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Abstract 
Urban green space has been proven by the field of environmental psychology to have high value for 
human well-being. Green space is also important for biodiversity. However, the management of 
urban green space is commonly focused on present aesthetic values and not on the level of 
naturalness and its consequences for humans and biodiversity. This study compares the green space 
situation in relation to human well-being and biodiversity in Lviv, Ukraine and Stockholm, Sweden. 
By sampling urban green space gradients, from unnatural to natural, as well as collecting data about 
visiting people and bird taxa in those areas, comparisons between these two response variables and 
the level of naturalness were made. The results show correlations between the level of naturalness 
and the social structure of human visitors as well as to the bird taxa present. The results thus 
indicate that both human well-being and biodiversity is positively related to the level of naturalness 
of green space. Since more and more people live in urban areas decision-makers should leave 
sufficient amounts of green space, for the inhabitants’ well-being, both people and other species, in 
physical planning. Given generally low levels of green space in urban settings, areas for recreation 
and rehabilitation should be enhanced further. 



 4 

Introduction 
Today more than half of the world’s population lives in urban settings, and it is estimated that the 
urban population will increase to five billion by 2030 (United Nations 2004). The rapid increase of 
large urban agglomerations is a major challenge to ensuring human well-being and ecological 
sustainability (Berkowitz et al. 2003). Urban growth frequently causes decreases in the amount and 
quality as well as to fragmentation and isolation of green space patches (e.g., Young and Jarvis 
2001, Sandström et al. 2006a). Despite this, they are assumed to form green infrastructures for 
delivering biodiversity conservation and ecosystem services that are of significant value to human 
well-being (Bolund and Hunhammar 1999, Borgström et al. 2006). 
 
Commonly, however, the management of urban green space is focused on present aesthetic values 
and not to the level of naturalness and its consequences for humans and biodiversity. The level of 
naturalness of ecosystems is a factor that has positive effects on both human well-being (e.g., 
Stigsdotter and Grahn 2011) and biodiversity (e.g., Sandström et al. 2006a). However, intensified 
management practices and expansion of housing and man-made infrastructure, as well as a more 
intensive and stressful modern lifestyle, affect negatively both the availability and accessibility of 
urban green space for human well-being and biodiversity (e.g., Stigsdotter and Grahn 2011, Nielsen 
and Hansen 2007). To consider the level of naturalness in urban planning can therefore contribute to 
mitigation of the problem that human well-being and biodiversity is commonly considered 
separately or are even neglected in urban and rural landscape planning (e.g., Sandström et al. 
2006b).  
 
To provide arguments for maintenance of functional green space in urban settings requires 
comparative studies that test the hypothesis that human well-being and biodiversity are related to 
the level of naturalness. Hence, simultaneous sampling of variables of all three dimensions is 
needed. Naturalness is about the similarity of a particular ecosystem to the conditions in ecosystems 
with small human impact (Peterken 1996). To humans, naturalness has both visual and audial 
components. The visual component can be measured as complexity of vegetation structure, and the 
audial as absence of unwanted sound, i.e. noise (Boverket 2007). According to the Millennium 
Ecosystem Assessment (2005) human well-being consists of five components. The first is "basic 
material for a good life" which means access to food, shelter and goods, and the second "health" 
including feeling well and living in a healthy environment. Thirdly, "good social relations". 
Fourthly, it is "security" as people want to be ensured access to resources, safety from disasters, etc. 
Fifth comes "freedom of choice and action", mainly in terms of equity and fairness. Biodiversity is 
about species, habitats and processes (e.g., Brumelis et al. 2011), which can be measured as the 
composition, structure and function of ecosystems (Angelstam and Dönz-Breuss 2004). Specialised 
bird species, which require a high level of naturalness, have often been proposed as indicators (e.g., 
Roberge et al. 2008).   
 
The aim of this study is to test the hypothesis that human well-being and biodiversity are related to 
the level of naturalness. I focused on two proxy variables, respectively. First, I attempted to measure 
characteristics of humans’ use of green space in terms of age structure and group size of human 
visitors. Second, I noted the presence of bird species with different life-history profiles, and thus 
required different levels of naturalness. 
 
Testing the hypothesis that human well-being and biodiversity are correlated with the level of 
naturalness requires a wide gradient in the level of green space naturalness, from single trees to 
large parks and protected areas. Additionally, to provide arguments to improve the maintenance of 
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functional urban green infrastructure and thus management recommendations, it is important to 
increase the generality of research results. Consequently I chose to replicate sampling in two urban 
settings with different political and cultural context. 

Study areas 
There are several definitions of urban green space. For this study I have used a definition which 
includes all areas freely accessible for the public located within the city boundaries (Bilgili and 
Gökyer, 2012). This ranges from city squares and alleys to city parks and nature reserves (Table 2). 
The focus in this study has been on studying examples of each type located as close to the city 
centre as possible. 
 
Past and current political systems, country affairs and culture have developed different cities 
uniquely. This provides interesting research opportunities linked to the role of context for how the 
level of naturalness of green space is related to human well-being and biodiversity. In order to 
explore the role of urban green space in different cultural contexts in Europe’s east and west, the 
cities Lviv in Ukraine and Stockholm in Sweden can be viewed as two outdoor laboratories. Both 
cities are of roughly similar size (0.73 vs. 0.89 million inhabitants, respectively) and were both 
founded in the early 13th century. Lviv City municipality has an area of 182 km2 of which 26% is 
green space (Sobechko, 2009) and Stockholm municipality has an area of 188 km2 of which 42% is 
green space (Miljöförvaltningen Stockholm stad, 2009) (Table 1).  
 
Table 1. Data about inhabitants and green space in Lviv and Stockholm. 

 Lviv Stockholm 

Inhabitants, millions 0.73 0.89 

Green space, km2 47 79 

Green space per inhabitant 
(ha/person) 

0.0065 0.0086 

Methods 
The green space areas where sampling took place were selected to represent a gradient in seven 
categories from single trees and patches of green space to large contiguous and protected areas 
(Kucheryavy, 1981), see Table 2. The green space areas also had a geographical distribution from 
the city centre towards the periphery, i.e. from more to less human influence, two factors which 
together were assumed to form a gradient from less to more natural. Areas which become protected 
usually have higher conservation values and less intensive management than areas without 
protection. Nevertheless, it is very likely that virtually all of the land area surrounding these old 
cities have been influenced by human activities to some extent. 
 
In order to test the hypothesis that human well-being and biodiversity is correlated with each other, 
and with the level of naturalness I collected three main groups of data in the selected green space. 
First, the age structure and group size of the human visitors. Second, presence of bird taxa with 
different life histories was noted. Third, I collected data on variables that capture naturalness 
characteristics of green space, (number of tree age classes present, amount of tree regeneration and 
amount of dead wood) (Angelstam and Dönz-Breuss 2004) as well as unnaturalness (percentage of 
hardened surface, noise as dB(A) as a 6 minute average and the amount of garbage) (Peterken 1996, 
Boverket 2007)  
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To collect data on naturalness indicators the following techniques were used at each plot. Trees with 
a DBH (diameter in breast height) over 10 cm were counted with a relascope and expressed as basal 
area (m2/ha). Trees with a smaller DBH were counted within a 4 meter radius to collect data on 
regeneration. At each plot the occurrence the tree age classes clearcut, young, middle-aged, mature 
(final felling), ageing and old-growth were noted. Data about unnaturalness, percentage of hardened 
surface was approximated and amount of garbage was counted, both within a 30 meter radius. Data 
collection was made in sampling points (n=20 in each stratum in each study area) representing 
seven types of green space patches (Table 2). The total number of sampling points in each city was 
140, thus yielding a total of 280 sampling plots. At each plot the data on noise, people and birds 
were all collected during a period of six minutes. 
 
Since the sample size of human visitors was limited in some of the seven strata, they were 
combined into 3 classes, with clearly similar values in terms of naturalness and unnaturalness 
(Figure 3). Looking at the values for the three naturalness variables (Figure 1) and unnaturalness 
(Figure 2) respectively, shows a clear difference between the different classes, AB, CDE and FG, in 
each city. To create three values for the three classes for further analyses, each group of variable 
parameter values was normalised by dividing all values with the highest value for each variable, 
respectively, and then summing them. That resulted in three distinct classes, which was then used 
for analyses of people’s use and presence of birds with different life histories as indicators of human 
well-being and biodiversity in relation to naturalness in the two cities. 
 
During sampling of the urban green space, data about the visiting people was collected during 6 
minutes per plot i.e. in total 2 hours per stratum. Each observation was either a single individual or 
a group of people in company. Additionally, each person was classified as child (estimated age 0-
12), young (13-25), adult (26-65) and old (>65). This information was used to calculate the number 
of observations, the number of visitors and the average group size. Due to the limited number of 
observations in some of the strata, and to make the data comparable with the indicators of 
naturalness and unnaturalness (Figure 3), the different strata were grouped in to the same classes as 
stated before.  
 
The data of the urban bird class consisted of pigeons, corvids and house sparrows, the intermediate 
class was other small passerines, and the specialists were observations of other non-passerines. All 
bird data was collected during the same amount of time as the data on people, 6 minutes per plot. 
 



 7 

Table 2. Description of the seven categories of green space in the two study cities, and lists of the 
individual green space patches visited in each stratum for data collection in each city. 
 
Type of green 
space with 
increasing level 
of naturalness 

Strata Class Lviv Stockholm 

Small 
lawn/single tree 

A AB 

Minor green 
spaces 

e.g., Market Square 

Monument of King 
Danylo Halytskyi, 
Halyts'ka square 

Monument Of Adam 
Mickiewicz, Mitskevycha 
square 

e.g., Kungsträdgården 

Tegelbacken 

Raul Wallenbergs park 

Norr Mälarstrand 

 

Alleys/Avenues B AB 

Minor green 
spaces 

Svobody Avenue 

Shevchenka Avenue 

Pidval’na street 

Ivana Honty street 

Karlavägen 

Valhallavägen 

Green space by 
apartment 
buildings 

C CDE 

Major urban 
green areas 

Chornovola Prospekt Bergshamra 

Cemeteries D CDE 

Major urban 
green areas 

Lychakiv Cementary Norra begravningsplatsen 

Urban parks E CDE 

Major urban 
green areas 

Ivan Franko’s park 

Bogdan Khmelnytsky’s 
park 

Humlegården  

Vasaparken 

Observatorielunden 

Humlegården 

Nature + 
culture 

F FG 

Nature 

Nasinya hills Nationalstadsparken 

Nature G FG 

Nature 

Vynnyky forest park Östra Järvafältet 
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Results 

Description of independent variables 

Naturalness among types of green space  

By plotting the parameter values for three variables for naturalness; i.e. number of tree age classes, 
regeneration of trees and amount of dead wood, a clear gradient of naturalness was observed among 
the seven strata (Figure 1). 

 
Figure 1. Mean and standard error values for the seven strata in each city for indicators of 
naturalness of urban green space, from the most urban (A) to most natural (G), see Table 2 for 
definitions. Number of tree age classes present (left), amount of tree regeneration (centre) and 
amount of dead wood (right).  

 

A clear gradient of unnaturalness was found among the seven strata also for three variables 
indicating the level of unnaturalness; i.e. percentage of ground cover which is hardened surface 
(paved, tiled or gravel), noise as dB(A) mean of 6 minutes and the total amount of garbage (Figure 
2, Table 3). 

 
Figure 2.  Mean and standard error values for the seven strata in each city for indicators of 
unnaturalness of urban green space, from the most urban (A) to most natural (G), see Table 2 for 
definitions. Percentage of hardened surface (left), Noise, dB(A) 6 minute average (middle), and 
amount of garbage (right). 
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Table 3. Means and SD for the seven strata in each city for indicators of naturalness; number of 
tree age classes present, amount of tree regeneration and amount of dead wood. Indicators of 
unnaturalness; percentage of hardened surface, noise dB(A) 6 minute average and amount of 
garbage. 

 Naturalness variables (Figure 1) Unnaturalness variables (Figure 2)  

C
i
t
y 

Stratum Dead wood Generations Regeneration Hardened 
surface 

dB(A) 6 min Garbage N 

L
v
i
v 

 

A 
0  2.3 ± 0.9 0.1 ± 0.3 80.5 ± 15.7 71.9 ± 4.6 11.7 ± 2.2 20 

B 
0.1 ± 0.3 2.6 ± 1.1 1.1 ± 2.9 63.5 ± 14.6 71.8 ± 3.0 11.7 ± 2.7 20 

C 
0.9 ± 2.0 2.7 ± 0.9 1.0 ± 1.4 47.5 ± 22.2 61.3 ± 5.4 14.0 ± 2.6 20 

D 
0.8 ± 1.1 3.7 ± 0.5 2.4 ± 3.3 68.5 ± 16.3 59.0 ± 5.5 11.2 ± 2.6 20 

E 
0.2 ± 0.4 3.6 ± 1.2 1.4 ± 2.2 58.5 ± 25.6 66.4 ± 4.4 9.1 ± 1.5 20 

F 
0.7 ± 1.3 3.0 ± 0.8 7.4 ± 9.5 5.5 ± 15.72 54.9 ± 4.0  11.3 ± 3.5 20 

G 
5.9 ± 5.1 4.1 ± 0.4 6.7 ± 8.7 6.0 ± 17.7 55.7 ± 6.6 9.8 ± 1.9 20 

S
t
o
c
k
h
o
l
m 

 

A 
0  1.6 ± 1.2 0  70.5 ± 25.6 71.3 ± 5.3 10.7 ± 1.3 20 

B 
0 2.1 ± 0.7 0.1 ± 0.5 43.2 ± 15.7 71.9 ± 3.0 11.0 ± 0.6 20 

C 
0.1 ± 0.2 3.2 ± 0.8 1.9 ± 2.7  31.5 ± 17.3 61.0 ± 6.1  9.6 ± 1.9 20 

D 
0.1 ± 0.2 3.5 ± 1.1 1.2 ± 2.8 36.5 ±12.3 59.3 ± 5.5 7.3 ± 0.7 20 

E 
0 3.7 ± 0.9 0.3 ± 0.7 35.0 ±13.2 66.3 ± 4.2 11.2 ± 1.0 20 

F 
0.6 ± 0.9 3.2 ± 1.3 4.8 ± 6.7 8.0 ± 8.3 51.7 ± 4.2 8.0 ± 0.8 20 

G 
3.3 ± 3.6 3.3 ± 0.5 6.6 ± 7.3 1.5 ± 4.9 50.6 ± 5.1 7.1 ± 0.2 20 

 

To conclude, the seven categories formed a clear gradient of naturalness (Figure 1) and 
unnaturalness (Figure 2). Due to the limited sample size of people in some of the seven strata, the 
gradient of naturalness was simplified into three classes (Table 4 and 5).  
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Table 4. Means and SD of the three variables for naturalness and unnaturalness in the three classes 
in Lviv and Stockholm.  

  Naturalness variables Unnaturalness variables  

 Class Dead wood Generations Regeneration Hardened surface dB(A) 6 min Garbage N 

L
v
i
v 

AB 

0.05 ± 0.22 2.42 ± 0.98 0.57 ± 2.11 72.00 ± 17.28 71.84 ± 3.83 11.65 ± 2.46 40 
CDE 

0.62 ± 1.35 3.28 ± 0.99 1.57 ± 2.47 58.17 ± 23.03 62.20 ± 5.94 11.42 ± 3.00 60 
FG 

3.28 ± 4.52 3.50 ± 0.82 7.00 ± 8.97 5.75 ± 16.51 55.31 ± 5.37 10.50 ± 2.87 40 
S
t
o
c
k
h
o
l
m 

AB 

0 1.80 ± 0.97 0.05 ± 0.32 56.85 ± 25.24 71.64 ± 4.26 10.85 ± 1.03 40 
CDE 

0.03 ± 0.18 3.47 ± 0.91 1.10 ± 2.32 34.33 ± 14.30 62.20 ± 6.00 9.37 ± 2.06 60 

FG 

1.95 ± 2.92 3.22 ± 0.95 5.69 ± 6.98 4.75 ± 7.51 51.15 ± 4.61 7.50 ± 0.75 40 
 

Looking at the values for the three naturalness variables (Figure 1) and unnaturalness (Figure 2), 
respectively, shows a clear difference among the different classes AB, CDE and FG, in each city 
(Figure 3). 

 
Figure 3. Level of naturalness (mean and standard error) as a sum of normalized values for (Figure 
1) variables (left), and level of unnaturalness as sum of normalized values for (Figure 2) variables 
(right), (for details see Table 5). 
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Table 5. Means and SD of observed values as a sum of normalized values for the three variables for 
naturalness and unnaturalness respectively in the three classes in Lviv and Stockholm. 

City Class Naturalness Unnaturalness Valid N 

Lviv AB 0.51 ± 0.23 2.23 ± 0.18 40 

CDE 0.74 ± 0.26 1.97 ± 0.25 60 

FG 1.09 ± 0.47 1.31 ± 0.23 40 

Stockholm AB 0.36 ± 0.19 2.03 ± 0.25 40 

CDE 0.73 ± 0.20 1.61 ± 0.22  60 

FG 0.92 ± 0.33 1.08 ± 0.12 40 

 

Differences in unnaturalness 

Looking at the amount of unnaturalness in terms of garbage in the seven strata in the two cities both 
some similarities (Figure 4) and differences (Figure 5) become visible. Besides cultural differences 
in the treatment of garbage, the presence of garbage can also be explained partly by how many 
visitors each strata has (Figure 7), but also by what personal values the visitors of the different strata 
have and how much maintenance work is performed. 

 
Figure 4. Mean and standard error values for amount of paper garbage (left) and amount of plastic 
garbage (right) across the seven urban green space strata, in Lviv and Stockholm. 
 
Looking at the amount of glass and metal garbage in the two cities show some differences regarding 
what can be interpreted as socially acceptable in terms of littering in the different strata in the two 
cities (Figure 5).  
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Figure 5. Mean and standard error values for amount of glass garbage (left), and the amount of 
metal garbage (right) across the seven urban green space strata, in Lviv and Stockholm. 

Independent variables 

People 

The number of observations, either a single individual or several people in company, varied 
considerably among the seven strata in the urban naturalness gradient (Figure 6).  

 
Figure 6. Number of observations of people in each stratum of green space (Lviv, A=581, B=615, 
C=339, D=11, E=376, F=75, G=11. Stockholm, A=442, B=415, C=92, D=15, E=355, F=20, 
G=1). 

More detailed information about each group was also noted and this information was later summed 
up to show the number of actual individual visitors in each stratum (Figure 7). 
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Figure 7. Number of visitors in each stratum of green space (Mean values in Lviv were A=926, 
B=939, C=444, D=57, E=551, F=85, G=43. In Stockholm the mean values were A=804, B=566, 
C=122, D=24, E=909, F=43, G=35). 

The data about number of observations and visitors (Figure 6 and 7) was then used to calculate the 
average group size in the different classes of green space (Figure 8).  

 
Figure 8. Group size in each class of green space. (Mean values in Lviv, were AB=1.56, CDE=1.44, 
FG=1.49, and in Stockholm they were AB=1.60, CDE=2.28, FG=3.71). 

 

The estimated age group distribution of people visiting green space in both cities indicated a 
positive relationship between children and naturalness and a positive relationship between adults 
and unnaturalness. In Lviv there was also a positive relationship between young people and 
unnaturalness, where as in Stockholm young people mainly visited green areas in the CDE class. 
Old people had the opposite visiting behaviour in Lviv compared with Stockholm (Figure 9). In 
Lviv the proportions of different age classes was more even as the level of naturalness increased. 
This trend was also true for Stockholm, with the exception of the amount of young people in class 
FG (Figure 9).   
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Figure 9. Age distribution of the visitors of the three green space classes in Lviv and Stockholm. 

 

Birds 

In the green space of both Lviv and Stockholm (Figure 10) a clear trend was that the amount of 
urban birds followed the unnaturalness gradient (Figure 3). The presence of birds in the 
intermediate class more or less followed the naturalness gradient (Figure 3). In Lviv this relation to 
the naturalness gradient was also true of the specialists. However, in Stockholm the presence of 
birds in the specialist category was highest in the CDE class and not in FG.  

 

 
Figure 10. Distribution of the three different classes of bird taxa, in the three classes of urban green 
space in Lviv and Stockholm. 
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Discussion 

Naturalness and unnaturalness 
The survey of urban green space as green infrastructures for biodiversity and human well-being 
showed a clear gradient in both Lviv and Stockholm of naturalness indicators, and an opposite 
gradient of unnaturalness indicators. The gradient became even clearer after re-grouping strata with 
similar results and size into the three classes AB, CDE and FG. Overall, Lviv scored higher than 
Stockholm in the three classes, both in terms of naturalness and unnaturalness. The difference was 
true for all three naturalness variables; i.e. amount of dead wood, number of tree generations 
present, and amount of tree regeneration. Similarly, all the three parameters of unnaturalness; i.e. 
proportion of hardened surface, noise and amount of garbage present showed the same pattern.  

The difference in the performance of naturalness indicators among strata and individual city is 
likely to depend on differences in green space management. This can be due to a more top-down 
governance and implementation of protected nature areas in Ukraine, whereas in Sweden land use is 
more dependent on the wants and needs of the public, in accordance with a bottom-up system of 
governance. Additionally, both management and ecoregional differences between the two cities may 
play a role. In the strata with the highest predicted level of naturalness in Stockholm (the nature 
reserve östra Järvafältet) I barely saw any trees with a DBH (diameter in breast height) of > 50 cm, 
where as in Lviv (the Vynnyky forest park) there were many trees over 80 cm DBH. The higher 
levels for unnaturalness can also be explained by other priorities in physical planning, and with a 
higher proportion of hardened surface. Different personal values among citizens may also result in 
more garbage in the green space. 

People 
The number of observations of visitors among the strata was similar in Lviv and Stockholm. Strata 
A, B and E had many observations, which was expected since these green spaces are located in 
more central locations in the cities where densities of people are higher. The big difference was that 
in Lviv stratum C (green space among apartment buildings) had more than three times the 
observations and visitors observed in Stockholm. This might come from differences in terms of 
unemployment and equality in the different countries. Another possible explanation is that the 
locations for stratum C were not similar enough. I had planned to visit part of the so-called “million 
programme” in Stockholm, but due to on-going violent riots at the time of data collection, I decided 
not to sample these areas. 

Looking at the average group size of the visitors in the different strata of green space in Lviv and 
Stockholm some big differences are obvious. In Lviv the group sizes were very similar in the three 
classes, with roughly 1.5 individuals per group. In contrast, in Stockholm the group size increased 
with higher levels of naturalness, more than doubling from class AB to FG. This data comes, 
however, from a limited number of observations. In Stockholm, stratum G, there was only one 
group observed consisting of 35 individuals during the 2 hours of data collection. 

The age distribution of people visiting green space in both cities showed a positive pattern between 
children and naturalness, and a positive pattern between adults and unnaturalness. In Lviv there was 
also a positive correlation between young people and unnaturalness, where as in Stockholm young 
people mainly visited green areas in the intermediate class, consisting of strata CDE. Old people 
showed the opposite visiting behaviour in Lviv compared with Stockholm. The higher presence in 
Sweden of old people in the class FG green space could be explained by the average health status of 
citizens in the two countries. In 2011 the life expectancy in Ukraine was 71 years and in Sweden it 
was 82 years (WHO, 2013). It is also possible that receiving a joint replacement is also different. 
Additionally, stratum F in Stockholm was more easily accessible, contained more disabled friendly 
infrastructure and had less topography than the same strata in Lviv. 
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Birds 
In the green space of both Lviv and Stockholm there was a clear trend that the amount of urban 
birds followed the unnaturalness gradient. In contrast the presence of birds in the intermediate class 
more or less followed the naturalness gradient. In Lviv this relation to the naturalness gradient was 
also true of the specialist birds. However, in Stockholm the highest presence of birds in the 
specialist category was in the intermediates naturalness class CDE, and not in the highest 
naturalness class FG. This is likely due to the lower naturalness values in class FG in Stockholm, 
which scored lower in the amount of dead wood, number of tree generations present as well as 
amount of regeneration, compared with Lviv. All three factors are important components in terms of 
naturalness, which is important for the presence of specialised bird species. (e.g., Roberge et al. 
2008). 

Conclusions 
This study demonstrated correlations between the level of naturalness in urban green space on the 
one hand, and both different social structures of the human visitors and the presence of birds with 
different life histories on the other. To conclude, the hypothesis that human well-being and 
biodiversity are correlated with the level of naturalness can not be rejected. In the context of rapid 
urbanisation, future studies should assess the extent to which spatial planners use this kind of 
knowledge. Further analyses of the data set collected for this study can be used to extract detailed 
knowledge about what naturalness variables, and how much of each of them is needed, that can be 
used to improve planning of urban green space to increase the level of naturalness. 
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