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Abstract

Background: This study aims to examine to what extent sustainability has been incorporated into assessments of
road infrastructure projects. It identifies promising approaches that include indicators reflecting core sustainability
criteria, determines criteria that were insufficiently covered as indicators, and develops an integrated indicator set
covering all criteria.

Methods: A systematic review was performed to obtain all related papers/reports in two academic databases:
Scopus and Web of Sciences. The indicators extracted from papers/reports were first coded, then evaluated by
using quantitative and qualitative content analysis.

Results: The project appraisal methods for decision-making is found to be a promising approach, covering more
extensive criteria than others. Two criteria – namely adaptation and precaution and intergenerational equity – were
hardly ever adopted as indicators. Ten main groups of indicators were extracted to construct an integrated set
incorporating all core criteria.

Conclusions: Some criteria appear to have become mainstream, while others deserve attention. The safest choice
is to combine methods/tools or to adopt the integrated set developed for exhaustive criteria inclusion.

Keywords: Sustainability criteria, Impact assessment, Cost-benefit analysis, Cluster analysis, Intergenerational equity

1 Introduction
Since the late 1980s, the emergence of the sustainable
development concept has sparked interest from aca-
demia, government agencies, business organizations, and
civic communities in developing a tool to help decision-
making towards sustainability, called sustainability as-
sessment (SA). SA refers to “a methodology that can
help decision-makers and policy-makers decide what
actions they should take in an attempt to make society
more sustainable” ([15], p. 9). The main aim of SA is to
ensure that plans and activities make an optimal contri-
bution to sustainable development [82]. SA has increas-
ingly become a common practice in various areas, such
as product, policy, and institutional appraisals [70], as

well as in project evaluations [8]. As a concept, sustain-
ability generally denotes a balance of economic, social,
and environmental goals with a long-term (intergenera-
tional) concern [34, 70].
In transportation projects, SA is applied to evaluate

whether a project “contributes to favor economic devel-
opment and fulfill the transportation needs of the society
in a manner consistent with ecological and human
values” ([8], p. 642). SA is an advanced methodology to
ensure that decision-making is comprehensive and inclu-
sive, meaning that it covers all three dimensions/pillars
of sustainable development (i.e., environmental, social,
and economic dimensions), including the indirect effects
[37, 70]. Political ambition can play a huge part in the
planning of road projects. Such projects have vital roles
in enhancing regional growth and economic competi-
tiveness, especially in developing countries [17]. How-
ever, environmental aspects are relatively neglected and
frequently only incorporated later on. Traditional impact
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assessment tools are often solely concerned with the en-
vironmental dimension, while the social and economic
dimensions are less often considered (see Fischer [23]
for strategic environmental assessment of transportation
projects). This paper focuses on road infrastructure pro-
jects because of their impacts on the environment and
society [30, 50, 83]. These projects are often key drivers
of landscape transformations, habitat fragmentation, and
societal change on both global and local scales [26, 67],
with impacts lasting for long periods (e.g., [22, 72]) and
producing intergenerational consequences (e.g., [32,
52]). Therefore, a better inclusion of sustainability
dimensions is needed.
Bueno et al. [8] categorized methods and tools for the

SA of transportation projects into three distinct ap-
proaches: (1) project appraisal methods for decision-
making, (2) techniques for impact assessment, and (3)
sustainability assessment methodologies. These ap-
proaches often adopt generic indicators that allow for
uniform application in different situations. The purpose
of these indicators is to identify trends, predict prob-
lems, set targets, evaluate solutions, and measure pro-
gress [51]. The indicators also serve as a compass for
desirable development paths and communicate know-
ledge through the use of specific variables. The investi-
gation of indicators in the SA of road infrastructure
projects can provide general insights into whether a pro-
ject and its components are contributing to sustainabil-
ity. First, these approaches differ in their application of
the indicators with regard to focus, number of attributes,
and the methodological concepts (and frameworks) used
[34]. Second, the interpretation of indicators varies con-
cerning what sustainability means and which indicators
to include [5].
After years of deliberation and experimentation, “it is

not difficult to discern a limited number of common
themes and broadly accepted general positions” ([29], p.
95) to interpret sustainability. Gibson et al. [29] devel-
oped eight basic requirements to attain greater sustain-
ability that highlight the main criteria/aspects in SA.
Based on these criteria/ aspects, this study examined the
indicators for the SA of road projects in academic pa-
pers. Bond and Morrison-Saunders [5] suggest that, at
present, SA seems prone to manipulation to suit particu-
lar discourses. This paper therefore provides a starting
point for the development of an inclusive and balanced
use of indicators. Such an effort can avoid the tendency
to promote a specific frame of outcomes (such as eco-
nomic growth instead of societal wellbeing) in the SA of
road infrastructure projects. The primary research ques-
tion (RQ) was: To what extent have sustainability
criteria/aspects been incorporated as indicators to assess
road infrastructure projects? Three sub-RQs were also
formulated:

(1) Which sustainability criteria have the papers
already included as indicators to assess road
infrastructure projects? Is there a robust assessment
approach based on the inclusion of these criteria?

(2) Which sustainability criteria are sufficiently or
insufficiently covered as indicators in the examined
papers?

(3) How can an integrated indicator set be developed
and be further implemented to assess the
sustainability of road infrastructure projects?

In order to answer the RQs, both quantitative and
qualitative research methods were employed. A system-
atic literature search was conducted in two databases,
Scopus and Web of Sciences. The following section
outlines the theoretical framework. This is followed by
the research methods.

1.1 Theoretical framework
1.1.1 Approaches to the sustainability assessment of road
infrastructure projects
Scholars distinguish SA approaches differently. Sala et al.
[70] categorize them according to the level of integrated-
ness, ranging from a general method for decision support
(such as multicriteria analysis and fuzzy analysis) to a more
integrated tool/method (such as a genuine progress indica-
tor or lifecycle sustainability assessment). De Ridder et al.
[13] divide the approaches based on their potential role in
the assessment phases: (i) participatory tools, (ii) scenario
tools, (iii) multicriteria tools, and (iv) accounting and model
tools. Bueno et al. [8] classify the methods and tools in the
SA of transportation projects into three distinct approaches:
(i) project appraisal methods for decision-making, (ii)
techniques for assessing impacts, and (iii) sustainability
assessment methodologies. This study adopted Bueno’s
classifications to investigate how SA is applied to guide
decision-making in different project stages (i.e., planning,
construction, usage) in order to capture various sustainabil-
ity elements of road infrastructure throughout its lifecycle.
The first approach has been extensively used by decision-
makers to plan road projects. Some of the tools in the third
approach, such as the rating system tool, have now become
popular [33].

1.1.1.1 Project appraisal methods for decision-
making This approach is employed as an ex-ante evalu-
ation to compare and select alternatives once it has been
decided to implement a road project. Two methods are in-
cluded in this approach. First, cost-benefit analysis (CBA),
which supports sustainability by providing a “tangible and
rational” judgment of the benefits and costs associated with
alternative versions of a project [12]. CBA is based on the
monetary values of user benefits (e.g., travel time savings)
and other “negative” effects (e.g., energy consumption,
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resource use, and CO2 emissions). The second method is
multi-criteria analysis (MCA). By using this method, several
criteria – including those that are difficult to monetize and
quantify – can be considered simultaneously [4]. MCA can
cover project impacts comprehensively (i.e., the environ-
mental, social, and economic impacts) and enable the
involvement of stakeholders through the inclusion of their
subjective judgments [64].

1.1.1.2 Techniques for assessing environmental/social
impacts The second approach is aimed at quantifying the
environmental efficiency of road projects [76]. Life-cycle as-
sessment (LCA) is a technique used to assess the environ-
mental impacts of a product, activity, or process (mostly in
construction and operation stages). It is deployed to evalu-
ate the sustainability performance of the whole project
cycle, from cradle to grave (material extraction, manufac-
turing, transportation and distribution, utilization and
maintenance, energy consumption, and waste handling)
[73]. Second, social LCA (SLCA) was developed to incorp-
orate social impacts in LCA [41]. This method – which is
often called a social impact assessment – quantifies the so-
cial and distributional effects of projects throughout their
lifecycles. Bueno et al. [8] argue that SLCA uses a broad
definition of social impacts, but still lacks a specific frame-
work to guide implementation.

1.1.1.3 Sustainability assessment methodologies The
sustainability assessment methodologies approach is an ex-
post project evaluation, aimed at assessing full accounts of
project effects based on best practices. Bueno et al. [8] elab-
orate it into (i) rating systems and certification, and (ii)
frameworks, models, and guidelines. First, the rating system
and certification contain a collection of best practices to in-
corporate sustainability into road projects [49]. This tool is
associated with a standard metric of points or credits that
are used to evaluate and compare the sustainability elements
of projects (e.g., pollutant loading in stormwater runoff,
pavement design life, recycled material uses, pedestrian
access). The rating system often comprises a self-evaluation
mechanism developed for civil infrastructure projects, e.g.,
Greenroads, GreenLites, I-LAST, INVEST, and BE2ST-In-
Highways. The second category has a much broader scope
and includes software tools for modelling and forecasting.
Some of the tools have already been extensively applied, such
as the UK Department of Transport Analysis (Web TAG)
and Scottish transport appraisal guidance (STAG). These
tools are deployed to (i) to represent best practices, (ii) pro-
vide expert advice for transportation projects, and (iii) estab-
lish criteria for assessing options. Therefore, tools in this
approach use criteria to provide information about best prac-
tices and procedures related to ideal road projects and to im-
prove road sustainability performance based on the assigned
criteria [8].

1.1.2 Core sustainability criteria for evaluating indicators
Numerous sustainability criteria can be extracted from litera-
ture to examine indicators in SA. The literature provides cri-
teria for extensive areas of practice, including agricultural
undertakings [2], urban development [14], nature conserva-
tion [35], and spatial planning [63]. However, none of the cri-
teria found is explicitly used for assessing road infrastructure
projects. The criteria of Gibson et al. [29] are used here to
develop what they refer to as “a minimal set of core [sustain-
ability] requirements” (p. 95) and “key changes needed for
progress towards sustainability” (p. 115). The criteria are
elaborated into (i) socio-ecological system integrity, (ii) liveli-
hood sufficiency and opportunity, (iii) intragenerational
equity, (iv) intergenerational equity, (v) resource maintenance
and efficiency, (vi) socio-ecological civility and democratic
governance, (vii) precaution and adaptation, and (viii) imme-
diate and long-term integration. Based on these criteria, this
paper gauges whether approaches and indicators in the SA
of road infrastructure projects have already considered
sustainability in implementation.
Gudmundsson et al. [34] distinguish three aspects of indi-

cators for transportation development, namely (i) dimension,
(ii) comprehension, and (iii) staging/position. The “dimen-
sion” refers to the movement of the indicators (in space and
time) to illustrate the importance of contexts in SA. The
comprehension of indicators conveys an inclusion of infor-
mation about what needs to be measured, for example, sus-
tainability pillars (i.e., economic, social, and environmental).
The staging presents activities at different stages (i.e., design,
planning, construction, usage) that the indicators support to
achieve the sustainability of projects. The sustainability cri-
teria and aspects of indicators are listed in Table 1. The cri-
terion immediate and long-term integration is omitted from
the list because it includes cross-cutting criteria that should
be evaluated at once.
Table 1 was also used to extract detailed indicators from

the reviewed papers. The following section explains the
research methods used to investigate the approaches, the
criteria, and the indicators.

2 Methods
2.1 Selection and categorization of papers
A systematic literature search was conducted by using two
academic databases – Scopus and the Web of Sciences – on
June 24 and 25, 2019. The search strategy was initiated by
identifying diverse terms that may refer to SA in the data-
bases, such as “sustainability appraisal,” “sustainability impact
assessment,” “sustainability evaluation,” and “integrated as-
sessment” (e.g., [28, 37, 63]) (Table 2). Both the singular and
the plural form of these terms were searched for.
In this first selection, 490 papers were extracted by using

the key search terms in Table 2. Papers representing assess-
ments of other infrastructure projects, such as waterways,
energy, and railways, were excluded from our selection. We
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also excluded papers on small or fragmented elements of
road infrastructure (e.g., pavements, roadside facilities) and
technological assessments (e.g., innovative construction ma-
terials, intelligent systems) to concentrate on the road project
scope. Next, we filtered out papers identified as similar re-
ports. Finally, a dataset consisting of 31 papers was analyzed
(Fig. 1). The papers in the dataset originated from the
disciplines of engineering, ecology, environmental sciences,
geography, and social sciences. Most (15) papers concern
European countries, namely Germany, UK, Spain, France,
Denmark, Croatia, Poland, and Hungary. North American
countries constituted cases in eight papers. Seven papers

originated from Asian countries and one from an African
country.
We extracted all indicators found in the examined papers.

We categorized the indicators into core sustainability cri-
teria and elaborated on the criteria based on the descrip-
tions given in Table 1. The number of criteria applied was
also noted.

2.2 Analysis methods
Both a quantitative and a qualitative method were used to
examine the paper set. To answer the first sub-RQ, we
grouped papers by using a cluster analysis, based on the

Table 1 Core sustainability criteria (a1–g4) and indicator aspects (h–j) to evaluate the papers (based on [28, 29, 34])

No. Criteria/aspects Code Description/Example of Indicators

1. Socio-ecological system integrity a1 Build human-ecological relations to establish and maintain the long-term integrity of socio-
biophysical systems, e.g., reducing barrier effects of species, avoiding species habitat fragmentation.

a2 Protect irreplaceable human and ecological life support functions upon which human and
ecological wellbeing depend, e.g., avoiding land-use change of agriculturally valuable areas, protection
of water bodies.

2. Livelihood security and
opportunity

b Ensure that everyone and every community has a decent life and that everyone has opportunities
to seek improvements in ways that do not compromise future generations’ possibilities for
sufficiency and opportunity, e.g., enhancing cost-efficient movement of goods and people, improving
access to jobs/employment.

3. Intra-generational equity c Ensure that sufficiency and effective choices for all are pursued in ways that reduce gaps in
sufficiency and opportunity (and health, security, social recognition, political influence, etc.) between
the rich and the poor, e.g., providing walking and cycling facilities for vulnerable groups of people,
improving affordability of road-based transportation services.

4. Intergenerational equity d Preserve or enhance the opportunities and capabilities of future generations to live sustainably, e.g.,
reducing road traffic injuries in children.

5. Resource maintenance and
efficiency

e1 Ensure sustainable livelihoods for all, while reducing threats to the long-term integrity of socio-
ecological systems by reducing extractive damages, e.g., utilizing locally obtained materials to reduce
energy consumption, reduction of water use in construction.

e2 Avoid waste production, e.g., reducing traffic emissions (NOx, CO, and CO2) in construction and
operation.

e3 Cut overall material and energy use per unit of benefit, e.g., reusing pavement sections for
reconstruction.

6. Socio-ecological civility and
democratic governance

f1 Improve the capacity, motivation, and habitual inclination of individuals, communities, and other
collective decision-making bodies to apply sustainability requirements through more open and
better-informed deliberations, e.g., participating communities in assessments and decision-making, con-
formance with standards and requirements (e.g., technical, environmental, social).

f2 Foster reciprocal awareness and collective responsibility, e.g., improving trained personnel and
awareness of sustainability.

f3 Strive for the more integrated use of administrative, market, customary, and personal collective
decision-making practices, e.g., integrating project plans with the spatial plans and environmental
management plan.

7. Precaution and adaptation g1 Respect uncertainty, e.g., providing stormwater treatment with a higher level of output quality.

g2 Avoid even poorly understood risks of severe or irreversible damage to the foundations of
sustainability, e.g., avoiding disaster-prone areas (e.g., erosion, landslide, other natural hazards).

g3 Plan to learn, e.g., improving individuals and organizations’ learning capacities to mitigate cross-scale
effects.

g4 Manage for adaptation, e.g., reducing run-off from pavement areas, providing tree covers to reduce heat
gains of paved areas.

8. Complete staging h The reviewed papers cover materials, energy, and workflows/processes involved in projects
throughout the lifecycle (i.e., design, planning, construction, usage).

9. Comprehension of pillars i The examined paper covers all sustainability pillars (i.e., social, economic, and environmental).

10. Dimension (time, space) j The examined paper addresses project-context specificity based on time and space (location).
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coded description from “a” to “j” in Table 1. For the sec-
ond sub-RQ (Which criteria are sufficiently or insuffi-
ciently covered as indicators in the examined papers?), we
counted the number of papers using the criteria in indica-
tors. The third sub-RQ was based on qualitative content
analysis.

2.2.1 Quantitative content analysis
The clusters were formed using a complete-linkage tech-
nique, namely an agglomerative hierarchical clustering

technique that is appropriate for the analysis of a relatively
small sample size [59]. Papers with similar characteristics
were combined into a cluster [58]. The application of this
technique has more flexibility because no predefined number
of clusters should be set. It allows a more intuitive way to de-
fine the number [75] by exploring the similarity of the char-
acteristics of the dataset in detail based on the criteria
included. The cluster set was represented in a tree diagram
(a “dendrogram”). There is no exact rule about defining the
sample size [59]. Dolnicar [18] observes this size ranging

Fig. 1 The search process

Table 2 Synonyms and replacement words as key search terms

Sustainability Sustainability assessment Road infrastructure projects

sustainable development assessment method transport infrastructure

sustainable assessment tool road

assessment approach highway

sustainability appraisal freeway

integrated assessment roadway

sustainability impact assessment motorway

sustainability-based assessment street

sustainability evaluation transport project
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from 10 to 20,000 elements and, by using Pearson’s and
Spearman’s correlation, concludes that “even very small
sample sizes are used for clustering in very high dimensional
attribute space” (p. 2). The size may be less relevant to con-
sider since the analysis works with an unknown structure
(see [19]).
We used the descriptions in Table 1 to establish the

coverage of the criteria. A descriptive statistic was applied
to represent mode and the percentage of the criteria. Next,
categorical principal component analysis (CatPCA) was
performed to evaluate the correlation between the criteria.
We used the Varimax rotation method to examine the cor-
relation between the criteria and visually present their prox-
imity so that they could be grouped into smaller criteria.
The method maximizes the sum of the variances of the
squared loadings (or squared correlations) within fewer
dimensions [56]. The result was a bi-plot informing the
dimensions of correlated criteria.

2.2.2 Qualitative content analysis
We started the analysis by extracting all indicators found in
the examined papers. All indicators were grouped by using a
configurative method [31] to develop an integrated set. If an
indicator did not match a specific group, a new group was
added as complementary to the set. To avoid redundancies,
we also investigated whether the extracted indicators ad-
dressed specific criteria. Lastly, we compared the findings
with the result of the quantitative content analysis.

3 Results
3.1 Results 1: sustainability criteria in the SA of road
infrastructure projects
Figure 2 presents the outcome of the cluster analysis. Four
major clusters were identified. Cluster 1 contains the largest
number of papers (n = 21) with no more than seven criteria
adopted in each paper. This cluster can be divided into two
smaller groups (sub-clusters 1a and 1b). Sub-cluster 1a con-
tains all papers using the criteria socio-ecological system in-
tegrity (a1) and livelihood security and opportunity (b). Sub-
cluster 1b contains papers that include indicators that apply
the criteria socio-ecological system integrity (a1), resource
maintenance and efficiency (e3), and comprehension of
pillars (i).
Only three papers were found in cluster 2, and only two

in cluster 3. These clusters included indicators with more
exhaustive and diverse criteria than the other clusters.
Finally, cluster 4 comprises five papers with indicators that
adopt three similar criteria: socio-ecological civility and
democratic governance (f1 and f3) and comprehension of
pillars (i).
In Fig. 2, the clusters represent the diverse approaches

deployed. Cluster 1 contains papers applying all three ap-
proaches. One sub-sub-cluster (cluster 1b.1) mainly com-
prises papers deploying “techniques for impact assessment.”

All papers in sub-cluster 2 and cluster 3 apply “project ap-
praisal methods.” In cluster 4, all papers deploy “sustainabil-
ity assessment methodologies.” Considering that clusters 2
and 3 adopt more criteria as indicators, the approach de-
ployed can be considered more comprehensive than the
others. Papers in clusters 2 and 4 successfully adopt the
criterion comprehension of pillars (i).
The bar plot in Fig. 3 shows the number of papers that

adopt the criteria in Table 1 as indicators. Criteria a1 and b
are the most used criteria, adopted in 29 of the 31 papers
(93.5% of the papers). The criterion socio-ecological system
integrity (a1 and a2) is used in 28 and 18 papers, respectively.
The least adopted criteria are precaution and adaptation
(g3) and intergenerational equity (d) (each appear in only
one paper). On average, seven criteria are adopted as indica-
tors in the examined papers.
Figure 4 depicts two principal components (PCs) that pos-

ition the proximity between the sustainability criteria/aspects
and the approaches. The line direction (vector) visualizes the
correlation of the criteria/aspects with the PCs. A strong cor-
relation is shown by the vector proximity that corresponds
to the PCs. PC1 and PC2 represent 19.6% and 16.2% of the
total variance, respectively. Four criteria strongly correlate
with PC1, namely: socio-ecological system integrity (a2), re-
source maintenance and efficiency (e2), comprehension of pil-
lars (i), and dimension (j). This implies that the criteria/
aspects can be grouped into fewer criteria. However, these
criteria are in a negative correlation with “techniques for im-
pact assessment,” meaning that they are hardly included as
indicators in this approach.
Figure 4 shows that the criteria intergenerational

equity (f2) and precaution and adaptation (g4) and the
“sustainability assessment methodologies” approach
strongly correlate with PC2. Both the criteria and the ap-
proach are in negative correlation, meaning that the cri-
teria are less adopted as indicators in the approach. The
other criteria are more independent than previously
mentioned, so they are grouped into a much smaller
number of criteria. The figure also shows that the “pro-
ject appraisal methods” approach has a similar direction
to the criterion ‘precaution and adaptation (g4), imply-
ing that the approach consistently adopts the criterion.
Another finding is that the “techniques for impact
assessment approach” has a closer relationship with the
aspect of complete staging (h).

3.2 Results 2: sustainability indicators extracted from the
examined literature
The qualitative content analysis revealed 10 major
groups of indicators in the examined papers (see Appen-
dix 1 for details). These groups categorized the assess-
ment indicators into: (1) Mitigation of species habitat
fragmentation and land use management, (2) Mobility
and accessibility improvement, (3) Pollution (soil, water,
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Fig. 2 The resulting clusters and grouping of the examined papers [1, 7, 9–11, 16, 21, 24, 25, 36, 38–40, 42–45, 47, 48, 53, 55, 57, 60, 61, 66, 69, 71,
78, 79, 81, 84]
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air, light, noise) prevention, (4) Climate change adapta-
tion and resilient infrastructure, (5) Community livability
improvement, (6) Resource efficiency, (7) Societal well-
being and equity (both intrageneration and intergenera-
tion), (8) Integrative planning and decision-making, (9)

Technological utilization for impact mitigation, and (10)
Context-sensitive development.
The findings show that the indicators adopted are not

limited to environmental protection aspects (mitigation of
habitat fragmentation, land use management, pollution

Fig. 3 Bar plot showing the sustainability criteria addressed as indicators in the papers reviewed

Fig. 4 The bi-plot of CatPCA derived from the coded descriptions in Table 1
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prevention, and resource efficiency), but also cover socioeco-
nomic aspects (community livability, societal wellbeing, and
equity) – thus revealing the importance of integrative
decision-making to achieve sustainability goals. Two distinct
groups of indicators were found concerning the utilization of
technology for impact mitigation and context-sensitive devel-
opment. The finding implies that both process and context
are vital in the SA of road projects. The results show that
road projects are assessed against various indicators and that
some indicators are used more often than others. Without
considering the adoption of the sustainability criteria in
Table 1, the SA of road infrastructure projects may serve
specific discourses, such as the mitigation of ecological
impacts. The following section discusses this matter.

4 Discussion
Based on the results, this section discusses i) the robust
SA approach to road infrastructure projects, ii) the criteria
sufficiently or insufficiently covered, and iii) the develop-
ment and operationalization of an integrated indicator set.

4.1 Finding a robust approach to assess road
infrastructure projects
This paper shows that although considerable efforts have
been made to include sustainability criteria in SA approaches
to road infrastructure projects, none of the approaches in-
cludes all criteria/aspects. This finding substantiates the con-
clusion drawn by Bueno et al. [8] that “none of the [existing]
methods and tools can be used to carry out a holistic ap-
praisal.” Fig. 2 shows that two clusters (clusters 2 and 3) use
a more exhaustive set of criteria than the others. Both clus-
ters contain papers applying “project appraisal methods” that
consistently adopt more than eight criteria. MCA, in particu-
lar, identifies criteria, evaluates alternatives, assigns weighting
coefficients to the criteria, and finally evaluates sustainability
criteria by ranking the alternatives [4]. The method allows
decision-makers to account for complex problems within
biophysical and socioeconomic systems through the inclu-
sion of multiple elements using the criteria (see [46]). Pope
and Morrison-Saunders [64] also argue that MCA allows
many considerations to be incorporated into the decisions
and enables diverse stakeholder perspectives to consider
transparently. The “project appraisal methods” approach
therefore has the potential to enhance project performance,
as the chance of incorporating sustainability improves in the
early part of the project lifecycle [68].
Both the “project appraisal methods” and the “sustainabil-

ity assessment methodologies” approach have become useful
to incorporate all pillars of sustainability, as found in clusters
1b and 3. The rating system tool is mostly applied to “rank
and score projects against sustainability performance by put-
ting economic, environmental, and social aspects together”
([8], p. 632). The “techniques for impact assessment” ap-
proach tends to include the criterion complete staging (h).

The bi-plot result (Fig. 4) indicates that the approach and
the criterion are closely correlated. This finding substantiates
that LCA is better deployed to assess project sustainability
performance with regards to the efficient use of material and
energy throughout the lifecycle (reuse, recycling, recovery,
and final waste handling). As few papers apply it, this finding
is just a weak indication.
The cluster analysis also shows some problems with the

deployment of the approaches. First is the lack of coherence
use of criteria to develop indicators in the assessments. The
selection of these indicators tends to be arbitrary. Gibson
[28] suggests a sustainability test by using the core criteria
set to distinguish whether the assessments are genuinely
aimed at achieving sustainability. Second, none of the
approaches can successfully include indicators based on the
criteria/aspects in Table 1. The realistic way to include all
criteria is to combine diverse approaches/methods, such as
the combination of LCA and CBA. LCA can better assess
the inter-temporal aggregation of impacts (intergenerational
equity), while CBA covers thoroughly the sustainability pil-
lars as the basis for identifying the project effects in monetary
terms (e.g., [54]).

4.2 Sustainability criteria fully covered/uncovered as
indicators
This paper demonstrates that the sustainability criteria have
been varyingly incorporated as indicators. The two most fre-
quently used criteria are socio-ecological system integrity and
livelihood security and opportunity. The criterion socio-eco-
logical system integrity is often used to develop indicators
that refer to project effects across scales from climate change
and ozone layer depletion at a global scale [11, 24, 48, 55,
71], to soil and local water quality at a fine spatial scale [45,
60, 81]. The criterion socio-ecological system integrity is asso-
ciated with the indicators concerning the mitigation of spe-
cies habitat fragmentation, land use management, and
pollution prevention. The criterion livelihood security and
opportunity is adopted to construct indicators related to the
socioeconomic effects of projects. These indicators can be
grouped into mobility and accessibility improvement, com-
munity livability [9, 16, 24, 45, 48, 55, 57, 84], and societal
wellbeing and equity [10, 21, 36, 42, 71]. Several indicators
concern intergenerational equity (e.g., direct and indirect
effects on employment), and transportation costs are also
derived from the criterion [42, 71].
Two criteria are the least covered as indicators in the

examined papers. One is precaution and adaptation,
which is aimed at evaluating whether irreversible dam-
age and risks to people and the environment have been
taken into account in projects (UNCED, 1992). A group
of indicators reflects this criterion: resilient infrastruc-
ture and climate change adaptation. By using the criter-
ion, indicators are developed to assess the ability of road
infrastructure to withstand shocks and unpredicted
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events (e.g., climate disaster, earthquakes) [42]. Gibson
et al. [29] identify the possible barriers to their incorpor-
ation: (i) unawareness of the assessor, (ii) cognitive un-
certainty regarding the condition being assessed, and (iii)
methodological difficulties. Salling and Pryn [71] suggest
a certainty analysis in CBA to estimate future costs and
possible changes in the value of benefit and cost ratios.
Bueno and Magro [7] also recommend the application of
sensitivity analysis in MCA to identify to what extent the
geographical context of the projects has varied, resulting
in different risks (and uncertainty) to consider in the
assessments.
The second least adopted criterion is intergenera-

tional equity. The criterion is used to evaluate the
cross-generational effects of projects through indicators
concerning societal wellbeing and intergenerational
equity (e.g., long-term employment opportunities). The
inherent methodological limitation is often blamed for
the lack of inclusion. Gasparatos et al. [27] argue that
most SA methods/tools focus only on economic effi-
ciency, and not on equity. Bueno et al. [8] state that the
“traditional” assessment methods/tools only identify
impacts for limited time-horizons, most of which are
intangible. Joumard and Nicolas [42] express the criti-
cism that the typical linear accounting method (such as
CBA) imposes a much lower present impact valuation,
which is critical for future generations. Therefore, the
components of the discount rate need to be reframed in
such a way that the intergenerational inequity concerns of
the projects can be included and evaluated, such as con-
cerns about agricultural land losses and community dis-
ruptions. These findings show that pragmatism might play
a role in the inclusion of the indicators. Therefore, a ro-
bust SA approach to road infrastructure projects based on
the criteria included is still a long way off.

4.3 Developing an integrated indicator set
This study categorized assessment indicators in the ex-
amined papers into 10 main groups. These groups show
that sustainable road infrastructure projects are reflected
not only in the mitigation of environmental impacts, but
also in the improvement of societal wellbeing and com-
munity livability. Some papers included indicators about
processes to ensure that sustainability is achieved. Con-
sequently, a group of indicators concerning integrative
planning and decision-making was added to the set.
Two criteria – namely intergenerational equity and

precaution and adaptation – were identified in one clus-
ter, and the two are closely correlated (see Fig. 2). How-
ever, both are infrequently adopted as indicators, but
can be incorporated in the SA of road projects by apply-
ing scenarios, adaptive management plans, and socio-
environmental risk estimations [42]. The criteria are fur-
ther elaborated in two groups of indicators, that is,

“resilient infrastructure and climate change adaptation”
and “technological utilization for impact mitigation.”
Three criteria – resource maintenance and effi-

ciency, socio-ecological civility and democratic govern-
ance, and comprehension of pillars – were identified
in a similar dimension and are highly correlated in
the bi-plot (see Fig. 4). On the one hand, administra-
tive and market arrangements (standards, regulations,
and carbon markets) can enforce efficient uses of en-
ergy and materials in road construction and oper-
ation. On the other hand, efficiency can be achieved
if these arrangements are available and used to guide
decision-making if no conflicts are found between the
arrangements and the actual implementation [24].
However, Bond and Morrison-Saunders [6] doubt that
on their own, the arrangements will ensure effective
implementation.
Better inclusion of the aspect of comprehension of

the pillars can be made possible if inclusive decision-
making is carried out [60]. This finding underlines
that sustainability is not only about outcomes, but
also about processes, such as stakeholder involvement,
the coordination of responsible agencies, and sustain-
able funding mechanisms [34, 65]. Therefore, integra-
tive planning and decision-making are included as
one distinct group of indicators.
Sustainability needs to take into account the aspect

of dimensions (space and time) so that the assessment
can differ according to the place and the social condi-
tions [8]. The qualitative content analysis explored a
group indicator that includes options and actions to
harmonize road development with the surroundings;
for example, roads are designed to suit local contexts
(e.g., safe streets for school zones) and to meet local
regulations and standards. In the examined papers,
road infrastructure projects already take into account
aesthetic, environmental, and art/culture/community
values [51, 60].

4.4 Operationalizing the indicator set
The integrated indicator set provides a guideline on
which indicators should be included in the SA of road
projects or whether sustainability has already been con-
sidered. The full application of the set may be difficult
because resource availability (e.g., money, funding, and
data) and the complexity of the decision-making process
can act as barriers. How should the indicators be chosen
in actual assessments?
Some scholars suggest that a framework is needed as

a constraining factor when choosing the appropriate in-
dicators [20, 34]. This framework maintains the link be-
tween the sustainability objective and the indicators
applied to monitor progress. Svarstad et al. [77] show
that frameworks tend to favor the particular discourses
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of the organizations that construct them. For example,
the DSPIR (driver–state–pressure–impact–response)
framework tends to focus on the pressure indicators
(e.g., mobility improvement in congested regions) ra-
ther than the state or impact indicators (e.g., species
habitat fragmentation and community disruption) [80].
Bell and Morse [3] suggest that the participation of
affected stakeholders can obviate the selection bias and
increase opportunities to incorporate multiple dis-
courses in the indicators.
Still, the sustainability outcomes of road projects

will depend on the tested alternatives and the baseline
against which the individual indicators are applied.
For example, if the aim of a proposed road passing
through a protected forest is to connect isolated com-
munities, an alternative policy may entail the con-
struction of the road away from the forest, but lead
to much longer travel times. Another alternative is to
adopt indicators with regard to the mitigation of spe-
cies habitat fragmentation. But this option may not
be so beneficial to people’s mobility and areal accessi-
bility, or to intra-generational equity and societal
wellbeing (improved access of community members to
public services). Irrespective of the indicators chosen,
the choice often depends on the decision makers
offering contextually sensitive solutions that respect
the local environmental and community values, and
applying technologies that make the project less
harmful to the surrounding area.
This study suggests that the SA of road infrastruc-

ture projects should prioritize the inclusion of indica-
tors that can secure natural capital and manage its
long-term changing state. Most of the examined pa-
pers acknowledge that negative impacts are inevitable
and use indicators to illustrate these impacts (e.g.,
pollution prevention and technological utilization for
mitigation). But the assessments are applied without
testing whether any critical natural capital is lost or
secured (see [80]). As a consequence, the criteria pre-
caution and adaptation and intergenerational equity
– both of which are less considered in the examined
papers (Fig. 3) – need to be incorporated as indica-
tors. By integrating these criteria, SA can identify
those who are affected by the change of critical re-
source/capital and in what ways road infrastructure
projects cause less damage to the environment.

5 Conclusion
This paper examined the extent to which the assess-
ment of road infrastructure projects has considered
sustainability through the inclusion of indicators
closely associated with sustainability criteria in the lit-
erature. Some criteria appear to have become main-
stream indicators, while others deserve attention.

None of the reviewed papers considers all criteria, prob-
ably for feasibility reasons, but also sometimes out of prag-
matism. Special attention should be paid to the criteria
precaution and adaptation and intergenerational equity.
Both criteria are either tricky or inconvenient to elaborate
as indicators. We therefore suggests that these criteria
should be included as indicators more often in future ap-
plications. The safest choice is to follow the “methodo-
logical pluralism” argument (i.e., the combination of
multiple methods/tools) [27] for an exhaustive criteria in-
clusion. Without considering the core sustainability cri-
teria in Table 1, the development and implementation of
indicators can become arbitrary and tend to serve particu-
lar discourses of outcomes [5]. The integrated indicator set
presented here provides the full account of the discourses.
The advantage of using a systematic review is evi-

dential with regard to transparency [62]. However,
there are also drawbacks. First, in our case, relatively
few papers were evaluated, raising the question
whether the studied sample was sufficiently repre-
sentative. Only a small selection of instances of the
SA of road infrastructure projects are published in
peer-reviewed scientific journals, and we have to
bear in mind that these somehow deviate from the
majority, which are published in the grey literature.
For a paper to be accepted in a scientific journal, it
needs to contain some innovative elements, such as
the use of an innovative method or a new set of in-
dicators. If that is indeed the bias of our sample, it
suggests that the broader body of the literature is
likely to be more “on the beaten track” than the pa-
pers evaluated here. This issue means that specific
indicators are probably even more pronounced in
the grey literature.
Future research should be able to elaborate further on

the integrated indicator set. The set needs to be completed
so that all sustainability criteria can be fully incorporated.
The criteria intergenerational equity and precaution and
adaptation require further elaboration, as do the ways in
which frameworks can be constructed to better incorpor-
ate the criteria. Another research avenue is the investiga-
tion of distinct perspectives on sustainable development,
namely the comprehensive and the sectoral view [34],
which may influence the selection of these indicators. The
use of the indicators also differs according to the scale of
the assessments in which they are applied (e.g., global, re-
gional, local, or neighborhood level). Context-specificity
may determine how the indicators are selected. The
present study shows that the SA of road infrastructure
projects is not only a matter of technical deployment of
the approaches, but also an integrated decision-making
process [74]. Therefore, to improve effectiveness, not only
must the approaches be advanced, but also the process
and contextual barriers must be identified.
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6 Appendix
The integrated indicator set to assess the sustainability
of road infrastructure projects.

No. Main group of indicators/ Indicators

1. Mitigation of species habitat fragmentation and land use
management

Reducing barrier effects on species; Avoiding species habitat
fragmentation; Creating new species habitats beyond what the
project is required; Protecting valuable habitats and natural
(ecological) areas (e.g., wetlands, peat bogs, forest, semi-natural
areas); Protecting endangered species and biodiversity; Protecting soil
characteristics (e.g., mechanic, permeability, texture); Protecting green
areas (e.g., avoiding deforestation and tree removal); Protecting
landscape and human-made heritage; Avoiding irreversible damages
to local ecosystems (e.g., fjord); Balancing earthwork quantities (cut
and fill) during construction; Prioritizing native soils/materials for
construction; Decreasing land-use changes (e.g., from forests to
pavement areas); Avoiding productive land loss (e.g., best agricultural
soils); Preserving water quality, capacity, and regime (e.g., keeping
buffer between water body and road edge); Minimizing visual
disturbance on surroundings.

2. Mobility and accessibility improvement

Reducing travel time; Decreasing road user’s costs; Improving level of
service; Improving accessibility to public services and other purposes
(e.g., food shops, tourism, culture); Improving proximity to transits
areas; Improving accessibility to disaster evacuation routes; Providing
non-motorized transportation facilities for pedestrians and cyclists;
Providing public transportation facilities (e.g., bus stops, train
stations); Enhancing accessibility to public transportations; Enhancing
goods and people movement (economic throughput and efficiency);
Improving accessibility to employment in economic zones; Improving
territorial cohesion and areal connectivity; Reducing impairments of
traffic flow and driving comfort (e.g., congestion); Improving
compatibility of diverse transportation modes.

3. Pollution (soil, water, air, light, noise) prevention

Reducing traffic emissions (NOx, CO, PM > 10, CO2)/improving local
(and regional) air quality; Reducing light pollutions from traffics;
Minimizing impacts on atmosphere (e.g., acidification potential (AP),
eutrophication potential (EP), ozone depletion, smog); Minimizing/
controlling noise, vibration, dust, and light trespassing; Reducing
materials wasted in construction; Providing on-site recycling and
waste collection; Protecting watercourses (e.g., lakes) in construction.

4. Climate change adaptation and resilient infrastructure

Reducing run-off quantity; Improving stormwater quality treated; Re-
ducing urban heat island (UHI) effects; Reducing greenhouse gas
(GHG) footprints; Selecting local climate-oriented plants/trees; Avoiding
prone disaster areas (e.g. erosion, landslide, and hazardous
susceptibility areas) in construction; Anticipating future traffic
demands and disaster risk assessments; Reducing stormwater vaults
through provision of natural drainage systems; Providing low impact
development (LID) (e.g., basins in planters and rain gardens) to
manage infiltration of stormwater; Reducing heat gains (from
pavement areas) through tree planting.

6. Community livability improvement

Avoiding natural and human capital losses because of traffic
emissions; Providing/preserving views/scenery/vistas/scenic spots;
Protecting archaeological and historic resources; Reducing accident
risks in urban areas; Mitigating emission effects on human health
(e.g. respiratory illness, cancer, premature deaths) and on urban
ecosystem quality; Improving local perception on urban health quality
(e.g., fine particulates and health-related emissions); Enhancing com-
munity cohesion; Increasing visual quality and art/culture/community
values of neighborhoods; Avoiding on-street parking in urban areas.

Appendix (Continued)

No. Main group of indicators/ Indicators

7. Resource efficiency

Utilizing locally obtained materials for construction; Re-using pave-
ment materials for construction; Selecting cost-effective design; Redu-
cing space use for alignments; Reducing uses of non-renewable raw
materials (e.g. fossil fuels); Utilizing non-renewable minerals (e.g.,
limestone, iron ore); Utilizing indigenous renewable energy (e.g.,
hydroelectricity); Improving energy efficiency in construction and
operation; Reducing water uses in construction; Re-using stormwater
for other purposes (e.g. irrigation).

8. Societal well-being and equity (both intrageneration and
intergeneration)

Equitable environmental quality (from mitigating traffic emissions) in
vulnerable groups of people (e.g., children, elderly, disabled);
Enhancing regional growth and economic activities (e.g. business,
jobs/employment, wages, property value); Enhancing fiscal impacts
(e.g., public revenues); Reducing traffic injuries in vulnerable groups of
people; Reducing pollution impacts to vulnerable groups of people
(with their disproportionate effects in deprived areas); Promoting
walking and cycling to improve general health; Improving perception
on equity to decrease social tensions in resource allocation;
Enhancing physical and social mobility for all people (to access, e.g.,
food, health care, friends, leisure, cultural, exercise); Reducing noise
level to improve sleep quality and daytime sleepiness for children;
Reducing travel costs to lower expenses for all households; Enhancing
distributive effects of better connectivity to reduce spatial inequity;
Providing transit and HOV access for all; Providing pedestrian and
bicycle paths and dedicated access for vulnerable groups of people.

8. Integrative planning and decision-making

Applying road safety audit; Conformance with standards and
requirements (e.g., technical, environmental, social); Disseminating
information (public outreach) about the project sustainability (e.g.,
elements, technology); Participating/collaborating stakeholders and
experts in the planning, construction, and usage phase (e.g.,
outcomes, strategic objectives, needs/mutual benefits, alternatives,
facility upkeeps); Training personnel involved in the application of
environmental sustainability programs; Educating public/personnel to
increase awareness of sustainability; Hiring contractors having
certified international standards in quality and environmental
management systems; Providing contractors’ warranty to ensure
pavement durability; Integrating project funds in environmental
impact mitigation; Improving consistency and coordination between
project planning and regional (spatial) objectives; Enhancing cross-
institutional collaboration; Securing funds for maintenance; Integrat-
ing land use planning and environmental management; Integrating
data, information, and models in planning and assessments; Improv-
ing individual and organizations’ capacities to mitigate cross-scale im-
pacts; Applying innovative delivery systems to incorporate
sustainability.

9. Technological utilization for impact mitigation

Utilizing low impact development (LID) (e.g., permeable/porous
pavement); Applying intelligent transportation system (ITS) solutions
to manage traffic flows; Utilizing quiet pavement technology to
reduce noise; Utilizing high-performance pavement (based on life-
cycle assessment)/low-budget maintenance; Utilizing rapid and lean
construction techniques; Utilizing precast/modular elements; Using
low-energy lightings; Utilizing solar power sources in construction and
usage; Applying climate-resistant designs and materials; Utilizing low-
emission materials (e.g., warm mix asphalt); Utilizing low-emission
equipment; Utilizing recycled materials; Utilizing data monitoring for
water use in construction.

10. Context-sensitive development

Applying water-appropriate plantings to secure hydrological
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Appendix (Continued)

No. Main group of indicators/ Indicators

conditions; Applying context-sensitive landscape solutions (e.g., native
vegetation and diverse plants); Applying context-sensitive & consistent
designs to improve safety (e.g., traffic calming in residentials, safe
streets in educational zones); Adopting regulations and standards to
suit with local contexts and to apply user-oriented solutions; Integrat-
ing project plans with local concerns (e.g., aesthetic, environmental,
art/culture/community values, senses of place).

Source: Own elaboration based on the examined papers. Note: All groups of
indicators are extracted based on the indicators included in the papers
reviewed. The detailed indicators are collected and compared. If indicators
were found to be more or less the same, they were treated as the same
indicator. Units of these indicators have been left out to allow the merging of
the indicators without omitting the exact meanings.
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