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ABSTRACT

Natural or semi-natural elements, referred to by various terms such as green infrastructure (GI), are increasingly adopted as a

win-win solution to develop water-wise, climate-resilient, and sustainable societies. Accordingly, a comprehensive perform-

ance assessment of GIs is necessary for their management, making them more appealing to multiple sectors, and

improving funding prospects. Several guidelines proposing performance and impact indicators have been developed worldwide

recently. To evaluate their applicability, this study critically examines some of the most well-known of them from various parts

of the world that deal with the evaluation of different functional aspects of GIs. Findings show considerable differences. The

European guideline is the most comprehensive one considering the number of addressed performance indicators. In contrast,

the Chinese standard mostly focuses on water quality/quantity performance. Moreover, the degree of quality of the guidelines

is evaluated using a thorough set of quality measures that consists of 19 criteria. By addressing 12 out of the 19 quality criteria,

the European and state of New South Wales standards encompassed more guideline compilation requirements than the others.

However, the way in which assessed performance indicators should be interpreted is one instance where a gap in the present

standards is believed to be especially significant.

Key words: asset management, decision-making, green infrastructure, guideline, monitoring, multi-functionality, performance

indicators

HIGHLIGHTS

• Guidelines have been recently developed to aid in selecting performance indicators for green infrastructure.

• This study critically examines multiple guidelines by setting quality measures.

• Considerable differences exist between the studied international performance assessment guidelines.

• Interpretation of performance indicators remains a weak point that can affect decision-making.
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GRAPHICAL ABSTRACT

1. INTRODUCTION

During the 1980s, urban planning and development began considering natural water and nutrient cycles, with

water flows managed in a way to replicate the original ecosystem (Radcliffe 2019). In North America, these phil-
osophies were developed as Best Management Practice (BMP), then as Low Impact Development (LID), and
Green Infrastructure (GI). While BMPs started with a focus on stormwater pollution prevention activities, the
original intent of LID was to achieve natural catchment hydrology, and GIs covered concepts beyond stormwater

management. In Britain, the term Sustainable Urban Drainage Systems (SuDS) has been adopted. Similar policies
were developed in Australia under the frame of the Water Sensitive Urban Design (WSUD) philosophy aiming to
minimize the hydrological impacts of urban development (Fletcher et al. 2015). Taking inspiration from concepts

used worldwide, the Sponge City concept was developed in China in 2012 to redefine the relationship between
people, water, and cities (Griffiths et al. 2020). In 2016, the IWA proposed the Principles for Water Wise Cities to
assist urban leaders to develop and implement their vision for sustainable urban water, and resilient planning and

design in their cities. Furthermore, the European Commission (2015) adopted the concept of nature-based sol-
utions (NBS) as measures inspired by nature, which are cost-effective, simultaneously provide environmental,
social, and economic benefits, and help build water-wise societies (Raymond et al. 2017; Ugarelli et al. 2021).
It is evident that while they all refer to the same concept, different countries have adopted different names for
it. This is due to the informal evolution of terminology used in urban drainage management, which is shaped
by local and regional perspectives, understandings, and contexts (Fletcher et al. 2015). In the present study,
inspired by Fletcher et al. (2015), the term GI will be used to encompass all expected service functions, acting

as an umbrella term. However, GI itself can have different definitions (e.g., definitions provided by USEPA
(2024) or United Nations Information Portal), and since this falls outside the scope of our study, readers are
encouraged to refer to Conway et al. (2020) and Grabowski et al. (2022) for further clarification. It is worth high-

lighting that the term ‘service functions’ is used in the following to refer to the services provided by or expected
from a GI system (Belmeziti et al. 2015), and ‘dimensions’ refer to distinct categories or aspects, such as environ-
mental, economic, and social considerations, used to analyse and evaluate the sustainability and its impact within

the context of GI.
According to Matsler et al. (2021), scholars as well as practitioners need to be clear and precise about how they

define GI and its purposes in their research. In this regard, the following explanation (Adopted from the Urban
Ecology Concepts group (Matsler et al. 2021)) is provided to the readers based on this study’s scope:
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By definition, all natural and human-made elements that provide ecological and hydrological functions and
processes within, around, and between urban areas, at all spatial scales represent a GI. It can encompass com-
ponents such as natural heritage features and systems, parklands, stormwater management systems, street

trees, urban forests, natural channels, permeable surfaces, and green roofs (Tzoulas et al. 2007; Conway et al.
2020). The ecosystem multi-functionality of GIs includes protecting against floods, alleviating urban heat islands,
reducing greenhouse gas (GHG) emissions, improving air, soil, and water quality, and promoting biodiversity,
habitat, and human community well-being. This unique GIs’ ability to deliver multiple benefits makes them par-

ticularly attractive in urban water management as well as in urban planning. For example, the European
Commission has launched a strategy called ‘Green Infrastructure – Enhancing Europe’s Natural Capital’ that
intends to mainstream GI in spatial planning and territorial development in order to actively take into account

the numerous benefits that humans derive from nature (Hansen & Pauleit 2014). However, GIs planning and
evaluation tend to focus on one or a few service functions, mostly related to stormwater management (Finewood
et al. 2019), failing to optimize (urban) land use. One of the chief reasons could be that only some of the service

functions are fairly simple to gauge and assess (Zuniga-Teran et al. 2020) or some of the benefits of GIs are often
more visible than others (e.g., runoff reduction). However, to build further trust in such new technologies and
leverage the appeal of green solutions to different sectors and unlock funding opportunities, a comprehensive per-

formance evaluation of GIs installed is recommended.
Moreover, GI needs ongoing financial support and maintenance as grey infrastructure does in order to fulfil its

purpose and offer society the numerous advantages it can (Young & McPherson 2013). To accomplish this objec-
tive, it is essential to develop a robust asset management plan. Asset management’s main goal is to produce

optimal and sustainable financial returns for utility managers and asset owners while simultaneously ensuring
that the standards for customer service and safety are upheld (Wenzler 2005). But since GIs show a wide diversity
in terms of their type (ranging from bioswales, and green roofs to urban forests), level of multi-functionality, and

actors involved in their operation and maintenance (O&M), their asset management poses a more complex chal-
lenge compared to traditional grey infrastructures (Langeveld et al. 2022). This is why employing a
comprehensive and well-defined set of performance indicators (PIs) and a monitoring system based on key ser-

vice measures has twofold importance in this domain to enhance the effectiveness of asset management
strategies.

Performance assessment refers to a broad range of methodologies and techniques that facilitate the evaluation
of the efficacy of a process or activity using performance measures. PIs are essential pillars in the assessment pro-

cess, and they are defined as: ‘An item of the information collected at regular intervals to track the performance of
a system’ (Fitz-Gibbon 1990). According to Ugarelli et al. (2021), PIs should be (1) relevant to the strategic objec-
tives, (2) as universal as possible (i.e., not case-dependent), (3) composed in a clear and concise way, and (4) be

straightforward and simple to understand. In the current approach to GI performance assessment, only one or a
few important PIs are examined (Fu et al. 2021). However, a key element of the successful adoption and
implementation of GIs as an alternative to grey infrastructure is the comprehensive assessment of the advantages

they offer. Otherwise, GI may appear to be less effective than traditional grey infrastructure (Alves et al. 2019). It
is very rare to find studies indicating how and how much GIs affect intangible benefits such as biodiversity pres-
ervation, quality of life and well-being, aesthetics, and recreation (Manso et al. 2021). One of the factors of this

deficiency can be the lack of a comprehensive performance evaluation system (including well-defined PIs and
how to monitor them). Without proper guidelines, asset managers lack standardized procedures to assess stra-
tegic, tactical, and operational objectives, and decide intervention alternatives in terms of performance, risk,
and cost, over the GI’s lifetime (Alegre & Coelho 2012).

In recent years, several national and international guidelines for evaluating the benefits of GIs have been devel-
oped to aid in the selection of the most appropriate performance and impact indicators. They can aid in ensuring
that evaluations of the performance of GI are uniform and consistent among various projects, localities, and sta-

keholders. However, there is a strong need for reviewing guidelines to compare considered PIs, relevance and
accuracy of suggested PIs, consistency, and understandability of the guidelines, etc. Such a review will enable
the improvement of existing guidelines in order to provide a more comprehensive list of PIs, enhance transpar-

ency in their evaluation, and adopt a more robust methodological approach. The review also establishes the level
of compatibility between guidelines and thus helps the end users (mainly policymakers, utility managers, and
municipalities) to determine which guidelines are compatible for benchmarking. A lack of clear and practical
answers to these issues could jeopardize the commitment of end users to apply the developed guidelines. This
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study aims to critically examine guidelines from Asia, Australia, Europe, North and South America and compare
them, in order to evaluate their state of completeness in dealing with various functional aspects of GIs. Further-
more, the quality of existing guidelines is evaluated by comparing them against a set of rigorous quality criteria for

guideline development.

2. MATERIAL AND METHODS

The analysis of the guidelines involves evaluating different chapters for two main purposes: first, to assess the
comprehensiveness of the guidelines in addressing the PIs, and second, to evaluate their level of development

quality. Figure 1 illustrates the stepwise process of evaluating the chapters. These steps are described in detail
in the following sections.

2.1. Assessment of the comprehensiveness of guidelines concerning the number of addressed PI

First, publicly available literature and materials were reviewed to extract suggested PIs for assessing different ser-
vice functions. The search strategy involved using terms such as ‘performance indicator’, and ‘performance
assessment’, in conjunction with key frequently used terminologies for these natural infrastructures such as

‘green infrastructure’ and ‘nature-based solutions’ to identify relevant scientific articles presenting one or more
PIs, in databases like Web of Science and Scopus. Search results encompassed a range of sources, including
but not limited to Pakzad & Osmond (2016), Gordon et al. (2018), Sun et al. (2020), and Sánchez et al.
(2022). In total, 39 PIs were extracted and classified into four broad dimensions: Catchment sustainability, Econ-
omic, Environmental, and Social. Service functions in the Catchment sustainability area primarily address
stormwater quantity management and water resource protection. It should be emphasized that water manage-

ment remains the key reason behind GI adoption in urban areas and GIs are increasingly linked to urban
water management (Fletcher et al. 2015; Liu & Jensen 2018). As such, this group of service functions with
their corresponding indicators is presented separately. Economic growth/savings and energy conservation ser-

vice functions are covered in the Economic dimension. Service functions of GI with respect to the
environment can be divided into four categories: air quality, ecological services, water quality, and soil quality.
Social service functions of GI include measures related to community liveability and well-being, research and
education, and equality and justice. Table 1 presents the complete list of indicators along with their correspond-

ing functional classification, where ‘Level 1’ and ‘Level 2’ represent, respectively, the general and specific service

Figure 1 | Proposed stepwise process for evaluating the comprehensiveness of guidelines in addressing performance
indicators (PIs) and their level of development quality.
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Table 1 | Summary of GIs’ impacts dimension, service functions, and suggested PIs in the reviewed literature (hierarchical
structure inspired by Pakzad & Osmond (2016))

Dimensions
Service functions
(level 1) Service functions (level 2) Performance indicator Symbol Reference

Catchment
sustainability

Managing stormwater runoff Reduction of flooding
risks

(Peak) flow
attenuation (%)

CS1-1 Lucas & Sample
(2015)

Interception of runoff Runoff volume
reduction/
retention (m3)

CS1-2

Combined sewer
overflows (CSO)
control

No. of CSOs per
year

CS1-3

Protection of water resources Groundwater recharge The water level in
wells (m)

CS2-1 Healy & Cook
(2002)

Irrigation offset Decreased water
use for
landscaping
(m3/year)

CS2-2 Xiao et al. (2007)

Economic Economic growth/saving Residential property
value enhancement

Mean land and/or
property value in
proximity to GI
($)

Ec1-1 Dell’Anna et al.
(2022)

Raise city revenue No. of tourists Ec1-2 Yu (2020)
Boost in employment No. of created green

jobs
Ec1-3 Jarvis et al.

(2011)
Reduction of grey
infrastructure needs

Grey infrastructure
expansion/repair
cost reduction ($)

Ec1-4 Xu et al. (2019)

Energy Saving Alleviation of energy
consumption in
(waste)water
treatment plant

Decreased volume
of (waste) water
from the
treatment system
(m3/year)

Ec2-1 Sabia et al.
(2020)

Reduction of energy
consumption
needed for cooling
and heating

Energy cost
reduction
($/year)

Ec2-2 Chang et al.
(2011)

Environmental Water
quality

Pollution
control

Nutrients control % Of removal of
phosphorus and
nitrogen

WQ1-
1

Fan (2020)

Reduction/elimination
of microbial
contamination

% Of removal of
Heavy metals,
pesticides, etc.

WQ1-
2

Fowdar et al.
(2021)

Hazardous/toxic
material control

% Of the removal of
Total suspended
solids (TSS)

WQ1-
3

Lundgren (2021)

Sediment transport
and/or TSS
reduction

Turbidity in streams
(NTU)

WQ1-
4

Phillips et al.
(2022)

Ecological
services

Microclimate
modification

Pedestrian comfort Monthly mean
value of daily
max (min)
temperature (°C)

ES1-1 Rosenzweig et al.
(2006)

Surface temperature
reduction

Land surface
temperature (°C)

ES1-2 Maimaitiyiming
et al. (2014)

Wind attenuation Wind comfort level
(m/s)

ES1-3 Ricci et al.
(2022)

Blue-green
space
improvement

Greened and/or
recreational areas
augmentation

Tot. surface area of
blue/green spaces
(ha)

ES2-1 Kabisch &
Haase (2013)

(Continued.)
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Table 1 | Continued

Dimensions
Service functions
(level 1) Service functions (level 2) Performance indicator Symbol Reference

Vegetation cover Percentage of tree
canopy cover (%)

ES2-2 Ziter et al.
(2019)

Wildlife
enhancement

Conservation/
restoration of
biodiversity (soil
and above-ground)

Wildlife diversity
(# of species)

ES3-1 Threlfall et al.
(2017)

Pollination Pollinator species
presence (#/ha)

ES3-2 Hooftman et al.
(2023)

Urban
agriculture

Urban food
production

Amount of
produced crop
(ton/ha/year)

ES4-1 Orsini et al.
(2014)

Wood provisioning Quantity of dead
wood per unit
area (m3/ha)

ES4-2 Moor et al.
(2022)

Air quality Atmospheric
pollution
removal

Control of particulate
matter

Air quality index AQ1-
1

Mintz (2009)

Absorption (reduce
the emission of)
GHGs

The annual amount
of captured CO2

(kg/ha/year)

AQ1-
2

Othus-Gault
(2021)

Soil quality Improving soil
physical
properties

Enhancing soil
moisture storage

Volumetric water
content
(cm3/cm3)

SQ1-1 Verheijen et al.
(2010)

Soil erosion control Soil loss rate
(ton/ha/year)

SQ1-2 Fu et al. (2011)

Improvement of
soil chemical
properties

Enhancement of soil
minerals

Soil organic matter
(%)

SQ2-1 Tang et al.
(2021)

Social Community liveability Physiological stress
relief

Finger pulse rate
(bpm)

S1-1 Lin et al. (2019)

Improved aesthetics of
the living
environment

Property value ($) S1-2 Dell’Anna et al.
(2022)

Increased human
health and well-
being

Prevalence of
cardiovascular
disease (%)

S1-3 Seo et al. (2019)

Development of social
interaction/
connectivity

Hours of social
activities

S1-4 Peschardt et al.
(2012)

Lowering crime rate No. of violent
incidents,
nuisances and
crimes (per
100,000
population)

S1-5 Lopes &
Camanho
(2013)

Public accessibility Walking distance to
the nearest green
or blue space

S1-6 Du et al. (2020)

Disaster resilient
society

Decrease in loss of
life and property
during flood
events ($)

S1-7 Sohn et al.
(2021)

Noise reduction Noise reduction
coefficient

S1-8 Connelly (2011)

Research and education Citizen involvement in
environmental
learning
opportunities

No. of
environmental
education
excursions

S2-1 Wolsink (2016)

(Continued.)
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functions. These two columns were designed and categorized by the authors, drawing inspiration from studies
such as Ommer et al. (2022). Concerning the last column, it’s worth noting that only one reference is provided

as an example. However, there may be additional references in the literature.
Regarding the guidelines, as illustrated in Figure 1, a similar search strategy to that of PIs was employed: the

authors conducted a thorough search of online documents using search engines, employing keywords such as

‘nature-based solutions,’ ‘green infrastructures,’ etc., in conjunction with terms like ‘performance assessment
guideline’ and ‘performance assessment standard’. Additionally, to ensure the inclusion of non-English docu-
ments, the search was repeated using translated keywords in various languages, such as Spanish. It is
important to emphasize that by ‘performance assessment guideline’ the authors sought guidelines that included

a list of PIs. As a result, five guidelines from five different regions around the globe were detected: New South
Wales (NSW) in Australia, China, Colombia, Europe, and the USA, which encompass various target communities
ranging from the state to federal level.

The state of NSW in Australia, as one of the pioneers’ states in examining co-benefits of GIs, has published a
framework for valuing public space and GI (NSW Department of Planning and Environment 2022). The frame-
work can be used to prepare economic evaluations, including cost–benefit analyses. The other chapters discuss

the purposes behind developing the framework, GIs benefits and implementation costs, sensitivity analysis for
risks, limitations of the proposed framework, case studies, and non-market valuation of GIs.

In China, the Ministry of Housing and Urban–Rural Development (MOHURD) published the ‘Sponge City Per-
formance Evaluation Index System’ (Wang et al. 2020) and divided the evaluation into four grades (from

‘Excellent’ to ‘Disqualified’). Besides the index system, seven items, including runoff volume control, water qual-
ity, and ecological conservation are used to assess project benefits. These criteria were selected to comply with
the defined development goals of Sponge City which are, in turn, based on the philosophy of ‘source reduction,

process control and systematic remediation’ (Wang et al. 2020). Furthermore, the guideline discusses basic
requirements for implementation and methods of assessment for proposed PIs.

Figueroa Arango (2020) specifically addressed the Colombian environment when recommending indicators

that should be considered to evaluate and monitor GIs. The guideline is organized into seven steps with the
last step dedicated to various types of indicators to monitor GIs and classifies them into seven broad groups.
The other steps discuss GI opportunities for urban areas, environmental challenges addressed by GIs, consider-

ation of future urban development scenarios, prioritization of urban areas for GI implementation, multi-
functionality and financial strategies for carrying out GI projects.

A handbook on assessing NBS performance and impact was published by the European Commission in 2021
(Dumitru & Wendling 2021). The handbook is designed to apply to GIs implemented across a wide geographic

area and at a wide scale. It provides decision-makers with a set of indicators and methodologies to evaluate the
impacts of GIs across 12 societal challenges, including climate resilience, water management, biodiversity, etc.
Furthermore, the handbook examines GI monitoring strategies, the application of the proposed methodology

on case studies, GIs role in risk reduction, and data requirements for GI assessment.
In the USA, AECOM prepared the ‘Green infrastructure resource guide’ (AECOM 2017) for the United States

Agency for International Development (USAID). They categorized the benefits of GIs in 11 classes and for each

of them provided relevant indicators to aid in monitoring the performance of a GI solution. The guide is pre-
sented in three main sections, discussing GI benefits as a sustainable approach to environmental stressors,
moving on to discussing considerations to maximize GI benefits, and implementing GIs in different settings

and scales. It should be noted that each of the reviewed sources has used a specific word in its title (such as a

Table 1 | Continued

Dimensions
Service functions
(level 1) Service functions (level 2) Performance indicator Symbol Reference

Equality and justice Increased social
inclusiveness of
excluded groups
(e.g., elderly,
persons with
disabilities,
immigrants, etc.)

Proportion of
targeted group
(e.g., elderly
residents) among
the residents (%)

S3-1 Ali et al. (2022)
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handbook, guideline, or standard). However, upon comparing the definitions of these words in the dictionary
(e.g., Oxford English Dictionary 2003), it becomes clear that they all refer to a similar concept: rules or instruc-
tions provided by an official organization that tell you how to do something and make judgements. Therefore, in

the present text, the term ‘guideline’ will be used to encompass all of them.

2.2. Compliance with quality criteria

A guideline’s potential benefits are limited by its quality. Guidelines of superior quality are founded on both
empirical evidence and a widespread consensus of viewpoints, which in turn, expedites their adoption and effec-
tive utilization within the intended audience (Grol et al. 1998). Regarding methodological development, the

validity of the guideline elaboration process ensures the validity of the guidelines. To achieve this level of quality,
guidelines must therefore be developed using a structured and coordinated program that follows the principles of
evidence-based guideline development (Burgers et al. 2003). Also, explicitly reporting the methods and pro-
cedures used in their development can further enhance their quality (Fervers et al. 2005). However, often,

guidelines are not up to basic standards, and the quality can be extremely variable.
In this regard, a framework for assessing the quality of clinical practice guidelines was developed, known as the

Appraisal of Guidelines for Research & Evaluation (AGREE) Instrument (AGREE Next Steps Consortium 2017).

More precisely, according to the AGREE Collaboration, the quality of guidelines refers to whether the potential
biases in guideline development have been adequately addressed and whether the recommendations are both
internally valid and externally credible (Xie & Wang 2012). Presently, the tool is accessible in over 10 languages

and is being utilized in various nations across the globe (Burgers 2006). AGREE has six domains (i.e., aspects of
the guideline that are examined) which are briefly described as follows:

• Domain 1 (D1), Scope and Purpose, focuses on the overall aim of the guideline, the geographical area where it
can be applied, the intended audience, and other related criteria.

• Domain 2 (D2), Stakeholder Involvement, considers the degree to which the guideline was developed by rel-

evant stakeholders and represents the views of its intended users.

• Domain 3 (D3), Rigour of Development, pertains to the process used to gather and synthesize indicators, the
assessment process, the interpretation of evaluated PIs, and the guideline update procedure.

• Domain 4 (D4), Clarity of Presentation, deals with the language, structure, and format of the guideline.

• Domain 5 (D5), Applicability, concerns the potential barriers and facilitators to implementation, as well as the
assessment procedure.

• Domain 6 (D6), Editorial Independence, is focused on ensuring that recommendations are not unduly biased by

competing interests.

Each Domain includes several criteria (principles by which guideline quality is judged with respect to each

domain) which are modified and adjusted (wherever necessary) in this paper, to assess the quality of GI perform-
ance assessment guidelines developed by local, regional, national, or international groups or affiliated
governmental organizations. For example, authors have moved ‘The target users of the guideline are clearly

defined’ criterion from the ‘Stakeholder involvement’ domain to a more relevant domain ‘Scope and purpose’.
Or, for another example, the criterion called ‘The health benefits, side effects, and risks have been considered
in formulating the recommendations’ is omitted as it is irrelevant in our context. Or for some criteria, simply
the clinical terms are replaced by infrastructure-relevant terms (e.g., specifications of GIs instead of patients in

‘The patients to whom the guideline is meant to apply are specifically described’). Nevertheless, it should be
emphasized that the majority of criteria proposed by AGREE (e.g., clarifying objectives, update procedures,
etc.) are not specific to the guideline’s topic and should be applicable to any type of guideline. Ultimately, 19 rede-

fined/intact criteria were considered under six general categories. In the following section, detailed descriptions
for each criterion are provided.

C1 (D1) – The overall objective(s) of the guideline is (are) specifically described.

The overall objective(s) of the guideline should be described in detail and the expected benefits from the guide-
line should be specific to GIs performance assessment topic. For example, specific statements would be:

1. Facilitate the adoption of consistent indicators and methods to assess the performance and impact of various
types of GIs.

2. Assist urban practitioners in designing effective impact evaluation frameworks for GIs.

3. Establish scientifically sound monitoring and evaluation plans to evaluate the impact of GIs.
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C2 (D1) – The main terms and principles in GIs performance and impact evaluation are specifically described.
In this context, it is important to provide explanations for key terms such as performance, impact, monitoring,

and evaluation process. Additionally, the necessity of performance and impact evaluation in facilitating decision-

making, description of the approach in process and methods, assumptions and evidence used, etc., should be ela-
borated upon. Furthermore, it would be beneficial to address certain questions such as ‘What steps are involved in
developing a reliable and suitable impact evaluation framework?’

C3 (D1) – Specifications of GIs to which the guideline is meant to apply are specifically described.

A clear description of the GIs (e.g., type, size, location, etc.) covered by a guideline should be provided. For
example, one classification based on the level and magnitude of impacts can be (adopted by Dumitru &Wendling
2021):

Type 1: involves little to no intervention in ecosystems and aims to maintain or enhance the provision of ecosys-

tem services.
Type 2: employs intensive or extensive management strategies to establish sustainable, multifunctional ecosys-

tems and landscapes that enhance the provision of ecosystem services.

Type 3: involves highly intensive ecosystem management practices or the creation of new ecosystems to achieve
specific objectives.

C4 (D1) – The target users of the guideline are clearly defined.
The target users should be clearly defined in the guideline, so the reader can immediately determine if the

guideline is relevant to them. For example, the target users of a guideline on GIs impact assessment may include

field practitioners, planners, and decision-makers who implement these green infrastructures.
C5 (D2) – The guideline development core group includes individuals from all the relevant professional groups.
This criterion refers to professionals who participated in the development process, which could encompass

members of the steering group, the research team responsible for selecting the indicators and evaluating evi-
dence, and those involved in creating the final recommendations. Excluded from this item are individuals who
externally reviewed the guideline (refer to C10) as well as target population representation (refer to C6). It is

highly recommended to provide details about the composition, discipline, and relevant expertise of the guideline
development group.

C6 (D2) – The views and preferences of the end-users have been sought.
It is highly beneficial that stakeholder organizations contribute to and comment on the PI assessment guideline

at various stages. For instance, after defining exactly what the guideline will and will not cover, guideline devel-
opers should arrange a workshop for all stakeholder organizations and individuals (e.g., municipalities, water
utilities, etc.) to present the under-development standard. The merits of the guideline could be discussed by

the attendees followed by posting the draft online for consultation (for a period of e.g., 1 month). Moreover,
after publication, stakeholders can act as the implementation support and encourage their networks to use the
guideline at both national and local levels.

C7 (D3) – The proposed indicators, assessment frameworks, etc. have been selected and developed based on
evidence.

To ensure a thorough search for evidence, it is necessary to provide specific details of the method and strategy

employed, including the search terms, sources consulted, and the dates of literature searched. These sources may
include electronic databases (such as high-impact journal articles), databases of systematic reviews, conference
proceedings, and other similar guidelines. The search strategy should aim to be as comprehensive as possible
while avoiding potential biases, and the execution of the search should be well-documented and sufficiently

detailed.
C8 (D3) – The strengths and limitations of the proposed PIs/assessment framework are clearly described.
Statements highlighting the strengths and limitations of the assessment framework and the applicability of the

proposed PIs should be provided. Although the proposed methodology/PI set should be objective, standardized,
and well-adapted to different contexts, some questions like the following should be addressed:

1. Can they be used for both post-ante and ex-ante evaluation of the infrastructure?
2. Are there any indicators that may not be applicable to specific environments?

3. How does the proposed framework deal with data uncertainty?

C9 (D3) – The way to interpret calculated/estimated PIs is presented in a clear and comprehensive manner.
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To assess performance, PI values must be compared to reference values, which can be accomplished by creat-
ing performance functions for each PI. These functions establish a correlation between PI values and a
classification scale, allowing for the identification of good, satisfactory, and poor performance. These reference

values can be defined based on legislation, literature references, etc.
C10 (D3) – The guideline has been externally reviewed by experts prior to its publication.
Before publication, it is important to subject a guideline to external review. To ensure impartiality, the

reviewers should not have been part of the guideline development group. The review panel should consist of

experts in urban infrastructure management as well as methodological experts. End users such as policy
makers and urban planners may also be invited to provide input. The methodology employed in the external
review should be clearly outlined, including a list of the reviewers and their affiliations.

C11 (D3) – A procedure for updating the guideline is provided.
Guidelines should be dynamic, requiring an annual review of their scope, suggested indicators, assessment pro-

cedures, and so on, which involves conducting an updated literature search to identify new evidence and

accounting for new factors and obstacles encountered in practice. This is very important, especially in the
field of GI, where specialized knowledge is rapidly evolving.

C12 (D3) – Strategies for disseminating guidelines to end users are established.

According to Boulet et al. (2006), an effective approach necessitates the development of a dissemination plan
that is ideally generated concurrently with the production of the guideline; the plan should be made during the
project and not at the end of the project. The target audience must be identified from the project’s outset to not
only decide the project’s scope, objectives, format, style, and wording for the recommendations but also for

choosing the best instruments for dissemination (Eccles et al. 2012). The use of both conventional and cutting-
edge dissemination technologies should enhance dissemination efforts.

C13 (D4) – The proposed PIs to assess the potential benefits and co-benefits of GIs are classified properly and

are specific and unambiguous.
The guideline should present PIs in well-defined categories (based on the benefits and co-benefits of GIs) and

provide the reader with a concrete and precise description of each indicator. Moreover, units of measurement for

each PI must be clearly stated.
C14 (D4) – The possible alternative PI(s) for each of the different performances are explicitly presented.
A guideline aimed at evaluating the performance of GIs should incorporate a range of options for assessing

specific (co)benefits, to be more resilient. Moreover, the end-user can choose the right indicator depending on

the available facilities and the project goal. These alternatives should be clearly outlined within the guidelines.
For instance, in evaluating the benefits of GIs for reducing runoff quantity, the guideline might consider a variety
of indicators, such as the Run-Off Score, Flood Excess Volume, Height of Flood Peak, and Peak Flow Variation.

C15 (D5) – The guideline describes facilitators and barriers to its application.
The successful implementation of guidelines hinges on addressing various barriers (such as personal, perform-

ance evaluation process, etc.) and implementing effective strategies to overcome them. Additionally, factors that

can promote guideline implementation or adherence should be addressed. These facilitators include the dissemi-
nation and advertisement of guideline materials, educating and training individuals on the guidelines, regulatory
and financial incentives, and institutional support.

C16 (D5) – Pilot testing of guidelines before widespread implementation.
A pilot test offers the chance to test out a new procedure on a limited scale while getting feedback. As a result,

any process flaws can be fixed before being applied over the entire facility. Although this method will postpone
publication, it might guarantee the project’s success. One should think about the following issues before starting

the pilot:

1. Which locations are preferable to test the procedure in?

2. Are the locations selected for the pilot already involved and supportive of it?
3. What system will be in place during the trial to allow front-line employees to provide and receive feedback?
4. What are the process measures being used to gauge compliance during the pilot, such as quantity and adher-

ence to the process?

C17 (D5) – The guideline provides measurement advice and/or tools on how the PIs should be calculated and
assessed.
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A guideline must be implemented with supporting documents on the evaluation process to be effective.
Examples of these can include the scale of measurement, frequency of monitoring, instructional resources, the
findings of a pilot study, or computer assistance.

C18 (D6) – The guideline was developed independently and without any bias or undue influence from the fund-
ing body. Many guidelines are created with outside financing (e.g., government, professional associations, etc.).
Support can take the form of a monetary donation towards the entire development or just certain aspects of it
(e.g., the printing of the guidelines). There should be a clear declaration that the views or interests of the funding

entity have not influenced the final manuscript and recommendations.
C19 (D6) – Competing interests of guideline development group members have been recorded and addressed.
Members of the development group can have conflicting interests. This might be the case, for instance, if a

member of the development group also receives funding from another organization for research on the subject
addressed by the guideline. There should be a clear declaration that each group member has disclosed any com-
peting interests.

In the next step, we analysed the lists of performance assessment indicators and also reviewed the content from
other chapters of different guidelines for the GIs performance assessment procedure to determine: (1) their pro-
posed indicators to assess the performance of a GI project and their comprehensiveness across a range of social,

environmental, and economic contexts; and (2) their compliance with the described quality criteria.

3. RESULTS AND DISCUSSION

3.1. Evaluation of guideline comprehensiveness for PIs list

Based on the comparison of the performance assessment indicators, the EU guideline is the most comprehensive
one considering the number of addressed PIs (see Figure 2). Only a few indicators like ‘Grey infrastructure expan-

sion/repair cost reduction’ are missing in the current version. However, the term ‘indicator’ is not well-defined

Figure 2 | Performance indicators addressed in each of the studied guidelines.
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and sometimes mixed up with ‘service functions of GIs’ and resulting in a long indicator list. As an example, ‘Citi-
zen involvement in environmental education activities’ is considered a PI (while it is a service function). As
suggested by Silva et al. (2023) a high number of indicators may bring serious challenges to the assessment pro-

cedure. Nevertheless, as a strength point, this guideline distinguishes between the list of core and additional
indicators. Another important issue is that some indicators are not explicitly defined, making their assessment
in the current state difficult and subject to variation for each application (e.g., ‘Encouraging a healthy lifestyle’).
Following the European document, the USAID guideline has the second-most comprehensive PI list by addres-

sing nearly two-thirds of the indicators. However, in this document, PIs related to social dimension are somewhat
neglected. This negligence can result in a failure to clarify the positive effects of GIs in this area. In addition,
ignoring the social dimension can result in unfair outcomes because different social groups may not equally

benefit from GI investments. In this guideline also some of the indicators are defined in an overly general
way: e.g., ‘Air quality’ or ‘Air temperature variations’. It might be challenging to figure out if a project is succeed-
ing when PIs are too general since they are hard to monitor and interpret. As a strength, in this guideline benefits

gained from GIs are colour-coded to identify the highest-impact design options. Also, all the PIs are combined
with up/down arrows to show the direction of the index’s desirability.

In the NSW guideline, everything is translated into the monetary scale (e.g., value in $ per m2 of tree canopy);

which can facilitate the decision-making process, especially in cost–benefit analysis. However, the cost–benefit
approach also requires a fair financial valuation of non-monetary benefits such as well-being or biodiversity pres-
ervation. The most serious shortcoming of this guide is not addressing some of the significant benefits of these
infrastructures, such as ‘Catchment Sustainability’. One of the main drawbacks is that it may lead to insufficient

knowledge of the advantages of GI for water quality and quantity management. The full value of GI cannot be
understated if any of these key service functions are not considered throughout the evaluation process. In
addition, disregarding these factors may have unforeseen consequences that could compromise the project’s sus-

tainability, such as decreased water quality, increased runoff, and increased flooding. Neglecting key roles of GIs
in urban water management might also limit the possibilities for innovation and advancement in their design and
application. In contrast, the performance assessment standard for the Chinese sponge cities has effectively

addressed ‘Catchment sustainability’ and ‘Water quality’ related indicators by incorporating a greater number
of these indicators. However, it avoids evaluating the microbial and toxic material concentration. On the
other hand, this document does not inscribe any of the ‘Social’, ‘Air quality’ and most of the ‘Ecological services’
related indicators. In other words, this guideline is more centred around the water management benefits of GIs.

As was already indicated, one of the main consequences of neglecting other crucial GI service functions is that
the benefits of these infrastructures as a whole may not be fully understood. Beyond just managing urban runoff,
GI can also have positive social and economic effects as well as improve the natural environment. The full benefit

of the GI project might not be realized if these other service functions are not considered during the performance
evaluation process. Besides, decision-makers risk missing opportunities to create more effective and efficient sol-
utions that tackle several problems at once if they just take into account a small number of service functions. It

should be highlighted that GIs can be constructed to meet the particular needs of the society, but having access to
thorough performance assessment guidelines is crucial to do comprehensive performance assessments whenever
necessary.

Colombia’s guideline makes an effort to reflect various benefits of GIs while proposing the PIs; however, there
is still room for improvement in defining the PIs. As an example, for the ‘Soil erosion control’ service function,
instead of ‘Area conserved to prevent erosion processes’ which might seem slightly unclear to the decision maker,
‘Soil loss rate’ can be adopted as a PI or instead of ‘Planting trees to reduce the effect of the urban heat island’,

‘Land surface temperature’ can be used as a PI. In other terms, PIs should be result-oriented instead of mean-
oriented. Moreover, some of the suggested PIs are not related to monitoring the performance of a GI itself but
are rather suitable to evaluate the performance of the city planners/managers; like ‘Number of GIs that include

participation of different stakeholders in the design’. Besides, this guideline emphasizes assessing the social and
(partially) environmental performances of GIs and neglects their other important beneficial categories like catch-
ment sustainability and water quality. In general, using an incomplete or imperfect performance indicator list can

lead to incorrect conclusions about infrastructure projects’ quality and effectiveness. This results in an assessment
that favours certain aspects of infrastructure performance over others. The ability to hold developers and oper-
ators accountable for their performance can also be limited as a result. Accordingly, infrastructure
development processes may be complicated and lacking in transparency and accountability.
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The authors believe that variations in the perceptions and expectations of regions towards the development of
GIs might be responsible for the differences in the PIs addressed in each of the guidelines. For instance, sponge
cities in China, as indicated by their name, place a strong emphasis on the advantages associated with both the

quantity and quality of water. However, an interesting observation about the terminology used for these infra-
structures can be found in the four guidelines. Both USAID and NSW utilize ‘GI’ in their title, while EU and
the Colombian guidelines use ‘NBS’. However, each pair has a distinct perspective on the respective terms:
EU and USAID encompass a variety of PIs related to diverse service functions, whereas regions like NSW or

Colombia prioritize traditional benefits of GIs over hydrological benefits. This finding demonstrates that even
using the same terminology to refer to these natural infrastructures may result in different translations across var-
ious regions worldwide. Additionally, the level at which these standards were compiled and published can also be

a significant factor contributing to these differences. In other words, certain standards are established at the fed-
eral level (e.g., EU or USA), while others are developed at the national level (e.g., Colombia or China), and some
may be specific to the state level (e.g., NSW). Here, also a question may arise: would it be more beneficial to

develop separate performance assessment guidelines, specialized for each specific GI dimension, offering a
more targeted assessment? Or alternatively, should performance assessment guidelines be developed in a unified,
comprehensive way to make their implementation more practical by providing consistent terminology and assess-

ment methodologies? Recognizing the diverse decision levels in the field, the authors believe there is a need for
distinct guidelines for strategic and operational levels of GI management. At the strategic level, a more compre-
hensive set of indicators could offer decision-makers a more complete overview of GI service functions and the
resources that might be needed to assess each of those performances, without delving too deeply into the per-

formance assessment procedure itself. However, at the operational level, more focused and pragmatic
performance assessment guidelines are necessary, focusing on further details of GI typologies and components
that provide such services, and providing details on the measurement and assessment procedures of PIs addres-

sing that specific service function.
Regarding the PI names, it should be noted that in some cases, different guidelines translated similar indicators

differently: for instance, the ‘Prevalence of cardiovascular disease’ indicator is suggested by the EU standard for

evaluating ‘Human health and well-being’ while the NSW standard uses ‘Physical activity and morbidity rate’,
USA standard utilizes ‘No. of doctor visits’ and in Colombia ‘Number of people using the GI to do sports’ is
adopted. In this case, as well as similar cases, the PI was considered addressed. Moreover, for some of the
GI’s service functions, there is more than one indicator suggested by the literature (e.g., for ‘Managing stormwater

runoff’: ‘Surface runoff in relation to precipitation quantity’, ‘Peak flow variation’, ‘Flood peak reduction’, ‘Height
of flood peak’, ‘Runoff score’, etc.). Considering the available budget, the purpose of the project, the availability of
data, and so on, one or more of them can be adopted by the practitioners. Furthermore, it is neither possible nor

logical to evaluate some of the extracted indicators at the individual infrastructure level and for all types of GIs.
For instance, bioswales may not have any special effect on tourism or the assessment of GHG reduction makes
sense when several GIs function together. Generally, it is important to select the right set of indicators, depending

on the decision context in which the indicators will be used.

3.2. Assessment of guidelines against quality criteria

For the evaluation of the guideline quality, the guidelines documents were carefully read and evaluated against
each defined criterion. Prior to the appraisal, the authors also attempted to collect all information about the
guideline development process. Since, in addition to the guideline main manuscript, this information may also
be included in a separate technical report, ethical manual, website, or policy statement for guideline developers.

The content of guidelines was examined against quality criteria using qualitative content analysis in this study.
For further information on this method, readers are encouraged to refer to relevant literature such as Bengtsson
(2016). Table 2 provides a summary of how well the five studied guidelines conform to the selected criteria.

Although the overall goals under Scope and Purpose (Domain 1) have been satisfactorily met by all standards,
the American and Colombian guidelines did not outline the key concepts in assessing different performances
and impacts of GIs. Failure to clearly describe the processes, methods and assumptions used in the guidelines

may result in inconsistent interpretation of the guidelines. This can lead to confusion and inconsistency in apply-
ing the guidelines, resulting in sub-optimal results. The characteristics of GI that the guideline should address
were not also covered in the Chinese and Colombian standards. If the characteristics of the aimed infrastructures

are not properly addressed, the guidelines may be viewed as being irrelevant or inappropriate for the targeted GI,
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hindering consistent application across various infrastructure projects. This can cause stakeholders to become

confused and uncertain. Furthermore, it could lead to instructions that are overly general and fail to offer
useful advice for under-study infrastructure projects. In general, all Domain 1 criteria were fully covered by Euro-
pean and NSW guidelines.

Most guidelines performed poorly in the second domain, ‘Stakeholder Participation’, in contrast to the first
domain. Only the NSW standard made considerations for the opinions and preferences of end users throughout
development. When guidelines are developed without considering end users’ preferences, errors and omissions

may occur. The end user can provide critical feedback and identify potential issues that the guideline developer

Table 2 | Compliance with quality criteria of five guideline development programs

Each criterion is marked with one of the following symbols/colours: (þ /green). The guideline (almost) completely addressed the criterion; (� /orange). The

guideline poorly/not addressed the criterion; and (∼ /yellow) The guideline partially addressed the criteria.
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team may have missed, which can lead to better quality guidelines and better results. Furthermore, only the Euro-
pean and Chinese standards attempted to include as many members as possible of all pertinent professional
groups in the development of the standard. A guideline that ignores the perspectives and priorities of different

professional groups may be inadequately representative of all stakeholders’ needs and concerns. Without contri-
butions from a wide range of specialists, the guideline could be biased in favour of particular viewpoints or
methodologies. This criterion might be the reason for the incomplete list of PIs for some of the guidelines exam-
ined in this study.

The guidelines have often been deficient in the third domain, ‘Rigor of Development,’ which has the highest
number of criteria. More specifically, only the European and Chinese standards, which were supported by
data and examples, chose the indicators and their evaluation system based on evidence. Nevertheless, the

depth of the literature evaluation differs across the guidelines, with the European guideline conducting systematic
reviews of literature and presenting the findings of pertinent studies in evidence tables. Furthermore, the rec-
ommended performance evaluation methods’ advantages and disadvantages were only noted in the NSW and

European standards. If the advantages and disadvantages of the recommended assessment methods are not
addressed properly, choosing the best evaluation method for a certain case may become confusing and erroneous
for practitioners. A biased judgment to choose an evaluation method could also result from an incomplete discus-

sion of the benefits and drawbacks of the suggested evaluation methods. If just the benefits of a certain approach
are emphasized, for instance, it could lead end users to choose that approach even though it is not the best option.
Furthermore, only the NSW and Chinese standards were examined by outside reviewers. But nonetheless, it’s
crucial to disclose the reviewers and the organizations they belong to. In this respect, the Chinese standard is

the only one that has done well in this regard by meeting this criterion. Worthy of note, it is crucial to provide
the names and organizations of the guidelines’ reviewers because this can give the guidelines more credibility.
The recommendations of a guideline can be more trusted if one is aware that it has been examined by specialists

in the field. Also, guideline reviewers can be held responsible for the quality and correctness of the guideline.
Except for the European and Colombian standards, no guideline mentions the inclusion of an updating pro-

cess. Nevertheless, in the European standard, there is no mention of the mechanism defined for this purpose.

Also, the Columbia standard apparently does not have a continuous update (they planned to test the guideline
in some municipalities and update the guideline based on the feedback). If the guidelines are not periodically
updated, the assessment methodologies may become outdated and ineffective after a while. Neglecting routine
reviews of the performance assessment guidelines and adding more verified cases might also decrease end

users’ trust in the suitability of the guidelines’ recommendations for their requirements. In addition, it appears
that none of the guidelines have any strategy for dissemination and encouraging end users to use them in the pro-
cess of GI monitoring. Without a method for spreading the word about the guideline, potential users might not be

aware that it exists. This may lead to a lack of adoption and sparse application of the recommendation, which
may reduce its efficacy. Strategies for spreading news can give stakeholders the chance to comment on the guide-
line and help it to be matured. These chances can be lost if there is no dissemination strategy. A very important

criterion (perhaps the most important technical criterion) that has been ignored in this domain by all the guide-
lines is how to interpret the assessed performance indices. It is not proposed in any of the guidelines how to
categorize different performance levels of the indicators. Defects in this section can seriously threaten the effec-

tive use of the guideline. This means, for example, decision-makers might not be able to make sound decisions if
they are not given instructions on how to interpret the assessed performance indices. Likewise, the results can be
misinterpreted. As a result, the level of functioning of the infrastructure may be inferred in the wrong way. It
should be mentioned that Silva et al. (2023) began to address this issue by gathering/suggesting the appropriate

Reference Values for PIs.
In contrast to the previous section, all the guidelines in the fourth area, labelled ‘Clarity of Presentation’,

worked very well and systematically categorized the indicators based on the dimensions and various service func-

tions of GI. Regarding the provision of possible alternatives for PIs, even if the guideline had provided alternative
options for some indicators (but not all), it was considered as satisfactorily addressed in this research.

None of the standards have addressed the enablers and barriers that end users can experience while applying in

relation to applicability (Domain 5). This omission can make it difficult to apply the guidelines effectively. More
precisely, without an awareness of the enhancers and impediments to applying performance assessment method-
ologies and measuring PIs, resources may be wasted on evaluation approaches that do not effectively satisfy the
needs of end users. Before the final version was prepared, some case studies were used to test the European and
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NSW guidelines. The piloting of the guidelines can assist in identifying usability problems and potential obstacles to
its efficient use. This feedback can be used to improve the guideline’s usage and effectiveness. Also, testing the
guideline in a pilot program can reveal whether it is scalable and can be successfully applied in a variety of situ-

ations and settings. All standards, except for the American and Colombian guidelines, have also offered some
measurement advice for end users. It is important to keep in mind that measurement recommendations in guideline
manuscripts can encourage standardization in the data collection and reporting process, maintaining consistency
across GI projects and enabling comparisons between them. Also, end users can lower performance measurement

errors and raise the quality of the data. Additionally, it could aid in making research findings more replicable.
The guidelines all perform poorly in the last domain (Editorial Independence). None of them have addressed

the assurance that the viewpoints of financial bodies have not influenced the development and composition of the

text. Guidelines and recommendations that end users believe are influenced by financial interests (regulatory cap-
ture) may not be taken seriously. This may result in a lack of confidence in the recommendations made by the
guidelines and a reluctance to use them when analysing the performance of GIs. It is worth noting that the ver-

ification of such cases can be challenging, and only the explicitly provided statement can be considered as
evidence in this context. Moreover, guideline developer groups do not publish information regarding their con-
flicts of interest. The guidelines are intended to be objective and are based on the best available data. If conflicts of

interest are not disclosed, the end users may lose faith in the process of developing guidelines.
In general, the European and the NSW standards have considered 12 of the 19 established criteria to evaluate

the quality of guidelines, which exceeds the American and Colombian standards, which only cover 5 and 6 cri-
teria, as well as the Chinese standard (which covers 8 criteria). To address why certain criteria or domains are not

considered through the development of these guidelines, the authors propose a potential reason: the absence of a
well-established and widely recognized ‘guideline development process’ in the field. As demonstrated in this
study, frameworks from other disciplines could be utilized for this purpose, of which GI guideline developers

may not be aware. It should be noted that the authors identified instances where certain guidelines only briefly
touched on specific criteria, claiming they had been taken into account during the manual development process
or would be in subsequent steps. These cases were deemed to have been partially addressed in the study (like ‘A

procedure for updating the guideline is provided’ criterion in the EU guideline). However, it is highly rec-
ommended that the guideline development groups explicitly and comprehensively outline all these criteria in
the main document (or official appendixes) to increase the guideline quality as well as the trust of the final users.

4. CONCLUSION

The primary focus of this study was to conduct an in-depth assessment and comparison of various guideline

development programs in the field of GI performance assessment. The main objective was to assist guideline
developers working in the domain of GIs to enhance and systematize the guideline development process. In
this regard, information on guideline programs was obtained by examining the handbooks and websites of five

organizations from Australia, China, Colombia, Europe, and the USA, as the regions that led the way in GI devel-
opment initiatives. The guidelines were examined and analysed in two phases.

Comparing the guidelines based on how thorough the suggested PIs were was the first step. The results show

that the European Union’s guideline is the most thorough, followed by the American guideline. While other
guidelines concentrated on assessing GIs’ performance in a fewer variety of contexts. For instance, China’s guide-
line focuses on water quality and quantity issues. Nevertheless, as the advantages of GI are numerous and contain
social and economic aspects as well, it is highly recommended that performance assessment guidelines also

reflect the evaluation of these aspects. Since, if only PIs from certain domains are presented in a guideline, it
might encourage project developers and stakeholders to prioritize those ecosystem services over others. This
could result in a skewed or incomplete understanding of the subject, as it neglects ecosystem services that lack

precise evaluation methods and require dedicated funding for research and development, as suggested by
Vaissière et al. (2013). By considering all these dimensions in the performance evaluation of GI, end users
can make more informed and effective decisions regarding its design, operation, and maintenance. A more

thorough assessment of its effectiveness can also aid in raising public awareness and support for the use of GI
as a long-term solution to urban problems.

In the second part, a comprehensive set of quality standards comprised of 19 criteria organized into six broad

categories was used to assess the guidelines’ level of quality. Here, the European and NSW standards
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encompassed more modes of maturity than the other guidelines by addressing 12 of the 19 quality criteria. Pro-
viding high-quality performance assessment standards for end-users is essential for some important reasons. A
high-quality standard guarantees the reliability and consistency of the performance evaluation process. Addition-

ally, giving end users high-quality guidelines can aid in increasing stakeholder trust in the results of the GIs’
performance evaluation, including politicians, funders, and the general public.

The findings also indicate that even though a lot of work has gone into developing and compiling these stan-
dards, there is still potential for improvement. The following points are recommended to improve the

effectiveness of current/future guidelines intended for performance assessment of GIs:

• Considering the inclusion of a range of PIs addressing diverse dimensions within the GI performance assess-

ment guidelines. By doing so, we can better capture the diverse benefits that GIs offer in various contexts to
support the successful adoption and implementation of GIs as an alternative to grey infrastructure.

• Development and inclusion of methods to interpret evaluated PIs, since PI as a single number doesn’t say

much. As it has been pointed out, flaws in this section might substantially jeopardize the guideline’s ability
to be used effectively; since the outcomes of the performance assessment process can be interpreted incorrectly
and it may prevent decision-makers from making well-informed decisions..

• Adhering to the principles of guideline development, such as those recommended by AGREE, and providing
end users with enough information about each quality criterion are essential steps. Guidelines that meet quality
criteria are perceived as credible and trustworthy by end users, enhancing their acceptance and adoption.

All in all, the results and suggestions from this study can be used as a foundation for increasing the comprehen-
siveness and quality of the GI performance evaluation guidelines. The forthcoming practical frontier in this field
lies in Capacity Building. With performance assessment guidelines continually evolving, there’s a need for tai-

lored training and capacity-building initiatives. These programs should aim to equip practitioners, decision-
makers, and stakeholders with the necessary knowledge and skills to adeptly apply performance assessment
guidelines within their specific contexts.
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