
 
 

 

 

 

 

 

 

 

ENHANCING DECISION MAKING IN URBAN FOREST MANAGEMENT 

BASED ON A RANGE OF SUSTAINABILITY CRITERIA 

 

 

 

 

 

 

 

Lappeenranta–Lahti University of Technology LUT 

Bachelor’s Programme in Technology and Engineering Science, Bachelor's thesis 

2024 

Júlia Russo Vieira 

Examiner(s): Associate Professor Michael Child, LUT University 

Janne-Perttu Rantonen, M.Sc. (Agriculture and Forestry)



 
 

ABSTRACT 

Lappeenranta–Lahti University of Technology LUT 

LUT School of Energy Systems  

Technology and Engineering Science, Environmental Technology 

 

Júlia Russo Vieira 

 

Enhancing Decision Making in Urban Forest Management Based on a Range of 

Sustainability Criteria 

 

Bachelor’s thesis 

2024 

50 pages, 26 figures and 2 tables  

Examiner(s): Associate Professor Michael Child, LUT University and Janne-Perttu 

Rantonen, M.Sc. (Agriculture and Forestry)  

Keywords: Finnish forests, urban forest, forest protection, conservation, sustainability.  

 

Urban forests are extremely important for the environment, animals, and the well-being of 

local communities. EU’s biodiversity strategy aims to protect 30% of land and sea areas, and 

the protection of urban forests will help achieve this goal. This thesis undertakes a 

comprehensive analysis of nine forest areas situated within the city of Lappeenranta, located 

in the province of South Karelia, and evaluates them using five criteria: biodiversity index, 

edge effect, connectivity, current use, and future use. The study’s findings reveal that forests 

located in isolated areas, such as islands, and that do not receive visitors often have the best 

conservation potential, while forests located in more densely populated areas and used for 

activities detrimental to the environment have the lowest. This study represents a pioneering 

effort in the assessment of urban forests, which can be further improved in future research. 
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1B Other statutory protected areas with no felling or cautious felling 

1C Fixed-term protection areas 

2A Special biodiversity sites in commercial forests with no forestry measures 

2B Biodiversity sites in commercial forests with restricted forestry use 

CI Circularity Index 

CO₂-eq. Carbon dioxide equivalent 

LULUCF Land Use, Land-use Change and Forestry 

LUKE Natural Resources Institute Finland 

LUMO  Biodiversity Program of Lappeenranta City 
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1  Introduction 

Forests are of extreme importance for the climate and play an important role in balancing 

the impacts caused by greenhouse gas emissions, therefore being essential to “holding the 

increase in the global average temperature to well below 2 °C above preindustrial levels and 

pursuing efforts to limit the temperature increase to 1.5 °C above preindustrial levels” 

(United Nations, 2015). EU has recognized the importance of protecting forests and, in its 

proposal for a Nature Restoration Law, commits to legally protect 30% of its land and water 

bodies by 2030 (European Commission Directive, 2022). While having only 13.3% of the 

country’s land protected (Natural Resources Institute Finland, 2022), it is essential for 

Finnish municipalities to protect more urban forests in order to achieve the goal. Protecting 

and maintaining the current biodiversity levels is only possible by protecting forests 

(Brūmelis et al., 2011; Halme et al., 2013). An example of that can be found on the Red List 

of Finnish Species, which states that of the nearly 2700 species in Finland considered as 

threatened to extinction, 31% live in the forests situated mostly in hemi boreal and southern 

boreal zones of the country (Hyvärinen et al., 2019), in which Lappeenranta is located.  

Situated in the province of South Karelia, Lappeenranta has an area of 1 724 km² 

(Maanmittauslaitos, 2024) and a population of 73 000, and is the 13th largest city in Finland 

in terms of habitants (Statista, 2024). 

Living trees located in northern European forests have been responsible for the absorption 

of, on average, 49 to 74 Mt CO₂-eq/ year (Kauppi et al., 2022); however, Finnish forests’ 

contribution to the sink is not enough for the new goals defined by LULUCF (Land Use, 

Land-use Change and Forestry), which will require the country to add 2.9 million tons of 

CO₂-eq. to its carbon sink by 2030 (Valtioneuvosto, 2023). While Finland has 86% of its 

land occupied by forestry (Natural Resources Institute Finland, 2023), carbon sequestration 

could still be improved by protecting areas, as harvested forest areas have lower sink values 

than unharvested ones (Heinonen et al, 2017).  

Urban forests are of extreme importance, as they provide services for the environment, the 

city and population. People who visit forests on a regular basis claimed they feel more 

fulfilled in life, and a feeling of happiness was described on the day after visiting green areas 

(White et al., 2017). Contact with urban green can make citizens value nature more 
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(Colléony et al., 2020), and become more conscious about their lifestyle, as researchers 

found that recycling rates improved in households that visit green areas weekly, and so did 

the tendency to choose sustainable products (Martin et al., 2020). The Forest Stewardship 

Council has defined The Six High Conservation Values: species diversity, landscape-level 

ecosystems, intact forest landscapes, ecosystems and habitats, ecosystem services, and 

community needs (HCV Resource Network, 2018), which is nowadays one of the major 

sources used in policy making and conservation projects.  

This study assesses nine forest areas in the city of Lappeenranta. Based on criteria similar to 

previously mentioned values, including biodiversity, connectivity and edge effect, as well as 

criteria of importance for the city and society, such as the diversity of current use of the areas 

and future use, a result is achieved and forests with the best conservation potential are 

identified.  

 

2  Literature review 

Cases of forest area prioritization when choosing areas for protection have been approached 

with different methods, and, in recent years, a spatial conservation prioritisation method 

called Zonation has become popular among researchers. Zonation ranks different areas based 

on different priorities that can be set by the user. At first, Zonation software considers all 

areas equally important and qualified for protection and, as spots that affect biodiversity are 

detected, small areas called special units are disregarded. All zones receive a grade from 0 

to 1, the latter meaning biodiversity has the best conditions to thrive (Lehtomäki and 

Moilanen, 2013). 

Studies concerning the protection of Finnish forests have been previously conducted using 

the Zonation method. With the help of a software to perform Zonation, Lehtomäki et. al. 

(2009) accessed forest quality through a nature type inventory containing information about 

different biodiversity features, such as greenery covering the land, the type of forest and the 

amount of dead wood found in these areas. Zoning was considered from two different 

perspectives, the first focusing on the connectivity between different high-biodiversity 

forests by considering the connection of 5 km within the areas, and internal connectivity, 
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considering a dispersal range, which is the average distance species travel from their 

birthplace to breeding site (Clobert et al., 2009), up to 2 km (Lehtomäki et al., 2009). 

More recent studies present a similar approach, by also using a software to perform Zonation 

prioritization analysis to set different conservation values to the model. Six analysis versions 

are then achieved: tree-based biodiversity values using dead wood potential data, previous 

version combined with experts advices on negative impacts of forestry on biodiversity, then 

the version that comprises previous findings and a study on connectivity between forests 

with high biodiversity indexes, followed by an observation of species in detected high 

biodiversity forest areas, an evaluation of the connectivity to important habitats in said areas, 

an evaluation of connectivity to permanently protected areas, and finally the final version 

which consists of all previous findings and data about the location of permanently protected 

areas (Mikkonen et. al, 2023). 

Unlike previously mentioned studies, this study concerns urban forests, which adds different 

criteria that have not been considered by the mentioned authors, such as zoning and the 

importance of different zones surrounding the forests. Therefore, the five criteria chosen for 

the evaluation of the studied urban forests were biodiversity index, edge effect, connectivity, 

diversity of current use, and future use. 

2.1  Biodiversity  

Forests provide support and habitat for around 80% of biodiversity on land (Balvanera et al., 

2014). It is known that biodiversity loss is closely related to climate change, and, by 

protecting Finnish forests (therefore decreasing timber harvesting levels in certain areas), it 

may be possible to achieve the carbon neutrality goal by 2035 established by the country and 

preserve the biodiversity levels in the protected areas (Forsius et al., 2021; Forsius et al., 

2023). Information about biodiversity in forests is difficult to obtain, as the process is time 

consuming, expensive (Huo et al., 2023), and difficult, once it is required to attribute a 

quantitative value to it (Kallio et al., 2008). One method that can be used to access aspects 

that influence biodiversity, such as microhabitats (Santopuoli et al., 2020) and dead wood 

(Toivonen et al, 2023), is airborne laser scanning, which, based on shapes identified, can 

categorize standing trees, deadwood, and trees with a high conservation index. These 

parameters are then used to estimate the biodiversity level of the area (Huo et al., 2023). 
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In 2023, a 10-year biodiversity program was approved by the Environmental Board and 

Council of Lappeenranta. LUMO, or Biodiversity Program of Lappeenranta City 

(‘Lappeenrannan kaupungin luonnon monimuotoisuusohjelma’ in Finnish), contains 42 

different measures focused on protecting natural values and enhancing biodiversity. The 

main objectives of the program include guaranteeing that urban nature is diverse and 

interconnected, and integrating biodiversity into the city’s strategic planning (Lappeenranta, 

2023), objectives that would be further supported by protecting urban forests. 

2.2  Edge effect 

Also addressed as Edge Influence (Harper et al, 2005), edge effects are consequences of the 

abrupt exposition of forests to environments different than their own. The effects were 

classified by Murcia (1995) in three types: abiotic, direct biological and indirect biological 

effects. Abiotic effects comprise changes in the environmental conditions due to the 

proximity to a different area. Examples of such are the increase of sunlight, thereby 

increasing temperature (Hamberg et al., 2009) and wind within the forest, and decrease of 

moisture (Harper et al, 2005). Direct biological effects comprise changes in the number of 

species, how they are distributed within the area, and how tolerant they are to the new 

conditions closer to the edge area. Indirect biological effects comprise the mutations within 

the interactions between different species, such as alteration in the predation patterns, 

dispersal of seeds, and parasitism (Murcia, 1995).  

Edge effect is a major aspect to consider when protecting forests, and the study of its 

consequences on the species within the forests has become increasingly important in the past 

years, as fifty per cent of forests worldwide are located within 500 meters from the edges 

(Haddad et al., 2015). In order to minimize the edge effect, the shape of the plot should be 

square rather than rectangular-shaped. Forests with a smaller edge-to-area ratio, such as a 

square, have their interior significantly more isolated from the surrounding environment, 

while rectangular plots are more susceptible to abiotic, direct and indirect biological effects. 
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2.3  Connectivity 

Connectivity is defined by patches that allow species to disperse with ease, in other words, 

the possibility to move through patches increases as connectivity increases (Crooks and 

Sanjayan, 2006). Such green corridors are critical for the displacement of species in urban 

environments. Fragmentation of habitats influence the survival of species (Hanki, 2015), 

with the lack of connectivity between patches disturbing immigration of terrestrial (Fletcher 

et al., 2018) and even aerial species (Ersoy et al., 2019; Griffin                                                                                                                                                                                              

and Haddad, 2021), therefore threatening them to extinction (Fahrig and Merriam, 1985). 

There are two forms of connectivity: structural, which deals with the arrangement of patches 

and other habitat-like components, and functional, which, in addition, deals with the 

behavior and displacement of the species within these areas (Tischendorf and Fahrig, 2000). 

As one of the most important factors when planning the conservation of areas, connectivity 

has been considered in studies with the goal of tackling problems resulting from climate 

change for decades (Heller and Zavaleta, 2009; Acevedo et al., 2015). In addition to allowing 

species to shift towards microclimates more suitable for them (Woods et al., 2015), 

connection between forest patches allows the flow of genes, which facilitates their adaptation 

to the changing climate (Kremer et al., 2012). Proximity to water is another factor to be 

considered when assessing connectivity, as it not only provides water for species but is also 

essential for biological processes of breaking down organic matter (Wehtje et al., 1997). 

2.4  Diversity of current use 

The forest areas studied in this research are primarily utilized for forestry purposes or 

recreational activities, such as skiing or foraging. According to LUKE, 80% of Finns practice 

outdoor activities once a week, while the average for the population is 3 times a week. The 

study also showed that 57% of the population visit forests for foraging berries, 48% for 

nature observation, 37% for hiking and 30% for cross-country skiing (Neuvonen et al., 

2022). In the final report for the implementation of the Green Leaf Award, achieved by the 

City of Lappeenranta in the year 2021, the implementation of multiple nature trails was 

highlighted, as well as the organization of different excursions to forests and swamps (City 

of Lappeenranta, 2021). These efforts underscore the population’s appreciation for urban 
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forests, with the city’s initiatives endorsing forest-based activities. This relationship with 

nature benefits the environment but also the City of Lappeenranta and its overall resilience, 

as increased appreciation for nature often translates into behaviours prioritizing 

sustainability, such as reduced littering, increased awareness of energy consumption, and a 

propensity towards eco-friendly choices (Martin et al., 2020). However, certain activities 

may cause harm to forests and species there living, depending on the intensity and frequency 

of such practices. 

2.5  Future use 

As cities expand, the preservation and integration of green areas such as forests pose a 

significant challenge. While they may be perceived as an obstacle to the growth, research 

indicates that urban green spaces should be accorded similar priority to essential urban 

infrastructure, such as housing and transportation (Hunter et al., 2019). Moreover, such 

prioritization shows cost-effectiveness due to the improvements in residents’ health (Dallat 

et al., 2014) and overall wellbeing (Reyes-Riveros et al., 2021; Bentley et al., 2023). In 

Finland, ensuring access to forests holds significant importance due to the widespread 

engagement in outdoor activities within green spaces. Almost a third of the country’s 

population walks less than 300 meters for nature access, while nearly 100% walk less than 

500 meters (Liiteri.Ymparisto, n.d.), showing the importance of setting aside areas for forests 

as cities expand. 

Containing Natura 2000 areas (Lappeenranta, 2020), which serve as a tool for the habitat 

protection of fauna and flora (Ympäristö.fi, 2023), the current master plan of Lappeenranta 

for 2030 comprises all forest areas investigated in this study. These areas are predominantly 

designated for agriculture and forestry with varying degrees of construction permitted upon 

request. Additionally, certain zones are designated for recreation, and two areas are already 

allocated for conservation. The forests’ peripheries, however, have been designated for 

various purposes, including commercial zones and residential areas, the expansion of which 

may intrude upon said forests, leading to potential disturbances in the future. 

According to the section 61 of the Nature Conservation Act (2023), a state nature reserve 

created by official order can only be entirely or partially revoked, or its conservation rules 

can only be eased if preserving the reserve would significantly hinder a crucial project or 
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plan serving the public interest, and if there is no other practical and cost-effective solution 

available for the said project (Finlex, 2023). Therefore, the assessment of future use needs 

to be carefully performed, taking into account that the protection of Lappeenranta’s urban 

forests, once established, will hold the status for an indeterminate amount of time. 

 

3  Materials and methods 

Nine forest areas in different locations in the city of Lappeenranta were assessed in this 

study. Curated by the city’s forestry department based on their ecological significance and 

potential for conservation, said forests have been previously considered for protection; 

therefore, this study exclusively concentrates on these designated sites and further 

investigates their potential. The information obtained about the forests contained their size, 

location, and composition. 

 

Figure 1. Location of the nine forest areas. 

Different tools were used to analyse the forests. Lappeenranta’s map service (2024) 

(‘karttapalvelu’ in Finnish) was used for accessing the city’s current zoning and master plan, 

while the geographic information system QGIS (2024) was used for further analysis of the 

forest areas and their content. 
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3.1  Forest areas 

The National Forest Inventory published an update about the country’s status on protected 

forests in 2022, stating that 13% of the country’s forest area was protected, totalling 2.94 

million hectares. The majority of protected forests are located in the northern regions of the 

country, accounting for nearly 2.3 million hectares (Natural Resources Institute Finland, 

2022). 

 

The data is presented graphically in Figure 1. A total of 2,939,000 ha of forest is protected, 

encompassing nature reserves and sites reserved for nature conservation (1A), statutory 

protected areas with no felling (1B), statutory protected areas where cautious felling is 

possible (1B), fixed-term protection areas (1C), special biodiversity sites in commercial 

forests with no forestry measures (2A), and biodiversity sites in commercial forests with 

restricted forestry use (2B). Of this protected area, 481,000 ha are dedicated to biodiversity 

conservation sites in commercial forests (2A+2B) and 2,458,000 ha are allocated to statutory 

protected areas (1A+1B+1C). Additionally, an area of 425,000 ha is designated for forests 

supporting conservation of nature values, where forestry practices are restricted (3).  

 

 

Figure 2. Area of protected forests, Natural Resources Institute Finland (2022). 
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According to the most recent statistics provided by LUKE (2022), shown in Table 1, the 

province of South Karelia, where Lappeenranta is located, currently protects 13 200 hectares 

of its forested land, representing approximately 3.2% of its total forest cover. That is an 

increase of 0.15% of forests protected per year since 2016. 

 

Table 1. Area of protected areas, biodiversity conservation sites in commercial forests, and 

areas supporting conservation of nature values in South Karelia (1 000 ha) LUKE (2022).

 

 

The forest areas in this study are classified between ‘kitumaa’, ‘joutumaa’ and ‘metsämaa’, 

according to their productivity-related soil properties. Table 2 contains the classes of forests 

studied, their meaning in English, and description (Forest.fi, n.d.). 

 

Table 2. Classification of forestry land productivity. 

Finnish term Meaning Description 

Kitumaa Poorly productive forest land 

 

Forestry land with a tree growth 

of 0.1-1 meters per hectare/ year 

Joutumaa Unproductive land Forestry land with a tree growth 

of less than 0.1 cubic hectare/ 

year 

Metsämaa Forest land Forestry land with a tree growth 

of more than 1 cubic meter per 

hectare/ year 
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3.1.1  Humalsillansuo 

This morass (Figure 3), a marsh land with pine trees (Biopopin Materiaalipankki, n.d.), has 

an area of 13.78 hectares, 5.29 ha of these classified as poorly productive forestry land, 4.71 

ha of unproductive land and 3.77 ha of forest land. It consists of 4 sub-areas and the most 

common tree species is pine. Situated within a bigger forest area, Humalsillansuo is located 

in between Myllärinmäki and Mielo, in the southeastern part of Lappeenranta. Its proximity 

to neighbourhoods and roads allows easy access to the population; therefore, the area is 

currently used for diverse winter activities, such as cross-country skiing and snowmobiling. 

 

 

Figure 3. Location of Humalsillansuo on the map of Lappeenranta. 

 

This forest area is currently divided into two different categories in the official city plan, 

shown in Figure 4. The southern part of the forest, in pink color, is already considered a 

protected area, while its surroundings are currently being used for forestry practices (light 

green) and recreational purposes (dark green). 
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Figure 4. Humalsillansuo forest in the Lappeenranta Map Service, with the ‘environment’ 

information layer applied. 

3.1.2  Kapiasuo 

Kapiasuo (Figure 5) comprises 4.65 hectares of forest divided in 4 sub-areas, of which 1.95 

ha is forest land, 1.80 ha is unproductive land, and 0.90 ha is poorly productive forest land. 

It is an area of morass and moorland, a cool and dark forest with moist-retaining soil 

(Biopopin Materiaalipankki, n.d.), with pine and spruce as the most common tree species. In 

the northwestern part of Lappeenranta near Lauttaniemi, the south of the forest is located 

near Merenlahdentie road. 
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Figure 5. Location of Kapiasuo on the map of Lappeenranta. 

 

Kapiasuo forest is currently being used for forestry practices. However, the northern share 

of the forest area is already categorized as a protection area in the official city plan, while 

the remaining areas are categorized as used for forestry purposes, which can be observed in 

Figure 6. 

 

 

 

Figure 6. Kapiasuo forest in the Lappeenranta Map Service, with the ‘environment’ 

information layer applied. 
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3.1.3  Lavola 

Lavola (Figure 7) comprises an area of 13.72 hectares, 0.07 ha of them being a water body, 

and is divided into 24 sub-areas. The majority of it is moorland and morass forest land, with 

the addition of one area classified as lineside forest, and the most common types of trees are 

silver birch, spruce, downy birch, grey alder and pine. In the western part of the city between 

Lavola and Uus-Lavola, the forest area is located near Highway 6, a main regional 

motorway. Farming, including livestock, is the main activity performed in the area along 

with forestry. 

 

 

Figure 7. Location of Lavola on the map of Lappeenranta. 

 

Three sub-areas are already categorized as protection areas in the official city plan, while the 

remaining sub-areas in green and white are categorized as forestry areas, which can be 

observed in Figure 8. 
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Figure 8. Lavola forest in the Lappeenranta Map Service, with the ‘environment’ 

information layer applied. 

3.1.4  Luhtalampi 

Near Kapiasuo area, Luhtalampi (Figure 9) is a forest area of 1.81 hectares divided into 5 

sub-areas. It is a forest land classified as morass and coniferous swamp, a kind of woody 

swamp (Biopopin Materiaalipankki, n.d.), with pine and downy birch as the most common 

trees in the area. Located in the east of Kapiasuo, this forest area is intersected by the 

Lauttaniementie road and has a short distance to the lakes Luhtalampi and Lake Saimaa. 

 

 

Figure 9. Location of Luhtalampi on the map of Lappeenranta. 



20 
 

 

Luhtalampi is already categorized as protected in the official city plan as seen in Figure 10; 

however, the area has still been used for forestry purposes in recent years. 

 

 

Figure 10. Luhtalampi forest in the Lappeenranta Map Service, with the ‘environment’ 

information layer applied. 

3.1.5  Mälkiä 

Mälkia (Figure 11), is a moorland forest of 3.68 hectares divided in 7 sub-areas with pine, 

birch and spruce as the most common tree species. Mälkia forest is used for recreational 

purposes by locals, such as hikes and berry picking, due to its proximity to the city area. The 

area also has cultural heritage, being located near the Saimaa Canal.  
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Figure 11. Location of Mälkiä on the map of Lappeenranta. 

 

The forest, with the exception of a sub-area in the north reserved for recreation, is already 

categorized as a protection area in the official city plan shown in Figure 12. 

 

 

 

Figure 12. Mälkiä forest in the Lappeenranta Map Service, with the ‘environment’ 

information layer applied. 
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3.1.6  Mukonsaari 

Mukonsaari forests (Figure 13) consist of 6.53 hectares of forest land divided in two sub-

areas in an island located in the north of Joutseno. Also categorized as moorland, it has silver 

birch and pine as the most common tree species found in the area. Mukonsaari has restricted 

access due to its location and is currently used for recreational purposes, such as summer 

camps. 

 

 

Figure 13. Location of Mukonsaari on the map of Lappeenranta. 

 

Mukonsaari’s area falls into two different categories in the official city plan (Figure 14). Its 

northern part is categorized as protection area and the remaining is categorized as a 

recreational area. 
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Figure 14. Mukonsaari forest in the Lappeenranta Map Service, with the ‘environment’ 

information layer applied. 

3.1.7  Pajarila 

Pajarila (Figure 15) is a 6.29 hectares forest land located in the western part of Lappeenranta, 

a short distance to Highway 6. Spruce is the most common species of tree in the area that is 

also categorized as moorland.  

 

 

Figure 15. Location of Pajarila on the map of Lappeenranta. 
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Pajarila forest’s main purpose is protection, being already categorized as such in the city 

plan shown in Figure 16; therefore, there are no activities being performed in the forest.

 

 

Figure 16. Pajarila forest in the Lappeenranta Map Service, with the ‘environment’ 

information layer applied. 

 

3.1.8  Suomensalo 

Suomensalo (Figure 17) is also located on an island in Joutseno and has an area of 6.66 

hectares, divided in 6 sub-areas. Categorized as moorland, it has pine as the main tree species 

in the area. Suomensalo forest has restricted access due to its location and it is currently used 

by local habitants during summer for recreational purposes, such as hiking and berry picking. 
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Figure 17. Location of Suomensalo on the map of Lappeenranta. 

 

The forest area is already categorized as a protection area in the city plan, as shown in Figure 

18. 

 

 

Figure 18. Suomensalo forest in the Lappeenranta Map Service, with the ‘environment’ 

information layer applied. 

3.1.9  Tetrinotko 

Tetrinotko (Figure 19) is an area of 2.51 hectares divided in two sub-areas located in Rauha.  

It has spruce and silver birch as the main tree species present in the area and is categorized 
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as moorland. Tetrinotko forest has a high recreational use due to its proximity to a tourist 

area. Activities such as skiing and snowshoeing are commonly done in the forest. 

 

 

Figure 19. Location of Tetrinotko on the map of Lappeenranta. 

 

The forest is already categorized as a protection area in the official plan, shown in Figure 

20. Likewise, the areas in the north of Tetrinotko fall in the same category. 

 

 

 

Figure 20. Tetrinotko forest in the Lappeenranta Map Service, with the ‘environment’ 

information layer applied. 
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3.2  Calculation methods 

The criteria used for the evaluation of the forest were both quantitative and qualitative; 

therefore, different methods were used. While the biodiversity index was provided along 

with the information of the forests, the edge effect was calculated using a mathematical 

formula, and the remaining criteria were assessed by the creation of sub-criteria and 

allocating scores for each forest area. A combined result was achieved by summing up the 

results of all five criteria. 

3.2.1  Biodiversity index 

Detailed information on the forests under study, which included pre-calculated biodiversity 

indices of each sub-area, was obtained through a report by Tapio Oy (2023). The biodiversity 

index was obtained by the creation of five sub-criteria related to tree and terrain diversity 

and pre-established index, and combining the individual results in order to achieve a score 

varying from 0-1. The first criterion assessed was volume of trees, ranging from 100-200 

m3/ha, followed by the proportion of mixed stands categorized by 10-30-70-90%, number of 

species varying from 1-3 trees, the average age of trees varying from 80-150 years in conifers 

and 50-100 in deciduous trees, and the difference of diameter at breast heights varying from 

10-20 cm. 

The final biodiversity index for each area was determined by selecting the highest value 

within an area and adopting it as the score, ranging from 0 to 1. This strategy was chosen 

based on the fact that that dispersal is essential for the survival of species living in 

fragmented areas, such as urban forests (Fahrig, 2003), and that most species are not limited 

to a small area, with the tendency to visit their surroundings (Jeltsch and Grimm, 2020). 

 

3.2.2  Edge effect 

Different factors are considered when calculating the edge effect, such as how covered the 

edges are by tree saplings and branches, the amount of sunlight (Hamberg et al., 2009), the 
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state of the trees, such as their diameter and growth (Santana et al., 2021), regeneration and 

mortality rates (Chen et al., 1992), temperature and humidity (Baker et al., 2016).As this 

study does not deal with enough information to assess the magnitude of the edge influence, 

the edge effect was assessed through the circularity index (de Oliveira et al., 2005), in which 

the closer the forest area shape it is to a circle, the less interference it will suffer from its 

surroundings.   

 

𝐶𝐼 =
40000∗𝜋∗A

P2
    (1)

  

Circularity index CI was calculated using the area A [ha] of the forests and perimeter P [m]. 

Index values closer to 1, which is the index of a circle, indicate lower influence of the edges. 

 

3.2.3  Connectivity 

There are multiple approaches and methods to calculate connectivity, which vary when 

calculating functional or structural connectivity (Keeley et al., 2021). One of the simplest 

methods is the nearest-neighbour measure (Moilanen and Nieminen, 2002), which assesses 

the distance between two occupied habitats, that can be modified and increase its complexity 

by adding parameters such as species’ immigration and emigration. Others also consider 

corridors and patches (Hou et al., 2017) and calculate an Integral Index of Connectivity 

ranging from 0 (no habitat left) to 1 (entire area is a habitat) (Pascual-Hortal and Saura, 

2006). This study deals with a different situation, in which all forest areas are connected, to 

a certain degree, to other forests. Therefore, based on background research on factors that 

affect connectivity, five different criteria were created to evaluate the connectivity index, 

each criterion being assigned to a specific weight based on the influence they have on the 

connectivity of the forest areas. 

The first accessed criterion focused on the connectivity between the studied forest areas and 

surrounding forests. Since all forests assessed were already located near or within other 

forests, a range of criteria were established to achieve an accurate score. When assessing the 
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score for forests that were not fully surrounded by other forests, a percentage of the extent 

of their perimeter that was connected to green areas was calculated, and the forests were 

given points from 1-3. Areas with 15% or less were awarded one point and areas with 15% 

to 60% of their perimeters connected to other forests were given 2 points. Forests located 

within larger forest areas, mostly used for forestry, were allocated full points, since previous 

studies have not found strong evidence that production forests significantly disturb protected 

areas, even if they surround the whole patch conserved (Häkkilä et al., 2021), with the 

exception of a disturbance noticed in the behavior of different bird species (Häkkilä et al., 

2017). In fact, Häkkilä et al. (2017) observed that protected areas within forestry forests 

hosted a larger number of species than their surroundings, proving that conserved areas in 

such locations are important for the preservation of biodiversity. Once the depth of 

connection was established, the distance between the studied forests to the edge of 

surrounding forests was calculated and grouped between 0-500 meters, which resulted in no 

points awarded, and beyond 500 meters, which resulted in the addition of one point to the 

forest’s score. Furthermore, an assessment of access to other forest areas farther away was 

conducted based on forest coverage. Therefore, open areas or constructions disrupting access 

to nature received no points, while forests with an established path to other forests were 

awarded one point. 

The second criterion was the proximity to industrial activities, such as a local cement factory, 

due to the several impacts to the environment caused by cement production (Petroche and 

Ramirez, 2022) and a paper mill, which can be a source of air, and consequently soil, 

pollution (Jaworska et al., 2020). A total of 2 points were allocated to forests located 5 

kilometers or farther from the industry, forests within 3.5 kilometers received 1 point, forests 

within 2.5 kilometers were allocated 0.5 points, and forests closer than 2.5 kilometers from 

the factory were not allocated points from this criterion. 

The third criterion was proximity to roads. A total of 5 points were allocated to forests 

located within more than 100 meters from a road, forests within 80-99 meters were allocated 

4 points, forests within 60-79 meters were assigned 3 points, forests within 40-59 meters 

were assigned 2 points, and forests within 20-39 meters were assigned 1 point. Finally, 

forests located less than 20 meters from a road were allocated 0 points, given the heightened 

risk of disruption to wildlife migration and increased exposure to environmental 

contaminants (Boston, 2016). The traffic intensity of roads was also accounted for, with 
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point deductions of 0.5 for the forest located near low-medium intensity traffic, such as 

residential neighborhoods, and a deduction of 1 point for forests located near highways. 

Distance from neighborhoods, and consequently nighttime lights (Venter et al., 2016), was 

chosen as the fourth criterion to assess connectivity. Forests were assigned a weight ranging 

from 0 to 3, in which forests next to houses were rewarded no points, forests within 50-100 

meters from houses were awarded one point, forests within 100-200 meters from 

neighborhoods were awarded 2 points, and forests more isolated were allocated full points 

for this criterion. This is due to the negative impact human presence can have on certain 

species, resulting in animals avoiding such areas (Nickel et al., 2020). 

Proximity to water bodies was defined as the last criterion for connectivity, as they present 

diverse benefits for the forests (Lo et al., 2020) and species living in both land and aquatic 

environments (Tenentzap et al., 2014). Forests located within 200 meters of a water body 

received the highest allocation of 5 points, while those situated between 200 and 400 meters 

were assigned 4 points. The scoring scheme continued with forests positioned between 400 

and 600 meters receiving 3 points, followed by forests within 600 to 800 meters allocated 2 

points. Finally, forests situated within 800 meters and one kilometre from a water body were 

assigned 1 point, while those situated farther than a kilometre from a received no points. A 

deduction of one point was made if the access to the nearest water body was disrupted by 

roads. 

A study by Lindenmayer, Franklin and Fischer (2006), which is used as a reference by many 

studies on forest and biodiversity protection, supports the choice of using these criteria. Their 

research recommends five indicators to be considered when assessing potential off-reserve 

areas to be protected, such as maintenance and restoration of habitats, management of roads 

and the protection of aquatic ecosystems and their surroundings. 

3.2.4  Diversity of current use 

Having a qualitative aspect, assessing the criterion of diversity of current use presents the 

biggest challenges of all criteria, as it must be assessed from different perspectives and 

individually on each of the forest areas. When assessing the areas focusing on the benefits 

for nature, areas with less anthropogenic influence have more protection potential than areas 
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with easy access of the population, depending on the activities performed there. Conversely, 

urban forests present potential benefits for the public and may also carry historical 

significance. 

In order to achieve a 0-1 grading, forests were divided in 5 subcategories, in intervals of 

0.25.  Areas used for recreation such as skiing and snowmobiling, received lower grades due 

to the disturbance they cause on the wildlife (Harris et al., 2014; Wisdom et al., 2018) and 

on the air, due to emissions of motorized vehicles (Musselman and Korfmacher, 2007). 

Alternatively, forests already protected or located on islands occasionally visited by locals 

or for summer camps, received the highest score due to the low impact human activities have 

on the environment.  

Studies on foraging in urban areas have not detected any major ecological issue caused by 

this activity and participants of that practice exhibited environmental awareness and tried to 

minimize their impacts on nature (Schunko et al., 2021; Schunko and Brandner, 2022); 

therefore, areas commonly visited for foraging and other low disturbance activities received 

a score of 0.75. Forests used for forestry purposes were placed in the same subcategory, 

therefore receiving the same score, due to the longer periods between harvests, in which the 

forests stay undisturbed. Forests used for other purposes, such as farming, while also 

receiving a moderate number of visitors due to their location, received a score of 0.5. Lastly, 

forests located in tourist places receiving a large number of visitors throughout the year 

received 0.25, or the second lowest score. 

3.2.5  Future land use 

An assessment of Lappeenranta’s latest master plan was performed, and allocations made to 

the forest areas and their surroundings were studied. Three evaluative criteria were then 

established to assess future land use. The initial criterion concerned land allocation. 

Therefore, areas already assigned for protection in the master plan were awarded the 

maximum score of 5 points, while areas designated for forestry received 4 points. Forests 

that had diverse allocations, such as housing or industries, were assigned 3 points or fewer, 

depending on the amount of the area allocated to said purposes. 
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The second criterion involved assessing the potential for expansion towards the forests and 

the influence such development of surrounding areas would have on them. Forests located 

in relative isolation, such as those situated on islands or surrounded by zones earmarked for 

nature preservation, were assigned the highest score of 3 points. Conversely, forests adjacent 

to possible industrial zones received 2 points or fewer, depending on their proximity to these 

areas and whether the forests would still have space to expand and maintain their conditions. 

Similarly, forests located in areas currently designated for forestry in the master plan, yet 

exhibiting a trend towards residential expansion, were subjected to reduced scores. 

The last criterion addressed the potential disturbance caused to the forests by surrounding 

development, under the assumption of city expansion in full accordance with the master 

plan. Similarly to the grading for the second criterion, forests positioned on islands were 

awarded the maximum score of 2 points and forests that would be surrounded by built-up 

areas received 1 or 0 points. In addition, the increase of tourism, thereby increasing the 

frequency of recreational activities, was also considered. Therefore, forests located near 

recreational areas did not receive full points, even though they will continue being 

surrounded by other green areas according to the master plan. 

4  Results 

Results achieved from each criterion, as well as the combined result, are presented in this 

section through the use of bar charts.  

4.1  Biodiversity index 

Mälkiä and Tetrinotko demonstrated the highest biodiversity indices of 0.7, followed by 

Lavola and Suomensalo with the indices of 0.6. Alternatively, Humalsillansuo and 

Luhtalampi demonstrated the lowest biodiversity indices, with values of 0.2 and 0.3, 

respectively.  
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Figure 21. Results of biodiversity index of the forests assessed. 

 

4.2  Edge effect 

Pajarila had the highest score in the edge effect criterion, due to its squared shape, while 

Lavola area exhibited the lowest score due to its organization of multiple isolated sub-areas, 

resulting in a larger perimeter. 

 

 

Figure 22. Results of edge effect of the forests assessed. 

0.2

0.4

0.6

0.3

0.7

0.5 0.5

0.6

0.7

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

Biodiversity index

0.54

0.29

0.13 0.15
0.22

0.32

0.76

0.37

0.47

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

Edge effect



34 
 

 

4.3  Connectivity 

Suomensalo and Mukonsaari were allocated full score for connectivity. This can be 

explained by their location, as both forests are situated in areas which do not contain roads, 

industries, or densely populated areas. Additionally, both forests are located on islands, 

which guarantees access to water bodies at short distances. Lavola received the lowest score 

due to its proximity to the cement industry, roads with high traffic intensity, and 

neighborhoods. While it is situated within 400 meters of a water body, its access is obstructed 

by a road, therefore resulting in a low score in that criterion as well. 

 

 

Figure 23. Results of connectivity of the forests assessed. 
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frequent tourist visits. Although activities such as hiking, when performed occasionally, do 

not pose significant harm to the environment, the influx of visitors disturbs the natural 

environment to a considerable extent. 

Forestry, combined with agriculture and livestock raising, secured Lavola a score of 0.5 

While mentioned activities do not include frequent forest use and, therefore less impact on 

the environment, it is less in accordance with protection ideals than forests that are already 

protected or do not receive visitors. Kapiasuo, Luhtalampi received the second-best score, 

which is attributed to the forestry practices, which, for the most part, do not include frequent 

visits to the forests.  Mälkiä, even though located in a residential area, is mostly used for 

hiking and foraging. Moreover, the presence of significant historical construction is in 

accordance with the conservation ideals and therefore supports the given score of 0.75. 

Mukonsaari, Suomensalo and Pajarila received the maximum score due to few visits they 

receive, therefore resulting in less anthropogenic disturbances. While located on islands with 

only access by boats (or over ice in winter), Mukonsaari and Suomensalo are generally only 

used by locals when visiting their summer cottages or host summer camps. Therefore, during 

the colder seasons, the forests are left intact. Pajarila is currently already protected; therefore, 

no activities are performed there other than occasional visits by locals. 

 

 

Figure 24. Results of diversity of current use of the forests assessed. 
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It is important to note that diversity of current use is a flexible criterion and therefore scores 

can drastically change once regulations or habits change. Humalsillansuo for example, which 

received the lowest score due to the snowmobiling activities there performed, would be 

awarded a significantly higher score if regulations on the use of motorized vehicles in the 

area were established. Conversely, if access to islands in Joutseno was facilitated by the 

construction of bridges or cruises, the scores of forests in these locations would be lowered. 

4.5  Future land use 

Suomensalo and Mukonsaari were both awarded full score for the future land use criterion. 

Suomensalo forest is already designated as protected in the city’s master plan, ensuring it’s 

preservation. Similarly, while Mukonsaari forest is mostly designated as recreational area, 

the activities conducted there do not pose significant environmental threats, and they are 

likely to continue should the area be permanently protected without causing harm. Moreover, 

the absence of diverse zone allocation in these islands mitigate potential disturbance from 

the surroundings. 

Lavola, followed by Pajarila, received the lowest score. Lavola’s forest’s area has been 

designated for various purposes in the master plan, such as forestry, commercial areas, and 

residential development in the south, where expansion toward the forest is anticipated. 

Similarly, Pajarila’s forest, earmarked for recreation use according to the master plan, may 

be surrounded by office buildings and a large retail store. 
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Figure 25. Results of future land use of the forests assessed. 
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Figure 26. Results of all criteria combined. 
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A study by Branquart et al. (2008), employed a set of 12 criteria to identify forests with the 

highest conservation potential (9 of which are used in this study distributed among the 

biodiversity index and connectivity criteria) across protected areas in Europe, achieves 

results comparable to the findings of this thesis. Specifically, it observed that the forests 

meeting all 12 criteria were those isolated with minimal human intervention. 

Methods employed for the assessment performed in this thesis offer a replicable framework 

applicable to similar future studies worldwide. While some criteria of qualitative nature, 

such as current and future use, may be subject to interpretation variations, leading to 

potential divergent results, criteria such as edge effect and connectivity can be evaluated 

with considerable similarity, mirroring the approach undertaken in this research. This study 

also allocated equal weight (1) to all criteria, which can be modified in future studies based 

on the perceived importance of each criterion. For instance, future research may choose to 

allocate higher or lower weights to environmental or social factors based on the focus of the 

study.  

The scores for the qualitative criteria may drastically change in response to shifts in 

behaviours or regulation changes. Examples of that can be observed in the areas assigned 

the lowest scores within the current use criterion, where alteration in current use patterns, 

such as regulatory restrictions on the use of snowmobiles in the Humalsillansuo forest or 

diminished frequency of visitors in the Tetrinotko area, are projected to significantly increase 

the combined score of those areas. Similarly, changes in the master plan, although less 

probable, would increase the individual scores of forests located near areas allocated for 

future constructions. 

Limitations in this study include the assessment of the qualitative criteria due to the different 

interpretations and the extent to which factors are considered. Moreover, the method used to 

calculate the biodiversity index focuses on trees, therefore leading to a low score for areas 

with low volume of trees. Animal species are also not accounted for, a factor commonly 

used for the biodiversity assessment in research and that would influence the score of all 

forest areas. Lastly, when evaluating the edge effect in this study it was assumed that all 

edges will suffer from outside influence; however, some forests are connected to other 

forested areas that do not present any disturbance, a factor that could increase the score of 

some forests. 
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Quantifying qualitative attributes poses significant challenges in various scientific research 

fields, especially in pioneering studies (Elo and Kingäs, 2008). Evaluating criteria of 

qualitative aspect requires making generalizations based on previous research and the 

author’s own conclusions, which can result in less accuracy compared to the assessment of 

qualitative criteria and lead to criticism (Coast et al., 2004). Although the decisions made 

based on these attributes are open to subjective interpretation, this study provides a 

foundation for future research, which can evaluate the choices made, refine the methodology, 

and develop more accurate approaches (Morgan, 1993). 

 

6  Policy recommendation 

Based on the findings of this study, it is advised that the city of Lappeenranta prioritizes the 

conservation of forests Suomensalo, Mukonsaari, Tetrinotko and Kapiasuo, resulting in 

20.36 ha of protected area, therefore achieving the goal of 30% of protected land among the 

forests assessed. Although all areas exhibit conservation potential, these particular forests 

obtained the highest cumulative scores across all five criteria. The decision is anticipated to 

receive the support of a diverse set of stakeholders, including the population, which often 

uses forests for different recreational purposes in their free time (Neuvonen et al., 2022). 

Moreover, the decision to protect forests aligns with EU’s biodiversity strategy and 

contributes to Natura 2000’s goals of protecting biodiversity in Finnish forests. 
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