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Presentation Notes
Necessity is the mother of invention.

The multi-hazard world is one lens through which to consider role and function of infrastructure.  Modern society is affected by many types of hazards—manmade, natural, and combinations of the two. 

Since 1980, there have been 310 weather and climate related disasters in the US that have individually produced at least $1 billion in damage.  Total damages across the 310 is $2.2 T and >14,000 lives lost.  20th century infrastructure and engineering approaches are not aging well!

In 2021, there were 20 weather/climate disaster events with losses exceeding $1 billion each to affect the United States. These events included 1 drought event, 2 flooding events, 11 severe storm events, 4 tropical cyclone events, 1 wildfire event, and 1 winter storm event. Overall, these events resulted in the deaths of 688 people and had significant economic effects on the areas impacted. 

In 2020, had 22 events (over 1B), producing 95B in economic damage, and 262 deaths. NOAA’s National Centers for Environmental Information (NCEI) tracks U.S. weather and climate events that have great economic and societal impacts (www.ncdc.noaa.gov/billions).  The 2020 Atlantic hurricane season was the most active and the fifth costliest Atlantic hurricane season on record.  There were a record 30 named storms, 12 of which made landfall, surpassing the record of 28 named storms in 2005. 

We live in a multi-hazard world.  These hazards and their interaction with our social systems are having great and great impacts on society.  With respect to today’s topic, we are in the midst of coastal crisis (SLR, storms, environmental degradation, loss or habitat and biodiversity…).

The need for coastal resilience is an emergency, not a casual challenge.  I’m greatly concerned that government agencies at the federal, national, and local level and the private sector are not treating coastal resilience as an emergency.  At least I don’t see compelling evidence that it is being treated with the sense of urgency and commitment that the problem deserves.

There are a whole range of natural and manmade events illustrated here, and combinations of natural and human caused crises and disasters.  The nature of these hazards, the scale of these hazards, and the combinations of them, pose very serious (deadly serious) challenges for us in the 21st century—challenges that attach urgency to the need for innovation.

Since 2015, some of the nation’s biggest flood disasters have not resulted from hurricanes and tropical storms. They have occurred miles inland in central Louisiana (2016, $10.6 billion in losses), Houston (2016, $2.8 billion), Texas and Oklahoma (2015, $2.7 billion), Texas and Louisiana (2016, $2.4 billion), and South Carolina (2015, $2.2 billion). Even among recent hurricanes—Harvey and Florence in particular—historic levels of rain caused far more damage inland, compared to storm surge or high winds along the coastline. The damages from the 2019 floods are still being tallied, but are expected to exceed $1.3 billion in Nebraska alone and, as of this writing, the floodwaters are still moving downstream towards St. Louis.



1900-2000: The Century of Infrastructure (US)

4,071,000 miles of roadway

e 47,182 miles in the Interstate
system

149,136 miles of mainline rail

640,000 miles of high-voltage
transmission lines

614,387 bridges

90,580 dams
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Elhacham et al. 2020. Global human-made mass exceeds
all living biomass. Nature 588:442-444
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Of the approximately 5,000 military installations (properties), >500 are outside the country (overseas).  These assets occupy >25M (26.9M) acres of land (owned leased or otherwise possessed by DoD.  8.8 M owned in the US.

We built a lot of infrastructure stuff in the 20th century with a lot  concrete, rock, brick and steel.  In fact, in the year 2020, for the first time in human history, the amount of human produced mass, in the form of these construction materials, now exceeds all biomass on the planet (1 T teratonne, 10^12 tonnes).  That is amazing and concerning from the point of view of sustainability.

Meeting needs for 9B people will require an annual investment of 5T in infrastructure over the next 20 years, or 100T by mid century (World Economic Forum, among others).  This is under a business-as-usual estimate, that doesn’t account for climate and other challenges. https://reports.weforum.org/green-investing-2013/required-infrastructure-needs/?doing_wp_cron=1604338053.0864210128784179687500

“Since the first agricultural revolution, humanity has roughly halved the mass of plants, from approximately two teratonnes (Tt, units of 10^12 tonne;
where estimates are on a dry-mass basis) down to the current value of approximately 1 Tt.” dynamics. Anthropogenic mass is defined as the mass embedded
in inanimate solid objects made by humans (that have not been demolished or taken out of service, which we define as ‘anthropogenic
mass waste’).

“At the beginning of the twentieth century, anthropogenic mass was equal to only 3% of global biomass.  Over the past 100 years, anthropogenic mass has increased rapidly—doubling in approximately every 20 years.  The two dominant mass categories in our analysis are buildings and infrastructure (composed of concrete, aggregates, bricks and asphalt) and trees and shrubs (the majority of plant mass and, therefore, of the overall biomass).The accumulation of anthropogenic mass has now reached 30 Gt per year, based on the average for the past 5 years. This corresponds to each person on the globe producing
more than his or her body weight in anthropogenic mass every week. If current trends continue, anthropogenic mass, including waste, is expected to exceed 3 Tt by 2040—almost triple the dry biomass on Earth.”

As much of this infrastructure exceeds its design life and continues to age, how does it “stack up” against the multi-hazard world?

The following is a partial list of dams and reservoirs in the United States. There are an estimated 84,000 dams in the United States, impounding 600,000 mi (970,000 km) of river or about 17% of rivers in the nation.

There were only 119 dams in the US in 1900.  We now impound 600 million acre feet of water behind dams.  
As the name suggests, an acre-foot is defined as the volume of one acre of surface area to a depth of one foot.
Since an acre is defined as a chain by a furlong (i.e. 66 ft × 660 ft or 20.12 m × 201.17 m), an acre-foot is 43,560 cubic feet (1,233 m3).
There are two definitions of an acre-foot (differing by about 0.0006%), depending on whether the "foot" used is an "international foot" or a "U.S. survey foot".
1 acre-foot= 43,560 cubic feet = 75,271,680 cu in1 international acre-foot= 43,560 international cubic feet≈ 1,233.48183754752 m3≈ 271,328.072596 imp gal≈ 325,851 3⁄7 US gal1 U.S. survey acre-foot= 43,560 U.S. survey cubic feet≈ 1233.4892384681 m3≈ 271,329.700571 imp gal≈ 325,853.383688 U.S. gal.  As a rule of thumb in U.S. water management, one acre-foot is taken to be the planned water usage of a suburban family household, annually.[2] In some areas of the desert Southwest, where water conservation is followed and often enforced, a typical family uses only about 0.25 acre-feet of water per year.[3] One acre-foot/year is approximately 893 gallons (3.38 m3) per day.


The U.S. has 614,387 bridges, almost four in 10 of which are 50 years or older. 56,007 — 9.1% — of the nation's bridges were structurally deficient in 2016, and on average there were 188 million trips across a structurally deficient bridge each day.

A nationwide network of 30,000 documented miles of levees protects communities, critical infrastructure, and valuable property, with levees in the U.S. Army Corps of Engineers Levee Safety Program protecting over 300 colleges and universities, 30 professional sports venues, 100 breweries, and an estimated $1.3 trillion in property. As development continues to encroach in floodplains along rivers and coastal areas, an estimated $80 billion is needed in the next 10 years to maintain and improve the nation’s system of levees. In 2014 Congress passed the Water Resources Reform and Development Act, which expanded the levee safety program nationwide, but the program has not yet received any funding.





Engineering With Nature.

...the intentional alignment of natural and engineering processes to
efficiently and sustainably deliver economic, environmental and ENGINEERING WITH NATURE
social benefits through collaboration. . Advancing nature-based solutions

Key Elements:

= Science and engineering that
produces operational efficiencies

=  Using natural process to maximum
benefit

" |ncrease and diversify
infrastructure value

= Science-based collaboration to bt e g7 | s L N g L e
organize and focus interests, Bl 3 S e
stakeholders, and partners ; g - : Pl g o B
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“We absolutely want to do more engineering with nature everywhere we work across the Corps, you have my commitment.”
— LTG Scott A. Spellmon, 55th Chief of Engineers to the House Committee on Transportation & Infrastructure, \Water
Resources & Environment Subcommittee (24 June 2021)

www.engineeringwithnature.org



Nature-Based Solutions:

Conserving, restoring, and engineering nature for
the benefit of people and nature

An Example: Trees as Infrastructure!
e Shaded surfaces can be 20-45°F cooler

* Evapotranspiration plus shading can
reduce peak summer temperatures by 2-
9°F

* Reducing wind speed and winter heat
loss from buildings by 10-50%

* Improve local air quality

* Increase water infiltration, reducing
surface water run-off

k
Soil surface temperatures reveal

moderation of the urban heat island effect
by trees and shrubs
J. L. Edmondson , |. Stott, Z. G. Davies, K. J. Gaston & J. R. Leake

Scientific Reports 6, Article number: 33708 (2016) = Download Citation &
1398 Accesses 20 Citations = 17 Altmetric = Metrics »

non-domestic herbaceous vegetation

. non-domestic trees and shrubs

. domestic gardens
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The modern movement on what we call today nature-based solutions has it’s roots in the 1960s: Howard Odum and colleagues and ecological engineering, Ian McHarg and his book published titled Design with Nature, published in 1969.  

Abstract
Urban areas are major contributors to air pollution and climate change, causing impacts on human health that are amplified by the microclimatological effects of buildings and grey infrastructure through the urban heat island (UHI) effect. Urban greenspaces may be important in reducing surface temperature extremes, but their effects have not been investigated at a city-wide scale. Across a mid-sized UK city we buried temperature loggers at the surface of greenspace soils at 100 sites, stratified by proximity to city centre, vegetation cover and land-use. Mean daily soil surface temperature over 11 months increased by 0.6 °C over the 5 km from the city outskirts to the centre. Trees and shrubs in non-domestic greenspace reduced mean maximum daily soil surface temperatures in the summer by 5.7 °C compared to herbaceous vegetation, but tended to maintain slightly higher temperatures in winter. Trees in domestic gardens, which tend to be smaller, were less effective at reducing summer soil surface temperatures. Our findings reveal that the UHI effects soil temperatures at a city-wide scale, and that in their moderating urban soil surface temperature extremes, trees and shrubs may help to reduce the adverse impacts of urbanization on microclimate, soil processes and human health.

Here, we provide a first systematic assessment of the interaction between vegetation type (herbaceous vegetation – predominantly lawns, versus trees and shrubs), land-use (domestic gardens versus non-domestic greenspace), and proximity to the urban core on soil surface temperature over 11 months, using data loggers distributed throughout our study city, Leicester UK (Fig. 1).


Natural and Nature-Based Features (NNBF)

* Flood Risk Management refers to

actions taken to reduce future damage Natural and
nature-based
to people and property caused by - solutions |
. . . Working with Ecological
flooding and erosion in coastal and nature engineering
ﬂUViaI SyStemS- Building Engineering

with nature With Nature

 NNBF refers to the use of landscape
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features to produce flood risk ___ Creen Nature-Based Soft defenses
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International Guidelines on Natural and Nature-Based
Features for Flood Risk Management [ ...

NNBF Guidelines Table of Contents

* Chapter 1. Introduction

* Chapter 2. Principles, Frameworks, and Outcomes
* Chapter 3. Community Engagement

* Chapter 4. Systems Approach 2 DoV o
* Chapter 5. Performance AR A e »

Based Features for Flood Risk Mdana,

Virtual Launch Event

» 16 September 2021

* Chapter 6. Benefits and Costs of NNBF

* Chapter 7. Adaptive Management

* Chapter 8. Introduction to Coastal Systems

* Chapter 9. Beaches and Dunes

* Chapter 10. Coastal Wetlands and Intertidal Areas
* Chapter 11. Islands

www.engineeringwithnature.org
A4S ARUP Baird. ¥iohabits [Jalele] e 2
Deltares ECU @ino~ EDfGe .2 .
@I|GFDRR & ==

HR Wall rgford @ UNl‘Vl‘ERSII‘w

* Chapter 12. Reefs Jacobs i l“f“::m L Rl ity
* Chapter 13. Plant Systems & oo B T
e Chapter 14. Environmental Enhancements https://ewn.erdc.dren.mil/?page_id=4351 e

* Chapter 15. Introduction to Fluvial Systems NNBF Guideli Woks NUST EHIHITTIL T o
« Chapter 16. Fluvial Systems and Flood Risk Management . uide |nesff Basion @igim o Wyamy @
* Chapter 17. Benefits and Challenges of NNBF in Fluvial Systems >1,000 pz':\ges, >-year e' ortc

« Chapter 18. Fluvial NNBF * >70 multi-sector organizations

« Chapter 19. Fluvial NNBF Case Studies * >170 authors and contributors

* Chapter 20. The Way Forward
“The guidelines do not contain or represent the policy commitments or policy positions of the
organizations that participated in their development. Policy development is the sole purview of
each organization and the laws and procedures that govern their activities.” Pages xi-xii.
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Structure of the Guidelines with sample graphics.

https://ewn.erdc.dren.mil/?page_id=4351
http://www.engineeringwithnature.org/

Leveraging Nature for Engineering Value: Wet/ands

Wetland Value During Hurricane Sandy:

e Risk industry tools used to quantify the economic
benefits of coastal wetlands

* Temperate coastal wetlands averted more than $625
million in flood damages.

* In Ocean County, New Jersey, salt marsh conservation
can significantly reduce average annual flood losses by
more than 20%.

Fomr— .

COASTAL WETLANDS AND FLOOD DAMAGE REDUCTION
Using Risk Industry-based Models
to Assess Natural Defenses in the Northeastern USA

October 2016
S, UNIVERSITY OF CALIFORNIA H
i ¥ i TheNature ‘}“’ ggmllk tion
L7 Conservancy % Society

LLOYDS

TERCENTENARY
RESEARCH
FOUNDATION
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Storm Impacts and Damages: 22-29 October 2012
Human
286 people killed (159 in the US)   
500,000 people affected by mandatory evacuations
20,000 people required temporary shelter
Extensive community dislocations – continuing today in some areas
Economic 
$65B in damages in the U.S. 
26 states affected (10 states and D.C are in the NACCS study area)
650,000 houses damaged or destroyed


Leveraging Nature for Engineering Value: Mangroves

1 Fﬂr oS0 s | Gt 4 - ’* L R Y e
Florida Mangroves Study: - s S
*Used an insurance industry eI e Goncscs \

catastrophe model to quantify the
flood reduction benefits of
mangroves across Florida

*During Hurricane Irma:
* Mangroves averted $1.5 billion dollars in
flood damages to properties
* 25% savings in counties with mangroves

*>600,000 people living behind mangrove
forests saw reduced flooding across
Florida

Menendez et al., 2020. The Global Flood Protection Benefits of Mangroves.
https://www.nature.com/articles/s41598-020-61136-6
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Mangroves are found in the intertidal zones of tropical, subtropical and protected temperate coastal rivers, estuaries and bays, where they grow in fine sediments deposited by rivers and tides.


Leveraging Nature for Engineering Value: Cora/ Reefs

Coral Reefs and Flood Risk
Reduction Value:

1?‘.

e Coral reefs line >3,100 km of US

R Culabra
o T ——
\, 53
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no. 4 no. 3 St

‘s: John S/km)
'u‘J 5

and US Trust Territory shorelines

*Provide >$1.8B in annual flood risk
reduction benefits

*Highly developed coastlines in FL 7

. 4 0
n0.1,10.2,n0.5[]] St. Croix
y b Bensfits

and HI receive annual benefits of
S10M per km of coral reef

* Loss of the top-most meter of
coral reefs:

* An additional 50,000 people would
experience floodmg

* S3B in additional damage to
structures

Kilometers u - _ >
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su Sti].l_ﬂil.b ll it y The annual expected benefits (5/km) coral reefs provide in coastal flood reduction.

[
stk https://www.usgs.gov/centers/pcms

c/science/value-us-coral-reefs-risk-
reduction?qt-
science_center_objects=0#qt-

The value of US coral reefs for flood risk reduction

Berja G. Reguero "=, Curt D. Storlazzi 02, Ann E. Gibbs ™2, James B. Shope’, Aaron D. Cole?, . t biect
Kristen A. Cumming? and Michael W. Beck " science_center_objects

Habitats, such as coral reefs, can mitigate increasing flood damages through coastal protection services. We provide a
fine-scale, natlonal vaiuation of the flood risk reductlon benefits of coral habltats to people, property, economles and Infrastruc-
ture, Across 3,900 km of US coastling, the top-most Tm of coral reefs prevents the 1 Do—rﬂundhmwulngw 3% (N3 km),
avolding flooding to 53,800 (62%¢) people, WS$2.7 billlon (90%) damage to bulldings and UWSS2.6 billlon (49%) In indirect
economic effects. We estimate the hazard risk reduction benefits of US coral reefs to exceed US$1.Ebillion anmally. Many
highly developed coastiines in Florida and Hawall recelve annual benefits of over USS10 millionkm-, whereas US reefs criti-
cally reduce flooding of wilnerable populations. Thes quantfflcation of spatial risk r emnm:mhebmpmnunmnm
in fiood and [ tlon, opening new opportunities to support reef management with hazard
mitigation funding.

https://www.nature.com/articles/s41893-021-00706-6.epdf?sharing_token=o0kXPN9-3ruX1jz oEfQdrNRgNOjAjWel9jnR3ZoTvOP34Lz-UrljB uD-

zEphe5yVw5H6pLrLbdyEo9uxURsA1vaOBZYqEISIkfmfDYbell1BcoZOxZ9MDHv4a4GINO31nT1-vWMdJuUiZvbQuw5XBAz 76ysNfegB1gNwKbD-A%3D
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Mangroves are found in the intertidal zones of tropical, subtropical and protected temperate coastal rivers, estuaries and bays, where they grow in fine sediments deposited by rivers and tides.

blockedhttps://www.nature.com/articles/s41893-021-00706-6.epdf?sharing_token=okXPN9-3ruX1jz_oEfQdrNRgN0jAjWel9jnR3ZoTv0P34Lz-UrljB_uD-zEphe5yVw5H6pLrLbdyEo9uxURsA1vaOBZYqElSlkfmfDYbeII1BcoZ0xZ9MDHv4a4G9NO31nT1-vVMdJuUiZvbQuw5XBAz_76ysNf6gB1qNwKbD-A%3D
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The Yolo Bypass, California (1911)

K’l@ Bypass And Its Sources 3

Yol Rasgin Watkeeds

13 :-.li. ||."::r'._- Aroa

1 L " - Ty 5
P ! b S ;

Yolo Bypass Wildlife Area Yolo Bypass, 2017
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Sacramento Flood Control Project authorized by the US Congress in 1911.  The idea and plans for the use of flood diversions trace back to the 19th century in response to flooding in 1862 and 1878. The Sacramento Weir was built in 1916.  The project has undergone many additions and expansions over more than 100 years. The Yolo Bypass encompasses 59,000 acres of land, 75% of which is privately owned and farmed.  16,000 acres comprise the Yolo Bypass Wildlife Area.  In the Bypass we have agriculture, flood risk management, and nature development integrated to produce a diversity of engineering, economic, ecological, and social values.
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Military Installation Resilience: Built + Natural Infrastructure

“Built and natural infrastructure are both necessary for successful mission
preparedness and readiness.”

" Department of Defense
Climate Adaptation Plan

About v Podcast Proving Grounds Research v Resources v NNBF v
& EWN Engineering With Nature contactus | Q

======
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September 1, 2021
Department of Defense (DoD)

Engineering With Nature, -
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DOD bases impacted by natural disasters and extreme weather events from 2017-2021; more than $13B in damages

http://www.engineeringwithnature.org/

“Natural Infrastructure” in the
Infrastructure Investment and Jobs Act 2021

Billions invested in nature-based solutions

17+ references to “natural infrastructure” in

the bill

USACE: ~S17B in appropriations, including:
e $2.5B for CSRM, S1B for multi-purpose

e S2.5Bforinland FRM, S750M for multi-
purpose

DOT, surface transportation NI
DOE, hydropower and FRM NI
BoR, Western Water Infrastructure NI

Other supporting investments with NRCS,
F]I%]l\/IA, NOAA, EPA, USFWS, Bureau Indian
Aftairs




Nature-Based Solutions: A White House Priority

%
. EEEEEEEEEEEE

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC Executive Order on Tackling the
WHITE HOUSE Climate Crisis at Home and Abroad

ERIEFING ROOM ROUNDTABLE- = ez , 2021 - PRESIDENTIAL ACTIONS
“KNOWLEDGE IN NATURE:

Executive Order on Strengthening the HowNarure can Her

) , o GROW A BETTER FUTURE” America the Beautiful
Nation’s Forests, Communities, and 30x30
LOC&] ECOHOIHleS Justice40 Initiative

APRIL 22, 2022 -« PRESIDENTIAL ACTIONS

Sec. 4. Deploying Nature-Based Solutions to Tackle Climate Change and Enhance Resilience:
“To further amplify the power of nature, including its ability to absorb climate pollution and increase
resilience in all communities, today’s Executive Order calls for the following:”

1) Report on Nature-Based Solutions

2) Guidance on Valuing Nature

3) First U.S. National Nature Assessment




EWN. Applied to Tyndall Air Force Base for Coastal
Resilience Emyge 7 ER

[ 100-year storm (DFE)
8 0 200- year storm
) 500-year storm
B 1000-year storm

“By exploring a diverse men
nature-based solutions we al

a better position to sustain,
restore, and modernize natural
infrastructure, ensuring the
capability of Air Force lands to
support the mission of the

to Enhance Coa:

installation.” PO Tyndallcoastalresilience.com

- Lieutenant Colonel Brandy W Al . A Winner of 2021
Smart, Commander of the 325th ~ s (/K Environment Agency Flood & Coast
Civil Engineer Squadron : International Excellence Award
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The rebuild of Tyndall AFB is a $5B investment.  The rebuild of Tyndall will be employing many examples of advanced technology and best practice engineering.  But we also need to be smart, creative, innovative about how we use the natural landscape to keep future storms from disrupting the mission.

You can learn more about this project from tyndallcoastalresilience.com.  In fact, last week’s guest on the EWN podcast was with BG Patrice Melancon, the Executive Director of the Program Management Office at Tyndall. 


NNBF: Overarching Observations

* Natural features and landscapes have always contributed
to flood resilience.

* The function and success of FRM measures and systems
are related to scale.

e Sustainable FRM systems will include combinations of
conventional, natural, and nature-based elements.

* The flexibility and adaptability of NNBF are useful for
achieving flood resilience.

* NNBF can increase and diversify the value provided by
infrastructure.

* Innovation in practice will be key to addressing future
problems and opportunities.

* Policies need to be developed to guide and expand the
use of NNBF.

e Coordination, collaboration, and partnership will fuel
successful implementation of NNBF.



The EWN, Toolkit for:
Coastal Storm (CSTORM) Modeling System

Rapid representation of natural and
nature-based features (NNBF) within a
coastal and fluvial numerical model
background.

Geospatially rectified background image
(i.e., from satellite or similar) to reference
while working in the mesh editing
environment.

A simple set of tools for creating polygons,
and layers of polygons, to represent NNBF.

Each EWN feature has an options tab or
drop-down menu to adjust parameters for
that feature (i.e. density of vegetation,
Manning’s n values, and bathymetry) that
will be stored in a look up table.

COASTAL STORM
MODELING SYSTEM
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Presently, numerical modeling of EWN features requires manual integration into the bathymetry/mesh, entailing a high level of skill and a significant time commitment. 


For example, the New Jersey Back Bay project has started using the ADCIRC/STWAVE (surge and wave numerical models) tools to better predict the outcome of using Natural and Nature Based Features (NNBFs) in their designs. Each time the feature is altered, the mesh must be reconfigured. Consequently, only a limited set of NNBF measures are typically implemented numerically for a subset of storm conditions.  Those simulated events are then extrapolated to other study regions, increasing the uncertainty of the study conclusions. The purpose of this project is to include a toolkit to create and permutate EWN features within the Coastal STORM – Modeling System (CSTORM-MS) of numerical models (ADCIRC/STWAVE).  This in turn allows Districts to look at variations of design parameters for varying NNBFs without manually modifying the model resolution and bathymetry every time, leading to a significant time and cost savings. 

We are starting with CSTORM because we are familiar with it, and have developed many tools for sensitivity analysis and check codes…. HOWEVER the goal is to make this toolkit MODEL AGNOSTIC. 

The purpose of this project is to include a toolkit to create and permutate EWN features within the Coastal STORM – Modeling System (CSTORM-MS) of numerical models (ADCIRC/STWAVE).  

Leveraging the CSTORM system, allows us to run analysis/testing on the toolkit using existing meshes, existing data.




The Power of Partnership: SM//L
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Progress requires partnership.


Nature-Based Solutions

Conserving, restoring, and engineering nature for
the benefit of people and nature

' ®

Engineering With Nature

= Project delivery—"faster, cheaper”

= Project performance—complete solutions
= Adaptability—scalable, phase-able, flexible
= Sustainability—self-repair

= Value to the Nation—multi-functional
benefits

= Diversified investment—diversified value—>
diversified partnerships

= Social license—community and stakeholder
support and participation

= Regulatory efficiency—resolving conflict
through win-win solutions S Joadquin River aticl



The Spectrum

“Wild and Free-Flowing Nature” “Tamed and Conquered Nature”

“Not either / or, but and”

(Structural vs. Natural)

Conserved Nature
Engineered Nature-Based Solutions
+ Engineered Structures

Lasting, Sustainable, Resilient Systems

San Joaquin Valley, CA 1800s

San Joaquin Valley, CA today
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Visions before equations..

There is a spectrum of approaches: from wild nature to what we thinking of as tamed nature.  Our intention with EWN is ‘rebalance’ nature and human engineering by forging a partnership between the two, and thereby create more value from infrastructure investment.

Lewis Mumford (From the Myth of the Machine the Pentagon of Power)): “In the act of ‘conquering nature’ our ancestors too often treated the earth contemptuously, under the delusion that the losses did not matter, since modern man through science and invention would soon fabricate an artificial world infinitely more wonderful than the one that nature provided—an even grosser delusion.”

Duwamish River, an example of the “ditchification” of America.

The Yokuts and Miwok Native Americans lived on abundance and variety of food: many species of fish (including Salmon) and fowl, gophers, rabbits, hares, pine nuts, acorns, lizards, grass seeds, deer, elk, pronghorn, bear.  They made boats out of tule reeds to cross the streams, rivers, and to fish on Tulare Lake, once the largest freshwater lake west of the Mississippi and Great Lakes.  In 1849, the lake was 1,476 km2 (570 sq mi), and in 1879, 1,780 km2(690 sq mi), as its size fluctuated due to varying levels of rainfall and snowfall.


Even well after California became a state, Tulare Lake and its extensive marshes supported an important fishery: In 1888, in one three-month period, 73,500 pounds of fish were shipped through Hanford to San Francisco. It was also the source of a regional favorite, western pond turtles, which were relished as terrapin soup in San Francisco and elsewhere. The lake and surrounding wetlands were a significant stop for hundreds of thousands of birds migrating along the Pacific Flyway. Tulare Lake was written about by Mark Twain. In 1938 and 1955, the lake flooded, which prompted the construction of the Terminus and Success Dams on the Kaweah and Tule Rivers in Tulare County and Pine Flat Dam on the Kings River in Fresno County.[12] The lake bed is now a shallow basin of fertile soil, within the Central Valley of California

The Central Valley is a flat valley that dominates the geographical center of the U.S. state of California. It is divided in two, the Sacramento Valley in the north and the San Joaquin Valley in the south.  The Central Valley is 40 to 60 miles (60 to 100 km) wide and stretches approximately 450 miles (720 km) from north-northwest to south-southeast, inland from and parallel to the Pacific Ocean coast. It covers approximately 18,000 square miles (47,000 km2),[1]about 11% of California's total land area (or about the size of the Dominican Republic). The valley is bounded by the Sierra Nevada to the east and the Coast Ranges to the west. t consists of three main drainage systems: the Sacramento Valley in the north, which receives well over 20 inches (510 mm) of rain annually; the drier San Joaquin Valley in the south; and the Tulare Basin and its semi-arid desert climate at the southernmost end.

It is California's single most productive agricultural region and one of the most productive in the world, providing more than half of the fruits, vegetables, and nuts grown in the United States.[3] More than 7 million acres (28,000 km2) of the valley are irrigated via an extensive system of reservoirs and canals.[4]

Agriculture is 50B industry for California, the number one ag state in the country.  The San Joaquin valley is responsible for the majority of this.  7 of the top 10 agricultural counties in CA are in the San Joaquin Valley, including the county of my birth. 


Questions?

EngineeringWithNature.org

Download
e Executive Summary (70 pages)

* |International Guidelines on NNBF for Flood
Risk Management (1,000 pages)
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