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Today’s Session

2:00  Fresh Insights: The Surprising Tech of Nature-Based Solutions 
Tina Walha, U.S. Digital Response
Anthony Townsend, Jacobs Urban Tech Hub at Cornell Tech

2:10 Practical Innovations: Quantifying the Benefits of Nature-Based Solutions
Aiman Duckworth, Biohabitats, Inc.
Andy Shively, City of Kansas City, Missouri
Tamar Warburg and Chris Hardy, Sasaki Associates, Inc.

2:40 Q&A / Discussion



What are Nature-based 
Solutions?
FEMA’s definition:

● “Sustainable planning, design, environmental 
management, and engineering practices…

● that combine natural features and 
processes with built ones…

● to reduce risk, conserve ecosystem value and 
functions, and provide associated benefits to 
human populations.”



FEMA identifies three categories of nature-based solutions (NBS). 
Most are aimed at managing flood risk.



Nature-based solutions are a FEMA priority
“Incorporation of nature-based solutions” is a key technical evaluation factor for BRIC and FMA in 2023

BRIC FMA



Nature-based solutions 
are innovative.
The strategy is to “green” the “gray” stuff 
we built in the 20th century.

NBS improve resilience and sustainability.

But they downplay the role of technology. US EPA



Leaving technology in the dust 
is a missed opportunity.

The November 2022 White House 
roadmap on nature-based solutions 
seeks to close that gap:

“Nature-based solutions and 
technology can be powerful allies. 

…the climate crisis demands that we 
deploy all available, proven, science- and 
evidence-based solutions.”



How do we leverage technology to 
deliver NBS, without putting 
technology first?

We see 3 surprising ways…



1. Picking which nature-based solution(s) to pursue.

The EU’s Urban GreenUP program 
created the NBS Selection Tool.

Cities answer 50 questions about 
resources and constraints. 

The tool generates a scored, ranked 
list of nature-based solutions that are 
a good match, along with a list of 
potential obstacles. https://www.urbangreenup.eu/resources/nbs-selection-tool/nbs-selection-tool.kl



2. Enhancing performance of NBS

State of the art
What we can buy today

Next-generation
What’s just been invented

Moonshot
What we must develop and deploy 
(over a generation)

Automated lock controls for fish habitat 
restoration on the Soo river. 
(Sault Ste. Marie, Mich.)

3-D printed artificial reefs
(Fort Pierce, Fla.)

Digital twins of the urban canopy simulate benefits
(New York City)

https://docs.google.com/file/d/1K-NWmLGF4En1AHPTXBpkeGwtKb-Niv5V/preview


3. Quantifying the benefits of NBS.

● World Economic Forum estimates that NBS are 50% more 
cost-effective than gray alternatives, but received just 0.3% of 
global spending on urban infrastructure in 2021.

● Because there aren’t yet broadly-accepted standards for 
quantifying the benefits.

● Congress and the Biden Administration directed the US Army 
Corps of Engineers to create new protocols that consider the 
full set of economic, environmental, and social benefits of 
NBS.

● This will be our main focus today, because it is information 
you can use right now.

International Guidelines on 
Natural and Nature-Based 

Features for Flood Risk Management. 
U.S. Army Corps of Engineers,  

Engineering With Nature, 
September 2021
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Aiman Duckworth, PLA
Senior Landscape Architect &
Urban Ecologist

Tools for Assessing the 
Benefits of 
Nature-Based Solutions

Local Infrastructure Hub



Ecological RestorationConservation Planning Regenerative Design

“Restore the Earth & Inspire Ecological Stewardship”



Climate Change Environmental Justice

DroneBase Via AP Elena Scotti/The Root/GMG; photos via Getty Images, 
iStock 

Biodiversity Loss

USFW
S



Ecological Benefits Analysis

(United Nations) (Biohabitats)

• Dollar Valuation



Technology Tools and Approaches

• Remote Sensing
• Geospatial Analysis
• Modeling
• Monitoring
• Statistical Analysis
• Machine Learning

• Planning and Suitability Analysis
• Existing Baseline Conditions
• Proposed Scenarios
• Proposed Plan
• Installed Conditions
• Monitored Performance Baltimore Green Network Plan (Biohabitats)

Phases of Benefits Analysis



Urban Ecological Planning & Social-Ecological Frameworks

Habitat and Biodiversity

Ecosystem Services

Environmental Justice 
/ Climate Justice

Parks and Open Space

Data Analysis Categories



Equity & Environmental Justice



Web Mapping Survey Tools

Equity & Environmental Justice

Baltimore Blueway (Biohabitats)



Water
Hydrology and Hydraulic Modeling



Water
3D Modeling- Shoreline and Coastal

Imagine the Wall, Charleston, SC (Biohabitats, DesignWorks)

(Image Credit: DesignWorks)



Biodiversity
Habitat Connectivity

Atlanta City Design: Nature (Biohabitats)



Biodiversity
Species Diversity and Rarity

Lafayette, CO Wildlife Plan (Biohabitats)



Fire

Drought

Heat

Floodi
ng

Climate Risk Assessment

Field Observations

City of Austin Climate Vulnerability 
Analysis & Land Management Plan 
(Blackland Collaborative, 
Biohabitats, RES)



Heat Island
Land Surface Temperature- Remote Sensing & Ground Sensors

(Data Source: NASA)



Heat Island
InVEST Urban Cooling Model

(Zardo et al. 2017)



Fire

(Finney 2006)

Fire Risk Modeling

(Data Source: Baylor University, FlamMap)

Climate

Wind



Carbon

Boulder Land-Based Carbon Inventory & Natural 
Climate Solutions (Biohabitats, SSG)

• Carbon Inventory
• Carbon Flux
• Carbon Scenarios
• Natural Climate Solutions
• Water, Fire, Biodiversity & Carbon



The first stream restoration project in 
Maryland to use only wood harvested on 
site to restore floodplain functions.

Carbon
Project Carbon Sequestration & Construction Footprint

Bacon Ridge Branch, Annapolis, MD (Biohabitats)



Monitoring
Georgia Tech EcoCommons, Atlanta, GA (Barge, Nelson Byrd Woltz, Biohabitats)

(Image Credit: NBW)



Hypothesis: The EcoCommons is a living laboratory with piedmont habitats. The landscape will provide increased ecological 
function, reduced negative ecological impacts, and reduced maintenance costs compared to  traditional university landscapes 
by relying on natural processes and employing adaptive management practices.







Fern Hill Wastewater Treatment, Portland, OR (Biohabitats)
(Image Credit: Jim G. Maloney)

Key Take Aways for Federal Grants

• Climate Change, Biodiversity, Environmental Justice

• Meaningful Community Engagement

• Stacked Benefits- Can’t Just Solve for One Problem

• Measure What Matters

• Quantifiable Metrics for Success

• Master Plan- Greater Community Vision and Suitability



Tools for Assessing the 
Benefits of Nature-Based 
Solutions

Local Infrastructure Hub

aduckworth@biohabitats.com

Thank You!
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KC Water’s Smart Sewer 
Program
The Surprising Technology of Nature-Based 
Solutions
Local Infrastructure Hub: tech + innovation webinar 
series
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Continuous Monitoring & 
Adaptive Control
GARDNER AVE DETENTION BASIN
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Opti RTC

stormwater infrastructure

runoff

infiltration 

control panel

actuated valve 
outlet or pump

water level sensor

web-based dashboard

NWS forecast

Opti
cloud software

Enables Dynamic and Adaptive 
Water Storage Management
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No Wet Weather 
Discharge 

Pre-Event 
Drawdown to 

Create Capacity 
and Prevent 

Flooding 

CMAC for CSO and Flood Mitigation
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Gardner Avenue
Pre-retrofit Post-retrofit
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Continuous Monitoring & 
Adaptive Control
PASEO GATEWAY
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Paseo Gateway
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Trolley Trail 
Storage 

Basin
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Trolley Trail 
Storage Basin
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Trolley Trail Storage Basin
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Trolley Trail Storage Basin
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81st & Troost 
Wetland 
Detention
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Open Field/ 
Detention Area

Embankment & 
Spillway

Wetland Forebay 
and Micropools

Detention Outlet

Wetland Outlet
Frequent Storm 

Control

Up to 100-Year 
Flood Control

81st and Troost
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81st and Troost

• Before

• After
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Arleta Park
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Arleta Park
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Rachel Morado
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Rachel Morado
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Future Green Infrastructure Project @ 
63rd and Daniel Morgan Boone Park
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Insights from the Field
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Sasaki
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Senior Associate
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How does our work impact 
climate change?

How can we design with a 
carbon conscience?   



Global Carbon Emissions by Sector

Operational Carbon: 
Energy

Embodied Carbon: 
Materials



Embodied Carbon Operational Carbon End of Life

Embodied vs. Operational Carbon

Construction



Planning: Architecture, Landscape, Infrastructure



Planning and Concept Design:

“To achieve great things, two things are needed: a plan and not quite enough time” 
~Leonard Bernstein



Our urban design plans 
will affect the next 50 + 
years…

How do we consider carbon from the earliest 
design phases? 
Perhaps before there is 
even a project?



Decarbonizing design starts with planning



Tamar Warburg
Director of Sustainability

Michael Frechette
Architect

Shuai Hao
Landscape Architect

Chris Hardy, Team Leader
Landscape Architect

Timothy Gale, Product Mgr.
Strategies UserX Specialist

Katya Trosman
Landscape Architect

Sponsoring Principals Ken Goulding, Michael Grove
With support from Kelly Farrell, Patrick Murray, Thiyagarajan Adi Raman
  

Carbon Conscience Team

Alison Nash
Sustainability Coordinator

Danielle DeCarlo
Architectural Designer





Carbon Sequestration
Carbon Sequestration is the  
amount of carbon actively  
stored or fixed from the  
atmosphere in vegetation or  
soils.



Source:  Atelier 10

Whole Project Carbon = Operations + Embodied



Land Use Decisions Make a Big Difference
Stored + Sequestered Carbon Emitted Carbon

Turf
1,061 tCO₂ - 1,733 tCO₂

Informal Landscape
109 tCO₂ - 217 tCO₂

Native Edge Landscape
17 tCO₂ - 43 tCO₂

Formal Quad Landscape
211 tCO₂ - 343 tCO₂

STEM
1,408 tCO₂ - 2,622 tCO₂

Dining Addition
196 tCO₂ - 493 tCO₂

Bresnahan
2,590 tCO₂ - 6,527 tCO₂

Housing Addition
7,355 tCO₂ - 17,825 tCO₂

Gym Addition
1,074 tCO₂ - 4,340 tCO₂

Harrington Reno
1,915 tCO₂ - 4,825 tCO₂

Power Plant Reno
363 tCO₂ - 1,469 tCO₂

New Paths
1,022 tCO₂ - 1,602 tCO₂

Turf
-96 tCO₂ 

+11 tCO₂ stored carbon

Informal Landscape
-549 tCO₂

Native Edge Landscape
-352 tCO₂

Formal Quad Landscape
-54 tCO₂

+15 tCO₂ stored carbon

1700 tCO₂ stored carbon
with timber frame 



https://docs.google.com/file/d/1YCWbA70HQpRNr0UJWUVv0xGo7GvWMxDH/preview


Database of Land Use Coverage Assumptions
500+ unique landuses that can be 
combined in relative ratios to  create 
many options



Hellinikon Park, Athens



Sketch, Test and Iterate

https://docs.google.com/file/d/1C0XoRlT77rpnUDz-NKJIS6rB-QsZBBYx/preview
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Inform Decisions with Data



Goal setting builds capital for commitment 



To inform 
material and 
detail decisions



And design for carbon impact



We are responsible for what we design.
Every design has a carbon impact.
Consider carbon from the onset of the design process.
Set—and track—an embodied carbon budget. 
Reuse existing buildings and landscapes.

Less is more.
Green is more.



https://carbon-conscience.web.app/

https://visualizations.sasaki.com/stagin
g/carbon-conscience-public/

Try It! 

crhardy@sasaki.com

https://carbon-conscience.web.app/
https://visualizations.sasaki.com/staging/carbon-conscience-public/
https://visualizations.sasaki.com/staging/carbon-conscience-public/


Coming Up

Fair Paths to EV 
Charging
Tuesday, January 11, 2pm

National Renewable Energy Laboratory, EVI-Equity

https://www.nrel.gov/docs/fy22osti/82910.pdf


Poll


