1000 m in fig. (c) and (e). The location of the example area is shown in Fig. 1.
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Finally, and most concerning, with a large search window, HCV areas can be erroneously identified 
as located in-between actual HCV areas (e.g., Fig. 3f). The reason for this is that, if the search 
window in one location includes two HCV areas separated in space, the centermost part of the 
search window (where there is no HCV forest) will have a larger density of HCV forest than the 
cells located in the actual HCV forest. This is a major issue.

Some of the above issues can be resolved by altering the density of HCV forest required for 
delineating HCV areas. Using 20% density instead of 50% density, for example, results in a greater 
inclusion of small and scattered HCV forests in HCV forest areas. This, however, at the expense of 
precision, since much non-HCV land is then also included (cf. Fig. 4c and Fig. 4f). But it should be 
noted that this lack of precision may not necessarily be undesired, as it indicates where it may be 
most effective to restore managed forest or manage forests with continuous cover forestry (Peura et 
al. 2018). The extension of HCV areas onto non-HCV land, such as the example above with a 
clearcut adjacent to a HCV forest, can to a large extent be resolved by increasing the required 
density from 20% to 50% (cf. Fig. 3c and Fig. 3f). Using a higher density threshold than 50% is not 
advisable since the resulting HCV areas would exclude HCV forest that is adjacent to non-HCV 
forest.

Figure 3: HCV forest areas (excluding continuity forests) delineated using a density threshold of 20% (a-c) and 50% (d-
f), and a search window of 250 m (a,d), 500 m (b,e), and 1000 m (c,f), respectively. The location of the example area is 
shown in Fig. 1.
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Figure 4: HCV forest areas (including continuity forests) delineated using a density threshold of 20% (a-c) and 50% (d-
e), and a search window of 250 m (a,d), 500 m (b,e), and 1000 m (c,f), respectively. The location of the example area is 
shown in Fig. 1.
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Selected results
Based on iterative evaluations of the results by the author and different functions in the CAB, a 
density threshold of 20% and a radius of 250 m were selected as the most appropriate for this 
particular context and use-case (Nilsson & Englund 2024). 

In the case where continuity forests were included in the analysis, a total of 24 626 HCV areas were 
identified covering about 5.2 million hectares (Fig. 5a). The majority of this land is within one 
single connected area (3.6 million hectares) that stretches along the entire mountain chain, 
extending inland in a south-eastern direction, in one location nearly all the way to the Gulf of 
Bothnia (unofficially referred to as the Granlandet corridor). The median size of these HCV areas is 
7 hectares.

Excluding continuity forests results in a total of 6259 areas covering a total of 3 million hectares 
(Fig. 5b). In this case, the large connected HCV area along the mountain range is separated into 
three HCV areas with a total area of about 2 million hectares. The median size of these HCV areas 
is 21 hectares.

The reason why the analysis that includes continuity forests results in substantially more numerous 
and generally smaller HCV areas is because the continuity forests are relatively scattered and 
fragmented outside of the mountain forest region (Svensson et al. 2020; Swedish Environmental 
Protection Agency 2023b).

Figure 5: HCV areas in the County of Norrbotten, Sweden, resulted from a density analysis, including (a) and 
excluding (b) continuity forest
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Discussion
As illustrated here, the use of density analysis to identify HCV forest areas is challenging. In this 
particular case, the county administration wanted to identify large areas for potential formal 
protection, but also smaller areas that are possibly important from an ecological perspective, by 
providing habitat for specific species and contributing to ecological connectivity across the 
landscape. They also wanted to identify HCV areas with high precision while avoiding manual 
adjustments of the results. As demonstrated here, identifying a manageable number of areas with 
high precision, while not excluding small areas, is impossible using this method. Compromises are 
therefore necessary: either identifying large, homogeneous HCV areas with low precision, many 
small areas with high precision, or somewhere in between. In this particular case, no combination of 
moving window and density threshold was considered by the CAB to delineate HCV areas 
sufficiently well, but that HCV areas produced using a 250 m radius and a 20% density threshold 
could be used as a basis for manually delineating HCV areas, using local expertise. As noted above, 
this option also indicates where it may be most effective to restore managed forest or manage 
forests with continuous cover forestry, or similar measures.

To inform the use of the results outside of the CAB, we jointly concluded that "the density analysis 
can function as a basis for nature conservation planning and other kinds of land-use planning, 
provided that the user is informed about how the analysis was done". We also concluded that "the 
density of HCV forest in relation to other forest can be used as a basis for, e.g., delineating HCV 
forest areas or areas subject to nature restoration activities, if complemented with other 
information" (Nilsson & Englund 2024). What is referred to as "other information" here can simply 
be knowledge about the area, but also other data and analyses that cover different and 
complementary aspects, such as ecological connectivity (Mikusiński et al. 2021).

One problem with this method, ironically, is that the quality and resolution of the data is too high, 
resulting in scattered and irregular (discrete) input data. While it is certainly not advisable to use 
data of lesser quality to enable more manageable results, it may be possible to take additional 
aspects into consideration in the pre-processing, which could provide a more nuanced input. 
Recently, a new national model for Sweden was published that predicts the probability of HCV 
forest with a resolution of 100 m (Bubnicki et al. 2024). While 100m is much too coarse for this 
kind of density analysis, it could be used as additional input to compute the density of forest that 
exceeds a certain probability of being HCV, relative to other forest. 

This is only one example of how new research opens up for new methods and research questions, 
and the scientific community needs to make continuous efforts to advance our collective toolbox, as 
the pool of high-quality geospatial data grows larger. But in order for our results to be put to good 
use, we also need to involve the decision-makers in the research. Had the CAB not been involved in 
this research, the results had not been considered for decision support, but it had also been of lesser 
quality. The iterative qualitative evaluation of the results, based on a long experience and good 
knowledge of the area within the CAB, resulted in several revisions of the method and 
improvements of the results.  Involving decision-makers and/or other relevant stakeholders in HCV 
research is therefore key to conduct sound research that has potential to influence land-use planning 
and direct biodiversity conservation efforts to where they are most effective.
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Data availability
Geospatial results have been published in an open data repository (Englund 2024b) and Python 
scripts for full reproduction of the study are publicly available on GitHub (Englund 2024a).
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