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Abstract. The challenges accompanying socio-ecological and demographic transformations in the urban
areas necessitate for coordinated efforts to ensure urban ecological resilience. Trans-disciplinary
analytical construct of urban ecosystem services (UES) empowers the policy makers and urban planners
to synchronize the orientations of human impacts and resilience of ecological resources in urban areas.
The current study provides a systematic overview about the research orientations, approaches and
techniques used in the recent studies regarding UES. The study examined: what types of evaluation
methods were adopted in the recent UES research? What is their spatial and temporal pattern? What types
of UES were focused and environmental components relied upon for the assessment? To address these
questions, 116 relevant publications were scrutinized by using a set of assessment criteria. The findings
indicated a lesser focus in research towards UES in developing countries as compared to the volume and
increasing share of their urban population. The study also establishes that an overwhelming proportion of
the UES research was carried out in the industrialized countries of the northern hemisphere but rather
skewed towards studying regulatory ecosystem services. The recommendations for improving the
relevancy of contemporary research for stakeholders were made.

Keywords: urban ecosystem services, ecosystem disservices, urbanization, socio-ecological systems,
urban environment, resilience, urban ecology

Introduction

The contributions of natural resources to social and economic systems are referred to
as ecosystem services (ES) defined as the benefits humans draw from the functioning
and processes of ecological systems (Costanza et al., 1997; Daily et al., 1997; De Groot
et al., 2002). It is acknowledged that the life on the planet Earth is a product of and
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dependent upon the constant support and productivity of ecosystems and services
arising thereby (De Groot et al., 2002). These benefits from the ecological resources are
classified into four major groups or categories i.e. regulatory, cultural, provisioning and
supporting services (De Groot et al., 2002; Millennium Ecosystem Assessment, 2005a).

The birth of new urban settlements and/or the increase in the size of existing urban
centers at the cost of non-urban land usages pose(s) new social and environmental
challenges (Haase et al., 2014b). The increase in the proportion of global urban
population (Heilig, 2012; Haase et al., 2014b), transformations in the urban based
economic activities and concomitant life style changes in the urban centers have their
visible impacts on the natural environment. The conjectured estimations suggest that the
process of urbanization will accelerate in the future (Cohen, 2004; United-Nations,
2014; Graga et al., 2017). The promising technological advancements are sometimes
misconstrued as a replacement for the natural ecosystems of urban areas. These
advancements can supplement the contributions of natural ecological systems in an
urban area but are incapable of substituting their role (Honey-Rosés et al., 2014).

The term “ecosystem services”, initially appeared in Ehrlich and Ehrlich’s work in
1981 (Liu et al., 2010; Chaudhary et al., 2015) while highlighting the contribution of
ecological systems for human life. Now the term ES is frequently used for assessing the
material contribution of natural resources in human wellbeing. The concept provides a
common vocabulary for evaluating tripartite linkages between ecological, social and
economic systems to ensure their integrated management. The concept of ES has proven
useful, firstly, to synthesize the efforts for linking human and ecological systems for
coherence and sustainability (Costanza and Daly, 1987; Daily et al., 2009). Secondly,
scientists and policy makers rely on the concept while evaluating economic and political
tradeoffs between landscape development and conservation alternatives (De Groot et
al., 2010; Mcshane et al., 2011; Biirgi et al., 2015).

The analytical construct of Urban Ecosystem Services (UES) is relied upon for the
assessment, management and conservation of the urban ecological resources and their
correlation with human life. The paradigm of UES seems to be a more pragmatic
strategy to ensure that the impacts of urbanization, climate change and socio-ecological
transformations on the urban environment are addressed.

The first studies on UES date back to the mid-1990s (Cairns Jr and Palmer, 1995) but
the interest in this sphere had spread worldwide by the end of the last century (Bolund
and Hunhammar, 1999). The researchers such as Alavipanah et al. (2017), supported the
previous findings of (Gomez-Baggethun et al., 2010; Kronenberg and Hubacek, 2013;
Haase et al., 2014b) that less than 10% of ES research in scientific publications was
investigated in urban areas and also depicted a decline in the publication concerning
UES after 2015.

It transpires from scholarly efforts that the demands for UES are mounting but
paradoxically the efforts are less focused to address the challenges associated with the
urban environment (Millennium Ecosystem Assessment, 2005b; Haase et al., 2014b).
The situation demands a systematic review of UES studies based upon an innovative
framework for postulating pragmatic measures to improve the orientations, trends and
techniques in research regarding UES.

Keeping in view these expectations, the current study was designed to decipher
various dimensions of UES research in recent years. In this connection, the present
review was carried out on the basis of selected research publications to analyze: 1) The
current spatial-temporal trends in UES research 2) To weigh research orientations,
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approaches, and techniques adopted in the recent studies 3) to evaluate the components
of urban environment used for assessments in the reviewed publications. The outcomes
of the current study will provide insights and innovative options for integrating efforts
to ensure the sustainable provision of UES.

Material and method

The current review is a meta-analysis and is based upon the bibliographic
information obtained from ISI web of Knowledge (www.webofknowledge.com). The
study considered the articles published in English during the period (May 2007 - May
2017) against the search term “urban ecosystem services’. The search returned a total of
127 records. Out of these, only those records were considered for further scrutiny,
where, the search term UES was included in either the Title, Abstract or Keywords of a
publication. On these criteria, 116 records were identified for further processing and
content analysis (Appendix-1).

The content analysis of selected papers, based upon a list of assessment criteria with
the predetermined choices (Table 1), was carried out to determine the current
orientations of or in the UES studies, techniques and measures (monetary/non-
monetary) relied upon in the research for assessments and inferences. The information
pertaining to environmental components used for evaluating UES was also extracted
from the reviewed publications. A component was only included in this study, provided,
it was used as a parameter for assessment to publish the article. The components with
different appellations, used to assess analogous goals (such as Hedonic Pricing or
Property Value; carbon absorption or storage etc.) amalgamated into a single category
for brevity and analysis. In this way 10 classes were formulated to interpret trends to
select component(s) for assessing UES. The quantitative findings of this analysis were
cartographically displayed in Figures 1-7 for estimations and inferences.

Table 1. Selection and assessment criteria adopted for the review of selected research
publicatons

Criterion (question) Possible entries

i Regulating Services
ii. Provisioning Services

Which type(s) of ES were iii. Cultural Services
analysed? iv. Supporting Services
V. Cumulative Assessment of ES
Vi. Ecosystem Disservices
From which country (city)
empirical data/ contextual The name of country/city in which the site/situation of study is
information were obtained? If located.

required for assessments.

What is the location of
Principal/corresponding author of The location of author
the study?
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What kinds of evaluation i. Monetary
methods/indicators were relied ii. Non-Monetary
upon for assessments in these iii. Both (Monetary and Non-Monetary)
studies? iv. Not Applicable

The objectives of these publications were grouped into eight
categories on the basis of homogeneity in focus:
i Planning and Management
ii.  Assessment study
What was the principal objective iii.  Governance and Policy
of the study? iv. Assessment of Method
V. Climate Adaption
Vi. Landuse Planning
vii. Urban Ecology
viii. Environmental Justice
The name of component(s) assessed in a publication:
i.  Aesthetics
ii. Biodiversity
iii. Carbon Sequestration/Storage
Which specific component(S) of iv. Climate Regulation
urban environment was/ were V. Energy
assessed? Vi. Food Fuel
vii. Hedonic Pricing
viii. Others
iX.  Socioecological
X. Water Management
i.  Assessment (technique)study
What type of enquiry technique ii. Experimental (technique)study
was used in the study? iii. Exploratory (technique) method
iv. Conceptual Framework
The content analysis revealed that reviewed studies were
inherently designed to address the impacts of the following
What was the principal challenge (s):
consideration of the study? i urbanization,
ii. climate change
iii. Loss of urban biodiversity

Results
Spatio-temporal trends

The temporal analysis of these publications in Figure 1 reflected an upward trend to
use the term UES in title, abstract or keywords in the initial years of the selected
timeframe. However, a decline in tendency to use the term UES in publications was
noticed in the last two years of the selected period.

The Figure 2 illustrates that a leading share of UES research was carried out in
European (62.71%) and North American (23.73%) contextual surroundings. The
contributions in UES research from other continents were found disproportionately less
as compared to the proportion of people residing in the urban areas of these continents
(Figure 2).

The spatial analysis of these selected publications revealed (Figure 3) that a
predominant proportion of UES research (99%) was carried out in the contextual
settings of the northern hemisphere while the share from the southern hemisphere was
found to be the less than (1%).The significant intra-continental inequalities in the
publications regarding UES were also observed (Figure 3). In this connection, the
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contributions from Germany (20) are significantly higher than those from other
European countries; China (4) is at the forefront from Asia while the USA (24) is the
leading country in North America. The city of Berlin (Germany) was most frequently
assessed in (9) studies from different perspectives of UES and followed by New York
(USA) in (7) and Stockholm (Sweden) in (6) studies (Appendix-2).
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Figure 1. The year wise distribution of publications which used the term UES during the period
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Figure 2. Graph comparing the contribution in urban ecosystem research and the proportion of
urban population of a continent (Urban population data Source: https://www.statista.com)

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 16(3):3545-3581.
http://www.aloki.hu @ ISSN 1589 1623 (Print) @ ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/1603_35453581

© 2018, ALOKI Kft., Budapest, Hungary



Atif et al.: The identification of key-trends and evaluation of contemporary research regarding Urban Ecosystem Services
- 3550 -

WORLD MAP SHOWING STUDIES

. "m"
= A Z
s o .r"'
os. Y
Nt ¢ e 2 g
. s =
China L] s
Pkl of Capri £
[ " Eibates el % 3
Ll Oman
i
o %
o
4

Tropic of Cancer

Legend
Continents
Africa
m Antarctica
Number of Studies .
Asia
e 1
Europe
2-3 North America
® 4-5 Oceania
) 6-9 South America

Figure 3. World map showing locations and the numbers of UES studies

The use of term UES in the title, abstract or keyword of a publication provides a
measure to assess how much importance is given in research on highlighting the
contributions of green infrastructure in urban social life. The Figure 4 explicitly
describes the frequency with which the term UES was used in the title, abstract and
keywords of reviewed publications. The term urban ecosystem services was most
frequently used in the abstracts (70), followed by keywords (56) and titles of (41) the
reviewed publications.
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Figure 4. Showing the use of the term UES in abstract, title and keywords
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Types of UES and research trends

The intertwined and overlapping nature of contributions from UES makes it more
intricate to catalogue a study into a specific category of services. As a pragmatic
measure to overcome the problem, a specific study was simultaneously catalogued into
different categories of ecosystem services provided these services were tested/evaluated
in the publication. In the majority of publications, the focus of research was observed on
the cumulative assessment of UES. It was followed by the deliberations on Regulatory
services, cultural services and provisioning services. While the supporting services were
assessed the least. However, urban ecosystem disservices (UESD) were also focused in
(13) publications (Figure 5).
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Figure 5. Graph showing number of studies designed to focus the types of ecosystem services
and disservices

Study paradigms and UES

The impacts of urbanization, ecological degradations in urban areas and threats from
global climatic changes are the potential stressors for UES. The content analysis of
selected publications was carried out for assessing how much emphasis is being given to
these stressors in UES studies. The findings in Figure 6 revealed an intersecting nature
of research inclinations. It also enumerates the number of studies designed to scrutinize
the role of these stressors on the resilience of UES.

The trends in UES assessments

The findings of content analysis have been condensed in Figure 7 to illustrate the
numbers and proportion of studies focusing on a particular type of ES: nature of
methods/indicators opted for evaluation, types of techniques relied upon for
investigations, research or study objective(s) in contemporary research and selection of
environmental component(S) for measurements (Appendix-3). These findings are
indispensable for interpreting contemporary trends in UES studies.
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Figure 6. Showing the focus of recent UES research
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Figure 7. The Multi-pie diagram showing types and proportion of environmental components,
research objectives, evaluating methods, techniques for enquiry and types of UES relied upon in
recent research

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 16(3):3545-3581.
http://www.aloki.hu @ ISSN 1589 1623 (Print) @ ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/1603_35453581
© 2018, ALOKI Kft., Budapest, Hungary



Atif et al.: The identification of key-trends and evaluation of contemporary research regarding Urban Ecosystem Services
- 3553 -

Discussion
Trends and techniques used in UES evaluation

The contingent valuation techniques proposed by Ciriacy-Wantrup in 1947, laid the
foundations of Ecosystem Valuation (ESV) in modern times (Ciriacy-Wantrup, 1947;
Spash, 2011; Mitchell and Carson, 2013) and a subsequent fervor for environmentalism
in the 1960s, providing the much needed impetus to ESV (Liu et al., 2010; Salzman,
2011).

The findings in Figure 5 indicated that Regulatory services (RS) are more in focus of
the contemporary UES research compared to the other three types of ES or ESDS. It is
followed by the focus of researchers on studying cultural services (CS) and
Provisioning services (PS). In this connection, supporting services (SS) were observed
as a lesser priority area of investigation. These dissimilarities in focus towards different
types of UES are due to the nature of urban economic activities and socio-cultural life
style of urban areas. Besides this, a recent surge in reported incidents of “urban heat
island effect” and exacerbating climatic and environmental settings of urban areas are
other plausible explanations for this skewedness in favor of RS and CS. Whereas, it is
pertinent to mention that the societal acknowledgement of ecological resources
meaningfully enhanced by the tangible contribution of PS. Besides this, the resilience of
an ecological system is significantly determined by the performance of SS. Therefore
more focus in UES research is required on assessing the contribution/role of SS and PS
for ensuring sustainable provisions of UES in the face of mounting challenges to urban
environment.

A marked emphasis in the majority of the reviewed publications (Figure 6) was
observed on either 1) to measure the socio-ecological impacts of urbanization and
concomitant behavioral changes on provision of UES for informed decision making 2)
to assess the potentials of urban ecology for ensuring human wellbeing and urban
environmental resilience or 3) to decipher the consequences of global warming and
climate change on the supply of UES and socio-ecological sustainability of the urban
areas. These propensities in research reflect the growing consciousness for ensuring
urban ecological resilience in the face of imminent social, psychological, climatic and
environmental vulnerabilities of urban areas.

The assessment or evaluations of an urban phenomenon, situation, policy or problem
appeared a preferred technique of enquiry (49.14%) in the recent research (Figure 7).
This analytical approach was adopted from different perspectives such as assessing the
validity of a technological innovation/method (Lakes and Kim, 2012; La Rosa and
Wiesmann, 2013; Schreyer and Lakes, 2016; Tigges et al., 2017), the effectiveness of a
policy or planning instrument (Kaczorowska et al., 2016; Larondelle et al., 2016), or to
estimate the impacts of socio-cultural factors on urban environment in studies (Kremer
et al., 2013; Buchel and Frantzeskaki, 2015; Escobedo et al., 2015; Sutton and
Anderson, 2016). As compared to this, the Experimental mode of enquiry was observed
in a few studies (11.21%) for estimating the potentials of green infrastructure in the
given urban context (Taylor et al., 2014; Cameron et al., 2015; Coma et al., 2017) and
for assessing sthe role of building material (Capener and Sikander, 2015) in regulating
the climate of urban areas. Experimentations with the help of Remote Sensing (RS) and
Geographic Information System (GIS) were also made in studies (Tigges et al., 2013;
Schreyer and Lakes, 2014) to evaluate their effectiveness for integrated planning of
urban ecological resources. The experimentations with new options and opportunities
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are incumbent but resource dependent (financial and technological resources) however,
the use of GIS and RS is gaining acceptance among the research communities
(Kolanuvada et al., 2016) in the developing countries and in the less developed regions
(Thapa, 2012) as well. These findings corroborate the notions that application and
acknowledgement of RS and GIS as a research tool for integrated urban environmental
managements will increase in the future.

The exploratory style of investigation was observed in (22.41%) studies. The method
was specifically adopted in studies to understand patterns of urban land use changes
(Haase et al., 2014a; Kain et al., 2016) or to explore nature based solution for the
resilience of urban environment (Pataki et al., 2011; Kuittinen et al., 2016; Santiago
Fink, 2016). This technique of investigation was also observed in the reviwed
publications such as (Ernstson et al., 2008; Connolly et al., 2014; Kronenberg, 2015;
Dennis and James, 2016b). These studies were designed to improve the environmental
governance and management of urban areas.

The (17.24%) studies based their conclusions on conceptual discourses for
postulating measures to ensure the resilience of urban ecosystems. This sort of
orientation in UES research was specifically observed in the studies which were
conceived to address the challenges of land use changes (Stott et al., 2015; Kain et al.,
2016) and socio-cultural transformations in urban areas (Ernstson et al., 2010;
Andersson et al., 2014). The researchers also contributed their scholarships through
conceptual framework in the studies (Rozos et al., 2013; Wu, 2014; Mcphearson et al.,
2015; Haas and Ban, 2017) to improve the precision and practicability of research
regarding UES.

Monetary vs. non-monetary parameters for evaluating UES

The publications were assessed to study prevailing inclinations in UES research
regarding the use of monetary and/or non-monetary parameters.

The monetary assessments of cost and benefits linked with UES are vital for
informed decision making (Aevermann and Schmude, 2015). After the publication of
The Economics of Ecosystems and Biodiversity (TEEB) in 2011 the use of monetary
parameters in ES research are gaining more recognition. The use of monetary
parameters for corroborating findings was found limited (3.45%) and restricted to the
assessment mode of investigation. These findings are in line with the assertions of
Sutton and Anderson (2016) that the monetary valuations of UES are more intricate and
complex as compared to non-monetary valuations of ES. The overlapping nature of the
benefits from UES: contestations over classification between benefits and/or services,
controversies over methodology used for data acquisition and differences over spatial-
temporal scale used for study are the conceivable explanations for less reliance on
monetary parameters in the research concerning UES. However, the findings in
monetary terms are readily and unambiguously understood in the present age of market
economy and, thus, offer an effective technique for disseminating awareness about the
contributions of ecological resources. Therefore, further investigations are needed to
address the methodological/operational ambiguities responsible for discouraging the use
of monetary parameters in UES research.

However, the majority of studies (66.38%), irrespective of their study design or
orientation, preferred non-monetary parameters for evaluations of benefits arising from
the ecological infrastructure of urban areas (Alam et al., 2016; Dennis and James,
2016b; Grafius et al., 2016; Kain et al., 2016; Kolanuvada et al., 2016; Kuittinen et al.,
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2016). As compared to this a substantial proportion of (18.97%) publications based their
conclusions on the cumulative outcomes of monetary and non-monetary parameters
(Elmgqvist et al., 2015; Kiss et al., 2015; Langemeyer et al., 2015; Czembrowski et al.,
2016). The added focus towards the cumulative assessments of UES is needed for
holistic appraisal regarding the contributions of natural capital. The outcomes of such a
research will ensure more support from social institutions and scientific communities
for integrated ecological management of urban areas. Whereas, a number of
publications (11.21%) extended their assertions through scholastic discourses or
conceptual understandings rather than relying on either monetary or non-monetary
measurements such as (Wu, 2014; Frantzeskaki and Kabisch, 2016; Corburn, 2017).
These orientations, in the contemporary research, are indispensable for postulating out
of the box strategies for uninterrupted supply of UES in the face of accelerating
urbanization, ecological degradation and looming threats from climate change.

Study components and UES evaluation

The environmental component(s), relied upon for assessments in UES studies also
reflect the inclinations of contemporary research. The findings in Figure 7 indicate the
proportion of studies which focused on a particular component of urban environment
for assessment.

The anthropocentric orientations in UES research are stressed (Alberti et al., 2003;
Graga et al., 2017) for integrated urban environmental management. In line with these
demands a substantial number of studies (n=69) relied on the cumulative outcomes of
socio-ecological parameters for drawing inferences and estimations regarding UES from
diversified contextual settings such as (Ernstson et al., 2008; Buchel and Frantzeskaki,
2015; Escobedo et al., 2015; Vollmer et al., 2015; Graga et al., 2017).

It was followed by the selection of components related to urban biodiversity (n=64).
The assessments about different forms of urban green infrastructures such as street trees
(Kiss et al., 2015; Mcpherson et al., 2016), urban forests (Bar6 et al., 2014; Fusaro et
al., 2015), parks (Sutton and Anderson, 2016) and impacts of urban vegetative diversity
(Wang et al., 2015; Calderon-Contreras and Quiroz-Rosas, 2017) were made for
different purposes ranging from the assessments of services and disservices of urban
ecological infrastructure to urban planning.

A significant number of studies (n=57) in the 3rd category based their findings on
atmospheric components of the urban environment. The measurements and
quantifications of atmospheric temperature (Taylor et al., 2014; Di Leo et al., 2016)
humidity (Capener and Sikander, 2015) and gaseous components (Manes et al., 2012)
were made in these studies from various aspects while evaluating their impacts on the
urban environment. The acquisition of accurate, cost effective and time efficient data
related to atmospheric components at different spatial scale have become possible and
easier due to advancements in the atmospheric and remote sciences (Larondelle and
Lauf, 2016). In this connection a growing reliance on remotely sensed data for
evaluating different components of urban climate was also observed.

The component of water was analyzed in the 4th category (n=42) from diversified
perspectives for efficient use and management of urban blue infrastructure. The
dominant orientations in the urban water studies were found towards accurate
measurement of urban water resources (Larondelle and Lauf, 2016), to illustrate the
importance of the rivers for urban residents (Vollmer et al., 2015; Weber and Ringold,
2015) and to postulate measures to ensure the efficient use of available water (Mccarthy
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et al., 2011). A growing interest to evaluate the impacts and complementing ability of
technological innovations on urban water supply was also observed in studies (Rozos et
al., 2013; Honey-Rosés et al., 2014). The components relied upon for assessment of
cultural/aesthetic services such as the availability, role and importance of parks and
urban green spaces were adjudged in the 5th category (n=42).

Urban climatic anomalies such as the urban heat island effect, smog, haze and
resultant global warming are attributed to imbalance in the atmospheric carbon
emanating from industrial, vehicular and domestic sources which are mostly located in
the urban areas (Rosenfeld et al., 1998; Di Leo et al., 2016). These unwarranted climatic
incidents induce researchers to strive for ‘green oriented’ solutions to control carbon
emissions and concentration in the urban areas. In response to these challenges the
focus of (n=35) studies in the 6th category was observed for finding plausible solutions
to control and mitigate the adverse impacts of carbon concentrations in urban areas
(Kuittinen et al., 2016; Tigges et al., 2017).

The assessments were made in (n=18) studies to evaluate the contribution of the
urban ecological resources in providing food and fuel to urban residents and to weigh
their contributions in managing the energy requirements of the urban areas in (n=14)
studies. The market price of dwellings was also used as a proxy variable in (n=9)
studies to assess the interrelationship between urban environments and worth of the
property.

Besides these, a large number of other components (n=100) of urban environments
from diversified settings were also used as parameters to evaluate the role and
significance of UES for the urban areas.

Focus of research in UES

The studies in this review were designed to achieve multiple and diverse objectives,
ranging from resolution of local environmental concerns to philosophical discourses for
improved performance and resilience of urban ecological capital. The objectives found
in the selected publications reflect the focus of these studies.The objectives set to
achieve identical targets by using different linguistic expressions were condensed into
eight groups for brevity and analysis (Table 1).The findings in Figure 7 reflect the
proportion of studies designed to achieve a specific target.

The sustainable planning and management of UES was observed as the most
common objective of (28.45%) publications such as (Kronenberg, 2015; Stott et al.,
2015; Vollmer et al., 2015; Alam et al., 2016; Dennis and James, 2016b). A closer
scrutiny of the data indicates that such orientations in the research are closely associated
with the industrialized nations. The appraisal of governance and policy associations
with UES in (17.24%) studies appeared as the next important stream of investigation.
The studies such as (Ernstson et al., 2010; Connolly et al., 2013; Connolly et al., 2014;
Kronenberg, 2015; Frantzeskaki and Kabisch, 2016) were carried out to decipher the
effects of environmental governance and policy framework on their contextual urban
environment.

The assessments of context specific phenomena and practices are also stressed in the
recent literature (Schreyer and Lakes, 2016) to get insights for optimal utilization and
resilience of urban ecological resources. The focus of (20.69%) publications such as
(Honey-Rosés et al., 2014; Youngsteadt et al., 2015; Dennis and James, 2016a; Kain et
al., 2016) were found to estimate the impacts of contextual occurrences on the
provisions of UES.
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To test the viability/application of new methods, techniques and approaches in the
research are needed and validated in (13.79%) research initiatives regarding UES such
as (Lundy and Wade, 2011; Lakes and Kim, 2012; Pincetl, 2012; Tigges et al., 2013).
The use of GIS and RS for measuring, evaluating and planning of urban ecological
resources is gaining acceptance. The researchers preferred to rely on the data retrieved
through RS and GIS for detecting Urban Land use changes (Thapa, 2012; La Rosa and
Wiesmann, 2013), estimating carbon storage/ sequestration (Bar¢ et al., 2014; Tigges et
al., 2017), assessing water availability (Yao et al., 2015) and for the measurements of
urban vegetative cover (Banzhaf and Kollai, 2015; Schreyer and Lakes, 2015;
Kolanuvada et al., 2016; Schreyer, 2016; Schreyer and Lakes, 2016). Besides this, a
growing trend of computer-aided modelling for better utility and conservation of urban
ecological resources was observed in this review (Grét-Regamey et al., 2013). The
scholastic efforts of (Huang et al., 2011; Inostroza, 2014; Martinico et al., 2014) for
improvements in methodologies, techniques and approaches for better assessments of
potentials and pressures on UES were also observed in this review.

The focus in studies were also observed on postulating measures to mitigate the
consequences of creeping global warming for urban areas. The orientations of (8.62%)
publications such as (Geneletti and Zardo, 2016) were found towards conjecturing on
adaptive measures for the sustainability of urban environmental health, to address the
challenges associated with global warming and consequential climate change. The
researchers like (Mcwilliam et al., 2014; Estoque and Murayama, 2015; Grafius et al.,
2016; Kaczorowska et al., 2016) tried to decipher the imprints of Urban Land use
changes (5.17%) on sustainable provision of UES and highlighted the importance of
land use planning for urban environmental resilience in their studies. The content
analysis also indicated a growing emphasis in UES research on the accurate assessments
of urban ecological resources in (3.45%) studies such as (Wu, 2014; Wang et al., 2015).

Besides, these dominant orientations in UES research a growing propensity in recent
studies (2.59%) was also noticed in studies such as (Corburn, 2017) to ensure equitable
distribution of UES among urban inhabitants under the influence of Environmental
Justice debate.

Conclusions

This study is based on a systematic review protocol applied on a set of 116 scientific
publications. It provides an overview of the evolving trends and gaps in UES research.
The most obvious finding of this overview is that the concept of urban ecosystem
services is gaining recognition as a component of informed decision making in urban
planning and as a tool to monitor socio-ecological resilience of the urban areas. This
review also establishes the fact that the research regarding UES is more focused in the
technologically advanced and economically developed countries which have a really
significant exposure to urban based industrial activities. The appearance of
environmental externalities due to earlier industrialization, pressures from the society
for healthy urban environment and availability of resources to fulfill these demands are
the plausible explanations for more determined efforts to ensure resilience of UES in
these countries. However, the insights of these studies are also immensely important for
the regions where the research regarding UES is still in its embryonic stages.

The majority of publications based their appraisals on non-monetary parameters
instead of monetary measurements. However, the evaluation of ecological contributions
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in monetary terms increases the acceptability of scientific findings and encourages
policy makers/planners to adopt and utilize these findings.

A greater proportion of studies in this review either relied on assessment or an
exploratory mode of investigations. These research techniques are frequently used in the
social sciences and are comparatively easier, however an inherent element of
subjectivity associated with them may compromise the objectivities in findings. As
compared to it, a reliance on experimental mode of enquiry in UES will augment the
credibility of findings. However, the conceptual style of investigation is imperative for
postulating novice approaches for integrated management of UES in the face of
emerging challenges for the urban areas.

The outcomes of this study stress on further investigations for devising standard
protocols for the monetary measurements of UES. These initiatives should, hopefully,
help to overcome the operational and methodological ambiguities for assessments of
UES. The future research collaborations between and among nations based upon
interdisciplinary research paradigm seems a viable option to achieve this objective. The
trans-national research collaborations between the developed world and the less
developed regions are also incumbent for postulating comprehensive strategies. These
collaborations will also provide the opportunities to retrieve data from the contextual
settings of these less investigated regions for conceptual discourses at the global level.
Furthermore, these initiatives will directly and indirectly extend the much needed
exposure and technical support to researchers investigating UES in these regions.

It is the considered opinion of the authors of this research contribution that the
Sustained focus in research on UES is more needed in the less developed regions of the
world. In these geographical regions the poor are the worst victims of urban ecological
degradation. Thus, sustainable and equitable provisions of UES in these regions is a
question of equity and justice debate and a real challenge for the researchers and urban
planners to address.
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Appendix 2. The table showing the name of urban centres and number of UES studies
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conducted
City Country Number of Studies
Berlin Germany 9
New York USA 7
Stockholm Sweden 6
Manchester UK 5
Rotterdam Netherland 4
Catalonia Spain 3
Barcelona Spain 3
Leipzig Germany 3
London UK 2
Singapore Singapore 2
Lodz Poland 2
Reading UK 2
Bogota Colombia 2
Rome Italy 2
California USA 2
Shanghai China 1
Porto Portugal 1
Mexico City Mexico 1
Helsinki Finland 1
Milton Keynes, Bedford, Luton UK 1
Espoo Finland 1
California USA 1
Bobo-Dioulasso Burkina Faso 1
Padova Italy 1
Tampere Finland 1
Chennai India 1
Mascouche (MONTREAL) Canada 1
Sheffield UK 1
Manila, Bangkok Philippines, Thailand 1
Beijing China 1
Qingdao China 1
Jakarta Indonesia 1
Boras Sweden 1
Munich Germany 1
Lagos Nigeria 1
Szeged Hungary 1
Tucson (Arizona) USA 1
Dresden Germany 1
Salzburg Austria 1
Ontario Canada 1
Bilbao Spain 1
Southampton UK 1
Masdar City Abu Dhabi 1
Seoul, Berlin South Korea, Germany 1
Kathmandu Nepal 1
Taipei China 1
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Appendix 3. The content analysis showing the number and proportion of reviewed
publications focused a specific type of UES and also indicating the contemporary trends in
research regarding techniques for enquiry, methods for evaluation, research/study objectives
and environmental components relied upon for assessments

The assessment criteria and research orientations of selected

Publications No. of studies (%)
Type of Ecosystem services/ Disservices
Ecosystem Services 71 31.84
Cultural Services 37 16.59
Regulatory Services 65 29.15
Provisioning Services 28 12.56
Supporting Service 9 4.04
Disservice 13 5.83
Technique of enquiry
Assessment 57 49.14
Exploratory 26 22.41
Experimental 13 11.21
Conceptual framework 20 17.24
Method of Evaluation

Monetary 4 3.45
Non-Monetary 77 66.38

Both (M - NM) 22 18.97

Not Applicable 13 11.21

Research/study Objective
Landuse Planning 6 5.17
Planning and Management 33 28.45
Assessment of Method 16 13.79
Urban Ecology 4 3.45
Environmental Justice 3 2.59
Assessment study 24 20.69
Governance and Policy 20 17.24
Climate Adaption 10 8.62
Environmental Component(s) evaluated

Water Management 42 9.33
Climate Regulation 57 12.67
Socioecological 69 15.33
Biodiversity 64 14.22
Aesthetics 42 9.33

Food Fuel 18 4.00

Energy 14 3.11

Human Health 24 5.33
Carbon Segestration Storage 35 7.78
Hedonic Pricing 9 2.00
Others 76 16.89
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