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Embodied carbon within a city’s infrastructure resides predominantly within
road and bridge assets but sustainability assessment of urban transport
authorities typically focuses upon the sustainability of fleets and operations
rather than the sustainability of their infrastructure delivery. The study examines
and compares sustainability embedding throughout the lifecycle of Dubai’s road
and bridge development programme against five global urban transport
authorities. The research applies a case study design with comparative policy
benchmarking using a Sustainability Embedding Maturity Rubric of four pillars
and sixteen indicators drawn from a range of recognized sustainability standards
and guidance including PAS 2080, ISO 14001, ISO 20400, EN 15978, Envision,
BREEAM Infrastructure, the IS Rating Scheme, the GRI Standards and ISAE
3000. The study focuses solely upon public documentation and does not seek
additional information from the authorities under review. Where documentation
exists, each cell is scored as documented present or documented absent. Where
documentation does not exist for a particular cell, the cell is not scored and this is
noted against the authority’s total. 37 of 96 cells have been scored as containing
documented information. Dubai’s road and bridge asset program contains
the program’s
sustainability framework, certified sustainable procurement policy, project waste
target and GRI assured sustainability reporting). However, the same program
contains no documentation of carbon related mechanisms at the road and bridge
asset’s infrastructure stage (a target date and a capital carbon baseline for road

documentation of Organizational Mechanisms (national

and bridge assets). Two of the Authorities reviewed (both who have adopted a
named instrument, either PAS 2080, the Sustainable Design Guidelines and Net
Zero policy or MKI/DuboCalc) contain documentation of the design-stage
carbon assessment and carbon weighted tendering process. Singapore contains
documentation of the tender weighting and material mandates for sustainable
construction as reported by the authority. The study provides a reusable rubric
against a set of recognized standards, with a clear and transparent documentary
search protocol and a Gulf region baseline against which other Gulf cities can
measure themselves. The study does not assess the authorities against any
effectiveness criteria.

() @

Emirati Journal of Civil Engineering and Applications

Double-blind peer review by independent reviewers.

Received: o1 Jul 2026, Accepted: 27 Aug 2026, Published: 14 Sep 2026

*Corresponding author: Hamad.Alshehhi@rta.ae

Copyright: © 2026 by the author. Licensee Emirates Scholar Center for Research & Studies, UAE.
Open access under the Creative Commons Attribution (CC BY) license

https://creativecommons.org/licenses/by/4.0

Pages 4 - 24

ISSN: 3006-6948 - https://doi.org/10.54878/p56fmwo7



Emirati Journal of Civil Engineering and Applications

Introduction

Decarbonising  transport does not just mean
decarbonising fleets. The roads, bridges and tunnels on
which cars, buses and trucks travel are typically made of
concrete, steel, asphalt and earthworks and carry high
amounts of embodied carbon in their construction.
Embodied carbon in infrastructure is ‘fixed’ at the time of
construction and cannot be reduced by the operation of
cleaner vehicles on the resulting roads, bridges and
tunnels. For rapidly growing cities, therefore, a large
proportion of the city’s emissions budget is spent
constructing the transport network before any vehicles
travel on it. Dubai is a city in rapid growth. Between 2006
and 2024, for example, the Dubai road network increased
from 8,715 lane-kilometres to 18,990. Vehicle bridges and
tunnels rose from 129 to 1,070. Also increasing greatly
were the 557km of cycling tracks, with a major new
program announced for 2024-2027 worth AED 16 billion
(Government of Dubai Media Office, 2024). Dubai’s
commitments to sustainability in transport are made at a
number of levels within public policy. The UAE-wide
commitment to Net Zero by 2050 is supported by a
Dubai-specific strategy, Dubai 2040 Urban Master Plan.
RTA has responded with its own specific strategy
published as the Sustainability Plan 2021-2025, the Zero-
Emissions Public Transportation in Dubai 2050 strategy
and RTA’s own Sustainability Framework 2030
(Government of Dubai Media Office, 2023; RTA, 2022,
2025). RTA publishes sustainability reports in line with
the GRI Standards with reasonable assurance provided by
ISAE 3000. It is also certified to ISO 20400 sustainable
procurement (RTA, 2025, WAM, 2021). This study looks
to establish how far these sustainability commitments
have traveled from their domains of operational activity -
vehicles, buildings and waste - to road and bridge
delivery, where the greatest amount of embodied carbon
in infrastructure assets is locked away in their

construction.

There are three gaps in current scholarship that this
research seeks to address. The first gap concerns the
subject matter of transport-authority sustainability,
which largely has been restricted to the operational
aspects of managing for sustainability in transport such
as shifting modes, reducing emissions from transport-
fleets, energy in transport-stations and other transport-
depots. Road and bridge delivery is analyzed using rating
systems applied at a project level, as well as whole-life
carbon management (PAS 2080). What is missing from
current studies is the infrastructure program or portfolio
of policies, specifications, procurement mechanisms and

reporting arrangements a transportfauthority utilizes
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from project-to-project in order to embed sustainability
in the assets it develops and manages. In other words,
there is currently no settled method of measuring
embedding. The second gap concerns the lack of
evidence relating to the Gulf region on how sustainability
in infrastructure delivery is institutionalized by
authorities in this region. Although there is increasing
interest in sustainability from authorities in the Gulf,
scholarly work on the subject of sustainability policy in
the UAE construction industry is non-existent (Saradara
et al., 2023). There are no published studies that employ a
rubric based upon published standards to assess a road
program in a Gulf country against its international peers.
The third gap concerns methods of benchmarking.
Current studies on sustainability benchmarking of
transport-authority infrastructure delivery rarely report
on the scoring of a benchmarking exercise, and even less
frequently outline the amount of information drawn from
published documents against the score awarded. In such
instances where information is lacking from an
authority’s published data, the absence is scored as zero
while a large volume of information published by an
authority is likely to contain some amount of ‘sales hype’
that would also be scored.

Three research questions are posed in order to address
the study’s objectives. RQ1 explores the degree to which
sustainability-related mechanisms have been made
documentable in Dubai’s road and bridge development
program over its lifecycle. A comparison with the
sustainability-related documentation in the road and

bridge assets of Singapore, London, Abu

Dhabi, Sydney and the Netherlands is then presented
(RQ2). Finally, in order to assist the tests of the study’s
propositions, a set of testable propositions are generated
which represent possible models of sustainability

embedding (RQ3).

All evidence is from public documents and thus we can
only claim documented presence and concordance, not
necessarily effectiveness. The number of cells without
any documentation is indicated next to each score. All
figures and data are reported as they have been disclosed
by the respective authority, including the assurance
given. Section 2 outlines the relevant literature relating to
whole-life carbon management of road and bridge assets,
building rating systems, institutional sustainability
embedding and sustainable procurement. Section 3
outlines the design of this study, the corpus used, the
rubric used for analysis and the coding process in full.
Section 4 presents the results of the study in full,
answering each of the three research questions in turn.

Section 5 discusses the results of the study, outlines the
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contribution of the paper and evaluates the testable
propositions. Finally, Section 6 concludes the study and
outlines the implications for Dubai’s RTA and wider Gulf
regional sustainability, and suggestions for further

research.

Literature and theoretical framework

Whole-life carbon in road and bridge
infrastructure

Embodied carbon is ‘fixed” at the time of construction of
a road or bridge and can only be ‘unfixed’ later in the life
cycle. The environmental burden of a road or a bridge
consists of four stages: production, use, maintenance and
end-of-life disposal or reuse. The footprint of a pavement
is not just a function of the use phase, as most studies

have concluded so far.

Santero et al. (2011) established that for roads the majority
of the environmental footprint is created before the
pavement opens to traffic. Pomponi and Moncaster (2016)
established that for the built environment as a whole the
majority of the environmental impact is created in the
manufacturing stage and that no single measure can
reduce the environmental impact sufficiently. De Wolf et
al. (2017) identified that current industry practice for
assessing embodied carbon in construction products lacks
consistency, leading to difficulties in comparison, and
that the use of the whole life cycle-assessment
approaches, such as PAS 2080 (British Standards
Institution, 2023) and EN 15978 (CEN, 201), can provide

more consistent results.

A range of material and process levers to reduce
construction-related  emissions have been  well
characterised (Giesekam et al., 2016). Construction-related
emissions can be reduced using high-recycled-content
asphalt (Zaumanis et al., 2014), lower-CO2 cement
(Scrivener et al., 2018), and a range of other measures to
reduce construction-related emissions with significant
potential for near-term reduction (Karlsson et al., 2020).
However, these levers are underused due to a number of
reasons including perceived cost, unclear responsibility,
industry culture and poor product-level carbon data. In
particular, contract and tender documents are identified
as the greatest instrument to overcome these barriers
(Giesekam et al., 2016). Construction carbon targets
should be derived from a country’s national mitigation
commitments (Giesekam et al., 2018). Climate change
impacts on road pavements have been characterised
(Blaauw et al, <2022). In addition to reducing
construction-related emissions, road and bridge design
can also reduce emissions by favouring non-motorised
transport through sustainable street design (Gamez-
Emirati Journal of Civil Engineering and Applications
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Garcia et al., 2019). Climate resilience of road and bridge
assets is an important counterbalance to mitigate
construction-related emissions, and the adaptation
advantage of designing road infrastructure to future

climate change can be

quantified (Chinowsky et al, 2013). Furthermore,
resilience and sustainability should be treated as a single
issue (Bocchini et al., 2014), and climate resilience is now
entering construction codes and rating tools (OECD,
2018).

Rating systems and standards as embedding

instruments

The potential of credit-based building rating has been
developed by Fenner and Ryce (2008). Building
sustainability =~ assessment  tools  for  transport
infrastructure have been reviewed by Bueno et al. (2015)
and generally found to be useful but lacking in
standardization. A common error made by most
indicators related to materials used in building
construction is the weights assigned to them are
generally based on limited life-cycle data, as reported by
Yang and Liu (2018). In order to integrate sustainability
assessment into the normal development process of
infrastructure projects, rating systems should be
integrated with BIM for infrastructure, as proposed by
Liu et al. (2018). However, rating tools are generally used
for purposes other than certification by experienced users
and infrastructure owners, such as shaping policy and
building skills to embed sustainability in normal
development processes of projects and assets, as reported

by Griffiths et al. (2018).

Whole-life carbon management has its own specification.
PAS 2080, issued in 2016 and revised in 2023 (British
Standards Institution, 2023), places carbon management
obligations on the whole value chain across leadership,
quantification, target-setting, baselining, monitoring,
reporting and procurement (Manidaki & Pantelidou, 2022;
McAlinden, <2016). ISO
management-system
Organization for Standardization [ISO], <2015); ISO

14001:2015  supplies  the

architecture (International
20400:2017 the sustainable procurement guidance (ISO,
2017); EN 15978 the life-cycle stage boundaries (European
Committee for Standardization, 2ou); the rating systems
their credit structures (Building Research Establishment,
2022; Infrastructure Sustainability Council, 2021; Institute
for Sustainable Infrastructure, 2018); and the GRI
Standards and ISAE 3000 the disclosure and assurance
layer (Global Reporting Initiative, 2021; International
Auditing and Assurance Standards Board, 2013). Figure 1
positions these instruments; Table 1 maps them to the
rubric's pillars.
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Normative force: guidance / rating ~ — specification / certifiable

Figure 1. Positioning of sustainability instruments for road and

Positioning map: sustainability instruments for road and bridge infrastructure

Certiliable, project-level

(lifecycle calculation)

Rating, project-level

EN 15978 / EN 15804

Envision v3

IS Rating v2.1

BREEAM Infrastructure v6
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Certifiable, programme-level
(management systems)

PAS 2080:2023

ISO 14001:2015

ISO 20400:2017

Indicator / disclosure, organisation-level

GRI 305/306 + ISAE 3000

ISO 37120:2014

Unit of application: project ~ — programme / organisation

bridge infrastructure by unit of application and normative force.

rubric pillars

Table 1. Standards concordance: anchor instruments mapped to

P-D Delivery,

P-A Governance | P-B Designand | P-C Procurement L.
Instrument Type 3 . monitoring and
and strategy whole-life carbon | and materials .
disclosure
PAS 2080:2023 Specification Leadership; Quantification; Carbon in Monitoring;
(BSI) carbon baselines; targets | tenders; supplier | reporting
management requirements
process
ISO 14001:2015 Management- Leadership; Lifecycle Lifecycle Monitoring;

system standard

policy; objectives

perspective in

perspective in

audit; review

design procurement
ISO 20400:2017 Guidance Policy and — Criteria; supplier | Reporting on
standard strategy engagement procurement
integration outcomes
EN 15978:2011 Calculation — Modules A1-Aj, | — Reporting
standard B,C,D boundaries
Envision vg Rating system Leadership credits | Climate and Resource Verification
Resilience; Allocation
Natural World
BREEAMInfrastructure | Rating system Management; Resilience; Resources; Evidence-based
v6 leadership ecology materials; waste assessment
IS Rating ve.1 Rating system Governance; Energy and Resource Reporting;
leadership carbon; efficiency; verification
adaptation materials
Emirati Journal of Civil Engineering and Applications Pages 7-24
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GRI 305/306;ISAE 3000 | Reporting and Governance

assurance disclosures

— Supplier Emissions; waste;
assessment independent
assurance

Note. Clause references are to the standards as listed in
the reference list.

Institutional theory and the institutionalisation of

sustainability

Organizations are similar in fields through coercive,
mimetic and normative pressure (DiMaggio & Powell,
1983). According to Tolbert and Zucker (1983) a practice,
which is made mandatory by the state, diffuses fast and
directly. Early adopters are driven by internal need while
late adopters are driven by legitimacy reasons. The three
pillars of institutions are described by Scott (2014): the
regulative, the normative and the cultural-cognitive.

(1999)
environmentalism develops through different stages with

Hoffman describes  the way  corporate
each stage being dominated by a different driver.
Jennings and Zandbergen (1995) argue that organizations
that are ecologically sustainable are created through

institutional processes.

Corporate greening is driven by three reasons:

competitiveness, legitimation and ecological
responsibility (Bansal & Roth, 2000). In their model of
how stakeholder pressure translates into organizational
and Toffel (2004)

organizations perceive stakeholder pressure and how

responses, Delmas model how
organizations respond to it. Berrone et al. (2013) found
that the combination of regulatory and normative
pressure triggers environmental innovation most in
organizations that have a performance gap to their peers.
The business case and leadership are found to be the
strongest drivers for sustainability within organizations

by Lozano (2015).

Two key points need to be made about this study. First,
the mechanism by means of which pressure is embodied
in a set of routine decisions, a policy, a product
specification, a public procurement rule and a set of
reporting obligations, is documentary and thus easily
observable. Second, as stated by Tolbert and Zucker
(1983), the pattern of development identified above
predicts an asymmetry between the two cases: where
there is a national mandate then the embedding of that
mandate in the authorities’ rules and procedures should
be easy to document; however, in the absence of a
national mandate the degree to which organizations have
embedded

monitoring and informing

sustainability in their key leadership,
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processes will vary between organizations and should be
influenced by leadership and by pressure from others
within the organization’s peer group.

Sustainable public procurement as the operative

lever

In terms of practical implementation Walker and
Brammer (2009) indicated that there is considerable
variability within the UK public sector in terms of
implementation cost was cited as the greatest barrier to
SPP, while top management support was identified as
critical to embedded SPP within organizations. The
survey was later extended to 20 countries (Brammer &
Walker, 20n) and as with the UK based research
engagement with SPP was found to depend on catalysts
within organizations rather than the existence of policies
or legislation exhorting SPP. Sourcing sustainable
construction products within procurement has been
identified as problematic within the public sector with a
number of barriers associated with clients within the UK
public sector (Sourani, 201). In order to deliver green
tenders, Testa et al. (2016) found that environmental
sustainability in public procurement is not simply a
matter of an organization having an environmental
management system (EMS) in place. Rather it is a
function of the maturity of the EMS. However, the
competitive dialogue procedure (Uttam & Le Lann Roos,
2015) can be used to develop sustainability criteria for
complex procurement through ICT supported tendering

processes.

Maturity models, disclosure and the regional

evidence base

Correia et al. (2017) analysed sustainability maturity
models and reviewed supply chain practices of several
multinational corporations in the infrastructure, facilities
and construction sectors. Most of the practices were
described by single company cases. Those practices were
largely organized by means of grids used for descriptive,
prescriptive and also comparative purposes. Willetts et al.
(2010) stressed the need for a single sustainability
conversation throughout the planning, design and
delivery of infrastructure projects. Thacker et al. (2019)
linked specific types of infrastructure investment to 72%
of Sustainable Development Goals. Reviewing GRI
sustainability reporting by public sector organizations,
Dumay et al. (2010) noted wide variations in extent of
reporting by public sector organizations and found that
reporting was often decoupled from management

systems and processes.
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Constructs and propositions

Table 2. Theory, construct and proposition mapping

institutional carriers

Theoretical lens Sources Construct Indicators Proposition
Coercive DiMaggio and Powell | Regulatory anchoring | A3, A4, C4 P1. Mechanisms
isomorphism; state- (1983); Tolbert and mapping onto a
mandated diffusion Zucker (1983) national mandate are
documented present
across authorities
Rating tools and Griffiths et al. (2018) | Professional Bi, B4 Pa. Design-stage
specifications as anchoring mechanisms are

documented where a
professional scheme
or specification

isinstitutionalised

Lozano (2015); Bansal
and Roth (2000)

Leadership and

business case

Leadership anchoring | A1, A2, Be

Ps. Authorities with a
named owner and
dated targets
document more

procurement and

disclosure
mechanisms
Procurement as Testa et al. (2016); Procurement Cy, Ce, Cg P4. Strategy
operative lever Sourani (2011) anchoring documented without
contract-layer
mechanisms is the
most common
embedding failure
Decoupling of Dumay et al. (2010); Disclosure depth Dg, D3, D4 P5. Assured
reporting from Meehan and Bryde organisational
management (20m) reporting is

documented before
asset- or project-level

disclosure

To develop a theory-based framework for assessing the
embedding of external pressures into the programs of
individual transport authorities, this study identifies and
bridges a significant  theoretical/empirical ~ gap,
specifically that there is no standards-based, documentary
assessment of a Gulf country road and bridge delivery
program compared to best practice programs
internationally, and that the scores reported by most
benchmarking studies depend on unknown amounts of

documentation.

Methods

Design

The research study is a single-case study of Dubai’s road
and bridge development program. It is a comparative

policy benchmarking study of six transport authorities.

Emirati Journal of Civil Engineering and Applications
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The unit of analysis is the program and the strategies,
specifications, procurement process, reporting and other
such mechanisms that are used to deliver roads and
bridges. A single publicly traceable document is used as a
proxy for a program-level mechanism (embedding).
Institutional theory suggests that external pressures on an
organization are translated into internal organizational
routines through formal policies, specifications, and
certification scopes (DiMaggio & Powell, 1983; Scott,
2014). The mechanisms that are used for delivering roads
and bridges in infrastructure development are rarely
auditable if they are not documented. In other words,
tender documents, design standards, and reporting
requirements all have to be written. Publicly available
documents of a transport authority function as the
surface that can be observed of the institutional

commitments that are made by that authority (Bowen,
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2009). The study limitations relate to the claims that are

made. These are confined to whether certain aspects are

Corpus

assembly

Jurisdiction

Dubai (case)

Singapore

London

Jurisdiction

Abu Dhabi

Sydney

Netherlands

Three-state
coding

Figure 2. Research design flow.

Authority

Roads and Transport
Authority (RTA)

Land Transport Authority
(LTA)

Transport for London (TfL)

Authority

Integrated Transport Centre
(ITC); Abu Dhabi City
Municipality (ADM)

Transport for NSW
(TINSW)

Rijkswaterstaat (RWS)
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Two-coder

verification

mentioned, not mentioned, concordant or comparative.

See Figure 2 for the research sequence.

Scoring on
verified cells

Benchmarking §
(6 columns)

Research design flow (burgundy = steps where the three-state protocol governs)

Model &

propositions

Case and benchmark selection

Table 3. Authorities assessed

Mandate over roads and
bridges

Roads, bridges, tunnels,
public transport

Roads, rail, bridges, tunnels

Strategic roads, bridges,

tunnels, public transport

Mandate over roads and
bridges

Roads, bridges, public

transport

State roads, bridges, rail

National roads, bridges,

waterways

Principal public documents
coded

Sustainability Plan 2021~
2025; Zero-Emissions Public
Transportation 2050;
Sustainability Framework
2030; sustainability-report

releases

Sustainability Report 2023/24
(GRI); corporate
sustainability page

Corporate Environment
Plan board papers; quarterly
Sustainability Report; CLC
Five Client Carbon

Commitments

Principal public documents
coded

ITC news releases; ADM-
published road carbon-
footprint study

Net Zero and Climate
Change Policy; Sustainable
Design Guidelines v4
supporting tools; RAP fact
sheet; parliamentary

answers

Climate-neutral 2030 and

circular-economy pages;
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DuboCalc page; news

releases; materials dossier

The study employs a purposive selection approach. A
published framework is chosen to guide the analysis of
the main elements identified within the study (i.e., the
integrated role of government in enabling the delivery of
infrastructure, the dominant market rating systems used
across the jurisdictions, and the main forms of
procurement that are practiced within these systems). In
addition, in order to draw upon an exemplar from the
Gulf region, published information from a single ‘peer’
jurisdiction that operates under the same federal policy
layer as Dubai has been incorporated into the framework.
In terms of the individual cells within the framework for
the UAE, Abu Dhabi has been selected as a negative case
(or a “structural’ peer) given that it is expected to operate
within the same federal net-zero commitment and within
the same federal procurement policy layer as Dubai.
Information that has been published by the authority or
government in the city was incorporated within the
study’s findings in order to identify patterns in terms of
the amount and type of information that is made publicly
available by the authority (i.e., sixteen cells in total, with
information in two of the sixteen cells being published in

the public domain).

Corpus and inclusion rule

Included in the analysis are strategy and plan documents
from a government authority; annual and sustainability
reports; design standards and other public facing

information such as factsheets; Parliament documents;
and official news releases. The latter are included only
where the official news release actually quotes the
mechanism. Excluded from the analysis are news reports
from third parties including consultancies and the trade
press, and register entries and similar documentation that
can only be evidenced by a secondary report. Where a
cell is evidenced by a third-party-hosted copy of an
official document (as opposed to the original) then that
cell is not coded. All coded cells are shown with full
source, URL locator and extract in Appendix B. The
principal documents coded for each of the cities are: for
Dubai: RTA documents (2018, 2021, 2022, <2025);
Government of Dubai Media Office

(2023, 2024); WAM documents (2021, 2025); for Singapore:
LTA document (2024); for London: documents from
Transport for London (2022, 2025); and the Construction
Leadership Council (2024); for Abu Dhabi: Abu Dhabi
City Municipality (2017) and United Arab Emirates
University (2017) document; for Sydney: Transport for
NSW (2019, 2022, 2025) documents and NSW Legislative

Council (n.d.) document; and for the Netherlands:

Rijkswaterstaat  (2023a, 2023C) documents and
Rijkswaterstaat, Copper8 and Witteveen+Bos (2023b)
document.

Rubric

Table 4. Sustainability Embedding Maturity Rubric

ID Indicator

Documented present if
the corpus contains if

Documented absent
Anchor

A1 Strategy covering
road/bridge assets
with dated targets

A strategy naming
road/bridge infrastructure | infrastructure
with at least one

quantified, dated target

Scope excludes PAS
2080:2023,leadership
delivery, or targets and carbon-

are for fleet, buildings | management process;

net-zero commitment | national commitment as

driver of the authority's

or operations only ISO 14001 §6.2
A2 Senior owner named | A director- or board-level | Governance assigns PAS
role accountable for sustainability to no 2080:2023,leadership
sustainability covering such role roles and
infrastructure delivery responsibilities; ISO
14001 §5.3
Ag Alignment to national | Explicit reference to the A post-commitment Giesekam et al. (2018);

strategy that does not | PAS

reference it 2080:2023,alignment

targets of targets with
national
commitments
Ay Certified EMS ISO 14001 certification Scope statement ISO 14001 §4.3

Emirati Journal of Civil Engineering and Applications

ISSN: 3006-6948 - https://doi.org/10.54878/p56fmwo7

Pages 1 - 24




Emirati Journal of Civil Engineering and Applications

covering

infrastructure delivery

whose stated scope
includes road/bridge
design or construction

excludes

infrastructure delivery

B1 Whole-life carbon A standard or policy Design standards PAS 2080:2023, whole-
assessment required | requiring carbon or LCA | address environment | life carbon
at design assessment before design | without such a quantification at each
freeze requirement work stage; EN 15978
B2 Capital-carbon target | A numeric, dated Targets for PAS
or baseline for reduction target for operational emissions | 2080:2023,baselines
infrastructure embodied carbon ofworks | only and target-setting
Bg Climate-resilience Standards or compulsory | Standards reference Envision CR; IS
criteria in design requirements referencing | historical climate only | adaptation credit
standards projected climate risk
B4 Rating-system use on | A road/bridge project Documents state no Griffiths et al. (2018)
aroad or bridge certified under Envision, | rating system is used
project BREEAM
Infrastructure/ CEEQUAL,
ISor Greenroads
Ci Sustainability A published weight or Criteria published ISO 20400 §7.3;
weighted in tender scored criterion for without a PAS2080:2023, carbon
evaluation sustainability or carbon in | sustainability weight | in procurement
works evaluation
Ce Recycled or low- Specifications or Specifications require | Zaumanis et al. (2014);
carbon material mandates requiring or virgin materials only | Scrivener et al. (2018)
specification permitting recycled
asphalt, cement
replacement or
recycledaggregate with
stated limits
C3 Supplier carbon or A tender rule requiring Tender documents PAS 2080:2023,supply-
lifecycle data bidders to submit product | contain no such rule | chain carbon data
requirement carbon or lifecycle data requirements; EN
15804
Cy4 Sustainable ISO 20400 certification or | Procurement policy 1SO 20400
procurement standard | an equivalent published without sustainability
or policy policy applying to works provisions
D1 Construction or A numeric target for Waste targets for GRI 306; ISO 1400189.1
recovered-material diversion or reuse of operational waste
waste target construction or project only
waste or recovered road
materials
Do Asset-level Indicators disaggregated | Organisation-level GRI 305; ISO
sustainability data toroad infrastructure or aggregation only 37120(ISO, 2018)
asset class
Emirati Journal of Civil Engineering and Applications Pages 12 -24
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outcomes disclosed

sustainability results
for a named road or

corridor project

covers cost and

schedule only

Ds Externally assured An independent assurance | Report states ISAE 3000; GRI 2-5
sustainability report statement assurance not
obtained
D Indicator Pocumented prese.nt Pocumented absent Anchor
if the corpus contains | if
D4 Project-level Published carbon or Project reporting PAS

2080:2023,monitoring,
reporting and

continual

improvement

A document may be uncoded when no document in the
analyzed corpus has been coded under the present rule or
under the absent rule respectively. Note. Clause
references are to the standards as listed in the reference
list.

Coding, scoring and analysis

Cells in the matrix were coded in two passes by one
coder. The first pass used the operational definitions and
recorded the following information in the register
(Appendix B): state, source, locator and a 4o0-word
maximum word extract from the document. The second
pass coded a stratified sample of 24 cells (25% of the total
number of cells in the matrix). The second coding was
conducted from the source documents and the
operational definitions alone, and the coder was blind to
the first coding. Agreement on the second coding was 23
out of 24 (95.8%), with Krippendorf{f’s a (nominal) equal to
0.92. The sole disagreement was on London B1 and, following
discussion, the clarification made to the definition was that a
published client commitment to a specification that in turn
mandates carbon assessment counts as a policy requiring
assessment. However, a pledge alone with no published
weight or material limits does not count as documented.
Consequently, three London cells (A1, C1, C) were recoded as
not documented. The second-coding sheet for the 24 cellsis a
supplementary file. Full double coding of the remaining 72

cells is recorded as future work.
The embedding score is the number of documented-

present cells divided by the number of documented cells
for each cell; the corresponding pillar score is the same
ratio but for the four-indicator pillars individually; and
the raw score equals the number of present cells divided
by 16 (the total number of cells). The maturity level for an
embedding is determined from the embedding score
alone for the 10+ documented cells; maturity levels are on
a five-level scale as outlined in Appendix A. Note that,

because of the nature of the six authorities studied and
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the largely binary nature of the documentary evidence,
no weighting is applied and no inferential statistics are
used.

Threats to validity

Note regarding the publication of Authorities: As already
mentioned, the publication differences of the Authorities
are made transparent by the documentation of the
documented numbers of cells and by the Embedding
scores not being calculated for undocumented cells. The
Benchmark documents were read in English and in
Dutch. Only internal texts in Arabic language were not
accessible. The Corpus was closed on 7 September 2026.
No documents were included that had been published
after this date (i.e. after 7 September 2026). For reasons of
construct validity, the clause-level anchoring at the
published standards was ensured (note 11). By means of
identical rule application to all columns of the matrix,
coder bias towards the case authority was excluded. The
full register of coded documents was delivered to the

coders.

Results

Policy ecosystem and RTA milestones (RQ1)

Figure 3. displays the key sustainability milestones for RTA
against the broader national and emirate policy. In relation to a
layer to address carbon for infrastructure, this was developed
prior to the current strategy instruments of RTA and they
reference said layer (Government of Dubai Media Office, 2023;
RTA, 2022). RTA’s earliest documented mechanisms are those of
disclosure in the form of a GRI-based sustainability report of 2016
and a reasonable assurance report under ISAE gooo of 2018, as
well as the authority’s ISO 20400 certification of 2021
sustainability procurement policies (RTA, 2018, 2021; WAM,
2021). Hence, in relation to the rubric, there are no documented
infrastructure-delivery mechanisms; i.e. no capital-carbon
targets for road and bridges works, nor any carbon assessment in
the design stage required.
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UAE / Dubai

Timeline 2005-2027: national/emirate policy layer and RTA sustainability milestones (dates from official releases)

Dubai 2040 Urban
Master Plan

Dubai Clean Energy cor28
Strategy 2050 Dubai

UAE Green Agenda UAE Net Zero 2050
015-2030 Strdtegic Initiative

policy layer

s -4
*—o

ad 4 ®

RTA "

RTA
established

o P ? & o ’
15O 20400 Main Rpads
certification Plan 2024-27
First GRI-based Sustainability Plan Sustainability
report 2021-2025 Framework 2030

ISAE 3000 Zero-Emissions
assurance PT 2050 strategy

2005

T
2007

T
2009

T T T T T T T T 1
2011 2013 2015 2017 2019 2021 2023 2025 2027

Figure 3. Timeline 2005-2027: national and emirate policy layer The rubric applie d to Dubai (RQI)
and RTA sustainability milestones

Table 5. Dubai: documented cells

ID

State Evidence

Documented absent Sustainability Framework 2030 lists
dated targets for injuries, fatalities,
customer experience, zero-emission
public transport (2050) and asset-
management maturity (2030); RTA
states in 2025 that its net-zero effort is
guided by three pillars, public
transport, buildings and facilities, and
waste management. No quantified
target for road or bridge asset delivery
(Government of Dubai Media Office,
2023; RTA, 2025; WAM, 2025).

A3

Documented present The 2050 strategy is aligned with the
UAE Net Zero by 2050 Strategic
Initiative (Government of Dubai
Media Office, 2023).

Be

Documented absent The 2050 strategy's targets cover buses
(10%, 40%, 100%), buildings (74% solar
retrofit by 2030; near-zero-energy new
buildings from 2025), waste (100%
recycling by 2030) and recycled water
(40% by 2050); none addresses capital
carbon of infrastructure works
(Government of Dubai Media Office,
2023).

Cq

Documented present First transport authority globally to
obtain ISO 20400:2017 certification
from BSI (RTA, 2025).

Documented present Recycling 100% of the waste of RTA's
operations and projects by 2030 (RTA,
2022).
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D3

Documented present

GRI Standards reports with reasonable
assurance to ISAE 3000 since 2018; the

2021 report assured for 2017-2021 (RTA,
2022; WAM, 2021).

For Dubai, six of the sixteen cells are documented. There

are four organizational cells documented present
(alignment statement, certified procurement standard,
project-waste target, assured disclosure). Two other
organizational cells documented absent are the strategy
with dated targets for infrastructure assets and the

capital-carbon target. The two current

strategy documents restrict their targets to public
transport, buildings and operational waste. The ten other
cells (design, procurement, reporting of assets etc.) are
undocumented. The instruments for the stages of design,
procurement and reporting of assets for infrastructure
etc. which govern these are not public within the corpus

of documents examined.

Comparative matrix (RQz)

Documentary matrix: six jurisdictions x sixteen indicators (public documents only)

P-A Governance & strategy

7 7

Dubai

P-B Design & whole-life carbon

-

P-C Procurement & materials

%

P-D Delivery, monitoring & disclosure

Singapore

London

Abu Dhabi

Sydney

Netherlands

Al A2 A3 A4 B1 B2 B3

W Documented present

Figure 4. Documentary matrix: six jurisdictions by sixteen

B4

[ Documented absent

7
Z

C1 c2 Cc3 Cc4 D1 D2

[ZZZ]1 Not documented in the public record (not scored)

Table 6. Comparative matrix scores (computed from the coded

indicators (public documents only). matrix)
Lo Embedding )
Jurisdiction Present Absent Documented Raw score Maturity level
score
Dubai (RTA) |4 2 6 25.0% 66.7% Not assigned (6
documented)
Singapore 6 3 9 37.5% 66.7% Not assigned (g
(LTA) documented)
London (TfL) |2 1 3 12.5% 66.7% Not assigned (3
documented)
Abu Dhabi 2 o 2 12.5% 100.0% Not assigned (2
(ITC/ADM) documented)
Sydney 7 0 7 43-8% 100.0% Not assigned (7
(TINSW) documented)
Netherlands 10 0 10 62.5% 100.0% L4 Integrated
(RWS)
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Embedding scores by jurisdiction with documented-cell counts
(public documents only; levels assigned only at = 10 documented cells)

Sydney

Abu Dhabi

London

% on 7/16 documented

|

100% on 2/16 documented

67% on 3/16 documented

Dubai

67% on 6/16 documented

T T T

20 40 60

o

] Raw score (present = 16)

Figure 5. Embedding scores by jurisdiction with documented-

cell counts.

Of the ninety-six cells assessed, information has been
documented for thirty-seven of them. Rijkswaterstaat is
one of the authorities with the most information available
(ten cells), of which seven are classified at Level 4.
Unfortunately, the authority has not been able to achieve
Level 5 for one of the cells (D4). Information is available
for all seven cells assessed for Sydney (100%), for two out
of three cells for London (67%), whereas one of the
absences for London refers to the quarterly sustainability
report of London Underground not accounting for
emissions on different modes of transport and not
relating to individual roads and bridges (D2). Information
has been documented for nine of the sixteen cells for
Singapore (67%), where three of the absences are stated
explicitly in the sustainability reports of the three
authorities, including the absence of targets for individual
infrastructure assets, a capital-carbon target and external
verification of the reports. Information has been
documented for six of the nine cells for Dubai (67%),
where two of the cells lack information for reasons
related to the scope stated in the strategy documents of

the two authorities. For Abu Dhabi information has been

P-A Governance and

P-B Design and

T T T
80 100 120 140
Score (%)

Bl Embedding score (present = documented)

documented for two out of nine cells (23%), but none of
this information relates to the programme as a whole.

Out of the Ag commitment columns, only Ag has been
documented for all six authorities. As for the action areas,
Bi1 has been documented for the sustainability reports of
and the Netherlands. For Ci,
sustainability is given due consideration in tendering

London, Sydney
processes for Singapore and the Netherlands: According
to the Singaporean report, the quality score for civil
contracts has a weight of 4% and for construction tenders
above S$50 million even up to 5% (LTA, 2024). For Dg,
assured reporting has been documented for Dubai,
whereas it has not been possible for Singapore so far. For
D4, project-related disclosure has been documented for
Singapore (on individual corridors and rail projects) and
for Abu Dhabi (a carbon-footprint study for individual
roads published by the municipality, see Abu Dhabi City
Municipality & United Arab Emirates University [UAEU],
2017).

Positioning by pillar (RQz2)

Table 7. Pillar-level scores (present divided by documented

within pillar; documented count in brackets)

P-D Deli
P-C Procurement and S

Jurisdiction strategy whole-life carbon materials z::li::::;g and
Dubai 50% (2) 0% (1) 100% (1) 100% (2)
Singapore 67% (3) 0% (1) 100% (2) 67% (3)

London 100% (1) 100% (1) — (o) 0% (1)
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Abu Dhabi 100% (1) — (o) — (o) 100% (1)
Sydney 100% (2) 100% (3) 100% (1) 100% (1)
Netherlands 100% (3) 100% (2) 100% (3) 100% (2)
Pillar scores on verified cells: Dubai vs benchmark median
(pillars without documented cells plotted at 0; documented counts in Table 6)
P-B === Benchmark median (5 authorities)
Design & whole-life carbon === Dubai (RTA)
P-C P-A

Procurement & 1§

P-D
Delivery, monitoring & disclosure

Figure 6. Pillar scores on documented cells: Dubai versus

benchmark median.

The shape for Figure 6 is the finding. The “documented
strength” for Dubai lies in the procurement and
disclosure pillars, each of the corresponding cells is
documented at 100% (i.e. certified procurement standard,
project-waste target for projects, assured reporting). For
the design and the governance pillars there is only one
documented cell each. The design pillar’s corresponding
cell is an absence (i.e. there is nothing documented). The
corresponding cells for the governance pillar are split
between the two, with mnational alignment being
documented whereas the corresponding cell for the
infrastructure-asset  target is an absence. The
corresponding cells for the procurement pillar of
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ance & strategy

Singapore reveal a stronger procurement pillar as
compared to Dubai, with tender weighting and with
material mandates documented. Disclosure is less well
documented for Singapore, though, as there is no
documented assurance for this pillar. The corresponding
cells for all three pillars of Sydney and the Netherlands
are documented in full for all cells that could have been
coded. London has three documented cells, national
alignment and PAS 2080 adoption are documented
(positive), whereas the corresponding asset-level

reporting cell is an absence.

Sustainability Embedding Model (RQ3)
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Sustainability Embedding Model: lifecycle stages (top), anchoring mechanisms and propositions P1-P5 (middle), moderators (bottom); burgundy = contract and disclosure layers

Plan Design Procure

Operate /

oA isclose
Maintain Discl

Construct

P1 Regulatory anchoring P2 Professional anchoring
national mandate standards & rating tools
(A3,A4,C4) (B1, B4)

P3 Leadership anchoring
named owner, dated targets
(Al, A2, B2)

P4 Procurement anchoring
tender weight, specs, LCA data
(C1,C2,C3)

P5 Disclosure depth
asset/project-level, assured
(D2, D3, D4)

Moderators: national mandate present / absent; publication practice (documented-cell count)

Figure 7. Sustainability Embedding Model: lifecycle stages,

anchoring mechanisms and propositions P1-Pg.

The model in Figure 7 sets out the five anchoring
mechanisms identified in Section 2.6 against the six
lifecycle stages of a road and bridge programme, with the
national mandate and publication practice as moderators.
The national mandate and publication practice of
contracts are used as moderators to assess the degree of
support for each of the P1 to Pj statements from the fifth
column. P1 is supported by Ag and also C4 where there is
documentation. P2 is supported in terms of direction, as
there is documentation of PAS 2080, Sustainable Design
Guidelines or MKI institutionalization where Bi is
documented. However, Singapore’s documented tender
weighting and material mandates, for example, are not as
a result of a rating system alone (contra Pe, statement
B1). P3 can only be read to support Pg for Singapore and
the Netherlands as these two Authorities have A2
documented as well as Cg3. P4 appears to be absence of
documentation of the contract provision in the contract
layer for Dubai, London and Abu Dhabi. P5 is not
supported as stated for Dubai (organisational level
reporting assured but no project-level reporting is
documented), for Singapore (project-level and asset-level
information disclosed but no assurance), and for the
Netherlands (asset-class information is documented but
no assurance). Formal adjudication of these assertions is
set out in Table 8.

Discussion

Findings against the literature

Organisational before infrastructural. RT'A’s documented
mechanisms (an  alignment statement, a certified
procurement standard, a project-waste target and an
assured reporting regime) are exactly the sort of things

that an organisation introduces first, as per the
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institutional theory of organizational change (DiMaggio
& Powell, 1983; Tolbert & Zucker, 1983). These
mechanisms are visible to the field (Testa et al., 2016), can
be certified by third parties and are legible to other
organizations within the sector. They are the
organization’s management system (as opposed to the
maturity of the management system) and thus the
documented mechanisms that RTA has introduced are
good. However, there are two notable absences from the
current strategy texts that scope out the targets for public
transport, buildings and operational waste. Neither of the
current strategy texts set dated targets for road and

bridge

assets and/or establish a capital-carbon baseline. The
pattern of carbon targets for easy measurement and no
targets for large embodied carbon in assets for road and
bridge assets is one that Giesekam et al. (2018) previously

warned against.

Instruments, not statements. This allows for the coding
of London, Sydney and the Netherlands as having
design-stage carbon assessment of road and bridge assets
(C1) as they all have a named instrument that documents
the mechanism, in contrast to mere statements. While the
instrument names alone could have been coded as
indicators for C1 for these three authorities (see below), in
practice, the commitments through the Construction
Leadership Council regarding PAS 2080, the Sustainable
Design Guidelines compulsory carbon baseline and
reduction through DuboCalc/MKI as best-price-quality
criterion are also documented. Griffiths et al. (2018) found
the same at the program level. The Dutch case above
underpinnes the argument by Du et al. (2014) that life-
cycle assessment needs to be included in the procurement
process, i.e. MKI does not describe the completed bridge,
it was the basis on which the bridge was purchased. The
percentage of Rijkswaterstaat tenders awarded based on
MKI content has risen from 4% in 2017 to 47% in 2022
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(Rijkswaterstaat, 2023a). Note that the case of Singapore
is different and also interesting: while there is no rating
scheme (LTA, 2024) for the sustainability performance of
companies tendering for transport contracts, a published
tender-score weight for climate change is disclosed in its
own GRI sustainability report.

Many of the cells related to certificate scope (A4), design
criteria related to climate change resilience (B3), rating
schemes for sustainability (B4) and rules related to
supplier’s carbon data (C3) are largely absent from the
documented practices of many of the authorities studied
here. However, the silence of the majority of authorities
with respect to these particular issues is of
methodological interest here in terms of how one might
develop a two-state benchmark to assess these aspects of
practices related to sustainability. The practices here
absence

documented would have been scored as

according to such a benchmark, leading to a ranking of

Contribution

The main contribution of this paper is a sixteen-
indicator, standards-anchored Sustainability Embedding
Maturity Rubric with a documentary coding protocol
that scores only what is documented. The findings from
six different transport authorities are presented here but
the tool can be easily used by any road authority to map
out the different lifecycle stages at which their
sustainability commitment turns into pure documentary.
Every indicator has been anchored to a specific clause of
a published standard and therefore the legitimacy of the
standards is transferred to the rubric and the authors’
views have been kept to a minimum. A register for re-
coding all the results from this study is included in
Appendix B.

Propositions adjudicated

Table 8. Proposition adjudication on the documented matrix

practices related to publication of sustainability
intentions as opposed to practices that actually embed

sustainability.

Proposition Evidence cells Verdict Basis

P1 Regulatory anchoring Ag present in 6 of 6; C4 Consistent The mandate-backed

present in 4 of 4
documented

mechanism is the only
complete column; Cy4 is
present wherever

documented

P2 Professional anchoring Bi present for London,

Consistent in direction; not | Design-stage assessment

Sydney, Netherlands; C1 and | exclusive tracks PAS 2080, SDG v4
Cz present for Singapore and MKI; contract-layer
without a rating scheme mechanisms can be
documented without a
rating tool
Proposition Evidence cells Verdict Basis

P3 Leadership anchoring Aq present for Singapore

Consistent where Two cases; counterfactual

none; contract-layer

undocumented: Dubai

(four of four), Abu Dhabi
(four of four)

(three of four cells), London

and the Netherlands, both documented unobserved
with procurement
mechanisms present
P4 Strategy—-contract gap Contract-layer absence: Restated The gap manifests as non-

documentation of the
contract layer where

strategy is documented

P5 Disclosure depth Dg present: Dubai; D3

absent: Singapore; D4

Not consistent Assurance and asset- or

project-level disclosure vary
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present: Singapore, Abu
Dhabi; D2 present:
Singapore, Netherlands

independently; reformulated
for future work as two
dimensions

Limitations

Although thirty-seven of ninety-six cells have been
documented, only the Netherlands has reached the ten-
cell floor, so here one maturity level has been assigned
and five authorities have been reported as documented
profiles rather than ranked according to their scores.
Second coding of the matrix for the purpose of checking
and improving the quality of the register has been done
for a 25% stratified sample of all cells (a = 0.92). It goes
without saying that the register for Sustainability
Commitments of Road and Transport Authorities can be
extended by any reader. With respect to the rule codes: scope
exclusions are counted as absent; silence is not counted as
documented as opposed to explicit texts of authorities such as
Dubai and Singapore that carry documented absences. Raw
and embedding scores of authorities that have been coded for
scope are reported side by side in order to make the effect of
scope silence visible. A fourth coding state for scope silence is
proposed for future work. Internal texts that are written in
Arabic only have not been accessible. The rubric used for
coding has not been weighted. Its construct validity has been
checked by means of standards anchoring instead of by means
of an empirical test. No statistical inference has been applied
or implied.

Conclusion

So how far have the RTA’s sustainability commitments
from operations translated into the road and bridge
program? Based on what is available on public record,
the sustainability commitments of the RTA have traveled
as far as the organization’s policies and practices but not
yet into the assets that are being managed by the
organization. The RTA has assured reporting, a certified
procurement standard, a project waste target as well as
national alignment. However, the RTA does not have
any public documentation that sets out a specific
sustainability target for road and bridge assets on a
particular date, a capital carbon baseline for
infrastructure works, a requirement for whole life carbon
assessment at the design stage, or even a carbon weight
to be used in tender evaluation. However, authorities that
have these documented mechanisms have typically
adopted a particular instrument or published a rule that
makes the mechanism observable. Thus the gap identified
here is specific and instrumental and therefore amenable
to future research that investigates whether or not filling
these documentary gaps could translate into lower

embodied carbon for individual projects.
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In terms of implications for policy and practice, seeing
the absent or undocumented cells for Dubai in the rubric
above first and foremost suggests a number of potential
steps to sustain an existing commitment to sustainability
in road and bridge design and delivery. These potential
steps in terms of implications for policy and practice are
laid out in the box above. Six cells are needed to be
documented in relation to Dubai (all of which would be

in relation to a strategy

chapter for infrastructure assets with a capital-carbon
baseline year and reduction trajectory, Ai, Be2). If
documentable, these could be structured along the lines
of PAS 2080 clauses 5-8 (relating to setting and
management of targets and baseline). Four of the missing
cells could be addressed by requiring whole-life carbon
assessment at design above a capital threshold (of say
DIR 2018’s AUD $7.4 million), with a project baseline and
minimum reduction; this would model Transport for
NSW’s compulsory requirement for whole-life carbon
assessment at design for all road construction projects
above this threshold (B1). Three further cells would be
addressable by documenting a published, weighted
sustainability criterion in tender evaluation (Ci). One
further cell would be addressable by documenting
recycled-content and low-carbon material provisions in
road works specifications (C2). And the final ten
undocumented cells could be documented by setting out
asset-level indicators in the assured report (D2). Further,
publication of the design manuals, specifications and
tender guidance that govern road and bridge delivery
would allow for the ten undocumented cells to be coded
against the seven documented cells and a maturity level
assigned for Dubai.

This work may be continued in two ways. A project-level
study may test the propositions as hypotheses on project-
level data, using the documented design and procurement
mechanisms as independent variables and the embodied
carbon per lane-kilometer and the recycled content as the
dependent variables. The controls to be used would be
the project type, size, year of implementation and the
contractor’s tier. The number of predictors would be six
and the required type I error probability would be o.05.
The required power would be 0.80 and the medium effect
size of o.25 would require 98 projects. Based on Dubai’s
plans for the road and bridge programs for the period
2024-2029, sufficient data would exist to test the above
hypotheses. The second track of work would be the
development of instruments. The matrix could be fully
double coded and a weighted version of the rubric could
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be developed through expert elicitation. A fourth coding
state for silence within scope could be developed and the
future application of the sustainability profiles to other

authorities could be investigated.
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