
COLLABORATE TO CREATE  
21ST CENTURY ENGINEERING  
GUIDELINES FOR OUR  
21ST CENTURY CHALLENGES
We can all be part of the solution to implement nature-based 
solutions in the absence of traditional engineering standards 

by deploying a Natural Infrastructure Engineering Hub
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ABSTRACT
In this era of ever-increasing weather and climate disasters 

nature-based solutions, like hybrid green-gray infrastructure, 

hold incredible promise as a climate adaptation solution, 

but accepted norms and engineering standards are a key 

barrier limiting applications. 

Creating the next generation of climate resilient infrastructure 

will require the engineering and construction industry to 

design and build with nature.  We need to continue learning 

by doing and accept that the complexity of nature-based 

solutions requires flexible design approaches– versus rigid 

standards. 

The increasing pace and intensity of climate threats means 

we do not have time to develop accepted engineering 

standards for nature-based solutions the way we have in 

the previous millennia.     

The current approach to evidence-based decision making 

for nature-based solutions is at best – project, region, or 

problem specific.  At worst, it is non-existent or proprietary.  

Regular monitoring of infrastructure performance and 

impacts is necessary to generate data, which should be 

available to all stakeholders.   

The future is now – we won’t have all the answers before 

it is time to act. There are many existing guides and 

resources that give trained engineers enough information 

to innovate nature-based solutions now. 

We can collaborate across disciplines and geographies to 

design a modern data sharing platform for users to input 

technical knowledge and data about nature-based solutions 

projects.  The platform would be open-access – making 

data and resources broadly and equitably available – while 

providing a real-time feedback loop from practitioners to 

designers, planners, and financiers.  

The resulting Natural Infrastructure Engineering Hub 

would become a resource internationally for how to design, 

build, monitor, measure, maintain and adaptively manage 

nature-based engineering solutions.  

SUGGESTED CITATION:  Global Green-Gray Community of Practice. 2022.  Collaborate to create 21st century engineering guidelines for 

our 21st century challenges. 

COVER PHOTO CREDITS: Luke Porter / Unsplash

https://www.conservation.org/projects/green-gray-infrastructure
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Identify specific hazards for which each nature-based solution in the Hub can increase resilience.  

NATURAL INFRASTRUCTURE ENGINEERING HUB

MANGROVES  
& SEAWALLS

LIVING 
SHORELINES

HORIZONTAL
LEVEES

BIOENGINEERING 
FOR ROAD 

STABILIZATION 
AND MORE ...

PORTALS TO SPECIFIC NATURE-BASED INFRASTRUCTURE SOLUTIONS

CURATED LIBRARY
Assemble and disseminate 
annotated resources.

Engineering Guidance
including project plans and specifications to 

increase confidence in outcomes

Case Study Narratives 
to communicate the intrinsic value of projects 

to sustainable development

Key Performance Indicators
to create consistency within the platform and 
efficient monitoring and evaluation programs

Cost-Benefit-Analysis Input Data 
and Outputs

to build a database of social, economic, and 
environmental costs and benefits

INVESTOR MARKETPLACE
Transparant and consolidated 
information for investors and 
funders.

Pipeline of Projects 
to connect project developers with financiers 
in a  type of project “match-making” service

Defined Financial Metrics
to measure asset performance and benchmark  

projects against each other

EACH NBS PORTAL INCLUDES ...

REAL-TIME FEEDBACK LOOP
Regularly aggregated data enabling powerful interdependency assessments so 
we can learn from and share successes - and failures - widely.

Project Performance
to identify common themes, outcomes, findings, and update  best practice guidance for design and 

implementation

Market Trends
to make information about project business models, market size and growth publicly available

MONITORING & EVALUATION DATA
Publicly accessible data managment 
and storage repository enabling 
citizen science inputs

Data Accessibility
to address climate justice with data and 

resources broadly and equitably available with 
open-access to all

Project Performance Data
to collect monitoring data linked to key 

performance indicators, and environmental, 
social, and economic costs and benefits

Project Finance Data
to collect data about project deals, costs, and  

savings

With data inputs and outputs translated into multiple language

Proposed Natural Infrastructure Engineering Hub portals and information gateways.



ABoUT CoNSERvATIoN INTERNATIoNAL

321ST CENTURY ENGINEERING GUIDELINES FOR OUR 21ST CENTURY CHALLENGES

ABOUT CONSERVATION INTERNATIONAL
Founded in 1987, Conservation International works to 

spotlight and secure the critical benefits that nature 

provides to humanity. Since our inception, we have helped 

to protect more than 6 million square kilometers of land 

and sea across more than 70 countries. Currently with more 

than 1,000 staff working through offices in 29 countries, and 

with 2,000 partner organizations worldwide, our reach is 

truly global, as shown in Figure 1. Our careful stewardship 

of contributions and our emphasis on programmatic impact 

have allowed us to consistently earn the highest ratings for 

efficiency, effectiveness, and transparency from watchdog 

groups such as Charity Navigator.

CI’s green-gray infrastructure program incorporates 

ecosystem restoration and conservation into climate 

adaptation-focused infrastructure projects to maximize 

benefits to nature for the well-being of humanity.  CI’s unique 

and valuable experience with ecosystem conservation 

and restoration, community co-design, and stakeholder 

leadership allows us to advise and lead green-gray initiatives 

around the world in collaboration with local, regional and 

national governments and engineering partners. 

In addition to our leadership of the Global Green-Gray 

Infrastructure Community of Practice, CI is a leader in green-

gray infrastructure design and implementation in vulnerable 

coastal communities. In 2015, CI-Philippines initiated a 

Green-Gray Infrastructure program providing disaster risk 

reduction and climate change adaptation strategies and 

solutions to five vulnerable coastal communities, with 

approximately 13,500 people. CI has also developed an 

innovative Climate Smart Shrimp model to access shrimp 

aquaculture as a sustained revenue stream for green-gray 

mangrove restoration initiatives. In 2022, we will construct a 

pilot of the model in Indonesia and are identifying barriers 

and opportunities to scale the model globally. 

Figure 1. This map shows Conservation International country offices.  Orange circles designate country programs in different stages of developing or 
implementing green-gray projects, programs, or policies.

https://www.conservation.org/projects/green-gray-infrastructure
https://www.conservation.org/projects/global-green-gray-community-of-practice
https://www.conservation.org/projects/global-green-gray-community-of-practice
https://www.phgg.org/
https://www.phgg.org/
https://www.conservation.org/docs/default-source/publication-pdfs/climatesmartshrimp_fact_sheet_200309.pdf?sfvrsn=30cea3b4_2
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PROBLEM STATEMENT 

1 World Bank and World Resources Institute (2019). Integrating Green and Gray: Creating Next Generation Infrastructure. Washington, 
DC.

2 United Nations Environment Programme. (2018) The Adaptation Gap Report 2018. Nairobi, Kenya.

3 Andrea M. Bassi, Ronja Bechauf, Liesbeth Casier, and Emma Cutler (2021). How Can Investment in Nature Close the Infrastructure 
Gap?

We live in an era of ever-increasing weather and climate 

disasters. By 2050, nearly 20% of the world’s population 

will be at risk of floods and up to 5.7 billion people will 

live in water-scarce areas.1  Simultaneously, biodiversity is 

declining at unprecedented rates and species extinctions 

continue to accelerate - threatening the functioning of 

ecosystems – that human livelihoods, economies, food 

security, and much more depend upon.

As the pressure to adapt increases, infrastructure costs are 

expected to equal 80% of total climate change adaptation 

spending globally – estimated at 150 to 450 billion USD 

per year in 2050.2 And there is increasing demand for 

engineers and contractors to deliver sustainable and 

resilient infrastructure.  

In a review of hundreds of ‘nature-based infrastructure’ 

(NBI) projects, the International Institute for Sustainable 

Development (IISD) calculated that NBI can be up to 50% 

cheaper than traditional gray infrastructure and provide 

28% better value for money. Replacing just 11% of current 

global infrastructure needs with NBI could save 248 billion 

USD each year.3 

There are a range of potential solutions that we can 

use to address our climate challenges.  In our most built 

environments a gray-only solution, like sea walls, may be 

most appropriate – and on the other end of the spectrum, 

a purely green solution, like mangrove restoration, may be 

best.  Green-gray infrastructure is a nature-based solution 

that draws upon the best of our engineering achievements 

to create hybrid solutions along this spectrum (Figure 2).

Figure 2. The combination of ecosystem restoration and conservation with built infrastructure (termed “green-gray infrastructure”) is a type of nature-
based solution that balances the challenges of investing in either separately while maximizing the positive effects on climate resilience, biodiversity 
conservation and human well-being. 

https://unepdtu.org/wp-content/uploads/2019/04/agr-final-version-2018.pdf
https://nbi.iisd.org/wp-content/uploads/2021/10/investment-in-nature-close-infrastructure-gap.pdf
https://nbi.iisd.org/wp-content/uploads/2021/10/investment-in-nature-close-infrastructure-gap.pdf
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Conservation International’s green-gray program is working 

to fundamentally transform the engineering and construction 

industry to design and build with nature – to create the next 

generation of climate resilient infrastructure.  

Four key barriers to achieving this goal:

1. Engineers, developers, industry, and governments lack 

experience, familiarity and, consequently, confidence 

in the reliability and application of green-gray 

approaches which can limit the ability to get project 

approved or to recieve professional liability insurance;

2. Technical knowledge and data needed to standardize 

reliable green-gray solutions is not broadly or equitably 

available;

3. Most infrastructure policies and regulations do not 

currently incentivize green-gray solutions; and

4. Real and perceived risks constrain investments in 

developing economies despite significant opportunities 

for achieving social, economic, and climate mitigation 

and adaptation objectives at a competitive cost.

The purpose of this paper is to propose a strategy and solution to address the first two of these key 
barriers and accelerate the process of developing engineering standards for new and innovative nature-

based solutions.

WHAT IS AN ENGINEERING DESIGN 
STANDARD? 
Generically descriptive methods is a type of design guidance 

that includes a description of the approach (the purpose, 

benefits and constraints) and general design principles 

(about the sizing, operation and maintenance requirements, 

and costs) and engineering standards additionally include 

design details (usually drawn in AutoCAD) and design 

specifications (which are word document with detailed 

instructions for the builder).  Engineering standards are a 

key component of decision-making, especially at the every-

day level of practicing engineers.

Across geographies and project types there is flexibility in 

what level of detail is included in an engineering manual or 

a guidebook.  Engineering practice – generally – is driven 

by codes and standards with prescriptive requirements 

where each component of a project is built to a certain 

standard.  Compare that to a performance-based approach 

where all the elements in a project work together to perform 

to a certain standard.
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This is an example design standard from a design guidebook for green stormwater infrastructure 
developed by an alliance of municipalities in the San Francisco Bay, California, USA. 

#1. Started by defining typologies... 
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#2. Then described the approaches...

#3. Provided general design principles... 
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#4. Typical Design details and notes... 
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#5. And finally, specifications
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And this is an example from a project – using resources in the guidebook to design and build a green 
stormwater infrastructure project.
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WHAT LEVEL OF GUIDANCE DO 
ENGINEERS NEED? 
Figure 3 depicts the amount of engineering guidance 

available on the x-axis and the % of engineers capable 

of designing natural infrastructure on the y-axis.  Our 

goal is to reach 100% of engineers around the world with 

the information they need to design natural infrastructure 

projects.  Generally speaking the early adopters are 

those willing to take risks and try new approaches.  Next 

come those comfortable applying best practices and 

principles, then those that need engineering standards and 

specifications – and finally the group that will only apply 

natural infrastructure if code, regulators, or clients demand 

it. 

Right now engineers in the first two categories are designing 

nature-based solutions.  For green stormwater infrastructure 

in the United States, it took approximately 30 years to move 

towards the end of this curve – and given our climate crisis 

– we have 5 years to move through this process for other 

types of natural infrastructure.  So how can we compress – 

or shorten – this adoption curve?

To continue moving along this curve – and quickly – we 

need to continue learning by doing knowing that:  

• Often the complexity of nature-based solutions requires 

flexible design approaches– versus rigid standards, 

and 

• Competent engineers – will take risks and innovate and 

apply and improve upon best practices and principles.

Figure 3. Engineers’ willingness to innovate nature-based solutions based on available engineering guidance.
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WE HAVE ENOUGH GUIDANCE TO 
BEGIN ...
There are few accepted engineering standards for nature-

based infrastructure solutions - but there are many guides 

and resources that give us enough information to begin.  For 

example:

The International Guidelines on Natural and Nature-

Based Features for Flood Risk Management - That provide 

practitioners with the best available information to conceive 

of - plan, design, engineer, construct, and maintain Natural 

and Nature-based Features to support resilience and flood 

risk reduction for coastlines, bays, and estuaries, river and 

freshwater systems.

The Practical Guide to Implementing Green-Gray 

Infrastructure, a crowdsourced product of the Green-Gray 

Community of Practice, highlights 36 case studies from 

around the globe, with 10 chapters on how to select, design, 

build, and monitor green-gray projects – influence policy 

and engage stakeholders.

The Green-Gray Community of Practice is also setting 

out to develop concise, scientific green-gray engineering 

guidance – starting with mangroves and seawalls.  A 

Guyana specific version is available – and we are working 

to make a globally applicable version in 2022.  We also 

have made available on our green-gray community website 

a database that reviews engineering resources from around 

the world – based on their level of detail, topical focus, and 

applicability to nature-based infrastructure

Examples of existing engineering guidance 
available for green-gray practitioners.

https://ewn.erdc.dren.mil/?page_id=4351
https://ewn.erdc.dren.mil/?page_id=4351
https://www.conservation.org/docs/default-source/publication-pdfs/ci-green-gray-practical-guide-v08.pdf?sfvrsn=62ed4b48_2
https://www.conservation.org/docs/default-source/publication-pdfs/ci-green-gray-practical-guide-v08.pdf?sfvrsn=62ed4b48_2
https://www.conservation.org/projects/global-green-gray-community-of-practice
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THE NEED FOR EVIDENCE-BASED 
DECISION-MAKING  
Collecting, sharing, and using data is needed to make 

rational and defensible decisions related to the planning 

and operation of infrastructure. Unfortunately, the current 

approach to evidence-based decision making for nature-

based solutions is at best – project, region, or problem 

specific.  At worst it is non-existent or proprietary.

In 2021-2022 a consortium of partners completed a 

year-long monthly webinar series called ‘Sustainable 

Infrastructure: Putting Principles into Practice’4 based on 

UNEP’s International Good Practice Principles for Sustainable 

Infrastructure.5  The 10th principle is on evidence-based 

decision making – and it describes best practice for project 

monitoring and data sharing.  The principle is aspirational 

and worth reflecting on as we strive to address key barriers 

for engineering nature-based solutions.

“The planning and management of infrastructure throughout 

the lifecycle should be informed by key performance 

indicators that should promote the collection of data, 

including data that is disaggregated by stakeholder groups.  

Regular monitoring of infrastructure performance and 

impacts is necessary to generate data, which should be 

made available to all stakeholders.”

The principle describes best practices for monitoring and 

data sharing:

1. “Monitoring the performance and impacts of 

infrastructure enables continuous improvement in 

service delivery and sustainability. 

2. Pre- and post-project data on all stages of the lifecycle 

should be identified and defined, collected, managed, 

analysed and fed back to decision makers and 

stakeholders.

4 Led by Duke Nicholas Institute for Environmental and Policy Solutions, in partnership with the Green-Gray Community of Practice, 
Sustainable Infrastructure Partnership, Conservation International, Project ECHO, UN Environment Program, ITTECOP, and the 
International Coalition for Sustainable Infrastructure.  Recordings and case studies available online.

5  United Nations Environment Programme (2022). International Good Practice Principles for Sustainable Infrastructure. Nairobi 

6   Seddon, N. (2022). Harnessing the potential of nature-based solutions for mitigating and adapting to climate change. Science 

3. In addition to economic and financial data, adequate 

resources should be allocated to collection of data 

relating to environmental and social sustainability 

factors, including spatial and disaggregated data - at 

international, national, local and project levels.

4. Effective monitoring requires data management and 

storage capacity that allows for continuity of data 

gathering, storage and sharing across different project 

and lifecycle phases and with different stakeholder 

groups.

5. Governments should engage in partnerships with the 

private sector, academia and civil society to ensure 

that relevant data are defined, measured, collected, 

analysed and synthesised in ways that are useful for 

decision makers and the public.

6. Regular monitoring of infrastructure performance and 

impacts is necessary to generate data, which should be 

available to all stakeholders.”5

PROBLEM STATEMENT 
Given the lack of accepted norms and standards for 

Natural Infrastructure Design and Engineering, how might 

we increase the experience, familiarity and, consequently, 

confidence of engineers, developers, industry, financiers, 

and governments so they can design, fund, and build 

natural infrastructure projects that protect, manage, and 

restore nature for communities and future generations.

The solution relies upon strengthening evidence-based 

decision-making abilities for teams designing nature-based 

solutions with a sustainable and scalable framework.

“Ensuring long-term social-ecological integrity of NbS requires an improved evidence base, informed by 
science, practitioner and local and indigenous knowledges. There is urgent need for better understanding 
of where, when, how and for whom NbS can support mitigation and adaptation, especially in marine and 
non-forest ecosystems, low-income nations in general and their cities in particular and in comparison to 

technological solutions.”6

https://nicholasinstitute.duke.edu/sustainable-infrastructure-webinars
https://www.unep.org/resources/publication/international-good-practice-principles-sustainable-infrastructure
https://www.science.org/doi/10.1126/science.abn9668
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NATURAL INFRASTRUCTURE ENGINEERING 
HUB PROPOSAL

To address the problem and systematically learn by doing we propose creating a nature-based solutions 
evidence-based decision-making feedback loop to collaborate across disciplines and geographies. This 
trusted modern data sharing platform would leverage modern computing and data collection technology 

using an online, open-source, database structure.  The system would be built and implemented by-and-for 
users to input knowledge and data, with a focus on crowd sourcing information about natural infrastructure 

technology, performance, and cost to inform descriptive methods and engineering standards.

The Natural Infrastructure Engineering Hub is proposed as a 

voluntary, collaborative effort focused on providing science-

based information to advance the state of the practice for 

nature-based solutions. 

The project’s long-term purpose is to provide scientifically 

sound information that improves design, selection, 

implementation, cost-effectiveness and ultimately 

performance of nature-based solutions.  

The Hub would include voluntarily shared performance 

monitoring data and study site metadata in a consolidated, 

publicly accessible repository to support selection and 

design of nature-based solutions to achieve climate 

adaptation goals. Performance data, data entry 

spreadsheets, performance summary reports and monitoring 

guidance would be accessible through the Hub website. 

Figure 4 summarizes the main elements of the proposed 

Natural Infrastructure Engineering Hub, which would include 

portals to specific types of nature-based solutions, such 

as mangroves and seawalls, living shorelines, horizontal 

levees, and bioengineering for road stablization.  Each 

nature-based solution portal woudl include a curated 

library of resources, and investor marketplace and project 

monitoring and evlauation data.  A real-time feedback loop 

from practitioners to designers, planners, and financiers 

would enable data aggregation so we can learn from and 

share successes - and failures - widely.  

The Curated Libary would assemble and disseminate 

annotated resources, including:

1. Engineering Guidance and typical design details, plans, 

and specifications to increase confidence in outcomes;

2. Case Study Narratives to communicate the intrinsic 

value of projects to sustainable development;

3. Key Performance Indicators to create consistency within 

the platform and efficient monitoring and evaluation 

programs; and 

4. Cost-Benefit-Analysis Input Data and Outputs to build a 

database of social, economic, and environmental costs 

and benefits.

The Investor Marketplace would create access to 

transparant and consolidated information for investors and 

funders, including to a:

1. Project Pipeline to connect project developers with 

financiers in a  type of project “match-making” service; 

and

2. Defined Financial Metrics to measure asset performance 

and benchmark  projects against each other.

The Monitoring and Evaluation Data portal would provide 

data management and storage capacity that allows for 

continuity of data gathering, storage and sharing across 

different project and lifecycle phases and with different 

stakeholder groups, including:

1. Data Accessibility to address climate justice with data 

and resources broadly and equitably available with 

open-access to all;

2. Project Performance Data to collect monitoring 

data linked to key performance indicators, and 

environmental, social, and economic costs and 

benefits; and

3. Project Finance Data to collect data about project 

deals, costs, and  savings.

The Real-Time Feedback Loop would include: 

1. Project Performance to identify common themes, 

outcomes, findings, and update  best practice guidance 

for design and implementation and 

2. Market Trends to make information about project 

business models, market size and growth publicly 

available
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Identify specific hazards for which each nature-based solution in the Hub can increase resilience.  

NATURAL INFRASTRUCTURE ENGINEERING HUB

MANGROVES  
& SEAWALLS

LIVING 
SHORELINES

HORIZONTAL
LEVEES

BIOENGINEERING 
FOR ROAD 

STABILIZATION 
AND MORE ...

PORTALS TO SPECIFIC NATURE-BASED INFRASTRUCTURE SOLUTIONS

CURATED LIBRARY
Assemble and disseminate 
annotated resources.

Engineering Guidance
including project plans and specifications to 

increase confidence in outcomes

Case Study Narratives 
to communicate the intrinsic value of projects 

to sustainable development

Key Performance Indicators
to create consistency within the platform and 
efficient monitoring and evaluation programs

Cost-Benefit-Analysis Input Data 
and Outputs

to build a database of social, economic, and 
environmental costs and benefits

INVESTOR MARKETPLACE
Transparant and consolidated 
information for investors and 
funders.

Pipeline of Projects 
to connect project developers with financiers 
in a  type of project “match-making” service

Defined Financial Metrics
to measure asset performance and benchmark  

projects against each other

EACH NBS PORTAL INCLUDES ...

REAL-TIME FEEDBACK LOOP
Regularly aggregated data enabling powerful interdependency assessments so 
we can learn from and share successes - and failures - widely.

Project Performance
to identify common themes, outcomes, findings, and update  best practice guidance for design and 

implementation

Market Trends
to make information about project business models, market size and growth publicly available

MONITORING & EVALUATION DATA
Publicly accessible data managment 
and storage repository enabling 
citizen science inputs

Data Accessibility
to address climate justice with data and 

resources broadly and equitably available with 
open-access to all

Project Performance Data
to collect monitoring data linked to key 

performance indicators, and environmental, 
social, and economic costs and benefits

Project Finance Data
to collect data about project deals, costs, and  

savings

With data inputs and outputs translated into multiple language

FIgure 4. Proposed Natural Infrastructure Engineering Hub portals and information gateways.
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ENGINEERING HUB USERS  
The primary users of this platform include infrastructure practitioners, designers, and engineers who depend upon project 

data, details, designs, and specifications to design and build natural infrastructure projects.  These users will trust the Hub to 

capture the best available scientific and technical information about performance, costs and benefits, and technology and 

in exchange input technical knowledge and data about the natural infrastructure projects they design, build, and monitor.  

Pre-competitive collaboration is the cornerstone about which the hub would depend, and specifically the willingness of 

researchers to voluntarily share their performance monitoring research.  

OUR COMMITMENT TO PRE-COMPETITIVE COLLABORATION 
In the private sector, ideas are money, and competitive advantage is often created and maintained by 
keeping plans, intentions, or strategies secret. However, to truly confront the seemingly insurmountable 
environmental challenges facing our planet, sometimes collaboration serves society better than 
competition does – and can be more profitable, too.  

Complex challenges demand collective understanding and action. Particularly when it comes to risk 
management, sharing knowledge in a pre-competitive space is crucial for accelerating the pace at which 
green-gray projects can be designed, built, and managed to meet needs. Overcoming barriers and finding 
solutions to common problems will move everyone working on green-gray infrastructure forward.

 The Global Green-Gray Infrastructure Community of Practice is a forum for collaboration across the 
conservation, engineering, finance, and construction sectors to generate and scale-up green-gray 
climate adaptation solutions. The multi-disciplinary Community of Practice has grown to over 140 
member organizations spanning the globe, representing non-profit, academic, government and private 
organizations.

 We are working to:

• share ideas and facilitate collaboration;
• innovate and pilot new approaches; 
• expand science, engineering, and policy activity; and 
• implement and learn from projects in a multitude of geographies and settings. 

In this Global Green-Gray Community of Practice, the private sector, non-government organizations, and 
academics share their needs and experiences, learning from one another about what works, what does 
not and what has not worked yet. 

Pre-competitive consortiums – such as this community of practice – create an opportunity to bring 
diverse stakeholders together and exchange perspectives that are integral to ensuring project success. 
By drawing on multidisciplinary expertise, collaborative outputs can ensure the inclusion of diverse 
perspectives on ecological, social, economic, financial, policy, site assessment, design, engineering, 
construction, monitoring, and management considerations. In addition, pooling resources generates 
buy-in from contributors, reduces costs, creates more universal and accessible tools, and can bolster the 
credibility of outputs and the communication of key messages and recommendations.

As the green-gray community of practice continues to build the knowledge base about how to implement 
green-gray infrastructure solutions, we are committed to pre-competitive collaboration to create fertile 
ground for innovation and new partnerships within and across sectors.
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WHAT DO POTENTIAL USERS 
THINK OF THE PROPOSAL? 
The Natural Infrastructure Engineering Hub would be an 

international resource for how to design, build, monitor, 

measure, maintain, and adaptively manage nature-based 

engineering solutions closing and shortening the feedback 

loop between discovery, application, and advancing practice.   

 

Since June 2022 the concept for the proposed Hub has 

been shared with over 100 infrastructure practitioners 

from around the world, over half of whom responded 

to questions about the perceived usefulness and 

effectiveness of the Hub as a solution to address 

barriers to implementing nature-based solutions.   

 

7 Participant quotes during a National Academy of Sciences 

Workshop exploring the Benefits, Applications and 

Opportunities of Natural Infrastructure 

 

“We need frameworks to be inspirational ....  
To help people imagine what it is they can do”7

https://www.nationalacademies.org/our-work/benefits-applications-and-opportunities-of-natural-infrastructure-a-workshop
https://www.nationalacademies.org/our-work/benefits-applications-and-opportunities-of-natural-infrastructure-a-workshop
https://www.nationalacademies.org/our-work/benefits-applications-and-opportunities-of-natural-infrastructure-a-workshop
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Most responses are from professionals associated with engineering, architect, and/or construction 
enterprises (30%) and national, regional, or municipal governments (16%), the principal users of the 

proposed Hub.
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Most respondents (87%) consider the proposed Hub would be new and useful (40%) or potentially helpful 
(47%).  Considering the wealth of information and web portals available about nature-based solutions, 13% 

respondents indicated the potential for the Hub to duplicate existing resources. 

 

Most respondents (87%) also indicated they would consider participating in data-sharing and creation of 
the Hub.
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DISCUSSION
To move forward and achieve the ambitious vision for the Natural Infrastructure Engineering Hub, numerous 
questions for discussion exist.  For example, 

• How could we require or incentivize inputs back into this type of “modern engineering guideline”?  
Through permits, reimbursements, or rewards?  

• Would it be possible to enable citizen science inputs? 

• Collecting and managing evidence-supporting data takes effort. How do we fund implementation and 
long-term maintenance of such a Hub? Who leads the design and implementation? Who hosts – monitors 
and maintains - the platform?

EXISTING PLATFORM REVIEW
To inform the discussion and responses to these questions 

a review of ten existing pre-competitive technical data 

knowledge exchange platforms was conducted to identify 

trends and lessons learned to inform development of a 

Natural Infrastructure Engineering Hub.  Each platform was 

reviewed based on a common set of questions:

Who hosts the platform?

• Who led design and implementation of the platform?

• Who monitors?

• Who maintains?

How is the platform funded? 

• Who funded initial design of the platform?

• For what period of time is funding secured?

• Who pays for monitoring and maintenance of the 

platform?

What is the type of data collected?

• What is the geographic scope/scale across which the 

platform applies?

• What level of detail?

• What types of projects?

How is data input back into the platform? 

• Who are the primary users inputting data?

• What incentives?

• If regulatory, through which permits and at what level 

of governance?

• Is citizen science included? If so, how and at what level?

• Is there a peer review process for the data?

How is the data compiled and communicated back to 

users?

• Who are the primary users of the consolidated data?

• Are there regular reports? Documentation of results?

What was the timeline for developing the platform? 

What is the future of the platform?

Following is a summary of each of the ten reviewed 

platforms and potential relevancy to the proposed Hub.
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Public Infrastructure Engineering Vulnerability 
Committee (PIEVC) (https://pievc.ca/)

PIEVC Engineering Protocol is a qualitative process to 

predict the likelihood of individual infrastructure projects 

to be impacted (e.g., deterioration, damage, or destruction) 

by current and future climate, and to inform structural and 

non-structural adaptation strategies (e.g., design, operation 

& maintenance, policy) to reduce risk and increase climate 

resilience. The PIEVC is a “Made in Canada” tool developed 

between 2005 and 2012.  Between 2008 and January 

2021 over 100 infrastructure risk assessments have been 

completed. 

Relevancy & Lessons Learned for Natural Infrastructure 

Engineering Hub:

Effective March 30, 2020, ownership and control of 

the PIEVC Program transferred to the PIEVC Program 

Partnership consisting of the Institute for Catastrophic 

Loss Reduction (ICLR), the Climate Risk Institute (CRI) and 

Deutsche Gesellschaft für Internationale Zusammenarbeit 

(GIZ) GmbH.

The guiding principles and objectives have overlap and 

transferability to the proposed Hub and include:

• Providing freely accessible, open, credible resources 

to support improved understanding of the impacts 

of climate change on Canada’s infrastructure and 

buildings. 

• Providing a Community of Practice to engage and work 

directly with infrastructure policy and decision-makers 

from the public and private sectors.

• Improving the understanding, capacity and expertise 

of policy makers, decision makers, infrastructure 

professionals and practitioners to adapt infrastructure 

8 Sandink et al, 2021. The PIEVC Protocol For Assessing Public Infrastructure Vulnerability to Climate Change Impacts: National And International 
Application 

based on current and future climate risks and 

vulnerabilities. 

• Providing ongoing advice to, and engagement with, 

governments, and other regulatory authorities on 

reviews and adjustments to infrastructure codes 

standards and related instruments to account for and 

mitigate climate risks and vulnerabilities.

To access the PIEVC Protocol users are asked to complete 

a Non-Disclosure and Release Agreement, which includes 

a condition that a final assessment report is submitted to 

the PIEVC Program Partnership. PIEVC Protocol users will 

be requested to submit a final PIEVC Protocol Assessment 

Report that can be placed on the PIEVC.ca website for public 

access. “The primary public good of the PIEVC Program 

is publication of final PIEVC Protocol assessment reports 

whenever possible. Users are granted free access to the 

Protocol to facilitate its use, and to ensure that valuable 

information concerning methods, data, and approaches 

to climate change vulnerability assessments remain in the 

public arena, all project users are requested to submit a 

publishable, final report.” (PIEVC.ca)

PIEVC Protocol assessment reports remain publicly 

accessible via the www.pievc.ca website and are searchable 

by category (e.g., buildings or roads), province/territory, and 

report completion status.

Training for PIEVC Protocol practitioners is available as 

part of a parallel program to the PIEVC Program - the 

Infrastructure Resilience Professional (IRP) program. This 

program includes a series of courses that lead to an “IRP” 

credential, and includes a course focused on the PIEVC 

Protocol.8 (Sandink et al, 2021)

No summary reports or meta-analysis available.

https://pievc.ca/
https://pievc.ca/
https://pievc.ca/wp-content/uploads/2021/08/PIEVC_Program-May-2021.pdf
https://pievc.ca/wp-content/uploads/2021/08/PIEVC_Program-May-2021.pdf
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Global Infrastructure Hub (https://www.gihub.
org/)

Established by the G20 in 2014 as a mandate to work 

between governments, the private sector, development 

banks, and other international organizations to implement 

the G20’s infrastructure agenda. The Global Infrastructure 

Hub (GI Hub) is a not-for-profit organization that advances 

the delivery of sustainable, resilient, and inclusive 

infrastructure. It acts as a global knowledge sharing hub, 

to produce data, insights, knowledge tools, and programs 

that inform both policy and infrastructure delivery.  The 

Knowldege Hub is searchable by resource type (e.g., news, 

articles, case studies), sector (e.g., energy, transport, water), 

and sub-sector, lifecycle stage (e.g., planning and strategy, 

project preparation, design, O&M), region, and topic (e.g., 

G20, PPP, technology). Case studies are searchable by 

contracting model (e.g., design-bid-build, design-build, PPP) 

and infrastructure value ($).

Relevancy & Lessons Learned for Natural Infrastructure 

Engineering Hub:

The GI Hub currently focuses on conventional infrastructure 

projects, energy, technology with low to no emphasis on 

nature-based solutions.

The GI Hub secretariat staff and/or collaborators identify, 

develop, and curate information in the Knowledge Hub.

Regular summaries of data and trends are published 

through Data Insights from the Secretariat.

Technical data (e.g., dimensions or design thresholds) are 

not included in platform.

All resources are freely available and accessible.

The GI Hub has a sustainable funding and hosting model 

through the G20.  The GI Hub’s mandates extended 

from 2014-2018 and in 2021 the G20 again extended the 

mandate (https://www.gihub.org/news/g20-fmcbg/) until the 

end of 2024 (Finance Ministers and Central Bank Governors 

Meeting).

It could be possible to integrate the Natural Infrastructure Engineering Hub into Global Infrastructure Hub, 
and at a minimum propose as a new topic area in the Knowledge Hub.

https://www.gihub.org/
https://www.gihub.org/
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Surface Water Ambient Monitoring Program 
(SWAMP) (https://www.waterboards.ca.gov/
water_issues/programs/swamp/)

The SWAMP is a unifying program created in 2000 as 

a result of legislation that coordinates all water quality 

monitoring conducted by the California State and Regional 

Water Boards. “The SWAMP mission is to provide resource 

managers, decision makers, and the public with timely, 

high-quality information to evaluate the condition of all 

waters throughout California. SWAMP accomplishes this 

through carefully designed, externally reviewed monitoring 

programs, and by assisting other entities state-wide in the 

generation of comparable data that can be brought together 

in integrated assessments”

Relevancy & Lessons Learned for Natural Infrastructure 

Engineering Hub:

There are numerous SWAMP partners, but the central staff 

responsible for day-to-day maintenance of the program are 

funded through the annual state budget process and State 

Water Resource Control Board staff.

Permits require data monitoring and for permittees to input 

data back into the Program.  Permittees are incentivized to 

comply so as to avoid fines from State and Regional Water 

Quality Boards for failure to submit self-reported data.

SWAMP is an excellent example of integrating Citizen Monitoring (Citizen Science + Volunteer Monitoring) 
through a ‘Clean Water Team’ program.  Citizen monitoring is any water quality monitoring activity 
that relies in whole or in part on participation by volunteers, students or non-paid staff. A variety of 

organizations may be involved in citizen monitoring projects, including but not limited to non-profit groups, 
Resource Conservation Districts (RCDs), Coordinated Resource Management and Planning (CRMP) groups, 

local government agencies, and colleges.

Clean Water Team Citizen Monitoring Coordinator(s) 

provide technical assistance and guidance documents, 

training, QA/QC support, temporary loans of equipment 

and communication to citizen monitoring programs and 

watershed stewardship organizations.

Data is freely available through multiple platforms (e.g., 

California Environmental Data Exchange Network (http://

www.ceden.org/), SWAMP Data Dashboard (https://gispublic.

waterboards.ca.gov/swamp-data/), and California Open 

Data (https://data.ca.gov/).

https://www.waterboards.ca.gov/water_issues/programs/swamp/
https://www.waterboards.ca.gov/water_issues/programs/swamp/
https://www.waterboards.ca.gov/water_issues/programs/swamp/
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Equator Initiative Online Best Practice 
Database (https://www.equatorinitiative.org/
knowledge-center/e-library/case-studies/)

Hosted by the UNDP, the Equator Initiative Knowledge Center 

includes a global E-Library for Case Studies and Publications. 

The Case Studies catalog is a best practice database with 

detailed case studies on Equator Prize winners – a growing 

network of local sustainable development solutions for 

people, nature, and resilient communities. The case studies 

describe vetted and peer-reviewed best practices to inspire 

policy dialogue to scale NbS essential for achieving the 

SDGs. There is an accompanying searchable ‘Nature-based 

Solutions Database’.

Relevancy & Lessons Learned for Natural Infrastructure 

Engineering Hub:

Equator Initiative prize winners are awarded a cash prize 

of US$10,000 each and case studies available from the 

website are co-written with prize winners and UNDP staff.

Technical data (e.g., dimensions or design thresholds) not 

included in platform.

International Institute for Sustainable 
Development (IISD) Nature-based 
Infrastructure Global Resource Centre (https://
nbi.iisd.org/)

“The leading global hub for nature-based infrastructure” 

to build the business case for nature-based infrastructure, 

providing data, training and sector-specific valuations 

based on systems thinking and financial modeling.  The 

Centre makes available information about Nature-based 

Infrastructure performance and costs; “the environmental, 

social and governance-related externalities of infrastructure; 

as well as direct costs and climate risks”.  It includes the 

outputs of SAVi assessments (40 funded Sustainable Asset 

Valuations through GEF and MAVA).

Relevancy & Lessons Learned for Natural Infrastructure 

Engineering Hub:

IISD staff support project developers to complete the 

economic valuation using the IISD tool SAVi, then reports, 

summaries, and data are available on the website and in 

the database.

Free consulting services are available to conduct customized 

economic valuations for 40 projects. 

The online database is an excel file that can be downloaded 

by users (https://nbi.iisd.org/database/ ) and identifies Value 

type (added benefit, avoided cost or direct cost), Category 

(e.g., sectoral or biophysical groupings), SubCategory (e.g., 

avoided cost, water filtering, carbon storage), Unit (“most 

costs and benefits are presented as both an absolute and 

an intensity value. The absolute value is equal to the value 

given int eh SAVi integrated cost-benefit analysis. The 

intensity value is normalized by a factor such as area or 

quantity” (https://nbi.iisd.org/wp-content/uploads/2021/11/

nbi-database-user-guide.pdf), Climate Scenario (e.g., IPCC 

RCP scenario), Policy Scenario (e.g., BAU, green infra, 

gray infra), Value (of the cost or benefit), Country, SAVi 

Assessment.

Training is available through a Massive Open Online Course 

and customized training.

https://www.equatorinitiative.org/knowledge-center/e-library/case-studies/
https://www.equatorinitiative.org/knowledge-center/e-library/case-studies/
https://www.equatorinitiative.org/knowledge-center/e-library/case-studies/
https://nbi.iisd.org/
https://nbi.iisd.org/
https://nbi.iisd.org/
https://nbi.iisd.org/
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Green Growth Knowledge Platform (https://
www.greengrowthknowledge.org/)

Established in 2012, the Green Growth Knowledge 

Partnership (GGKP) is a global community of policy, 

business, and finance professionals and organisations 

committed to collaboratively generating, managing, and 

sharing knowledge on the transition to an inclusive green 

economy. The GGKP’s three knowledge platforms - the 

Green Policy Platform, Green Industry Platform, and Green 

Finance Platform – offer quick and easy access to the latest 

research, case studies, guidance, and tools.”

Relevancy & Lessons Learned for Natural Infrastructure 

Engineering Hub:

The Knowledge Platform is led by a Steering Committee 

comprised of senior representatives from the Global 

Green Growth Institute (GGGI), Organisation for Economic 

Co-operation and Development (OECD), United Nations 

Environment Programme (UNEP), United Nations Industrial 

Development Organization (UNIDO), and the World 

Bank. The GGKP draws together more than 75 partner 

organisations.

The Platform uplifts reports, case studies, tools, research, 

webinars from partners 

The GGKP Secretariat is hosted by GGGI and UN 

Environment. The Secretariat manages the initiative’s 

operational activities.

Technical data (e.g., dimensions or design thresholds) is not 

included in platform.

APEX (Advanced Practices for Environmental 
Excellence in Cities) (https://www.apexcities.
com/)

An investment planning application from the International 

Finance Corporation (IFC) for Cities to identify Investments 

for suitable green financing, develop long-term strategies 

to meet greenhouse gas emission reduction targets (e.g., 

climate action plans), and track performance towards 

meeting emission reduction targets (%). APEX harnesses the 

knowledge about green practices from around the world to 

show what these practices mean for specific cities, based 

on a users local context - estimating environmental impact 

and cost - and explore policies and investments to drive 

implementation.

Relevancy & Lessons Learned for Natural Infrastructure 

Engineering Hub:

In-application calculations are conducted based on user-

input data.

Provides City-scale planners with a tool to attract finance for 

implementation of identified measures 

To access the free App users submit a simple 2-page 

application, including a sentence describing how you will 

use the App - and create a username and password. 

https://www.greengrowthknowledge.org/
https://www.greengrowthknowledge.org/
https://www.apexcities.com/
https://www.apexcities.com/
https://www.apexcities.com/
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International BMP Database (https://
bmpdatabase.org/)

Starting in 1996, through a cooperative agreement between 

the American Society of Civil Engineers and the United 

States Environmental Protection Agency  the International 

Stormwater Best Management Practices (BMP) Database 

is a publicly accessible repository for BMP performance 

monitoring study, design, and cost information. The project 

began to provide scientifically sound information to 

improve the design, selection and performance of urban 

stormwater BMPs, and is a repository of BMP field studies 

and related web tools, performance summaries and 

monitoring guidance. Continued population of the database 

and assessment of its data, primarily from North America, 

supports improved understanding of the factors influencing 

BMP performance and supports improvements in BMP 

design, selection and implementation. The performance, 

design, and cost data have also supported and will continue 

to support the development of science-based stormwater 

regulations, policies, and programs that seek to balance 

receiving water protection, technical feasibility, and cost.

Relevancy & Lessons Learned for Natural Infrastructure 

Engineering Hub:

This 25 year old project is made possible through 

the  financial support of multiple organizations and the 

willingness of researchers to voluntarily share their 

performance monitoring research.  

Technical data about project design, performance and 

costs are submitted by practitioners following a Data Entry 

User’s Guide and Spreadsheets which identify required 

data necessary for inclusion into the Database.  Completed 

spreadsheet packages, project photos, and relevant 

associated publications are emailed to a Clearinghouse. 

Practitioners are encouraged to contact the Clearinghouse 

in advance of submittal, and with any questions before or 

during the submittal process.

Since the BMP Database project’s inception in 1996, a key 

purpose of project has been to provide better guidance on 

urban stormwater BMP monitoring, reporting protocols and 

performance analysis methods. These protocols have been 

released in various BMP Database reports over time and 

9 https://static1.squarespace.com/static/5f8dbde10268ab224c895ad7/t/604926dae8a36b0ee128f8ac/1615406817379/2009Monitoring
ManualSingleFile.pdf

are updated to incorporate lessons learned and address 

new stormwater management approaches. 

The most current and comprehensive information is provided 

in the 2009 Urban Stormwater BMP Performance Monitoring 

Guidance. This manual provides both monitoring guidance 

and recommended performance analysis approaches, 

including approaches to evaluating volume reduction.9 

Some public agencies, including state departments of 

environmental protection, flood control districts and 

departments of transportation, have adopted the database 

format to track their ongoing studies. 

Use of the database format is free and publicly available, if 

Terms of Use are followed. 

“Performance monitoring data stored in the Urban 

Stormwater BMP database can be accessed several ways 

depending on the type of performance information desired 

by the user. These options include: 

• Summary Reports statistically analyzing BMP 

performance for common pollutants for common BMP 

categories updated approximately biennially. 

• BMP Mapping Tool allows users to view the geographic 

distribution of BMPs, filter to individual study sites 

and generate statistical analysis for BMP-pollutant 

combinations of interest for individual sites. This tool 

also enables users to access PDF summaries of BMP 

design characteristics and precipitation and flow 

summaries for a site. A corresponding CSV performance 

data file is also provided.

• BMP Statistical Analysis Tool allows user to dynamically 

generate statistical summaries for user-defined queries 

of BMPs by BMP category, location, pollutant and other 

criteria. A corresponding CSV data file is also provided. 

• Request Access Database allows users to request a 

full copy of the BMP Database in Microsoft Access, 

enabling independent user queries and full access 

to site metadata and performance data. The 40 MB 

zipped file is provided upon request.

• API access to the BMP Database is under development 

and is not currently publicly accessible.” (https://

bmpdatabase.org/get-data)

The BMP Database project is an excellent example of how to collaborate to collect technical data to 
inform project design and implementation to improve performance.

https://bmpdatabase.org/
https://bmpdatabase.org/
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Infrastructure Pathways (https://infrastructure-
pathways.org/)

Developed by the International Coalition for Sustainable 

Infrastructure, The Resilience Shift and delivered by Arup 

this resource provides infrastructure practitioners with 

10 https://infrastructure-pathways.org/use-case/nbs/

11 https://infrastructure-pathways.org/key-concepts/

clear, easy-to-navigate guidance on climate-resilient 

infrastructure, compiled from hundreds of leading resources, 

and organized by the 9 phases of the infrastructure 

lifecycle.  The curated guidance is relevant to resilience 

experts and non-experts alike, and includes a specific Use 

Case Pathway for nature-based solutions, with specific 

recommended guidance and tools for each infrastructure 

lifecycle phase.10

Relevancy & Lessons Learned for Natural Infrastructure 

Engineering Hub:

Resource materials are curated with input from a 

Steering Committee, Technical Team, and User Panel and 

includes descriptions and definitions of Climate Resilient 

Infrastructure.11

Technical data (e.g., dimensions or design thresholds) not 

included in platform.

The proposed Natural Infrastructure Engineering Hub would support Delivery and Management of Climate 
Resilient Infrastructure as defined in Infrastructure Pathways - specifically Lifecycle Phases 5, 6, 7, and 8 - 

Design, Procurement, Construction, and Operations and Maintenance.  

The Natural Infrastructure Engineering Hub could be organized with resources relevant to each of the 9 

phases to specific natural infrastructure solutions.

NbS Evidence Platform (https://www.
naturebasedsolutionsevidence.info/)

Part of the University of Oxford Nature-based Solutions 

Initiative, this global map-based portal links nature-based 

solutions to climate change adaptation outcomes based 

on a systematic review of peer-reviewed literature. The 

platform allows researchers, practitioners, and policy 

makers to compare the effectiveness of nature-based 

solutions intervention types including “created habitats, 

restoration, management, combination, protection, mixed 

created/non-created habitats”.  Peer reviewed literature on 

NbS is organized and sort-able based on ecosystem type, 

intervention type, effect of NbS on climate change impact, 

social outcomes, ecological outcomes, and climate change 

impact addressed with ability to generate maps, graphs, 

and download data.

Relevancy & Lessons Learned for Natural Infrastructure 

Engineering Hub:

The platform interface is easy to use and navigate .

The organization of papers enables meta-analysis to 

identify trends.

The portal only categorizes peer-reviewed literature, which  

limits access to projects, or aspects of projects, not in peer-

reviewed literature.

Technical data (e.g., dimensions or design thresholds) not 

included in platform.

https://infrastructure-pathways.org/
https://infrastructure-pathways.org/
https://www.naturebasedsolutionsevidence.info/
https://www.naturebasedsolutionsevidence.info/


DISCUSSIoN

2921ST CENTURY ENGINEERING GUIDELINES FOR OUR 21ST CENTURY CHALLENGES

LESSON #1: DATA SHOULD 
BE FREELY AVAILABLE AND 
ACCESSIBLE TO ALL 
All the reviewed platforms, with isolated exceptions12, 

prioritized providing free and accessible information to 

advance practice and improve environmental outcomes. 

Good data management is not a goal in itself, but rather 

is the key conduit leading to knowledge discovery and 

innovation.13  The Natural Infrastructure Engineering Hub 

could use FAIR guiding principles for open data sharing 

and management include being findable, accessible, 

interoperable, and reusable.  

The term FAIR was first coined at a Lorentz workshop in 2014, 

and the resulting FAIR data principles published in 2016 as 

The FAIR Guiding Principles for Scientific Data Management 

and Stewardship by Mark D. Wilkinson et al., 2016.14 

Other resources to review to inform best Data Sharing 

practices within the Natural Infrastructure Engineering Hub 

include:

• Open Data for Resilience Initiative

• The World Bank Open Government Data Toolkit

• Geospatial Risk and Resilience Assessment Platform 

• Analysis of the cascade effects in supply networks – 

software tool CAESAR

12 The Agricultural Best Management Practices Database (AgBMPDB) is behind a Water Research Foundation paywall

13 Wilkinson, M. D. et al. The FAIR Guiding Principles for scientific data management and stewardship. Sci. Data 3:160018 doi: 10.1038/

sdata.2016.18 (2016). https://www.nature.com/articles/sdata201618.pdf

14 Source: scibite (https://www.scibite.com/solutions/enterprise-fair-data-mdm/), accessed October 2022.

LESSON #2: INVESTOR 
MARKETPLACE COULD 
INCENTIVIZE DATA INPUTS
Survey respondents (Figure 5) indicated project permits, 

regulations, and finance institutions have the greatest 

potential to incentivize inputs back into the Natural 

Infrastructure Engineering Hub.  Involvoing finance and 

funding stakeholders in design and implementation of 

the Hub, and specifically the Investor Marketplace, could 

motiviate project developers to participate in the Hub data 

development and delivery.

The platform review identified other data input models with 

high potential to integrate into to the Natural Infrastructure 

Engineering Hub:

• Similar to the Nature-based Infrastructure Global 

Resource Centre model, the Natural Infrastructure 

Engineering Hub could invite projects from around 

the world to apply to receive funding for long term 

monitoring of natural infrastructure projects.  Selected 

projects would receive (1) consultant support to 

develop a Monitoring and Evaluation plan, identify Key 

Performance Indicators and (2) five years of monitoring 

funding that requires annual inputs of data back into 

the Natural Infrastructure Engineering Hub.

• Similar to SWAMP, regulators could require self-

reporting to the Natural Infrastructure Engineering Hub 

as a condition of project approvals and permits.

• Similar to the Equator Initiative prize winners, the 

Natural Infrastructure Engineering Hub could award a 

cash prize to winning projects with data entered into the 

Hub to promote community projects as best practices 

and instructive examples.

https://opendri.org/
http://opendatatoolkit.worldbank.org/en/
https://joint-research-centre.ec.europa.eu/geospatial-risk-and-resilience-assessment-platform-grrasp_en?msclkid=98f7e9f0b5a611ec93a0709aeb65ddde
https://www.emi.fraunhofer.de/en/business-units/security/research/analysis-of-the-cascade-effects-in-supply-networkssoftwaretool-c.html
https://www.emi.fraunhofer.de/en/business-units/security/research/analysis-of-the-cascade-effects-in-supply-networkssoftwaretool-c.html
https://www.waterrf.org/research/projects/2020-update-agricultural-best-management-practices-database
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LESSON #3: INTEGRATION OF 
CITIZEN SCIENCE INPUTS IS 
POSSIBLE AND GENERATES 
COMMUNITY CO-BENEFITS
Establishing the platform as a trusted data source is 

essential for long-term success.  To be successful, survey 

respondents (Figure 6) indicated the importance of linking 

citizen science efforts to specific data needs and addressing 

bias amongst science and engineers about the value and 

accuracy of data collected through citizen science efforts.  

SWAMP is a good model of integrating citizen science, and 

the Natural Infrastructure Engineering Hub could adopt their 

method for providing data templates to standardize data 

inputs, summarizing data for users, and creating Citizen 

Monitoring Coordinator(s) to provide technical assistance 

and guidance documents, training, QA/QC support, 

temporary loans of equipment and communication to citizen 

monitoring programs and organizations.

Other resources to review to inform integrating citizen 

science within the Natural Infrastructure Engineering Hub 

include recent successful examples leveraging technology 

(i.e., smart phones):

• ‘Catch the King’ sea level rise mapping

• Citizen Stormwater Infrastructure Assessments (Dr. 

Marcus Hendricks)

• Citizen Journalism

• Seed Pile Project (Miridae Living Labs)

15 Green Growth Knowledge Platform Impact Report 2020

LESSON #4: COLLABORATIVE 
FUNDING AND OWNERSHIP ARE 
ESSENTIAL FOR LONG-TERM 
SUCCESS 
A collaborative funding and ownership model is important 

for long-term success, beyond the design and initial launch 

and start-up phase of a technical platform.  

A diversity of infrastructure practitioners stands to benefit 

from the Natural Infrastructure Engineering Hub, and 

their participation in design, launch, start-up, and long-

term maintenance should be required.  The practitioner 

categories include - Government, Owners and Operators, 

Investors, Designers, Contractors, Civil Society, and the 

Direct Users of Infrastructure.

Often the team involved in the design, launch, and start-up 

of a platform is different than the long-term host.  During 

the initial design the Natural Infrastructure Engineering Hub 

team should identify long-term host and funding strategy.

There are existing platforms into which a Natural 

Infrastructure Engineering Hub could be integrated – like the 

Green Growth Knowledge Platform, Infrastructure Pathways, 

International BMP Database, and the Global Infrastructure 

Hub.

• Consider integrating the Natural Infrastructure 

Engineering Hub into the Global Infrastructure Hub, 

and at a minimum propose as a new topic area in 

the Knowledge Hub.  In this way the resource could 

secure a global collaborative commitment from the 

G20 for use and funding of the Natural Infrastructure 

Engineering Hub.   

• The Natural Infrastructure Engineering Hub shares with 

the Green Growth Knowledge Platform the goal of – 

“collaboratively generating, managing, and sharing 

knowledge”.15 

• The International BMP Database is already a trusted 

data clearinghouse – pivotal in building confidence 

and comfort for green stormwater infrastructure 

implementation – especially in the design and 

regulatory communities.

• Infrastructure Pathways provides the benefit of taking 

a lifecycle view to encourage collective action and 

https://www.humboldtbaykeeper.org/climate-change-impacts-sea-level-rise/70-king-tide-photo-initiative
https://arch.umd.edu/sirj
https://arch.umd.edu/sirj
https://www.miridaelivinglabs.org/seedpileproject
https://www.greengrowthknowledge.org/sites/default/files/GGKP_Impact_Report_2020_0.pdf
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system approaches.  Imagine multiple pathways – 

one each for different types of natural infrastructure 

solutions layered on top of this framework.

Figure 5. Project permits, regulations, and finance institutions have the greatest potential to incentivize inputs back into the Natural Infrastructure 
Engineering Hub.

Figure 6. To be successful,citizen science efforts to align with specific data needs and the hub will need to address bias amongst science and engineers 
about the value and accuracy of data collected through citizen science efforts.  
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CONCLUSION & NEXT STEPS
Given the lack of accepted norms and standards for 

Natural Infrastructure Design and Engineering,  we propose 

COLLABORATING to create 21st century engineering 

guidelines for our 21st century challenges – and advance 

new strategies to develop engineering guidance for 

practitioners. The solution relies upon strengthening 

evidence-based decision-making abilities for teams 

designing nature-based solutions with a sustainable and 

scalable framework.

To systematically learn by doing we propose creating a 

Natural Infrastructure Engineering Hub as a nature-based 

solutions evidence-based decision-making feedback loop 

to collaborate across disciplines and geographies. This 

trusted modern data sharing platform would leverage 

modern computing and data collection technology using an 

online, open-source, database structure.  

The system would be built and implemented by-and-

for users to input knowledge and data, with a focus on 

crowdsourcing information about natural infrastructure 

technology, performance, and cost to inform descriptive 

methods and engineering standards.

Based on a review of existing data and information sharing 

platforms:

1. Data should be freely available and accessible to all.  

2. Permits, funding, and/or cash prizes can incentivize 

data inputs.  

3. Integration of citizen science inputs is possible and 

generates community co-benefits

4. Collaborative funding and ownership of a shared data 

platform are essential for long-term success 

Nature-based solutions practitioners have a deep understanding 

of the challenge, have articulated the problem to solve, and 

have started brainstorming potential solutions.  As next steps 

we can: 

1. CONVENE an international panel of cross disciplinary 

nature-based solutions experts - representing engineers, 

developers, industry, governments and financiers, to

2. BRAINSTORM together to develop a knowledge sharing 

framework to outline what we need to understand – as 

an infrastructure pathway with inputs for end-to-end 

information 

3. PROTOTYPE a set of three types – or combinations – 

of nature-based engineering solutions.  For example, 

mangroves and seawalls, living shorelines, and ecotone 

levees.

4. Test and ITERATE with patience and intellectual humility 

between practice, policy, and partnership in a knowledge 

generation loop.

Which of course all takes time, money, and VERY HARD 

collaboration.  Numerous existing collaborative efforts share 

the scale and ambition of the proposed Natural Infrastructure 

Engineering Hub and could be approached to gauge interest as 

potential hosts and partners - like the Green Growth Knowledge 

Platform, Infrastructure Pathways, International BMP Database, 

and the Global Infrastructure Hub.

A Natural Infrastructure Engineering Hub is ONE pathway to 

upscaling natural infrastructure for disaster and climate resilience 

and to safeguard – stop or reverse – global biodiversity and 

species declines.  One pathway is not enough.  We need many 

different pathways to address our challenges. This is one – 

arguably a no-regrets approach - with the potential to provide 

practitioners and financiers around the world with access to up-

to-date data about performance and costs, engineering design 

resources and tools.  As a result designers will have increased 

confidence and the tools to design projects as experiments with 

integrated key performance indicators – upon which measure 

and monitor performance - and share their data back to the Hub.  

We can all be part of the solution to implement nature-based 

solutions in the absence of traditional engineering standards.  


