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ABSTRACT 
Urban Green Space (UGS) is recognized as vital to modern infrastructure development worldwide. While the 
conventional method of urban planning has long prioritized built structures over UGS, an increasing number of 
scientific studies have demonstrated that UGS not only supports biodiversity but also provides numerous 
essential benefits for humans, such as clean air, water, weather regulation, food, and a place for respite for 
urban residents. This points to a need for an interdisciplinary synthesis of recently published research to 
document the ecological and social benefits and present comprehensive recommendations. We conducted an 
in-depth review of existing scientific literature to explore supporting, regulating, cultural, and provisioning 
ecosystem services benefits, major factors enhancing them, and management recommendations to optimize 
those benefits. The results indicate that optimizing heterogeneous UGS coverage as an essential part of urban 
design benefits natural as well as human communities in the form of enhanced wildlife habitat, clean air and 
water, weather regulation, and livability. Findings highlight the multifaceted contributions of UGS in 
maintaining natural ecosystems to provide essential benefits for human wellbeing and environmental health, 
which are integral components of sustainable development. We discuss evidence-based recommendations for 
policy and planning for optimum UGS suitable for different environmental, geographic, ecoclimatic, and 
socioeconomic statuses worldwide. The availability of comprehensive information on the enhanced benefits of 
UGS renders new directions and impetus for UGS conservation in the era of expanding urbanization and climate 
change. 
 
Keywords: ecosystem services; urban green space; conservation rationale; urban conservation; biodiversity 
conservation; research synthesis.
 
INTRODUCTION  
Urban landscapes have been managed to incorporate 
green spaces to fulfill aesthetic, cultural and natural 
values for millennia [1, 2]. However, rapid urbanization 
driven by rising demand and underlying economic 
pursuit have caused a staggering loss of urban natural 
areas in recent decades, drastically transforming how 
people interact with their environment [3, 4]. Such a 
decline globally is detrimental to wildlife, threatening 
biodiversity [5, 6], accelerating the impact of climate 
change [7] and degrading the quality of human and 
nature interactions [8]. One significant impact is 
enormous pressure on already constrained sociocultural 
and socioecological benefits and ecological functions of 
an urban environment, especially compared to rural 
areas [8]. As urbanization is projected to expand to 
accommodate as much as 70% of the world population by 
2050 [10], the loss of natural and semi-natural 
landscapes is likely to intensify unless socio-ecologically 
sound measures are taken to facilitate evidence-based 
sustainable development. 
 
Ecosystem services (ES)-driven landscape-scale 
configuration, allocation and management of urban green 
space (UGS) to enhance urban sustainability and 
resiliency represents one critical and strategic measure 
to mitigate these challenges [11].  
 

 
In a broad sense, the ES concept in as complex a landscape 
as UGS [12] includes socioeconomic and ecological 
components [13-15] that signify not only economic, 
aesthetic and cultural values for people [16] but also 
structurally intricate places conducive to landscape-scale 
biodiversity conservation. Thus, rather than promoting a 
strictly utilitarian view, the UGS ES approach employs a 
long-term and evolving vision by combining the 
multifaceted integrality of natural and human components 
[17]. 
 
With this integrated focus on humanity's dependence on 
ecosystems and biodiversity [18], ES-driven UGS functions 
have received increasing scientific attention in recent 
decades, positively influencing human wellbeing [19] in 
terms of four categories of ecosystem services [20, 21]. The 
four categories include supporting, regulating, cultural, 
and provisioning services that promote biodiversity and 
species richness; regulate weather and climate; facilitate 
mental and physical wellbeing; and provide natural 
resources such as freshwater, food supply, and energy [22-
24]. However, due to UGS ES functional synergies and 
tradeoffs complexities [25, 26], ES contributions to human 
wellbeing are intricate and sometimes poorly understood 
[27], especially when ES functions' multifaceted 
interconnectedness is not considered during planning and 
development. 
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This complexity further intensifies along with 
socioeconomic vulnerability, instability, and 
interdependence when one considers the impact of 
suburban communities and the quality of adjacent or 
peripheral natural environments [28]. For instance, while 
heterogeneous and native habitat enhances supporting 
and regulating services, a disproportionate focus on 
cultural services may be detrimental to these functions 
[29]. Moreover, mismanaged provisioning services such as 
over-extraction and exploitation of natural resources on 
top of overdevelopment within or around cities may cause 
resource depletion, deteriorating regulating functions 
such as soil and water contamination [30, 31] and 
ultimately hampering overall socioecological resiliency. 
 

One potential approach to achieving socioecological 
resiliency surrounding the interaction of UGS ES systems 
could be to explore the integrality of social and biophysical 
features from various aspects to achieve ecologically 
sensible management actions. These aspects include but 
are not limited to physical drivers such as scale (spatial 
and temporal) and ecological reversibility potential 
assessed using multi-scale complexity dynamics of the 
system's thresholds and nonlinear responses [32-34], as 
well as essential sociocultural and natural drivers [4]. 
Further, management actions calibrated based on spatial 
and temporal dynamic environmental heterogeneity 
enhance biological diversity, ecosystem services, and 
ecological resilience [29]. Such wholistic actions may 
better facilitate the possibility of long-term conservation 
and land management practices that integrate a well-
balanced approach to the natural and built environment 
[35]. In other words, emphasizing ecological processes in 
development in terms of the immense benefits of nature 
through "greening" the overall landscape could enhance ES 
by improving the living conditions of urban residents and 
enhancing biodiversity. Yet urban planners and 
policymakers do not always have the luxury and resources 
to adopt the most up-to-date advancements in UGS 
planning because it is convenient to maintain the status 
quo, and such scientific data are often inaccessible to a 
global audience due to paywalls, language barriers, and 
limited technical capacity [36]. 
 

Moreover, adaptable decision support tools for multiple 
ecosystem services using complex and heterogeneous data 
are still in the early developmental stage [37]. Even where 
the efforts to restore and integrate UGS exist, management 
recommendations are complicated due to variable 
conditions in urban natural areas, leading to a need to 
document the spatiotemporal dynamics of urban ecosystem 
services [38]. Meanwhile, as urban planners and 
policymakers are demanding the evidence and rationale of 
nature conservation, ES-based management practices could 
become a significant paradigm for natural resource 
management [39] along with the efforts to establish a 
scientifically robust analytical framework to corroborate 
those benefits both in terms of quality and monetary value. 
Although there have been systematic reviews of individual 
ES functions such as urban agriculture and biodiversity [40], 
cultural ES and human wellbeing [41], climate and social 
conditions [42], non-spatial urban park dimensions [43], 
nature-based stormwater mitigation [44], and edible green 
infrastructure [45], to our knowledge, the scientific scope 
has been lacking to consider multiple ES concept as a 
rationale for UGS conservation. Thus contrary to the wider 
trend, we determined that collectively analyzing and 
synthesizing the current state of UGS ecosystem 
services is the first step in this direction. We undertook 
a comprehensive systematic review of UGS's multiple ES 
benefits to build a rationale for optimal UGS conservation and 
propose evidence-based management recommendations 
adaptable to varying global socioeconomic, geographic, and 
eco-region situations.  

In response to these time-appropriate demands, we 
conducted a thorough and transparent examination of 
peer-reviewed literature published between 2010 and 
2019 from around the world to better understand the key 
drivers of UGS in enhancing ecosystem services and 
ultimately determining its conservation approach. 
Specifically, we addressed the following key research 
questions regarding the ES provided by UGS:  

(1) What are the publication trends, geographical study 
location characteristics and dominating UGS ES 
category? 

(2) Do economic and climatic conditions impact the state 
of UGS conservation around the world? 

(3) What are the ecological and social predictors of UGS 
that determine the extent of positive and negative 
outcomes in each ES category, and how are they 
interrelated?  

(4) What ES synergies promote UGS conservation and 
what tradeoffs deter conservation? 

(5) What relevant recommendations do the studies offer 
to optimize the multifunctionality of UGS both as a 
resilient natural landscape and a place of sociocultural 
importance for urban residents?  

 
The simplest approach to constructing a POS tagging dataset 
is to use a pre-existing solution, such as a programming 
language library or an online tool. The ISMA translator, 
available at http://www.translator.am/am/index.html, is 
an excellent option, requiring no technical knowledge or IT 
skills, and is capable of annotating vast amounts of data. 
The critical technologies employed are data preprocessing, 
web scraping, and data cleaning techniques, which can be 
implemented using the Python programming language. 
 
The ISMA Translator is an online machine translation tool 
that features a rule-based POS tagging system and can also 
perform grammar and spelling analysis for Armenian 
language text. The system has demonstrated remarkable 
accuracy in processing Armenian text, making it an ideal 
tool for annotating POS tagging. While ISMA offers other 
types of grammar analysis, such as stem, gender, and article 
identification, it is not infallible and may occasionally make 
mistakes or fail to analyze certain word groups. As a result, 
the database generated through testing only includes tags 
related to parts of speech and grammatical numbers. 
 
METHODS 
A preliminary review of the selected key literature of the 
UGS ES, recently published reviews [40, 41], and the 
PSALSAR methods proposed by Mengist and colleagues 
(2020) [46] provided the basis for determining our 
interdisciplinary research scope and literature search 
strategy.  
 
Article Search, Screening, and Data Extraction Strategy 
We conducted the literature search between April and May 
2020 in two databases (Academic Search Ultimate and 
Environment Complete within the EBSCOhost search 
engine) by following the recognized protocols for 
systematic reviews outlined in Pullin and Stewart (2006) 
[47]  as a guide (Figure 1). We arranged the Boolean search 
string as: "urban green space or urban parks or urban 
greenery or urban greening or urban green zone" (TI) OR 
"ecosystem services or environmental services or 
ecological services" (AB) AND "regulating services or 
cultural services or supporting services or provisioning 
services" (AB) AND "outcomes or benefits or effects or 
impacts" (AB).  
 
After a general overview of the total number of articles and 
a series of the screening process, we determined that 
selecting articles published between 2010 and 2019 (89% 
of the peer-reviewed were published during this time with 
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full-text articles available) would facilitate the most recent 
and up-to-date synthesis [39, 48]. Additionally, to 
compensate for an extremely low number of articles in the 
provisioning services category and to increase reference 
points, we included eight articles related to the 
provisioning potential of UGS through a random search, 
even though doing so would add non-empirical studies in 
the data pool [41]. 
 
Analytical Framework and Data Analysis 
We operationalized the extracted data category as coded 
datasets of key components of interest for the systematic 
review (Table 1).  

First, two authors (removed for anonymity) independently 
coded a portion of the selected articles to assess the 
intercoder reliability of the extracted data category and 
entered them into a Microsoft Excel spreadsheet for 
descriptive statistical and inferential analyses using SPSS 
[49, 50] and qualitative thematic content analysis. Second, 
for inferential analysis, we used Phi and Cramer's V, the 
indirect representation of Pearson's Chi-square, to assess 
the drivers of UGS ES categories as the coefficient Phi is 
designed to measure the association between categorical 
variables and adjust uneven sample sizes [51]. 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIGURE 1: PRISMA Literature Search Flow diagram depicting the literature screening process for this research. 
doi: https://doi.org/10.1371/journal.pone.0140833.g001 [129]. 

 
 TABLE 1: Qualitative evidence synthesis (QES) (Macura et al. 2019) and quantitative analysis framework utilized in this 
systematic review. The details have been modified after; Kosanic and Petzold, 2020; Mengist et al. 2020 [41, 46]. 
 

Criteria Extracted Datasets Considered code categories where applicable 

Metadata Autor(s) 
Journal/Discipline 
 

Environment and Ecology 
Social Sciences 
Economics and Business 
General 

 Year Published 2010 to 2019 

Study Location/  
Eco-climatic regions/  
UGS characteristics 

Country and WB Regions (World 
Bank, 2021) [127] 
 
 
 
 
 

East Asia and Pacific 
Europe and Central Asia 
Latin America & the Caribbean 
Middle East and North Africa 
North America 
South Asia 
Sub-Saharan Africa 

WB Country by Income 
(World Bank, 2021)  
 

Low-income  
Lower-middle-income  
Upper-middle-income  
High-income economies 

WB Country by Income (World Bank, 2021)  
 

Eco-climatic region by 
Köppen-Geiger climate 
classification  [128]   

Equatorial, Arid, Warm temperate, 
Boreal, Polar 

Eco-climatic region by Köppen-Geiger climate 
classification  [128]   

Studied UGS type, size, 
configuration 

Single/multiple 
UGS area/size range 
UGS type formal/informal 

Studied UGS type, size, configuration 

Records identified from two 
databases. (n=2,248) 

Records excluded 
(n=815) 

Records after screening for full-
text, peer-reviewed & English 

Language articles. (n=707)  

Full text articles 
excluded, with reasons. 

(n=174) 

Titles and abstract screened. 
(n=533)  

Id
e

n
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fi
ca

ti
o

n
 

S
cr

e
e

n
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g
 

E
li

g
ib
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it

y
 

In
cl

u
d

e
d

  

Articles included in this 
systematic review. (N=138)  

Full text articles published 
between 2010 to 2019 assessed 

for eligibility. (n=256)  

Records after removing 
duplicates. (n=1,522)  

Provisioning services 
articles added through 

other sources. (n=8) 

Titles and abstract 
excluded. (n=277) 
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Criteria Extracted Datasets Considered code categories where applicable 

Method Nature of data Natural science 
Social Science 

 
Type of data Collection 
 

Field study, Open source/GIS-based, 
Experiment/simulation 
Qualitative Survey, Quantitative Survey 

 Research Methods  Qualitative, Quantitative, Mixed methods 

 
Response Variables ES category dependent. See the results section for 

details. 

 Data calculation/analysis Software, Descriptive, Equation, Model, Others 

Table 1 Contd.    

Ecosystem Services, 
Drivers, Functions and 
Recommendations 

Studied UGS Ecosystem Services 
 (Millennium Ecosystem 
Assessment, 2005) 

Supporting 
Regulating  
Cultural  
Provisioning 

 Positive outcomes or benefits or 
effects or impacts 

ES category dependent. See the results section for 
details. 
 

 Negative outcomes or benefits 
or effects or impacts 

ES category dependent. See the results section for 
details. 
 

 Recommendations for resilient UGS 
and to minimize tradeoffs. 

Organized by outcome category and Eco-climatic 
region. See the results section for details. 

Miscellaneous Study Gaps/Limitations 
 

Inadequate factors 
Inadequate study instruments 
Limited official/opensource data 

 Future Prospects Effective policy, planning and management 
Future studies 
Multistakeholder involvement 
Subsidy valuation 

Subsequently, we adopted qualitative evidence synthesis 
(QES) described by Macura and colleagues (2019) [52] to 
form the thematic analytical framework, building upon a 
pilot review and data extracted from the selected articles 
that documented conservation and management 
approaches. Due to the wide range of studied locations, 
study methodology variability, and examined parameters, 
meta-analysis and critical appraisal weren't deemed 
applicable for heterogeneous literature mapping. 
Meanwhile, to uniformly code the geographical regions of 
studied countries and the corresponding socioeconomic 
status, we utilized the open-access World Bank 
categorization. Likewise, for climatic and eco-region 
information, we referred to the publicly available and 
updated Google Earth version of Köppen-Geiger climate 
map based on temperature and precipitation observation 
for the period of 1986-2010 [53, 54]. Finally, although we 
reviewed 138 articles, we based our descriptive analysis on 
154 studied locations reported in the articles where 
applicable.  
 
RESULTS 
1. Publication trend and geographical characteristics of 
study location and dominating UGS ES category?  
 

The yearly published articles that met the research criteria 
peaked in 2017 (27 articles; 19.56%), with the lowest 
number of articles in 2012 (2.9%; Figure 2). Although our 
result showed the confirmation of UGS ES studies in all 
inhabited continents (World Bank categorizations), the 
cities in the European and Central Asian region (50 
locations; 30.47%; Figure 4) showed the highest 
representation. Individual countries with the most studied 
locations were the USA (22; 14%), China (18; 11.6%), 
Australia (7; 4.5%), Brazil (7; 4.5%, and Italy (6; 3.8%) 
(See Figure 3). Supporting and cultural services ES 
categories (51; 37% each) were the most commonly 
studied ES categories, followed by regulating services (27; 
20%) and provisioning services (9; 7%) (Figure 5). Though 
not depicted in figures, the study site characteristics in the 
reviewed articles ranged from typical natural or semi-
natural urban parks [55-57], urban forests [58, 59], vacant 
lots [12], demolished or ruderal sites [60, 61] and urban 
agricultural parks [62], thus encompassing broad UGS 
typologies characteristic to urban situations. Multiple UGS 
were the subject of most of the articles (98; 71%) either 
within the same country or spanning multiple countries in 
addition to two indoor experiments (2; 1%) and a global 
study [11].

 
 
 
 
 
 
 
 
 
 
 
 

FIGURE 2: Number and percent of articles published per year of publication. The number of articles is shown in the 
primary axis as raw number (blue shaded bars) and the percentage of article in the secondary axis.
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FIGURE 3: The number of studied locations by country. The 138 articles reviewed in this review reported studies 

conducted in 154 locations in 52 countries. The figure also includes an article representing a global study. 

 
FIGURE 4: Number of studied locations in each ES category by the 7 World Bank regions (left) and the overall proportion 

of those regions (right). Figures are based on 154 UGS locations studied in 138 articles.
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FIGURE 5: The proportion of studied UGS ES categories.
 

2. How do climatic and economic conditions impact the 
state of UGS ES study around the world?  
 
Climate (K¨oppen-Geiger) and economic conditions (WB) 
were two major factors that determined the number of 
articles in each category. Climatologically, the number of 
studies from the warm temperate region was higher for all 
ES categories (Figure 6). Individual ES category-wise, a 
greater number of articles from the arid regions in the 
cultural services indicate the study efforts to understand 
non-material benefits in the arid climate.  
 

 

Economically, high-income and upper-middle-income 
locations had a high number of articles in all ES categories 
comprising a total of approximately 90% of articles (Figure 
7). When these results were analyzed using Cramer's V, the 
climate zone of the study location and income group (WB 
categorization) exhibited strong associations with the 
studied ES categories individually (income group: 
V=0.402, p<0.000; climate zone: V= 0.479, p<0.000) and in 
conjunction (V =0.559, p < 0.000) (Tables 2a & 2b). The 
combined association was the strongest for Cultural, 
Provision and Supporting services.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

FIGURE 6: The number of studied locations in each ES category by climatic zones (left) and % overall climatic zones 
studied (right). The figures are based on 154 studied locations reported in 138 articles. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIGURE 7: The number of studied locations in each ES category by income level (left) and % overall income level of 
studied countries (Right). The results are based on 154 UGS locations studied in 138 articles.
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TABLE 2a: Measures of association between coded variables. 
 

Measures of Association Cramer's V P-value 

Values based on 138 articles    

Climatic zone of the research area and ES Category, n=135 0.173 0.209 

Income Level and Positive Results for ES Category Supporting, n=51 0.458 0.019** 

Income Group and Positive Results for ES Category Regulating, n=27 0.342 0.533 

Income Level and Positive Results for ES Category Cultural, n=51 0.358 0.666 

Income Group and Positive Results for ES Category Provisioning, n=8 0.816 0.069* 

Income Group and Negative Results for ES Category Regulating, n=27 0.427 0.295 

Income Group and Negative Results for ES Category Supporting, n=51 0.492 0.075* 

Income Group and Negative Results for ES Category Cultural, n=51 0.445 0.064* 

Income Group and Negative Results for ES Category Provisioning, n=8 0.816 0.255 

Income Group and Coded Study Limitations, n=90 0.163 0.272 

ES Category and Coded Future Directions, n=129 0.196 0.093* 

Values based on 154 study locations   

Studied ES Category by Income Group 0.402 0.000 

Studied ES Category by Climate Zone  0.479 0.000 

Climate Zone and Income Level association on the ES category  
                                                                  Overall 

Supporting  
Regulating 

Cultural  
Provisioning 

 
 
0.559 
0.413 
0.290 
0.482 
0.688 

 
 
0.000 
0.008** 
0.606 
0.000 
0.001** 

** Significant association at a 5% level of significance 
* Significant association at a 10% level of significance 
 

 
TABLE 2b: Interpretation guide to Phi and Cramer's V (Akoglu, 2018). 

 

Phi and Cramer's V Interpretation 

>0.25 Very Strong 

>0.15 Strong 

>0.10 Moderate 

>0.05 Weak 

>0 No or very weak 

3. What are the ecological and social drivers of UGS ES 
studies that determine the extent of positive and negative 
outcomes in each ES category, and how are they 
interrelated?  
  
We standardized the study instruments and the variables 
utilized in the articles to descriptively assess the ecological 
and social drivers that determined the extent of positive and 
negative outcomes and their interrelations. This step was 
also important to assess synergies and tradeoffs described 
in the following section thematically. Overall, the methods 
utilized in the articles consisted of a quantitative research 
approach (102 articles; 74%), followed by mixed methods 
(28 articles; 20%) and purely qualitative (8 articles; 6%) 
under three broad groups of response variables which were 
natural science, social science and geospatial data (Figure 8). 
Subsequently, we standardized the explanatory variables in 
terms of biophysical and sociocultural modeling techniques 
described elsewhere [63-65] (Figure 9).  
 
 
 
 
 
 

As a biophysical modeling technique, the internal/external 
factor (representing built space outside the UGS and 
distance to residential areas and other nearby green space), 
along with wildlife surveys with plant population/diversity 
factors (44 articles), comprised the dominant way to assess 
supporting services and demonstrate ecological health, 
habitat characteristics and their capacity to support 
wildlife [33, 61, 66]. On the other hand, the biophysical 
factor of weather/climate with plant coverage dominated 
the regulating services to demonstrate cooling intensity, 
microclimatic regulation, and pollution mitigation [67-69]. 
Likewise, the nine articles in the provisioning services 
category assessed the role of bees in food security [62, 70], 
the potential of urban forestry [71, 72], the role of natural 
areas in water security [73], and the current UPA condition 
along with the future potential in global and regional scales 
[11, 74]. In the cultural services articles, qualitative and 
quantitative sociocultural modeling determined 
socioeconomic [75, 76], socioecological [77, 78], and 
Quality of Life (QoL) benefits [79, 80].
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FIGURE 8: The number of articles in each ES category and the nature of response variables measured  
in the reviewed articles. Blue bars are the total number of articles in each category.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIGURE 9: Sociocultural (labeled in red) and biophysical explanatory (labeled in purple)  
variables assessed in each ES category. 

 
4. What are the synergies and tradeoffs in the UGS ES 
concept identified in the literature?  
 
As a part of the thematic analysis, we reinterpreted and 
coded positive and negative themes and outcomes in each 
ES category (Tables 3 and 4) to make them relevant to UGS 
ecosystems services and present insights into synergies 
and tradeoffs of UGS ES that either promote or deter 
conservation. One hundred twenty-eight articles reported 
positive outcomes, and 105 articles reported negative 
effects.  
 
The qualitative analysis indicated that size, area, and 
natural vegetation characteristics of UGS containing 
diverse vegetation with heterogeneous habitat, 
connectivity, and peripheral natural landscape would 
provide high biodiversity, especially for native, rare, and  
 

 
sensitive wildlife such as butterflies [59, 61, 80], mammals 
[81], and birds [8, 55]. Similarly, vegetation heterogeneity, 
composition, and configuration are often denoted in terms 
of normalized differential vegetation index (NDVI) and 
larger park area enhanced urban cooling intensity (UCI) 
[69, 83, 84], rainwater interception [85, 86], carbon 
sequestration [87, 88], urban soil naturalization [89], air 
pollution mitigation [67] and urban water purification [90, 
91].   
 
Size, area, habitat heterogeneity, and proximity were also 
critical in enhancing QoL parameters such as 
mental/physical wellbeing and socioecological and 
socioeconomic values. For instance, significant 
mental/physical wellbeing, stress relief [79, 92], and 
physical health improvement [79, 93] occurred by regularly 
spending time in UGS. 
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The UGS components, such as aesthetics elements (water 
view, native plants, tree shades) [94], ambiance [95], the 
opportunity for conservation volunteerism [96], and 
accessibility to UGS [97] were conducive to the 
socioecological mindset of nature relatedness [78, 98] 
providing enhanced thermal perception [99, 100], 
conservation motivation [77, 101] and environmental 
education opportunities [60, 102]. The socioecological 
perspective further produced socioeconomic significance 
primarily through real estate value [103] and Willingness 
to Pay [104] in an urban context.  
 
Provisioning services benefits mainly focused on urban 
and urban-periurban agriculture (UA & UPA)-derived ES 
that showed significant country-to-country variation. In a 
global study, UA provided food security as well as 
economic and environmental benefits such as energy 
savings and environmental regulation [11]. Interestingly, 
UPA was essential for survival in developing countries 
[105], whereas in developed countries, it provided locally 
produced, lucrative agricultural outputs [74, 106].  
 
 

There was minimal focus on the potential of urban forestry 
and healthy watersheds for urban residents across the 
global and local context, possibly due to size constraints 
and aesthetic focus characteristic of urban areas.  
 
The ES aspects of UGS are not complete without considering 
the tradeoffs that may deter conservation. Unlike the ES 
synergies mentioned above, UGS also has certain outputs 
that carry negative impacts and incur social and economic 
costs for human society [107]. Analysis of these disservices 
further reveals an interesting trend. For supporting services, 
over-management and adverse impacts related to habitat 
decline and unintended consequences of built-up areas and 
human interactions were common in high- and middle-
income countries [11, 57, 108]. These effects then manifest 
as impaired regulating services such as reduced air/water 
pollution mitigation, thereby adversely impacting the type 
of cultural services (e.g., QoL and socioeconomic benefits) 
UGS offers. The cascading effects make it difficult for 
provisioning services to function, causing dwindling water 
resources and decreased potential for food production and 
natural resources [71, 73, 74, 105, 106]. 

TABLE 3: Positive outcomes and/or benefits of UGS ES in the reviewed articles (n=128) with corresponding 
recommendations. () The number in parentheses represents the number of articles that reported positive outcomes. Of 138 
articles, 122 included recommendations to increase UGS ES resiliency and/or mitigate the negative outcomes. These 
recommendations were divided into three broad themes and then assigned based on the coded outcomes. See Appendix B 
for further details on recommendations extracted from the reviewed articles. 
 

ES Category/ 
Reported Synergies 

Coded Positive outcomes 
Summary Recommendations to Enhance  

the positive outcomes 

SUPPORTING 

Endangered/ 
endemic/ Sensitive 
Habitat 

Habitat heterogeneity for 
endangered/sensitive 
species (6) 

Habitat Conservation Approach 
 
Diverse, unmanaged, semi-natural, native habitat for butterflies.  
Introduce locally extinct and native nectar plants for butterflies. 
Diverse native, heterogenous semi-natural habitat, fruit/berry 
plant, large area, natural corridor and wetland for birds.  
Establish monitoring of bioindicator organisms to assess park 
health.  
A mix of coniferous and deciduous trees to promote lichen 
growth.  
Maintain habitat heterogeneity connectivity for arthropod 
diversity.  
Maintain a healthy predator/prey population for mammals. 
Minimal management for cavity nester.  
Maintain quality habitat and surrounding landscape to support 
food production and pest control.  
Ecological corridor for threatened species (e.g., European 
squirrel)  
Moderate urbanization for microbial fauna. 

Habitat 
Composition/Biodi
versity  

Park 
area/connectivity/heterog
eneity/peripheral habitat 
for richness/abundance 
(23) 
 
 
 
 
 
Species-specific habitat (9) 
 
 
 
Minimal Management for 
Biodiversity (4) 

Habitat 
Composition/config
uration  

Habitat Description (5) 

REGULATING 

Environmental 
Regulation 

Air Pollution 
(Carbon/Dust/SO2/ 
NOx/PM and/or 
TE/Pollen/VOC) Mitigation 
(12) 
 
Stormwater Regulation (4) 
 
Water quality mitigation 
(1) 
 

Functional Green Space Approach 
 
Establish heterogeneous, dense UGS with high NDVI, high LAI, 
large canopies and water bodies for cooling effects.  
Prioritize high DBH/biomass trees, heterogeneity, curvilinear 
design and minimal management for carbon sequestration and 
mitigate climate change. 
Increase green UGS ratio/capita for clean air.  
Plant broad-leaved semi-evergreen trees and composite tree 
shrubs to mitigate particulate matter (e.g., PM2.5).  
Plant deciduous trees for winter thermal comfort.  
Retention of organic matter and naturalization for soil carbons 
storage and overall soil health.  
Large area and dense vegetation for pollution control.  
Establish large trees with furrowed bark in high rainfall, and 
small tress with smooth bark in low rainfall areas. 

Weather Regulation Cooling effect by water 
and/or vegetation (9) 
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CULTURAL 

Quality of Life Physical/mental wellbeing 
(11) 

 
 
 
 

Recreation Choices (3) 
 
 
 

Socialization Motivators (8) 

Socioecological/ Functional Greenspace Approach  
 
Establish multistakeholder conservation strategies, e.g., 
conservation volunteerism, residence-led private/public 
garden management, community garden, and cultural 
integration. 
Promote people-oriented UGS for stress relief, thermal comfort, 
noise buffer and health benefits. 
Designate proportionate sociocultural, spatial, and temporal 
allocation of UGS within the appropriate distance. 
Limit trees with high allergenicity.  
Integrate native and sociocultural aesthetic elements to 
promote a sense of place, environmental education, biophilia, 
inspiration, and biophysical nature-relatedness/orientation. 
Consider demolished area naturalization and vacant lot 
greening for health benefits and native wildlife.  
Preserve large parks, green corridors, and large trees and limit 
built-up/impervious areas. 
 

Socioecological 
Value 

Conservation Motivators (8) 
 
 
 
Environmental Education (8) 
 
 
Thermal Comfort (3) 

Socioeconomic 
Value 

Real Estate Value (3) 
 
 
Willingness to Pay (2) 

PROVISIONING 

Urban Agriculture  Food source/security (6) Socioecological/Functional Greenspace Approach 
 
Policy and planning to increase UA resilience and sustainability 
for urban socioecological health. 
Implement policies such as arthropod conservation, land-
sparring, permaculture and governance measures to support 
UPA.  
Preserve green space to sustain/maximize water sources. 
 

Urban Forestry  Timber Resource (2) 

Watershed Health  Water Security (1) 

 
 
TABLE 4: Negative Effects or impacts due to mismanagement or lack of adequate UGS (n=108) with corresponding 
recommendations. () The number in parentheses represents the number of articles that reported negative outcomes. 122 
articles included recommendations to increase UGS ES resiliency and/or mitigate the negative outcomes. These 
recommendations were divided into three broad themes and then assigned based on the coded outcomes. See the Appendix 
for further details on recommendations extracted from the reviewed articles. 
 

ES Category/ 
Reported Tradeoffs 

Coded Negative 
Outcomes 

Summary Recommendations to mitigate 
 the negative outcomes 

SUPPORTING 

Inadequate Policy & 
Planning 

Over management (2) 
 
 

Habitat Conservation / Socioecological Approach 
 
Minimal management to promote ecological restoration. 
Plant pest/disease and traffic pollution tolerant plants for street 
trees. 
Apply monitoring and control strategies such as natural predators 
for nuisance species. 
Use a good mix of native and exotic vegetation if unavoidable.  
Minimize and manage introduced plant and animal populations.  
Reduce the feral populations of synanthropic predators.  
Apply monitoring and control strategy for nuisance/invasive 
species.  
Adopt strategies (e.g., no feeding) to reduce human-wildlife 
conflict. 
Establish diverse, unmanaged, semi-natural, native habitats to 
increase heterogeneity and ecosystem resiliency. 
Introduce locally extinct and native nectar plants to promote 
arthropod populations. 
 

Wildlife//biodivers
ity decline 

Exotic/Invasive dominant 
(5) 
Habitat decline for 
richness/abundance (17) 
 
 
 
 
Human-wildlife conflict (4) 
Local extinction (9) 
 
 
 
Resident/generalist 
dominant (5) 
 
Species homogenization (2) 
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REGULATING 

Impaired 
Environmental 
Regulation 

Decline in soil condition (2) 
 
Diminished air/water 
pollution mitigation (2)  
 
Diminished carbon 
sequestration (3) 

Functional Greenspace Approach 
 
Retention of organic matter and naturalization for soil carbons 
storage and overall soil health.  
Prioritize high DBH/biomass trees, heterogeneity, curvilinear 
design and minimal management for carbon sequestration and 
mitigate climate change. 
Preserve green space to sustain/maximize water sources. 
Establish heterogeneous, dense UGS with high NDVI, high LAI, 
large canopies and water bodies for cooling effects.  
 

Impaired Weather 
Regulation  

Decreased cooling (9) 

Table 4 Contd. 

CULTURAL 

Ecosystem 
Disservice 

Adverse health impact (2) 
 

Disproportionate UGS (9) 
 
 

Socioeconomic 
Disadvantage (5) 

 
 

Park visit deterrents (18) 
 

 

Socioecological Approach 
 
 Limit trees with high allergenicity.  
 
Designate proportionate sociocultural, spatial, and temporal 
allocation of UGS within the appropriate distance. 
 
Integrate native and sociocultural aesthetic elements to promote a 
sense of place, environmental education, biophilia, inspiration, and 
biophysical nature-relatedness/orientation. 
 
Establish multistakeholder conservation strategies, e.g., 
conservation volunteerism, residence-led private/public garden 
management, community garden, and cultural integration. 

Inadequate Policy & 
Planning 

Over management (1) 
 
Undermanagement (4)  

PROVISIONING 

Impaired 
Production 
Potential 

Uncertain contribution of 
pollinators (1) 

Functional Greenspace Approach 
 
Preserve green space to sustain/maximize water sources. 
Emphasize on resilience and sustainability of UPA. 
Implement policies such as arthropod conservation, land-sparring, 
permaculture and governance measures to support UPA, increase 
native flora/fauna and overall ecosystem resiliency.  
Diversify UPA to food production capacity to offset the cost of 
stormwater management and energy cost and for urban resiliency.  
Minimize forest harvest to prevent nuisance and invasive plants. 
 

Inadequate Policy & 
Planning 

Dwindling water source (1) 
 
Environmental 
Consequences (3) 
 
Loss of native flora (1) 

DISCUSSION 
1. The Global State of UGS 
We synthesized 138 articles to document the unique and 
critical UGS ES functions in global cities. This number 
represented approximately 6% of the initially identified 
references (cf. [46]-5.6%; [109]- 0.7% and [110]- 2.8%). 
The robust volume of UGS ES-related articles published in 
the 10-year duration included in this review coincides with 
the post-framework-conceptualization era by the 
Millennium Ecosystem Assessment [18, 111]. The effective 
governance, management and policy push to optimize 
these unique landscapes is undoubtedly growing. 
 
A sustainable UGS approach could counter the population 
pressure and intense urbanization, ameliorating the 
vulnerabilities to climate change catastrophes such as 
storm surges and flooding, heat stress, drought and water 
scarcity [105, 112]. Europe and North American UGS were 
disproportionately highly studied, suggesting the active 
role of academia and research efforts to document the 
benefits and guide ecologically sound policy decisions. 
Whether that results in the integration of sustainable 
green infrastructure planning and development and 
restoration of ecologically sensitive areas in these 
countries is inconclusive from this review.  
 

Similarly, the single Asian country China represented the 
highest number of UGS ES studies. This can be attributed 
to the scientific efforts to unravel the environmental and 
human impacts of ongoing intense urbanization and the 
accompanying loss of natural areas. The comparatively low 
number of articles from other Asian and African countries 
reflects the economic and social conditions that hinder 
UGS research, allocation, and maintenance and possibly its 
resiliency from mitigating urbanization pressure and 
climate change impacts.  
 
2. ES Focus of UGS studies 
As a human-dominated landscape, UGS undoubtedly 
values cultural ES [113], and such rewarding non-material 
and indirect benefits people derive from UGS are only 
possible if UGS is ecologically viable enough to support a 
certain degree of native wildlife. These two services are 
also well defined in the studied UGS context (altogether 
74%), contrary to a review of the mountain [46] and 
coastal [114] ecosystem services where regulating and 
provisioning services were the main focus.  
 

Unsurprisingly, direct consumptive uses and indirect 
values such as disease regulation, wastewater treatment, 
spiritual and religious value, and medicine were 
underrepresented in the reviewed articles. 
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The reasons could be that the sparse distribution of UGS 
complicates the funding and study design, resulting in 
disinterest from the scientists and other stakeholders. A 
strict management regime already in place, especially in 
developed countries, perhaps also deter the focus on 
consumptive and indirect benefits. Therefore, privately 
owned gardens (residential, community and commercial 
green space) could provide a crucial option to enhance 
those benefits while focusing on natural resources and 
food provisioning to a certain degree. Hence, the ecological 
management approach of privately owned gardens has the 
potential to increase conservation value through enhanced 
connectivity and heterogeneity if the aesthetic focus is 
minimized. However, studies from various geographical 
locations and pertinent management guidance on the 
ecological practices [115] of home and community gardens 
in different cultures are lacking. Contrary to Asia and 
Africa, where subsistence is a main focus, Europe and 
North American countries consider UGS an ornamental 
component of a city primarily set aside for recreation and 
human wellbeing. Moreover, despite the extensive 
research on the sustainability of urban and peri-urban 
agriculture (UPA) for urban resilience, provisioning and 
regulating services focus hasn't been a part of the 
framework of UGS conservation and management. More 
research is needed from an ethnobotanical [116], 
environmental and ecological point of view suitable for 
each region.  
 
3. Factors Impacting UGS ES Review Outcomes 
Several factors impacted the outcomes of this systematic 
review in terms of the geographical gaps, analyses, and 
proposed management recommendations. First, additional 
databases, especially the ones that contain adequately and 
accurately translated articles published in languages other 
than English, especially from Asia and Africa, in addition to 
much-needed international collaborations on UGS ES 
studies, will help close the geographic and geopolitical gaps 
and perhaps also compensate for the low number of articles 
in the provisioning service category. Second, the climatic 
factor was one of the determining factors for the overall 
frequency of the articles. This coincides with the fact that 
most urban areas are also located in warm or sub-tropical 
climates [42]. Meanwhile, the disproportionate 
representation of articles from upper-middle- or high-
income countries necessitates a broader scope to equalize 
the sample size and reach a definite conclusion. Third, of the 
138 articles we reviewed, 89 mentioned the limitations and 
challenges of conducting UGS ES studies not dependent on 
the income level of UGS location, nonetheless impacting the 
management recommendations we summarized (Table 3, 
Appendix B). In this review, the most commonly coded 
limitations were the inadequate factors (e.g., the lack of 
comprehensive UGS composition and configuration data 
such as shape and size, park orientation in relation to 
climate and weather), inadequate study instrument 
(included small sample sizes, empirical-study-based biased 
sampling, etc.) and the limited official/open-source data 
(discrepancy/lack of high-resolution spatial data, 
limited/inaccurate data). Future studies should consider 
these limitations for review studies and when making 
management decisions for resilient UGS conservations. 
 
4. Conservation and Management Recommendations 
While efforts and programs exist to restore and conserve 
UGS, management recommendations are complex due to 
variable conditions in urban natural areas [38]. This 
systematic review synthesizes the tight fundamental link 
the ES concept creates between people and nature that 
may help build a resilient UGS and open doors to 
integrated adaptive UGS planning, management [107], and 
conservation. The general (Table 3, Appendix B) and eco-
climatological (Appendix C) recommendation categories  
 

we identified in this review propose untangling complex 
functions encompassing biophysical, economic, and social 
factors. Amid rapid urbanization, the ability to guide 
evidence-based and essential policy decisions will 
determine the myriad benefits of UGS from ecological and 
socioeconomic resilience points of view. Applying 
deliberate efforts to meet ecological and social needs 
ensures natural space, resiliency, and ecological viability 
[25]. In addition to optimum functionality, integration of 
human dimensions [117], at the very least, is critical to 
achieving ecological resiliency, multifunctionality, and 
sustainability outcomes. 
 
5. Future Prospects  
Due to the complex dynamics of UGS functions [118], 
future researchers and managers will need to consider 
several challenges, including but not limited to ecosystem 
disservices, biodiversity threats such as invasive species 
[38, 119], and challenges of managing the wildland-urban 
interface [120] to better adapt to the changing climate [7]. 
These are compounded by high urbanization that may 
limit ecosystem services [30], making ecosystem 
disservice part of UGS fabric depending on geographic, 
economic, and climatic conditions. Fortunately, these 
disservices could be overcome by adequate policy and 
planning, stakeholder engagement and appropriate 
guidelines/positive attitude toward addressing these 
issues that include critical components such as 
environmental justice [121], social equality [122], and 
sustainability goals [37, 123].  
 
6. Resiliency as a Part of ES Concept Rationale 
Can the ecosystem service concept serve as a rationale for 
UGS expansion and conservation? The results of this 
interdisciplinary and comprehensive systematic review 
point to a positive direction providing evidence-based 
grounds to adopt locally suitable management practices. 
The synthesized evidence proves that UGS enhances all 
four ecosystem services, presenting an opportunity to 
promote the normative value of UGS as a viable ecosystem 
and link its multifunctional benefits to human wellbeing 
and sustainable urban development [124]. Broadly, these 
conscious and deliberate efforts correspond to adequate 
heterogeneous natural area allocation, community-based 
policy planning and management [125], public-private 
collaboration for research [38], stakeholder engagement, 
and room for adaptation for the current and future needs. 
The manifestation of these adaptations should crisscross 
all ES categories unique to environmental conditions, 
geography, microclimate, and socioeconomic status [76]. 
Evidently, in the dynamic human and nature nexus of UGS, 
planning and conservation strategies that worked just a 
few years ago may not work in the current context when 
weighing and maximizing the ES concept. Therefore, we 
propose revisiting the management recommendations 
compiled in this review as required, further amalgamating 
social and natural sciences in a multidisciplinary approach 
and reinforcing the link between traditional ecological 
knowledge, science, and public policies [126]. The strategy 
could lead to "integrative adaptive management of 
ecosystems," in which natural and human components are 
harmoniously integrated to achieve ecological resilience 
and sustainable urban infrastructures. Thus we conclude 
that the ecosystem service concept could be a perfect 
rationale to instigate and promote UGS conservation for 
the sake of people and the environment.  
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APPENDIX 
 
Appendix A  Full list of articles, data extraction, and analysis strategy available upon request. 
 
Appendix B  General management recommendations/interventions suggested by authors of articles included in the review 
(Modified after Larson et al. 2016). Articles with the same recommendations were combined for conciseness. * Percentages 
do not sum to 100 because some articles made more than one management recommendation. **This portion of the articles 
is not included in the References. 
 

Recommendation 
Themes/Category 

Recommendation Summary Articles 
Frequency 

(%)* 

Socioecological 
Approach.  

Establish multistakeholder conservation 
strategies, e.g., conservation volunteerism, 
residence-led private/public garden management, 
community garden, and cultural integration. 
Promote people-oriented UGS for stress relief, 
thermal comfort, noise buffer and health benefits. 
Designate proportionate sociocultural, spatial, and 
temporal allocation of UGS within the appropriate 
distance. 
Limit trees with high allergenicity.  
Integrate native and sociocultural aesthetic 
elements to promote a sense of place, 
environmental education, biophilia, inspiration, 
and biophysical nature-relatedness/orientation. 
Adopt strategies to reduce human-wildlife conflict. 
Consider demolished area naturalization and 
vacant lot greening for health benefits and native 
wildlife.  
Plant pest/disease and traffic pollution tolerant 
plants for street trees. 
Preserve large parks, green corridors, and large 
trees and limit built-up/impervious areas. 
Policy and planning to increase UA resilience and 
sustainability for urban socioecological health. 
Apply monitoring and control strategies such as 
natural predators for nuisance species. 
Implement policies such as arthropod 
conservation, land-sparring, permaculture and 
governance measures to support UPA.  
Diversify UPA to food production capacity to offset 
the cost of stormwater management and energy 
cost and for urban resilience. 

Hedblom et al. 2019; Czembrowski et 
al. 2019; Goker et al. 2019; Zhou et al. 
2019; Wu 2018; Tsai and Lin 2018; 
Hami and Maruthaveeran 2018; Areola 
and Ikporukpo 2018; Koramaz and 
Türkoğlu 2018; Jochner-Oette et al. 
2018; Dadfar and Heydari 2017; 
Olbińska 2017 
Pinheir et al. 2017; Loret de Mola et al. 
2017; Walker et al. 2017; Typhina et al. 
2017 
Coldwell and Evans 2017 
Gunnarsso et al. 2017; Jasmani et al. 
2017; Mata et al. 2017; da Silva Junior 
and Santos 2017; Rouhi et al. 2016 
Schmidt et al. 2016; Aletta et al. 2016; 
Wilson et al.  2016 
Rupprecht et al. 2016; Leveau and 
Leveau 2016; South et al. 2015; 
Hashem 2015; Sander-Regier and 
Etowa 2015;  
Shanahan et al. 2015;  
Carnol et al. 2015; Baur et al. 2014; 
Bruton and Floyd 2014 
Alam et al. 2014; Voigt et al. 2014; 
Santiago et al. 2014 
Tamosiunas et al. 2014; Lin et al. 2014; 
Qureshi et al. 2013 
Gehrt et al. 2013; Zhou and Chu 2012; 
Cucu et al. 2011 
Balaj et al. 2011; Clinton et al. 2018; 
Potter and LeBuhn 2015 
Gregory et al. 2015; Langellotto et al. 
2018; Padgham et al. 2015; Olsson et 
al. 2016; Wilhelm and Smith 2017; 

37 

 

 

Functional 
Greenspace 
Approach 

Establish heterogeneous, dense UGS with high 
NDVI, high LAI, large canopies and water bodies 
for cooling effects.  
Prioritize high DBH/biomass trees, heterogeneity, 
curvilinear design and minimal management for 
carbon sequestration and mitigate climate change. 
Increase green UGS ratio/capita for clean air.  
Plant broad-leaved semi-evergreen trees, 
composite tree shrub to mitigate particulate 
matter (e.g., PM2.5).  
Plant deciduous trees for winter thermal comfort.  
Retention of organic matter and naturalization for 
soil carbons storage and overall soil health.  
Large area and dense vegetation for pollution 
control.  
Establish large trees with furrowed bark in high 
rainfall and small trees with smooth bark in low 
rainfall areas.  
Minimize forest harvest to prevent nuisance and 
invasive plants. 
Preserve green space to sustain/maximize water 
sources. 
Emphasize on resilience and sustainability of UPA. 

Zhang et al. 2019; Aram et al. 2019; 
Tang et al. 2019; Othman et al. 2019; 
Othman et al. 2019; Moreno-García 
2019 
Goker et al. 2019; Przybysz et al. 2019; 
Kim and Coseo 2018 
Rabou 2018; Karimi Afshar et al. 2018; 
Amoatey et al. 2018 
Toparlar et al. 2017; Gu et al. 2017; 
Yang et al. 2017; Xu et al. 2017; Tura et 
al. 2016 
Yoon et al. 2016; Wang et al. 2015; 
Schooling and Carlyle-Moses 2015; Kiss 
et al. 2015 
Van Stan II et al. 2015; Odindi et al. 
2015; Gratani and Varone 2014; Ren et 
al. 2013;  
Nagendra and Gopal 2011; Millward et 
al.  2011; Peters 2010; Tessier 2010; 
Clinton et al. 2018; Gregory et al. 2015 
Jujnovsky et al. 2012; Padgham et al. 
2015;  
Olsson et al. 2016;  
Wilhelm and Smith 2017 
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Recommendation 
Themes/Category 

Recommendation Summary Articles 
Frequency 

(%)* 

Habitat 
Conservation 
Approach 

Diverse, unmanaged, semi-natural, native habitat 
for butterflies.  
Introduce locally extinct and native nectar plants 
for butterfly. 
Diverse native, heterogenous semi-natural habitat, 
fruit/berry plant, large area, natural corridor and 
wetland for birds.  
Establish monitoring of bioindicator organism to 
assess park health.  
Mix of coniferous and deciduous trees to promote 
lichen growth.  
Use good mix of native and exotic vegetation if 
unavoidable.  
Maintain habitat heterogeneity connectivity for 
arthropod diversity.  
Reduce introduced plants and manage 
synanthropic predators for small birds.  
Maintain healthy predator/prey population for 
mammals. 
Minimal management for cavity nester.  
Maintain quality habitat and surrounding 
landscape to support food production and pest 
control.  
Ecological corridor for threatened species (e.g., 
European squirrel)  
Apply monitoring and control strategy for 
nuisance/invasive species.  
Moderate urbanization for microbial fauna.  

Aguilera et al. 2019; Chaiyarat et al. 
2019; Melo et al. 2019 
Manu et al. 2018; Schütz and Schulze 
2018; Igueroa et al. 2018; Dale 2017; 
McDonald et al. 2017; Walker et al. 
2017 
Matthies et al. 2017; Bonança et al. 
2017; Jasmani et al. 2017 
Mata et al. 2017; dos Santos Cosac and 
Silvano 2016; de Souza-Campana et al. 
2016;  
Sing et al. 2016; Battisti and Dodaro 
2016; Leveau and Leveau 2016; Tam 
and Bonebrake 2016; de Oliveira 
Martins et al. 2016; Chang and Lee 
2016; Su et al. 2015; Bennett et al. 
2014; Park et al. 2014; Rézouki et al. 
2014 
Dodaro and Battisti 2014; Xu et al. 
2014; Moorhead 2013; Kenaga et al. 
2013; Latta et al. 2103; Nagy and 
Rockwell 2013; Hepcan 2013; Zhou 
and Chu 2012; Carpaneto et al. 2010; 
Potter and LeBuhn 2015 
Gregory et al. 2015; Langellotto et al. 
2018 

25 

No 
recommendations 

  16 

 
Appendix C Summary of Recommendations/Interventions for different ecoclimatic regions 

Eco-climatic regions Recommendation Summary  

Arid Regions  

Choose desert-adapted woody plants for thermal regulation, water/energy conservation, pollution 
mitigation, recreational, and socioeconomic value. 
High ratio of deciduous trees to increase biomass to maintain low CO2 in arid urban areas. 
Increase NDVI to enhance AGC, maintain low ambient CO2, and mitigate climate change. 

Subtropical Coastal 
Regions 

Plant dense vegetation around the built areas and along the sea to create synergistic and sustaining 
cooling effects of both sea and vegetation. 
The socioecological approach in UGS development and management for both people and wildlife. 
Naturalization, buffer zones to support both generalist and specialist birds. 
Unmanaged semi-natural habitat for butterfly diversity. 

Areas with high rain 
events 

Select large trees with large crowns and rough bark to maximize canopy interception loss. 
Minimize the impervious surface by <50% in built areas. 

Areas with small rain 
events 
 

Select small trees with smooth bark to reduce evapotranspiration and recharge aquafers. 

Areas with short 
vegetative season  

Plant hardy and pollution-tolerant coniferous and semi-evergreen species to efficiently remove 
pollutants (trace elements and PM) from the air due to their efficiency in removing pollutants. 

Tropical Regions 

Implement a hybrid & curvilinear spatial design.  
Increase biomass with hybrid spatial and curvilinear design for greater carbon sequestration rate, 
alleviate UHI and global warming. 
Minimize the allocation of open space according to the park size/area.  

Cold Regions 

Plant deciduous trees and maintain cold-tolerant grassy areas in cold regions for winter thermal 
regulation and comfort. 
Implement planning and management of UGS according to people's thermal preferences, especially in 
cold regions. 
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