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CITIES OF TOMORROW (CoT) R&D PROGRAMME
GRANT CALL 1
FOR VERTICAL 5: CITY IN NATURE

Definitions

In this Call for Proposal, unless the contrary intention appears: -

(&) “Host Institution” means the body or institution or administering organisation
named in the Letter of Award as the “Host Institution” as the body responsible for
undertaking and managing the Research;

(b) “Partner Institutions” means the bodies or institutions named in the Letter of Award
as the “Partner Institutions” as the bodies responsible for working together with
the Host Institution to undertake the Research;

(c) “Institutions” means collectively the Host Institution and the Partner Institutions
and “Institution” shall mean any one of them;

(d) “Investigators” means collectively, the Lead Principal Investigator, Team Principal
Investigators and Co-Investigators;

(e) “Collaborator” means any company, institution, incorporated body or other industry
or academic collaborator, which is not an Institution or an Investigator but is to be
engaged in the Research in collaboration with the Institutions or any of them;

()  “Lead Agency” means the government agency leading and driving the Research;

(g) “Other Agencies” means the government agency/agencies participating in the
Research other than the Lead Agency; and

(h) “Research” means the research project selected and awarded a grant under the
Cities of Tomorrow R&D programme.

Introduction

Launched in 2017, the Cities of Tomorrow (CoT) R&D programme is MND’s flagship
R&D programme to develop cutting-edge solutions for the Urban Solutions and
Sustainability domain.

The vision of CoT is to establish Singapore as a highly liveable, sustainable and resilient
city of the future, and as a vibrant urban solutions hub — a living model which features
cutting-edge urban solutions. This will be achieved through the integrated development
of R&D in 5 key verticals and 2 horizontals:

. Vertical 1: Advanced Construction

. Vertical 2: Resilient Infrastructure

. Vertical 3: New Spaces

. Vertical 4: Greater Sustainability

. Vertical 5: City in Nature

o Horizontal 1: Urban Environment Analytics and Complexity Science

. Horizontal 2: Smart and Advanced Facilities Management

[Please see Annex A for the vision and research focus areas for each of the verticals
and horizontals. Please see Annex B for an overview of Vertical 5: City in Nature.]



3.1

4.1

4.2

4.3

4.4

4.5

4.6

4.7

Call Topics

Please refer to Annex C for the details of the Call Topics.

Eligibility

Principal Investigators (PIs) from all Singapore-based Institutions of Higher Learning
(IHLs), companies, company-affiliated research laboratories or institutions and not-for-
profit entities are eligible to apply.

The Lead Pl who leads the Research must be based in Singapore!. Collaboration with
foreign organisations and experts in the capacity of Co-Investigator (Co-l), or as
Collaborator is allowed. Research work should be done in Singapore, and should not be
carried out overseas unless expressly approved by the grantor.

Grant applicants are strongly encouraged to collaborate with industry partners to
develop innovative solutions that can address the call objectives and demonstrate strong
potential for real-world application within and beyond Singapore.

Where applicable, we encourage the integration of relevant real-world conditions or
social and behavioural research to complement the R&D work under these grant calls,
to ensure the practicality, user-centricity and acceptability of the solutions proposed.

Pls are allowed to submit proposals for one or more of the Call Topics above. Please
clearly indicate the Call Topic that the proposal will address in the Proposal Template.

R&D proposals already funded by other government agencies will not be considered
under CoT. PlIs will need to declare their other funding sources as well as participation
in other funding initiatives during application. Proposals with similar scope, which are
currently under evaluation by other funding initiatives, will not be considered until the
results from the other funding initiatives are finalised.

Funding for private sector entities for (i) research projects with a total project budget of
more than S$500,000, or (ii) test-bedding/demonstration/scale-up projects with a total
project budget of more than S$2 mil, would be conditional on collaboration with a public
research performer. Nonetheless, below these quanta, private sector Lead Pls are also
strongly encouraged to collaborate with public research performers as far as possible.

1 Lead PIs must have a minimum of 9 months employment with the Host Institution, starting 3 months
from the closing date of the Grant Call.
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Funding Support

When budgeting for funding under CoT, the total cost of the project should include all
approved direct costs? and indirect costs®. All expenditure should be budgeted inclusive
of any applicable Goods and Services Taxes (GST) at the prevailing rates. The Lead PI
should exercise due diligence and ensure that the proposed budget is correct and free
from error.

Direct costs are incremental cost required to execute the programme. Supportable direct
costs can be classified into the following cost categories:-

(&) Expenditure on manpower (EOM);

(b) Equipment;

(c) Other Operating Expenses (OOE); and

(d) Overseas Travel.

For all direct cost items proposed for the project, please note that:

(a) Host Institutions must strictly comply with their own procurement practices;

(b) Host Institutions must ensure that all cost items are reasonable and are incurred
under formally established, consistently applied policies and prevailing practices
of the Host Institution; and

(c) All items/ services/ manpower purchased/ engaged must be necessary for the
R&D work.

For proposed Equipment to be purchased, please ensure that they are currently
unavailable in the Host Institution. In the event where the Lead Pl is aware that a similar
Equipment is available in the Host Institution, but has still proposed to purchase such
Equipment, the Lead PI has to provide the necessary justifications for CoT Directorate’s
approval. Please also note that there is a requirement to share Equipment purchased
using NRF funds with other researchers in Singapore.

At the end of the Research, the CoT Directorate may enter a nhegotiation with the Host
Institution to transfer ownership of any of the Assets to the CoT Directorate or any other
person or body at no cost.

2 More information on the non-fundable direct costs of research can be found in Annex D.

3 Indirect costs are costs that are incurred for common or joint objectives and therefore cannot be
identified readily and specifically with a particular sponsored research project, but contribute to the
ability of the Institutions to support such research projects (e.g. providing research space, research
administration and utilities), and not through the actual performance of activities under the sponsored
projects.
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The CoT will support 100% of the approved qualifying direct costs of a project for

Singapore-based IHLs/public Rls. Private sector entities* will qualify for up to 70% of the

approved qualifying direct costs of a project, depending on the entities involved:

(a) 30% for all non-Singapore entities based in Singapore (including non-Singapore
not-for-profit);

(b) 50% for Singapore-based Large Local Enterprises; and

(c) 70% for Singapore-based Small, Medium Enterprises, start-ups and not-for-
profits.

Support for indirect costs, in the form of overheads, will only be provided for Singapore-
based IHLs / public RIs. Funding support of 30% of the total qualifying approved direct
costs will be allowed. Host Institutions will be responsible for administering and
managing the support provided by CoT for the indirect costs of research. Indirect costs
must be specifically provided for in the grant, and approved by the Grantor based on the
nature of the research.

Please refer to the document “Guidelines for the Management of Research Grants” for
information on Disbursement of funds, Variation requests, Audit and Progress reports.

Collaborators are not permitted to receive, directly or indirectly, any part of the funding,
whether in cash or in the form of assets acquired using the funding or otherwise unless
expressly approved by the grantor. All assets acquired using the funding must be located
in Singapore and maintained within the control of the grantees.

Intellectual Property Rights

Government agencies who are Institutions or Collaborators may co-own any Intellectual
Property (IP) arising from the Research. If Government agencies choose not to co-own
IP, they shall make this position known prior to award.

The Institutions shall keep and maintain a full, comprehensive and updated list of all
Research IP, which shall be made available to CoT Directorate for inspection at any
time.

The parties shall use best efforts to ensure that Research IP is properly managed and
wherever feasible, fully exploited and commercialized. When required to do so by CoT
Directorate, the Institutions shall attend such meetings as CoT Directorate may direct to
discuss the potential for exploitation and commercialization of Research IP.

The Government and public sector agencies shall reserve a non-exclusive, non-
transferable, perpetual, irrevocable, worldwide, royalty-free right and license to use,
modify, reproduce and distribute the Research IP for non-commercial, R&D and/or
educational purposes.

4 Definitions of the different private sector entity types can be found in Annex E.
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For projects funding non-Singaporean entities®, a Singapore Technology Licensing
Office (STLO) must be appointed regardless of the involvement of the public research
performer. The STLO will assist to manage RIE-sponsored foreground IP for maximum
utility in Singapore, and provide fair access to Singapore entities in the public and private
sector.

Data Management

USS domain agencies are compiling a metadata catalogue to improve data
discoverability for researchers. It seeks to encourage early (i.e. pre-award) data-related
discussions between Lead agencies and Investigators and will serve as a central
reference for datasets available within agencies for request, to be used exclusively for
the Research.

Interested Investigators may write in to request for the metadata catalogue. Please note
that access to the metadata catalogue, as well as any data subsequently requested from
the Government and/or public agencies require the signing of non-disclosure
agreements (NDA) as a pre-requisite.

To facilitate data sharing, Host institutions are required to submit cleaned data that is
collected or generated in the Research as identified by the CoT Directorate. Please note
that data may be shared with other publicly funded projects in the future through the
metadata catalogue, unless they are commercial data or bounded by non-disclosure
agreements (NDASs), to maximise synergies across projects and minimise duplicative
works.

Post-Research Support

Based on agencies’ experience, there is a need for a handover period as often, there
are practical issues such as debugging or additional tests for compatibility with
government systems required, depending on the nature of the research project. In this
regard, to better reap project outcomes, the Host Institution shall ensure that the Lead
Pl, Co-l and Collaborators shall provide all necessary support for continued product
development and technology translation of the Research, for a period of up to 9 months
(“Handover Period”), as may be required by the CoT Directorate, depending on the
nature of the project. The support required shall include but not be limited to the carrying
out of training sessions and conducting of debugging, user acceptance tests and
compatibility tests with existing government systems. The detailed terms of the
Handover Period for each Research would be set out in the written agreement referred
to at para 11.8 below. For the avoidance of doubt, the duration of the Research shall
include the Handover Period.

5 Non-Singaporean entities are defined as companies with less than 30% local shareholding,
determined by the ultimate individual ownership.
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Research Integrity Policy

The Host Institution shall ensure that all necessary approvals for the research, including
all ethics approvals, have been granted prior to the commencement of any research
activities.

The Host Institution is responsible for establishing a research ethics and integrity policy
and enforcing its compliance. In carrying out any Research, the Host Institution shall
agree to:-

(@)

(b)

(c)
(d)
(e)

Comply with the provisions of any relevant laws of the Republic of Singapore,
statutes, regulations, by-laws, rules, guidelines and requirements applicable to it,
as well as all applicable policies and procedures adopted by CoT as the same may
be amended or varied from time to time;

Have in place a research integrity policy which sets out the principles for the
responsible conduct of research and procedures for investigating and responding
to accusations of misconduct;

Provide training in responsible conduct of researchers, for all researchers;

Be held responsible for the conduct of research and researchers; and

Ensure compliance with best practice, as well as the ethical, legal and professional
standards relevant to the research.

All Pls, research personnel and all other persons involved in the Research must comply
with the research ethics and integrity policy, and other approval requirements needed to
carry out the research programme. The PIs should undertake the following declaration:

(@)

(b)

(c)

In carrying out Research, agree to comply with the provisions of any relevant laws
of the Republic of Singapore, statutes, regulations, by-laws, rules, guidelines and
requirements applicable to it, as well as all applicable policies and procedures
adopted by the CoT R&D programme as the same may be amended or varied
from time to time;

Agree to hold primary responsibility for the responsible conduct of research, and
shall abide and comply with the ethical, legal and professional standards relevant
to research, in accordance to the research integrity policy of the Host Institution;
and

Declare any potential conflict of interest that may arise from the purchase of
equipment/ physical items or engagement of manpower/ services in the course of
carrying out Research.
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11.2

Evaluation Criteria

Proposals will be evaluated based on the following criteria:

(@)

(b)

(c)

(d)

Potential Contribution to CoT Objectives
o Relevance of proposed research in contributing to objectives/targets stated
for the CoT Call Topic.

Potential for Breakthrough and Innovation

o Quality and significance of proposed research, including value for money,
and the potential for breakthrough/innovation to advance knowledge and
understanding within its own field or across different fields.

Potential for Application and Deployment in Singapore and

Commercialisation/Export®

o Potential for application of research outcomes in Singapore by a public
agency and potential for solutions to be replicated in Singapore beyond a
single site/project.

o Feasibility for commercialisation/ export in areas where Singapore has a
competitive advantage.

Execution Strength and Technical Competency of Research Team

o Quality of plans for execution and delivery of the research programme and
goals, including the appropriateness of the proposed milestones and
deliverables (specific to evaluation of full proposal applications)

o Quality, significance, and relevance of the recent research record of the
Lead Pl and Co-Is and the strength of the applicant group, including likely
synergy in delivering research and potential for international leadership.

Letter of Award & Acceptance

The CoT Directorate is under no obligation to award research grant in whole or in part
to any proposal. The CoT Directorate may require proposals to be revised as it sees fit
to enhance research outcomes, facilitate integration of research concepts and
technologies, and optimise funding resources. The CoT Directorate’s decision on
project and funding support will be final and shall be abided by the applicants.

Successful applicants will be informed by the CoT Directorate of the award of the grant.
Notification in the form of a Letter of Award will be sent to the Director of Research
(DOR) for the respective Lead PI's Host Institution, and copied to the Lead PI.

6 To strengthen the commercialisation aspects/considerations of research outcome, USS Innovation &
Enterprise (USS I&E) Office may be brought in to aid in the evaluation of the proposals.
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11.5

11.6

11.7

11.8

11.9

12.

12.1

The Letter of Award will include the following:

(a) Statement of Acceptance;

(b) Terms and Conditions of the Grant;

(c) Guidelines on Grant Management;

(d) Performance Indicators and Milestones; and
(e) Schedule and Budget Details.

The Acceptance Form must be acknowledged by all of the following:
(a) The Director of Research (or equivalent);

(b) The PI; and

(c) The Co-Investigators (Co-Is).

Upon acceptance of the CoT grant, the PI, Co-Is and Host Institution are bound by these
clauses and all other terms as specified in the Letter of Award.

The PI or Co-Is cannot also be the authorised officer representing the Institution (i.e.
DOR). In such cases, another officer duly authorised by the management of the
Institution shall approve on its behalf.

The Acceptance Form and Annexes (if applicable) should be returned to CoT Directorate
within a pre-determined time frame from the date of the Letter of Award. The date on
which the Statement of Acceptance is signed shall be taken as the date of acceptance
of the Award.

After the acceptance of the Award, as may be required by the Lead Agency, the Lead
Agency, Host Institution, Partner Institutions, Collaborators and/or Other Agencies shall
enter into a written agreement that is consistent with the obligations assumed under this
Research and that includes conditions about: -

(@) the role of each party in the Research;

(b) the provision of cash or in-kind contributions to the Research by each party;

(c) the work to be undertaken by each party and its technical/scientific contributions;
(d) terms relating to Intellectual Property ownership and commercialization;

(e) the detailed terms of and each party’s obligations during the Handover Period; and
()  any other obligations to be fulfilled as laid out in this set of guidelines.

The Investigators are responsible for putting in place research collaboration agreements
where and when applicable.

Submission Instructions

Please download the Integrated Grant Management System (IGMS) Training Guide
from the IGMS system at hitps://researchgrant.qov.sg/Pages/TrainingGuides.aspx for
all instructions and guidelines on the submission process and information relating to the
Grant Call.



https://researchgrant.gov.sg/Pages/TrainingGuides.aspx

12.2

12.3

12.4

12.5

12.6

Lead Pl and Co-Is from organisations that are not registered in the IGMS are advised to
contact CoTV5@nparks.gov.sg as soon as possible. Applicants are advised to allow
sufficient time (at least 2 weeks) for their respective organisation to be registered,
including registering their respective researcher profiles in the IGMS prior to submitting
proposals. Refer to Annex F and the Grant Call FAQs for further information.

All applications and supporting documents for the CoT Grant Call must be submitted
through IGMS at https://researchgrant.gov.sg/. Once PIs have submitted their
documents online, their applications will be routed to the Director of Research (or
equivalent) of their respective Host Institution for online endorsement. Separate
submissions outside of IGMS will not be considered.

Please note that it is mandatory for applications to be lodged in the IGMS system and
endorsed by 31 Mar 2023, 2:00pm, Singapore time (UTC +08:00). Late submissions
or submissions from individual applicants without endorsement from the Host
Institution will not be entertained.

For enquiries on the Grant Call, please email to CoTV5@nparks.gov.sg. For other
enquiries pertaining to IGMS system, please email IGMS helpdesk at
Helpdesk@researchgrant.gov.sg.

Applications are considered to be successful only if all relevant documents are submitted
in IGMS. The Research Administrative Office from IHLs or equivalent outfits in
companies are required to ensure information submitted by their researchers for the
grant call are compiled according to the requirements set out. Incomplete submissions
may be rejected. A soft copy of the application documents should also be sent by email
to the CoT Directorate at CoTV5@nparks.gov.sg. The application documents required
for the submission can be downloaded from the “Research proposal” section under
“‘Research Details” after the applicant login to IGMS and navigate to “Proposals”, view
“Proposal information”. The documents required to be submitted are:

(@) Form A — Full Proposal (including capability indicators); and

(b) Form B — Budget.

It is advised to restrict each attachment to be less than 4MB.


mailto:CoTV5@nparks.gov.sg
https://researchgrant.gov.sg/
mailto:CoTV5@nparks.gov.sg
mailto:Helpdesk@researchgrant.gov.sg
mailto:CoTV5@nparks.gov.sg

12.7 Please follow the naming convention and format for labelling of softcopy attachments:

Attachment Naming Convention Format of attachment
Full Proposal Template | [Topic Code] FP_ Project title MS Word
CVs [Topic Code] CV_Project title MS Word
References (optional) [Topic Code] References_ | MS Word
Project title
Budget Template [Topic Code] Budget Project | MS Excel
title

Important: Where relevant privileged or confidential information is needed to help
convey a better understanding of the project, such information should be disclosed
and must be clearly marked in the proposal.

12.8 In case of discrepancy between the information in the IGMS application form and the
attachments uploaded, the information in the attachments shall be taken as final.

12.9 As part of the CoT R&D Programme evaluation process, project submissions will be
subject to a round of peer review by domain experts, followed by evaluation by a Project
Evaluation Panel. Research teams applying for the grant call are invited to recommend
peer reviewers for the CoT Evaluation Committee’s consideration under the “Reviewers”
section of the application form in IGMS.

12.10The final decision on the peer reviewers will be decided by the Evaluation Committee.
Please refer to the following guidelines when recommending peer reviewers:

(@) Potential reviewers should not have a real or perceived conflict of interest to any
members of the research team (e.g. from the same institution as the research
team; recently published work with members of the research team; have personal
connections with the members of the research team etc.)

(b) Potential reviewers should be experts in the related field. Researchers cited in the
reference list may be recommended as potential peer reviewers.
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Annex A: Vision and Research Focus Areas for CoT Verticals and Horizontals

The CoT programme was developed by MND Family in conjunction with our partner agencies,
with the aim of delivering outcomes in collaboration with the research community and industry
partners. CoT’s RIE2025 focus areas will be expanded with new areas of emphasis in light of
new drivers and challenges. 5 verticals, and 2 horizontals which represent specialisation in
fields that are cross-cutting, have been identified to address key issues of national concerns
(see Figure 1).

/ Key research pillars and examples of focus areas \
Advanced Resilient Greater
Construction Infrastructure Sustainability
A
Pre-emptive Underground @ People-centric Resilient
inspection & space and urban design biodiversity
repair mapping =
Reduce UHI Nature-based
impact and solutions for
disamenities climate change

& Advanced Polder inspection
% , materials and maintenance

& Enabling Horizontals P
DA * Urban Environment Analytics and 8
VR Complexity Science E;J:qﬁ

\ A *  Smart & Advanced Facilities Management

New Spaces J ’ [ City in Nature ’

#27 .\ Robotics &
W ;
A automation

&7 Additive
\'% manufacturing

J

Figure 1. CoT’s RIE2025 focus areas

The vision and research focus areas for each of the verticals and horizontals are as follows:

Vertical 1 - Advanced Construction

Vision: To achieve a highly productive, integrated and technologically advanced
construction sector that can build faster and more sustainably, while optimising limited
manpower and resources

Key Research Focus Areas:

e Additive manufacturing — Advance the use of 3D printing technology for construction in
Singapore’s tropical climate and densely populated high-rise environment

e Robotics and automation — Facilitate robotics deployment and develop technologies to
streamline processes such as Design for Manufacturing and Assembly (DfMA)

e Advanced materials for the Built Environment — Develop cost-effective and sustainable
construction materials with enhanced materials properties

e Safe and productive construction — Develop productive innovations to enhance safety
and improve construction productivity

e Advanced project management — Enhance coordination across the construction value
chain and optimize resource utilization by leveraging on smart/digital technologies

A-1



Vertical 2 - Resilient Infrastructure

Vision: To achieve a robust, flexible and well-maintained city, to ensure our infrastructure
remains reliable and cost-effective throughout their lifespan.

Key Research Themes:

Building inspection and repair — Enhance traditional inspection and repair methods to
be more productive and cost-effective, such as the use of emerging smart/digital
technologies

Reliable M&E services — Leverage technology advancement to intelligently and
remotely inspect and maintain key M&E services to enhance reliability and durability
Advanced building materials to improve maintenance and durability post-occupancy —
Develop cost effective and environmentally friendly alternative materials to enhance the
durability and performance of building and repair materials

Vertical 3 - New Spaces

Vision: To ensure sufficient space capacity to support Singapore’s continued economic and
population growth, yet maintaining a liveable environment through creating and/or maximising
underground and sea space.

Key Research Themes:

Sustainable land reclamation processes— Develop advanced technology through
scientific research in reclamation design processes and explore alternative reclamation
materials in order to reclaim and maintain reclaimed land more sustainably and
productively

Innovative mooring solutions - Explore feasible designs for innovative solutions and
structures to optimise the mooring of bunker barges to reduce the anchorage space
used for the mooring of bunker barges and harbour crafts in Singapore’s sea space
through pilot trials

Cost-effective underground construction and maintenance - Develop more cost-
effective and productive construction and maintenance solutions in Singapore’s
underground developments

Accurate and detailed underground mapping - Develop new mapping methods that can
map underground geology and services with higher resolution and depth to guide future
underground developments

A-2



Vertical 4 - Greater Sustainability

Vision: To achieve a high quality and sustainable living environment that is inclusive,
resource-efficient and adaptive to climate change

Key Research Themes:

Built Environment (BE) adaptation to climate change — Adaptation measures to enhance
outdoor thermal comfort amidst rising temperatures and protect our coastlines against
sea level rise.

Enhancing liveability - Develop solutions to mitigate disamenities experienced by
residents, improve living environment as well as enhance health and well-being.
Support people-centric design and policy making - Develop a social science approach
to understand people-to-people as well as people-to-place interactions. This will
contribute towards establishing an evidence-based methodology that informs designs
and guidelines, enhancing social connectivity and community bonding

Vertical 5 — City in Nature

Vision: To support our national ambition to create a ‘City in Nature’ through enhancing and
leveraging natural capital to meet sustainability goals.

Key Research Themes:

Safe, productive, and multi-functional greenery — Develop solutions to improve urban
greenery operations and management, and its integration with the built environment
Biodiversity monitoring to improve adaptive management of urban biodiversity —
Develop tools and techniques to improve the efficiency of biodiversity monitoring, so as
to enhance the conservation and management of native flora and fauna

Managing human-nature relationships — Improve our understanding of human-nature
relationships, so as to inform policies and solutions that further enhance the physical
and mental well-being benefits of urban nature

Nature-based solutions for inland climate change adaptation — Investigate climate-
related ecosystem services and biodiversity to inform the planning and design of blue-
green infrastructure and multi-functional landscapes, as nature-based solutions to
strengthen resilience against climate change
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Horizontal 1 - Urban Environment Analytics and Complexity Science

Vision: To deepen capabilities in urban analytics and complexity science, and improve the
urban planning process with data-driven tools for evidence based decision making.

Key Research Themes:

e Evidence-based Urban Planning with Data Analytics, Modelling and Simulation

Land use activity and mobility — Enable more integrated and efficient land use-
transport modelling to enable continued optimization of land use allocation, travel
demand and urban logistics

Impact of the built environment on health & wellbeing — Develop data-driven
methodology to quantify relationship between wellbeing and different aspects of
the built environment, and propose urban planning and design solutions to create
more liveable neighbourhoods and foster healthy communities

Polycentric development — Simulate impact of future polycentres on existing
developments to inform development quantum phasing and related policy and
planning decisions

Connectivity for people and ecology — Promote positive user experiences of
recreation spaces through data-informed urban planning and design approach,
and mitigate negative human-wildlife interactions

o Complexity Science for Urban Solutions

Liveable city: Adaptive and inclusive towns for all ages — Develop planning
parameters to strengthen adaptability of the built environment in response to
residents’ changing needs and foster more robust community networks

Circular economy for sustainable development — Understand the resource flows,
networks and interdependency among businesses to augment resource
circularity and efficiency

Green-blue environment and quality of life — Identify synergies between
components of urban-nature system to enhance urban greenery initiatives for a
healthier and more comfortable environment

Horizontal 2 — Smart and Advanced Facilities Management

Vision: To achieve a high-quality built environment through facilities management (FM) which
integrates across FM disciplines, aggregates demand, and drives execution in an efficient

manner

Key Research Themes:

o Centralised network intelligence and coordinated deployment of robotics for optimal FM
operation — Develop predictive measures to optimise operations and solutions to better
manage FM operations through leveraging on Al technologies and deployment of robots

A-4



Annex B: Overview of CoT Vertical 5 — City in Nature

As one of the five pillars under the Singapore Green Plan 2030, the “City in Nature” vision
aims to further restore and integrate nature into Singapore’s urban fabric, so as to strengthen
our distinctiveness as a highly liveable city, while mitigating the impacts of urbanisation and
adapting to climate change. This ongoing transformation into a “City in Nature” seeks to
conserve and extend Singapore’s natural capital island-wide, through the following four key
strategies: 1) expanding our nature park network; 2) intensifying nature in gardens and parks;
3) restoring nature into the urban landscape, and; 4) strengthening ecological connectivity
between green spaces.

To provide a scientific foundation to support these transformative efforts, CoT has set up a
new City in Nature research vertical (CoT V5) under RIE2025. This new research vertical will
build upon existing R&D efforts in greenery and biodiversity, such as those under RIE2020, to
strengthen our ecological and climate resilience, and will also seek to inform nature-based
solutions! for social resilience.

Led by NParks, CoT V5 has been allocated $17.9M in research funding under NRF’s Urban
Solutions and Sustainability domain. As addressing the complex challenges involved in
transforming Singapore into a City in Nature will require perspectives from a wide range of
disciplines, research efforts under CoT V5 will seek to harness scientific expertise, technical
capabilities, and practitioner experience that reside across various local research institutes,
agencies, and companies, as coordinated by NParks.

Broadly, CoT V5 aims to enhance:
(@) Climate resilience by improving ecosystem capacity to adapt and respond to

disturbances brought about by climate change (e.g., increased urban heat island effects,
inland flooding due to extreme rainfall events) using nature based solutions.

(b) Ecological resilience by adopting an evidence-based approach to plan, design and
monitor biodiversity conservation outcomes more effectively.

(c) Social resilience by gaining a better understanding of how dimensions and detailing of
landscape elements affect mental and physical health (e.g., psychological response,
cognitive performance), which allows more effective planning and design of public
spaces towards enhanced health outcomes and social cohesion.

Key Research Themes
Key R&D focus areas under CoT V5 are as follows:

(a) Safe, productive, and multi-functional greenery — Develop solutions to improve urban
greenery operations and management, and its integration with the built environment

(b) Biodiversity monitoring to improve adaptive management of urban biodiversity — Develop
tools and techniques to improve the efficiency of biodiversity monitoring, so as to enhance
the conservation and management of native flora and fauna

1 Nature-based solutions are design solutions that are inspired and supported by nature, which are cost-
effective, simultaneously provide environmental, social and economic benefits and help build resilience.
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(c) Managing human-nature relationships — Improve our understanding of human-nature
relationships, so as to inform policies and solutions that further enhance the physical and
mental well-being benefits of urban nature

(d) Nature-based solutions for inland climate change adaptation — Investigate climate-related
ecosystem services and biodiversity to inform the planning and design of blue-green
infrastructure and multi-functional landscapes, as nature-based solutions to strengthen
resilience against climate change

B-2



Annex C: Grant Call Topics

Grant Call ID/ Topic Code: CoT_V5 _GC2023 01

Call Topic: Tree-Root Anchorage and Non-Destructive Testing Development for Constrained
Urban Planting Spaces

Research Theme: R&D Theme 1 — Safe, productive, and multi-functional urban greenery
1. Background

1.1 In Singapore, the majority of urban trees are planted in constrained urban planting
spaces. These constrained planting spaces are commonly located at the ground level
and increasingly also at the skyrise/rooftop level. In those locations, the available soll
volumes for tree roots are often framed and limited by urban structures such as
walkways/pavements, kerbs, drainage features and parapet walls etc. Mature tree
rooting architectures in these constrained planting spaces as well as tree root
interactions with urban structures and/or other trees remain relatively unexplored. This
project will provide information on tree root architecture, interactions with urban
structures as well as the associated root anchorage strengths that can be inferred from
non-destructive testing.

2.  Objectives and Scope of Call for Proposals

2.1 Obijectives

(a) Acquire 3D models of the coarse root architecture of the 10 most widely planted tree
species of various girth sizes in planting spaces of differing constraints and
conditions found at the different urban settings (e.g., roadside and skyrise).

(b) Field testing to perform multi-directional non-destructive/destructive testing to
determine the service and ultimate load/deformation behaviour of trees or stands
under different conditions and root damage.

(c) Use data from the field test and numerical modelling to investigate the effects of
different site conditions, urban structures, and root damage on load/deformation
behaviour.

(d) Identify threshold criteria for non-destructive testing (static or dynamic testing?).

(e) For large trees (girth size of =2 1.0 m), develop and prototype accurate, non-
destructive, and productive testing protocols and equipment for assessing the overall

1 There are two types of load testing of structures — static, and dynamic. Static load testing involves the
gradual application of an increasing force/load to the tree while measuring the deformation and thus
assessing its ultimate anchorage strength. This method requires large forces to be applied and current
methods also require a large testing footprint. The productivity is low as significant rigging needs to be
installed (e.g., 0.5 days per test). Dynamic testing applies a vibration to the tree to assess its response
and provides an assessment of its anchorage. Dynamic testing does not require large forces to be
applied and the productivity can be high with a much-reduced testing footprint. However, research has
to be performed to calibrate the measured response to accurately reflect the ultimate anchorage
strength of the tree.

C-1



2.2

2.3

3.

3.1

structural condition of the tree in terms of bending and rotational resistance/stiffness
for at least 2 orthogonal directions.

(f) The protocols and equipment(s) should be appropriate for deployment to test trees
located in the various urban spaces including roadside and skyrise gardens.

Projects are also encouraged to further build upon the above-mentioned objectives,
and/or propose additional research objectives.

Technical Deliverables

Phase |

(a) Tree rooting architectures under different constraints and conditions

(b) Load/deformation behaviour of urban trees of different species, sizes, modes of tree
failure and planting space characteristics (static and dynamic)

(c) Numerical models that accurately depict field conditions

(d) Threshold values of static or dynamic moduli for development of future field-testing
protocols?

Phase Il

(a) Prototyping of the non-destructive testing (NDT) protocols and equipment

(b) Testing of the developed NDT protocols and equipment

(c) Enhancements and verifications to the NParks Tree Structural Model Plus (TSM+)

Projects are also encouraged to further build upon the above-mentioned deliverables,
and/or propose additional deliverables.

Impact Outcomes

In relation to the overall aims and key research themes of CoT V5, this project should
look towards contributing to the following impact outcomes:

(a) Develop more efficient and accurate non-destructive testing (NDT) protocols, to be
used by NParks and other tree managers to directly assess tree-root anchorage.

(b) Enhance existing NParks Tree Structural Model Plus (TSM+) to better depict tree
root anchorage conditions and predict tree failure risk in urban settings.

(c) Contribute towards ongoing efforts to reduce annual incidences of tree failures by
20% by 2030.

Funding Support
The Call for Proposals offers funding support up to S$3.5 million (including all direct and

indirect costs) (i.e., for meeting all objectives/ deliverables). Proposals more than S$3.5
million will require strong justifications.

2 The threshold values/moduli (static or dynamic) have not been well quantified in the literature, for
trees planted in constrained planting spaces with limited soil volumes. At the same time, tree roots in
constrained planting spaces have been shown to mobilize the adjacent urban structures such as
kerbs, drains and pavements etc. to further increase anchorage strength. This increase in anchorage
strength has not been adequately quantified.
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3.2

3.3

4.1

4.2

This Call for Proposals offers funding support for a period up to 5 years. Proposals
spanning more than 5 years will require strong justifications.

The Lead PI is strongly encouraged to form a team comprising of members who
preferably have (but not limited to):

(i) A strong track record of research performance in root-soil-urban structures
interactions, tree biomechanics and urban tree rooting architectures (e.g., field
work, laboratory work and numerical modelling).

(i) Strong expertise in arboriculture and tree health/stability.

(iif) Track record of developing/prototyping new instrumentation and performing
non-destructive load testing of trees.

Agencies Involved

The following agencies will be involved in the project to provide technical direction to
ensure that the project meets the objectives and scope of the Call Topic.

(a) National Parks Board (Lead Agency)

(b) Housing Development Board (Member Agency)
(c) JTC Corporation (Member Agency)

(d) PUB (Member Agency)

Further clarifications before the project award should surround the stated Call Topic
requirements. All clarifications and queries should be submitted directly to the CoT
Directorate at CoTV5@nparks.gov.sqg during the open grant call process, i.e., research
teams should not contact agencies directly. CoT Directorate will respond to the
clarifications and queries, by periodically updating the Grant Call FAQs document with
the relevant answers, on the CoT V5 1% Grant Call website and IGMS website to ensure
equal accessibility to all additional information. Please refer to these websites for the
latest version of the FAQs. Agencies involved will work with research teams to provide
further technical advice and discuss potential study sites during the proposal scrubbing
stage.
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Grant Call ID/ Topic Code: CoT_V5_ GC2023 02

Call Topic: The Ectomycorrhizal-Microbial-Soil Nutrition Axis in Improving Growth of
Dipterocarps in Urban and Forested Areas

Research Theme: R&D Theme 1 — Safe, productive, and multi-functional urban greenery

1.1

1.2

1.3

1.4

2.1

Background

The City in Nature vision seeks to conserve our natural capital and restore nature into
our urban ecosystem. The Dipterocarps are dominant trees in our native forests, which
can be found in the Central Catchment Nature Reserve and the Bukit Timah Nature
Reserve. The health of the Dipterocarps are therefore critical to the resilience and
persistence of our natural capital within the nature reserves. As dominant trees in our
native rainforest, the Dipterocarps are also used extensively in our restoration efforts in
our nature reserves, nature parks, gardens, urban parks and streetscape.

Dipterocarps form a symbiotic relationship with ectomycorrhizal fungi in the soil. The
fungi attach to the roots of the trees, and facilitate the uptake of nutrients by the trees.
This promotes better growth and enhances the resilience of the trees against drought
stress and pathogenic incursions. However, there are limited studies on the species
diversity of ectomycorrhizal fungi in tropical soils, as well as biotic and abiotic
(environmental) factors that affect the symbiotic relationship between the
ectomycorrhizal fungi and Dipterocarps.

An in-depth understanding of Dipterocarp-ectomycorrhizal fungi physiology, soil
biogeochemistry, and the functional ecology of the associated soil microbes will be vital
to ensure the continued growth and health of Dipterocarps in the nature reserves, nature
parks, and urban green spaces. This research will thereby ensure the long-term
sustainability of Singapore’s City in Nature vision.

As Dipterocarps are also dominant trees of the native lowland forests of South-East
Asia, this study will contribute immensely to the current state of knowledge on the
restoration of these forests, which are a major component of the region’s natural capital
providing key ecosystem services including the sequestration of carbon.

Objectives and Scope of Call for Proposals

Objectives

(a) Profile soil microbial diversity and mycorrhizal compositions associated with
Dipterocarps in forested and urban areas (parks and roadside).

(b) Identify beneficial microbial species and how biotic and abiotic conditions regulate
their abundance and prevalence.

(c) Study the effect/benefit of priming soil using identified microbes on Dipterocarp
growth in forested and urban areas.

(d) Establish methodologies and guidelines to introduce and optimise the microbial
communities in soil for improved growth of Dipterocarps in forested and urban areas.
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2.2

2.3

3.1

3.2

4.1

Projects are also encouraged to further build upon the above-mentioned objectives,
and/or propose additional research objectives.

Technical Deliverables

(a) Establish a non-species-specific palette of soil microbial and mycorrhizal
compositions that will support and improve growth of Dipterocarps in tropical forests
and urban areas.

(b) Develop methodologies and best practice guidelines to introduce and optimise the
microbial communities in soil for improved growth of Dipterocarps in forested and
urban areas.

Projects are also encouraged to further build upon the above-mentioned deliverables,
and/or propose additional deliverables.

Impact Outcomes

In relation to the overall aims and key research themes of CoT V5, this project should
look towards contributing to the following impact outcomes:

(a) Increase knowledge on enhancing the growth of the Dipterocarp trees in forested
and urban areas, so as to improve the ability to conduct restoration of Dipterocarp
trees in forested areas and to introduce them as urban trees.

(b) Increase the number of Dipterocarp species established in urban areas by 15%
(corresponding to 15 new species).

(c) Enhance the biodiversity and conservation of Dipterocarps as a keystone species in
Singapore.

Funding Support
The Call for Proposals offers funding support up to S$1.5 million (including all direct and
indirect costs) (i.e., for meeting all objectives/ deliverables). Proposals more than S$1.5

million will require strong justifications.

This Call for Proposals offers funding support for a period up to 3 years. Proposals
spanning more than 3 years will require strong justifications.

Agencies Involved

The following agencies will be involved in the project to provide technical direction to
ensure that the project meets the objectives and scope of the Call Topic.

(a) National Parks Board (Lead Agency)
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4.2

Further clarifications before the project award should surround the stated Call Topic
requirements. All clarifications and queries should be submitted directly to the CoT
Directorate at CoTV5@nparks.gov.sg during the open grant call process, i.e., research
teams should not contact agencies directly. CoT Directorate will respond to the
clarifications and queries, by periodically updating the Grant Call FAQs document with
the relevant answers, on the CoT V5 1% Grant Call website and IGMS website to ensure
equal accessibility to all additional information. Please refer to these websites for the
latest version of the FAQs. Agencies involved will work with research teams to provide
further technical advice and discuss potential study sites during the proposal scrubbing
stage.
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Grant Call ID/ Topic Code: CoT_V5 GC2023 03

Call Topic: Enhancing Low Maintenance and Resilient Naturalistic Landscapes along Roads
and within Housing Estates

Research Theme: R&D Theme 1 — Safe, productive, and multi-functional urban greenery

1.1

1.2

1.3

21

Background

A key strategy to transform Singapore into a City in Nature is the restoration of nature
into the built environment. To achieve this, agencies such as the National Parks Board
(NParks) and the Housing and Development Board (HDB) are increasingly adopting a
more naturalistic planting approach for our streetscapes, parks and greenery spaces.

Naturalistic landscapes, such as Nature Ways, are often implemented using a multi-
tiered structure of diverse and native trees and shrubs to mimic the natural environment.
Aside from enhancing the ecological connectivity of our green spaces, naturalistic
landscapes also benefit the soil and encourage biodiversity to thrive within the local
neighbourhood. By allowing green spaces to grow naturally, there could also be reduced
maintenance interventions and requirements. However, the naturalistic planting
approach and its benefits in the local context have not been studied in depth and
documented. Moreover, there could be opportunities to enhance the existing naturalistic
planting schemes.

In addition, with the increased potential for human-wildlife interactions as we implement
more naturalistic landscapes, there is also a need to better understand the public’s
perception towards naturalistic landscapes.

Objectives and Scope of Call for Proposals

Objectives

(a) Study and document existing naturalistic planting schemes and examine their
maintenance requirements, biodiversity benefits, hydrological performance, and
nutrient cycling benefits

(b) Develop new naturalistic planting schemes for low maintenance and resilient
naturalistic landscapes along roads, parks and greenery spaces

(c) Analyse the costs and benefits of the maintenance requirements of conventional
planting schemes with naturalistic planting schemes

(d) Understand public perception towards naturalistic planting schemes

Projects are also encouraged to further build upon the above-mentioned objectives,
and/or propose additional research objectives.
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2.2

2.3

3.1

3.2

4.1

Technical Deliverables

(a) Documentation on existing naturalistic planting schemes, and their maintenance
requirements, biodiversity benefits, hydrological performance, and nutrient cycling
benefits

(b) Establish and enhance low maintenance naturalistic planting schemes that support
biodiversity and enhance hydrological performance and nutrient cycling

(c) Cost benefit analysis of naturalistic landscapes against conventional planting
schemes

(d) Analysis of public perception towards naturalistic planting schemes

Projects are also encouraged to further build upon the above-mentioned deliverables,
and/or propose additional deliverables.

Impact Outcomes

In relation to the overall aims and key research themes of CoT V5, this project should
look towards contributing to the following impact outcomes:

(a) Develop enhanced naturalistic planting schemes that reduce maintenance
cost/requirements of green spaces by 20%?!, due to reduced attrition rate of plants
and reduced maintenance interventions (e.g., watering, weeding)

(b) Increase biodiversity in the neighbourhood (e.g., birds and butterflies) through more
informed design and selection of plant species, contributing to ecological resilience

(c) Improve hydrological performance of green spaces (infiltration, runoff, storage),
resulting in increased moisture retention and reduced stormwater runoff

(d) Boost nutrient cycling in green spaces (in terms of nutrient content & organic matter),
which will improve soil health and reduce resource input (e.g., fertilizer application

(e) Contribute towards more sustainable landscapes in Singapore

Funding Support
The Call for Proposals offers funding support up to S$0.65 million (including all direct
and indirect costs) (i.e., for meeting all objectives/ deliverables). Proposals more than

S$0.65 million will require strong justifications.

This Call for Proposals offers funding support for a period up to 3 years. Proposals
spanning more than 3 years will require strong justifications.

Agencies Involved

The following agencies will be involved in the project to provide technical direction to
ensure that the project meets the objectives and scope of the Call Topic.

(a) National Parks Board (Lead Agency)
(b) Housing Development Board (Member Agency)

1 Based on current annual maintenance cost of $13.2/sgm.
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4.2

Further clarifications before the project award should surround the stated Call Topic
requirements. All clarifications and queries should be submitted directly to the CoT
Directorate at CoTV5@nparks.gov.sg during the open grant call process, i.e., research
teams should not contact agencies directly. CoT Directorate will respond to the
clarifications and queries, by periodically updating the Grant Call FAQs document with
the relevant answers, on the CoT V5 1% Grant Call website and IGMS website to ensure
equal accessibility to all additional information. Please refer to these websites for the
latest version of the FAQs. Agencies involved will work with research teams to provide
further technical advice and discuss potential study sites during the proposal scrubbing
stage.

C-9


mailto:CoTV5@nparks.gov.sg
https://www.nparks.gov.sg/Cuge/Programmes-Schemes/Research%20Programmes/COT%20V5%201st%20Grant%20Call
https://researchgrant.gov.sg/pages/index.aspx

Grant Call ID/ Topic Code: CoT_V5_ GC2023 04

Call Topic: Landscape and Well-being

Research Theme: R&D Theme 3 — Managing human-nature relationships

1.

1.1

1.2

2.1

Background

The beneficial effects of urban green spaces on the health of urban dwellers are
increasingly documented worldwide. A conceptual framework, the “Positive Health
Effects of the Natural Outdoor Environment” formulated in the context of the EU 7th
Framework project, posited that people’s well-being interacts mutually with four key
domains in the physical environment - Human Habitat/ Ecosystem, State of Green
Spaces, Policies & Programs and Human Agency or Behavior (Lawrence and Forbat,
2019). However, despite the growing scientific evidence, there is very little practical
knowledge on how to design and manage urban green spaces to be effective in health
promotion. Research needs to move beyond documenting benefits to generate
evidence-based insights that will inform the formulation of guidelines for designing
landscapes that are more restorative. This is especially important in the context of high-
density, high-rise environments in which majority of Singaporeans reside, where there
are higher risks of poor mental health (Larcombre et al., 2019).

The research aims to address the question: Which are the physical attributes of
landscapes that enhances the mental well-being of users? The landscape in question
refers to the outdoor environment inclusive of both hardscape and softscape
components which are direct consequence of design and planning. Landscape quality
is broadly defined by attributes such as landform, vegetation, furniture, built structures,
water elements, character, views, vistas, building density, etc. The research will focus
on public landscape spaces such as precinct gardens and common greens to
understand how user’s experiential exposure to the space with different attributes affects
his mental well-being.

Objectives and Scope of Call for Proposals

Objectives

(a) Identify objective ways to measure and quantify effects of landscape on mental well-
being

(b) Identify attributes of the landscape quality which have positive effects on mental well-
being

(c) Determine causality between identified attributes of landscape quality and mental
well-being

(d) Validate the correlation between better mental well-being and optimised landscape
typologies through the development of landscape prototypes and on-site
experiments

(e) Formulate guidelines for the design of public urban landscapes that promotes health
and well-being
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2.2

2.3

3.1

3.2

4.1

(f) Assess the relevant baselines based on current landscape provisions and quantify
the improvements to mental well-being through the adoption of the new guidelines

Projects are also encouraged to further build upon the above-mentioned objectives,
and/or propose additional research objectives.

Technical Deliverables

(a) Develop guidelines for the design of public urban landscapes that promote mental
well-being, while balancing cost implementation, and maintenance considerations.

Projects are also encouraged to further build upon the above-mentioned deliverables,
and/or propose additional deliverables.

Impact Outcomes

In relation to the overall aims and key research themes of CoT V5, this project should
look towards contributing to the following impact outcomes:

(a) Improve design outcomes for public urban landscapes, to promote well-being, while
balancing cost, implementation, and maintenance considerations. The resulting
guidelines will be operationalised and integrated into HDB’s development processes
and norms, namely via HDB’s Biophilic Town Framework!, with the principles and
strategies adopted and implemented in new developments. The guidelines can also
be adopted by other agencies, e.g., NParks in parks and green space design, and
JTC in commercial sites.

Funding Support
The Call for Proposals offers funding support up to S$2.0 million (including all direct and
indirect costs) (i.e., for meeting all objectives/ deliverables). Proposals more than S$2.0

million will require strong justifications.

This Call for Proposals offers funding support for a period up to 3 years. Proposals
spanning more than 3 years will require strong justifications.

Agencies Involved

The following agencies will be involved in the project to provide technical direction to
ensure that the project meets the objectives and scope of the Call Topic.

(a) Housing Development Board (Lead Agency)
(b) National Parks Board (Member Agency)

1 The Biophilic Town Framework was developed in 2013 to help architects establish urban design
strategies to foster stronger connections with nature and provide a quality living environment so that
residents can enjoy its intrinsic benefits.
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4.2

Further clarifications before the project award should surround the stated Call Topic
requirements. All clarifications and queries should be submitted directly to the CoT
Directorate at CoTV5@nparks.qgov.sqg during the open grant call process, i.e., research
teams should not contact agencies directly. CoT Directorate will respond to the
clarifications and queries, by periodically updating the Grant Call FAQs document with
the relevant answers, on the CoT V5 1% Grant Call website and IGMS website to ensure
equal accessibility to all additional information. Please refer to these websites for the
latest version of the FAQs. Agencies involved will work with research teams to provide
further technical advice and discuss potential study sites during the proposal scrubbing
stage.
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Grant Call ID/ Topic Code: CoT_V5_ GC2023 05

Call Topic: Assessment of Nutrient Dynamics in Ecosystems in Singapore

Research Theme: R&D Theme 4 — Nature-based solutions for inland climate change

adaptation
1. Background
1.1 Carbon dioxide—the key greenhouse gas behind human-caused climate warming—is

1.2

1.3

21

naturally removed from the atmosphere by plants through photosynthesis and stored as
organic matter; this process is known as primary production. However, carbon (C) is
released to the atmosphere again when dead plant parts decompose. Whether
vegetation in Singapore’s forests and urban greenspaces is acting as a net C source or
sink depends on the balance between the rates of net primary production and
decomposition in these ecosystems.

In addition, nutrients are returned to the soil from decomposing plant matter. Two of the
most important nutrients limiting plant growth and flowering/fruiting are nitrogen (N) and
phosphorous (P). However, while sufficient N and P are necessary for plant growth and
health, excess N and P can promote invasion by weeds and subsequent run-off can
result in excessive algal growth and pollution of waterways.

Greenery management strategies to achieve the City in Nature vision, such as forest
restoration, and naturalistic, high-diversity, and high-density horticultural landscaping,
likely impact nutrient cycling. However, we do not know the rates of key nutrient fluxes
of major greenery types in Singapore and therefore do not have any baselines to
compare with. This lack of data limits our ability to refine greenery management
strategies for improved nutrient control. In addition, nutrient fluxes are dynamic and may
fluctuate with weather and climate, as well as with changes in the environment such as
with increasing urbanization. Long-term data collection and monitoring is therefore
required for accurate estimates of rates and to detect any differences or temporal trends.

Objectives and Scope of Call for Proposals

Objectives

(a) Develop a cost-effective long-term monitoring system? for key terrestrial C, N, and P
fluxes associated with net primary production (both aboveground, i.e., canopy and

1 The system includes the physical set-up (e.g., litter traps, soil-in-growth cores and/or minirhizotrons,
litter bags) as well as the protocol (e.g., sampling guidelines, step-by-step instructions on processing
samples and what to measure). Existing methods are designed for natural ecosystems and not for
urbanized landscapes; e.g., sampling of litterfall in a forest would usually require randomized placement
in a representative area of forest, but this is infeasible in places with high human traffic, and would result
in higher variability of measurements in urban green spaces where trees are much further apart.
Standard methods are also usually highly manpower intensive, which would be especially expensive to
carry out in Singapore where manpower costs are high, e.g., manual collection and sorting of litter,
manual processing of root in-growth cores.

C-13



2.2

coarse wood, as well as belowground, i.e., fine and coarse roots), decomposition
and nutrient returns to the soil from trees.
(b) Determine and compare baseline rates of these nutrient fluxes:
(i) Across major forest types: primary forest (as reference baseline) against native-
dominated and exotic-dominated secondary forests
(i) Between forest and urban greenspaces
(c) Assess the effects of City in Nature interventions on these fluxes, specifically:
() Weeding of invasive species and reforestation versus control
(i) Naturalistic, high-density/diversity plantings versus typical planting schemes

Projects are also encouraged to further build upon the above-mentioned objectives,
and/or propose additional research objectives.

Technical Deliverables

(a) Set-up protocols for long-term monitoring of net primary production and
decomposition in forests and urban greenspaces.

() This should describe: (i) the list of processes, as well as their
microenvironmental covariates (e.g., soil temperature, pH, etc., as required for
accurate modelling and prediction of these rates in other sites or under different
scenarios), that will be monitored, and; (i) the number of study sites and
sampling strategy (i.e., level and robustness of replication).

(b) Estimates of nutrient return rates from decomposition, mineralisation/maobilisation,
and fixation of C, N and P in forest and urban greenspaces, including raw data from
the duration of monitoring in the project and the modelling or calculations (e.g., in
the form of programming scripts, where possible in the R programming language)
used to derive these estimates.

(c) Final report with literature review, integrated results of comparisons between forest
and greenspace types, and recommendations for forest and urban greenery
management.

(i) This should include: (i) an evaluation of the effects of current approaches on
nutrient cycling; (ii) relevant suggestions that would improve the health and
resilience of greenery and forest ecosystems, and; (iii) which monitoring
methodology to adopt that is most cost-effective in Singapore’s context, for
assessing future refinements in management approaches.

(d) Publications in top scientific journals of relevant fields.

(e) Workshops for handing over and knowledge transfer.

Projects are also encouraged to further build upon the above-mentioned deliverables,
and/or propose additional deliverables.
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2.3

3.1

3.2

4.1

4.2

Impact Outcomes

In relation to the overall aims and key research themes of CoT V5, this project should
look towards contributing to the following impact outcomes:

(a) Identify indicators of C, N, and P cycling and protocols suitable for use by public
agencies involved in landscaping and greenery management, such as NParks and
HDB, as well as the environmental and horticultural sector for long-term monitoring
in the context of urban greenery.

(b) Establish the evidence base for how City in Nature interventions, specifically the
weeding of invasive species, reforestation, and naturalistic, high-diversity, and high-
density plantings, have improved carbon sequestration and nutrient control. This will
serve as the baseline for future refinements of management interventions to further
improve these ecosystem services provided by greenery in Singapore.

Funding Support

The Call for Proposals offers funding support up to S$1.82 million (including all direct
and indirect costs) (i.e., for meeting all objectives/ deliverables). Proposals more than
S$1.82 million will require strong justifications.

This Call for Proposals offers funding support for a period up 3 years. Proposals more
than 3 years will require strong justifications.

Agencies Involved

The following agencies will be involved in the project to provide technical direction to
ensure that the project meets the objectives and scope of the Call Topic.

(a) National Parks Board (Lead Agency)
(b) Housing Development Board (Member Agency)

Further clarifications before the project award should surround the stated Call Topic
requirements. All clarifications and queries should be submitted directly to the CoT
Directorate at CoTV5@nparks.gov.sg during the open grant call process, i.e., research
teams should not contact agencies directly. CoT Directorate will respond to the
clarifications and queries, by periodically updating the Grant Call FAQs document with
the relevant answers, on the CoT V5 1% Grant Call website and IGMS website to ensure
equal accessibility to all additional information. Please refer to these websites for the
latest version of the FAQs. Agencies involved will work with research teams to provide
further technical advice and discuss potential study sites during the proposal scrubbing
stage.
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Adopted from National Research Fund Guide
Version with effect from Dec 2020

Annex D: Non-Fundable Direct Costs for NRF-Funded Projects

This list may be subject to revision.

Type of Expenses

Description

Salaries of Lead Pls /
Investigators / Project Leads

Not allowable, to ensure no double-funding of salaries
and related costs, as the salaries are already
supported from other sources (e.g. faculty salaries are
supported separately by the IHL as it is in support of
the IHLs’ core mission).

Salaries of teaching staff /
teaching substitutes

Not allowable, as this is already being supported from
capitation grants.

Undergraduate tuition support

Not allowable, as this should be supported under the
respective scholarship grants and bursary schemes.

Salaries of general administrative
support staff

Not allowable, as this is an indirect cost*.

Costs related to general
administration and management

Not allowable, as this is an indirect cost*. This includes
common office equipment, such as furniture and
fittings, office software, photocopiers, scanners and
office supplies.

Costs of office or laboratory
space

Not allowable, as this is an indirect cost*. This includes
renovation/outfitting costs, rent, depreciation of
buildings and equipment, and related expenditures
such as water, electricity, general waste disposal and
building/facilities maintenance charges.

Personal productivity tools &
communication expenses

Not allowable, unless the use of mobile phones and
other form of smart devices were indicated in the
methodology for the Research/I&E Project. All other
costs under this expense type is an indirect cost*.

Entertainment

Not allowable, as this is an indirect cost*.

Refreshment

Not allowable, unless this is related to a hosted
conference or workshop for the Research/I&E Project.
All other costs under this expense type is an indirect
cost*.

Audit fees (Internal and external
audit) and Legal fees

Fines and Penalties

Professional Membership Fees

Staff retreat and team-building
activities

Not allowable, as this is an indirect cost*.

Patent Application

Not allowable, as this should be supported from
overheads given to I&E Office (IEO)*. This includes
patent application filing, maintenance and other related
costs.

* Note: Indirect cost items should be supported from overheads or other funding sources.
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Annex E: Definitions of Different Private Sector Entity Types

SIN | Type Criteria
1 Non-Singapore + <30% local shareholding , determined by the ultimate
entities based in individual ownership
Singapore
2 Large Local * 230% local shareholding; and
Enterprises (LLES) * More than $100M in annual turnover
3 Small Medium » Have Group Annual Sales Turnover of not more than
Enterprises (SMES) $100M, or maximum employment of 200 employees
* To qualify as an SG entity, the entity must also have at
least 30% local shareholding, i.e. local equity held
directly or indirectly by Singaporean(s) and/or
Singapore PR(s)
4 Start-ups * Registered for less than 5 years at time of grant
application
* Has individual ownership of more than 50% at
reference year; and
+ Employs at least 1 worker
* To qualify as an SG entity, the entity must also have at
least 30% local shareholding
5 Not-for-profits * Registered as a public Company Limited by guarantee,

society or charity trust
Main purpose is to support or engage in activities of
public or private interest without any commercial or
monetary profit, and are prohibited from distributing
monetary residual to their own members
To qualify as an SG not-for-profit, the entity must meet
all 3 of the following criteria:
(1) Registered and physically present in Singapore;
(2) Core funding (i.e. excluding competitive grant
funding) is derived entirely/mostly from SG
entities;
(3) Managed by a Board, which is at least half
appointed by SG entities
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Annex F: SOP for Creation of New Companies/Institutions in IGMS

1. Before you begin, please familiarise yourself with the various training guides on
navigating the IGMS system. The various guides and manuals will help you understand
the roles of various users in the IGMS and the application process. These documents
can be downloaded from: https://researchgrant.gov.sg/Pages/TrainingGuides.aspx

2. Please be informed that companies or institutions who wish to apply for grants in IGMS
will need to be registered in IGMS for first time application. The registration of the
company or institution within IGMS is mandatory as part of the proposal submission
workflow.

3.  Please refer to the SOP below for the creation of a new company/institution within
IGMS.

Steps Details
1 [For all]
To register a new entry in IGMS, companies/institutions will need to send an
e-mail to CoTV5@nparks.gov.sqg with the following details:

Subject: Creation of new Company/Institution in IGMS for CoT Grant Call 1,
Vertical 5, Project X

Details of the New Company/Institution to be Created in IGMS
e Full Name of Company:
e Indicate Local Company or Foreign Company:
¢ Indicate Public Company or Private Company:
e UEN (for local company) or CorpPass issued UEN or Unigue Identifier
(for foreign Company):

e For Foreign Company, please provide the screenshot from
CorpPass email/profile page indicating the Foreign Entity’s
CorpPass issued UEN, for verification purpose.

e More details on how to register CorpPass for Foreign Company,
please refer to the following link:
https://www.corppass.gov.sg/help/CP_User Guide 03B_Admi
n_Corppass_Admin_Regqistration Foreign_Entities.pdf

2 [For all]

After the respective companyl/institution has been registered on IGMS, please
proceed to register an account on IGMS using CorpPass. To set up a
CorpPass account, please visit www.CorpPass.gov.sg. For foreign company
users who have an existing IGMS account registered via “For overseas users
without SingPass” route, please refer to step 2a.

An Open Researcher and Contributor ID (ORCID) is also necessary to
complete the application. Please register for a ORCID at: https://orcid.org and
update the user profile on the IGMS system with the ORCID.
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Thereafter, the Lead PI will be able to add the Co-Is’ name in the IGMS when
he/she fills up the application form.

2A [For foreign company user with existing IGMS account registered via
“For overseas users without SingPass” route”]
When registering an account on IGMS using CorpPass, please ensure to use
the same email address that was used for the existing IGMS account.
In order to continue accessing past transactions in IGMS, it is important that
the following steps are done to (i) update the Foreign Entity’s CorpPass issued
UEN in IGMS (i.e., step 1), and (ii) register using CorpPass with the same
email address.

3 [For Lead PI]
Lead Pl who will be submitting the application under their company/institution
will need to check with his/her company/institution, whether there is already a
HI Admin assigned. If not, please refer to step 3a for the creation of new Hl
Admin.
To complete a proposal submission, 3 distinct roles are required from any
company or institution to endorse the proposal, namely:
e Lead Principal Investigator (PI);
e Office of Research (ORE); and
e Director of Research (DOR)
Grant application is only considered to be submitted after the Pl had submitted
the proposal on IGMS for ORE’s verification and DOR’s endorsement.
[For HI Admin]
HI Admin will manage the roles of the users in their company or institution.
He/She needs to assign the relevant roles such as “ORE”, “DOR”, "HI
Finance", "HI HR", and "Data Admin", etc to other IGMS users in the
companyl/institution.
A HI Admin can concurrently hold the role of Lead PIl. He/She will be able to
select different profiles upon login to IGMS:
e Login as HI Admin — to maintain company / institution & user profiles
e Login as Pl —to apply for grant call.

3A [Creation of new HI Admin]

In the case of creation of new HI Admin, after the company/institution has been
created in IGMS, NParks will inform them to nominate an HI Admin. The
following steps will apply:
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(1)

(2)

3)

The company/institution will need to nominate a HI Admin. The HI Admin
(including all other intended IGMS users) will need to ensure that his/her
CorpPass account and ORCID account has been setup (refer to step 2
for more details).
The HI Admin will need to login to IGMS using his/her CorpPass account
to register/update his/her profile inside IGMS. Please note that the
IGMS would grant him/her the Principal Investigator (PI) role by default.
After the HI Admin has been successfully registered in IGMS, the HI
Admin will notify NParks CoT with the information below:

e Full Name of HI Admin:

e E-mail Address of HI Admin:

¢ Designation of HI Admin in his/her company:

NParks CoT will arrange with Research Grant Officer (RGO) to change the
role of the person from a Principal Investigator (PI) to a HI Admin.

(1)
(2)

After the role has been updated from Principal Investigator (PI) to HI
Admin in IGMS, NParks CoT will inform the company/institution.

Once granted the role as a HI Admin, he/she can proceed to assign the
relevant roles (e.g. “DOR”, “ORE”, etc.) to the various users within
his/her organisation.
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