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ABSTRACT 
Due to urbanization, there is a high demand for research in urban ecosystems linkage to human health 
risks. By 2050, around 70% of the world’s population will live in urban areas with the rising challenges 
of urban space, facilities, and services as well as increasing risks of safety, quality of life, health care, 
etc. Therefore, there is a great need to analyze the urban ecosystem as an urban planning tool to mitigate 
human health risks. The main objective of this research is to identify the most and the least investigated 
urban ecosystems linked to human well-being. The systematic review method is used to analyze the 
existing literature on ecosystem services’ impact on human health risks. Google Scholar, Science 
Direct, Scopus, and other targeted databases are used for the defined keywords, such as urban ecosystem 
services and human health, urban ecosystem services and human mental health, etc. Moreover, this 
paper uses the chronological order and “Word and Word Combination Frequency” method for 
identified relevant publications. In total, there are 2,498 records analyzed as matching the searched 
keywords. After the reduction of duplicates, screening, and full article analysis, 107 articles were left 
for further analysis. The results show that interest in the topic is increasing. Some ecosystem services’ 
linkage to human health risks is more analyzed than others. The majority of analysis is done from a 
single urban ecosystem perspective (e.g., green infrastructure, water supply), therefore some challenges 
are defined, such as the lack of research. The majority of previous investigations focus on the urban 
ecosystem’s impact on physical illness. Although the attention towards mental health risks and  
urban ecosystems is increasing, there are still some gaps because of expensive and long-lasting research. 
Keywords:  urban ecosystem services, human health risks, systematic literature review. 

1  INTRODUCTION 
In the last century, the urbanization process increased rapidly: in the 1950s, just less than a 
third of the population of the world lived in urban areas and projecting that by 2050s, there 
will live around 68% of the world’s population [1]. The tendency of the annual growth of 
people who live in urban areas has social and economic advantages [2], but there are some 
significant challenges, such as the threat of public health security, quality of life [2]–[4]. 
Moreover, annual population growth harms the urban environment: infrastructure, urban 
ecosystems, and other elements of the city. Therefore, there is a need to focus on the 
relationship between urban ecosystem services (UES) and human health. 
     The concept of an urban ecosystem (UE) has been analyzed since the end of the 20th 
century. In general terms, the urban ecosystem describes how natural ecosystems interact 
with urban areas [5], [6]. Urban ecosystems are the composition of natural and artificial 
elements, which collaboration has an impact not only on the natural environment but for the 
social-economic factors, human behavior, institutions [6]. UE can be described as one 
ecosystem, or to be compiled from unique ecosystems such as wetland, urban parks, urban 
forests, lakes, and others [6]. Urban ecosystems have their functions in the city, which are 
described as urban ecosystem services. 
     The attention of the urban ecosystem services is increasing due to urbanization. Rapid 
urban population growth leads the city to face significant challenges, such as assurance to a 
healthy and safe environment. Urban ecosystem services defined as the benefit that society 
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receives from the ecosystem function [7]. Moreover, links between the urban ecosystem, their 
services create a network not only trade-offs in between the services, but also with humans 
and their well-being [8], [9]. Millennium Ecosystem Assessment [10] describes the 
relationship between UES and human well-being, which includes human health [11]. Urban 
ecosystem services are divided into four categories: supporting, provisioning, regulating, and 
cultural, which are related to human health [10], [12] (Fig. 1).  
 

 

Figure 1:  The connection between ecosystem services and well-being [10], [20]. 

     Supporting ecosystem services are described as: “Ecosystem services that are necessary 
for the production of all other ecosystem services” [13]. Supporting ecosystem services 
provides water cycling, nutrient cycling, biomass production, atmospheric oxygen 
production, soil formation and retention, and other services, which are important to the city 
and its society [14]. Moreover, this group of services is a base for other ecosystem services. 
     Provisioning services supply to ecosystems, materials (fiber, food, water, and others) that 
are necessary for the production for all the ecosystem services [9], [15]. Since the city usually 
is highly populated, there is less space for provisioning services, but one of the usually 
applicable practices are urban gardens [16]. Urban gardens or school gardens provide some 
food for locals, for example, vegetables and fruits, but most of it is grown in rural or peri-
urban areas. Nonetheless, the increasing areas of the urban gardens can supply locals, which 
have more benefits not only for ensuring basic materials but also it improves social and 
environmental aspects.  
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     Regulating services is defined as the benefit acquired from the regulation of 
environmental conditions, such as water purification, climate regulation [17]. Regulating 
ecosystem services (RES) are important for the environment and human health. RES are both 
related to physical and psychological health. Air quality directly related to inhaling health 
problems, such as cardiovascular and respiratory diseases, chronic diseases, and others [18]–
[20]. Nonetheless, green spaces of the city are capable of improving air quality, although 
there is still an important challenge, such as designing an urban green area since different 
flora have different characteristics. Regulating ecosystem services plays a crucial role in 
improving the quality of life. 
     Cultural ecosystem services are defined as a non-material benefit for the society through 
aesthetic, spiritual, religious experience, peoples’ social benefit, and others [10], [15], [21], 
[22]. Nonetheless, to increase the positive impact on human health, it is very important to 
ensure the experience that is provided to humans during the visit of green areas in the city 
[23]. For example, a well-designed park, with some playgrounds for children, benches for 
elder society creates pleasure and nice feeling, but if the park has a poor condition, 
dark/unlighted areas, with no engaging activities, it arises unsafety feeling, which might harm 
health [24]–[27]. As well, there is another important condition, such as the proximity to the 
green or blue area. In a poor neighborhood, the areas are less maintained. Consequently, it 
might have a different impact rather than in a better neighborhood. Consequently, cultural 
urban ecosystem services are important for human health and well-being. 
     According to Jackson et al. [28], the ecosystem services that are most relevant to human 
health can be broadly categorized: air filtration; biodiversity conservation; climate 
stabilization; habitat maintenance; natural hazard mitigation; food, fuel and fiber production; 
water filtration; water regulation; and the provision of aesthetic environments and 
recreational opportunities. Therefore, researches focus on urban ecosystems as a tool to 
mitigate human health risks.  
     This paper aims to get deeper insights into the relationship between urban ecosystems and 
human health. A systematic literature review explains the importance of the topic by showing 
increasing attention every year, and word frequency technique reveals which word 
combinations are used the most. 

2  METHODOLOGY 
The research conducts a systematic analysis based on literature review strikethrough based 
analysis. The search has no limitations according to the date of publication, but only English 
language papers are included in the analysis. Moreover, extracted records are imported and 
organized in a reference tool Mendeley. Health and urban term combinations are compiled 
and applied for the records tracking (Table 1). Defined terms were searched in total in five 
search engines: PubMed, Science Direct, Web of Science, Google Scholar, and Scopus. The 
systematic review included papers in the journals, conferences papers, which are not 
duplicated with the journal papers, excluding books. Moreover, after the screening part, 
literature reviews are eliminated from the analysis. 

2.1  Google Scholar 

Google Scholar search engine was utilized by using a loop system: all health terms are 
combined with at least one of urban terms (Table 1). Moreover, the first 60 non-duplicated 
papers from the combined search terms were screened and included in further literature 
analysis. In total, there were 364 papers included, which are related to the topic. 
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Table 1:  Defined keywords for a systematic literature review. 

Urban terms Health terms
Urban ecosystems 
Urban ecosystem services 
Urban planning 
Green spaces 
Green infrastructure 
Urban parks 
Waste management 
Water management 
Energy system

Human health 
Public health 
Mental health 
Illness 
Mental disorders 
Well being  

2.2  PubMed 

PubMed search tool is using a similar searching technique to Google Scholar. The importance 
of this search engine is that this database is more related to medical science. The defined 
terms are used with the limitation of the title and abstract. In total, there were 1,307 papers 
extracted, that were found with the combined keywords. 

2.3  Web of Science (WoB), Scopus, and Science Direct (SD) 

Web of Science, Scopus, and Science Direct search engines have similar instructions on 
managing the tool. There are some minor differences, such as the acronyms for a title, abstract 
(WoB = TI, Scopus = Title), the difference in using missing value sign (WoB = “*”, Scopus 
“?”). Moreover, terms in SD have to be written with quotation marks. As in PubMed 
database, defined terms are also are searched only in the title and abstract For example, one 
of the strings in WoB is conducted: TI= ((Urban ecosystems OR Urban ecosystem services 
OR Urban Green space*) AND (Public health OR Human Health OR Mental Health)). Other 
terms are used in the same way constructed string. From the WoB search engine, 382 records 
are extracted, 672 from Scopus and 408 from SD. 
     For the systematic review, Mendeley was used to identify duplicates (Fig. 2). Firstly, in 
total, there were 64 records excluded as duplicates. Secondly, the screening part was 
conducted. In this part, the records were removed based on the relevance to the topic: if the 
title and abstract were not related to defined terms, the article was excluded for further 
analysis. In this part, 2,037 records did not meet the requirements and were removed. At least, 
full papers were analyzed to define if the record is relevant to the research. In the last part of 
the systematic review, 290 records were excluded as not relevant, as well as theoretical 
approaches and books. 

2.4  Word frequency methodology 

Word frequency technique has been performed by using the Qualitative Data Analysis 
Software NVivo 12 – QSR International. All the selected 107 articles are imported into the 
software, and with the function “Word frequency”, analysis is conducted. The parameters for 
the function are: (i) to find 100 the most used words in papers that were selected; (ii) only 
five or more letter words have to be included in the analysis (to avoid dates, personal 
pronouns); and (iii) grouping with stemmed words. 
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Figure 2:  Systematic literature review scheme. 

3  RESULTS 
After the systematic review analysis, 107 papers have been selected as eligible. Nonetheless, 
only experimental records are included in the analysis, the number of publications (Fig. 3)  
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Figure 3:  Chronologic publication analysis in the data range 1999–2020. 

reveals, that the attention of the topic is increasing. Moreover, the figure shows a decline of 
publications in 2020 since the analysis has been performed until the 2020 of May. 

3.1  Word frequency analysis 

The results of the word frequency analysis demonstrate that the term greenness (3,199 times) 
is used the most frequently with the health term (Fig. 4). Other frequently used terms are 
space’ (2,785 times), urban (2,104 times), studying (1,880 times), environments (1,420 
times), and activity (1,228 times). The cloud clarifies the strongest relationship between 
human health terms and urban ecosystem services terms. 
 

 

Figure 4:  Word frequency cloud. 
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3.2  Summary of methods is used to measure the impact on human health. 

The summary of methods that are used in the selected records is divided into three main parts: 
(i) health risks evaluation methods and data gathering; (ii) urban ecosystems evaluation 
methods and data gathering; and (iii) statistical analysis methods, to evaluate the relationship 
between two objects (Table 2). The summary is concluded from 35 randomly chosen 
experiments. Methods analysis and summary show the most often used methodologies in 
urban ecosystem services evaluation and monitoring. 

Table 2:  Summary of health, urban ecosystem services, and statistical methods. 

Health measurements 
Parameter Method 
Mental and physical health Questionnaire (usually Likert scale)
Mental and physical health Statistics from a public health institution
Physical health Hormones, blood tests
Urban ecosystem services measurements 
Green spaces Normalized difference vegetation index – NDVI 

Air quality 
 Measures of air quality/pollution from responsible 

institutions 
 Modeling tools for pollution distribution 

Water quality 
 Ex-situ and in-situ techniques 
 Flame photometric method for dissolved particles 
 UV-visible spectrometer for dissolved particles 

Soil quality 
 pH, organic matter, electrical conductivity, particle 

sizes, texture 
 Nir Spectrometer evaluating soil properties 

Noise level 

 Modeling noise level using SoundPLAN, which is an 
environmental noise modeling software 

 SiRENE (short and long term effects of 
transportation noise exposure) determines total 
transportation noise from the road

Statistical tools 
Anova Durbin test 
Single and multiple regression Wu–Hausman F test
Logistic regression Bivariate correlation test
Principal components analysis Chi-square test

4  CONCLUSIONS 
Urban ecosystem services and human health relationship is an important topic since the rapid 
urbanization raises new challenges. The research shows that every year the topic is getting 
more attention, but still, there is a high demand for improvements. Moreover, word frequency 
cloud shows, which aspects are investigated the most and which are investigated less. After 
reading and analyzing full papers, some differences are explicated. Urban green areas have a 
higher impact on aging generations’ health, rather than younger. As well the significant 
impact on human health (both physical and mental) has a distance from residents’ house and 
green space – the closer park or green area is to the housing, the better results according to 
the health. Mainly, it has significant results related to the stress level, anxiety. 
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     Moreover, the frequency of visiting parks and time spent in the green area has an impact 
on human well-being [29], [30]. Hence, there are some negative aspects, which cause urban 
green infrastructure – the level of crimes, insecurity. The Tzoulas et al. study [31] shows that 
number of crimes is increasing with the increasing number of green infrastructure, which 
causes fear and insecurity level. Moreover, the unsafety in the city is related to other 
socioeconomic factors as well, such as age, neighborhood, and cultural background [32]. 
Although, the physical health evaluation is related to residents’ movements, as well as with 
the environments’ quality, such as water, soil, and air pollution, noise level. Mostly, the 
researchers conduct physico-chemical evaluation methods, assess their risk values, and 
compare with the World Health Organization (WHO) defined limited values. Noise pollution 
influences human well-being: it decreases the quality of sleep, causes increasing stress level, 
which causes other health factors, such as increased blood pressure, concentration problems, 
and others [33]. Nonetheless, the interest in urban ecosystems as a possible tool to mitigate 
health is increasing. Still, there is more research needed. 
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