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What we’ll talk about today

1. Green infrastructure concepts
2. Practices
3. Getting to Implementation



A Quick Hello!

• Name

• Affiliation

• One Word you think of 
when you hear the term 
“Green Infrastructure”



The Terminology Thicket

Presenter
Presentation Notes
The first thing I want to point out is that people use a lot of terms when talking about green infrastructure. 

You might use the terms:
Green infrastructure
Natural infrastructure
Nature-based Solutions
Low Impact Development
Hard vs Soft infrastructure
Blue-green infrastructure

I normally use the term “green infrastructure” because I tend to hear local planners use that term and I frequently work directly with that audience. My office in general has started to prefer the term “natural infrastructure” because they are working with other federal agencies that use that term. 

It really depends on your audience and what resonates with them, so don’t get caught up in the terminology and use what’s best for you and the folks you’re talking to.





Green Infrastructure Introduction

Green infrastructure

Natural and nature-based approaches work together to 
mimic natural processes such as absorbing rainfall, 
lessening wave energy, and reducing erosion



Introducing Green Infrastructure for Coastal Resilience

“Resilience is our ability to prevent a short-term hazard event from 
turning into a long-term community-wide disaster.”

Credit: Justin Selden, Michigan Sea Grant

What Is “Resilience”?



Section 1: Green Infrastructure 
Concepts and Principles



Green Infrastructure Concepts and Principles

Landscape 
Architecture            

1860s

Landscape 
Ecology 
1930s

Design with 
Nature  
1960s

Conservation 
Biology 
1970s

Clean Water 
Act        

1970s 

Foundations of Green Infrastructure

Presenter
Presentation Notes
The terms, ideas, and practices that you associate with GI have been around for many years, developed through a variety of disciplines, and approached at different scales. Throughout history, people have been designing outdoor areas to achieve multiple benefits, they’ve been studying the services we get from nature, and how we can better design our communities to reduce our impact on the environment. 

Fundamental to the concept of GI is the idea that nature and natural areas sustain species including people.

There’s a bit more buzz about it now that people are realizing that we really need more natural areas in our communities to reduce the impacts from all of the flood hazards we are seeing.

Summarize the following info. quickly
1860’s – 1970’s:
In the 1860’s, Fredrick Olmstead started designing outdoor public areas to achieve environmental, social, and aesthetic outcomes, including landmarks like Central Park in Manhattan, or Prospect Part in Brooklyn.

In the 1930s, people began studying the relationships between ecological processes and ecosystems to gain a better understanding of benefits that these ecosystems provide to people that go unnoticed and unaccounted for. This became known as Landscape Ecology (Eugene Odum).

 “Design with Nature”, published in the 1960s, provided a blueprint for a healthier relationship between the built environment and nature (Ian McHarg)

Conservation biology grew as a scientific discipline in the 1970s with increased recognition that environmental damage was occurring and aimed at studying nature and biodiversity to help protect species, their habitats, and ecosystems from extinction. 

In the 1970’s the Clean water act was established after people started noticing that stormwater was an issue. At that time, low impact development and conservation subdivision design became popular approaches to balancing natural and built infrastructure. We’ll get into these techniques in more detail in section 2.



Green Infrastructure Concepts and Principles

Landscape approach?

Site-level 
approach?

DNREC

Foundations of Green Infrastructure

Presenter
Presentation Notes
Change some images

GI can be approached at all scales – from larger landscape to site. And a goal of this workshop today is to get everyone thinking holistically about using these different scales of approaches throughout your communities.

Larger landscape approaches are more focused on conserving large, core areas of natural lands, working landscapes, and open spaces that are connected and provide a wide-range of benefits to people.

Site approaches focus more on using or recreating natural processes to manage stormwater runoff in more urban contexts, such as green roofs, trees, rain gardens, bioswales, etc.

Both approaches are about bringing together “natural and built environments” and using the “landscape as infrastructure” to provide benefits for the health and well-being of people and wildlife.

(quoted by David C. Rouse -http://dirt.asla.org/2013/04/25/green-infrastructure-a-landscape-approach/)






Green Infrastructure Introduction

Landscape

Watershed

Community

Site

Shoreline

Works at all scales

Presenter
Presentation Notes
Green infrastructure is implemented at all scales - from larger landscape to site. And a goal of this training today is to get everyone thinking holistically about using these different scales of approaches throughout your communities.

We will talk in more depth about the different GI techniques implemented at these different scales and across scales. The techniques you choose depend on what problem you are trying to accomplish
Here are a few examples of GI techniques at different scales: 
- Landscape and Watershed scale, efforts focus on conserving or restoring floodplains to reduce flood impacts
- Community and Site scale efforts could be on reducing stormwater runoff through low impact development which I’ll talk about more in the next section
- Shoreline efforts might include living shorelines to stabilize the shoreline and reduce erosion

These approaches are about bringing together “natural and built environments” and using the “landscape as infrastructure” to provide benefits for the health and well-being of people and wildlife.






The Importance of Context

Green infrastructure practices are context sensitive.

Rural

Coastal

Urban

Upland

Presenter
Presentation Notes
The selection and ultimately successful implementation of a GI practice is highly dependent on the surrounding land uses and the physical properties of the site. So a GI practice that may be effective in a rural or suburban setting may be impractical in an urban setting. Same with upland vs coastal 





Photo credit: Michigan Sea Grant

Why Green Infrastructure?

Presenter
Presentation Notes
So why are people increasingly becoming more interested in green infrastructure?

Many coastal areas are experiencing extreme coastal storms and hazard events and previous attempts to protect communities using gray infrastructure hasn’t been working all that well. 

And communities are also realizing sea level rise, more intense coastal storms due, and heavier precipitation associated with climate change will continue to exacerbate these impacts. 

I know that here in Homer, you experience impacts from a variety of coastal hazards including flooding from rainfall runoff, snowmelt, groundwater, and flashfloods; impacts from storm surge and increased coastal erosion during storm events due to thawing permafrost. 

According to Homer’s Hazard Mitigation Plan, “storm surge is a leading cause of property damage in Alaska, and over the years attempts have been made to
reduce the impacts of coastal storms and subsequent erosion with varying degrees of success and some notable failures.”

And of course I know you all experience other hazards, such as high winds, land slides, blizzards, earthquakes, tsunamis, etc.

Extra – Impacts in Alaska:
Many of these coastal areas are barely above sea level and are vulnerable to changes including loss of protective sea ice, increasing storm intensity, changing sea levels and erosion. Salinization also occurs as sea levels rise, precipitation increases, and permafrost melts, which can alter the chemistry of estuary and near coast riparian habitats. The introduction of salty ocean water into permafrost areas further accelerates the melting process, acting as a positive feedback loop.
Forests are expanding north and west and many tundra areas are seeing a growth in shrubs.   Wildfires increase due to warmer temperatures, dryer conditions and an increase in lightning strikes. Wildfires in boreal rainforests are projected to double by 2050.  As habitats change, animal species are shifting as well. Caribou populations are decreasing in some parts of the state, possibly due to the loss of lichen and/or winter freezing rain acting as a barrier for them to reach needed vegetation under the snow. Moose, beaver, insects and unwelcome southern latitude creatures like ticks are moving into new parts of the state warm and change.







Green Infrastructure Concepts and Principles

coast.noaa.gov/digitalcoast/tools/llv

6 Feet Increase – 584.8 ft

6 Feet Decrease – 572.8 ft

Lake Level Viewer

Presenter
Presentation Notes
In addition to the hazards I just mentioned, you also have fluctuations in lake level that happen year to year making things even more challenging. To help visualize those fluctuations we developed the Lake Level Viewer which some of you may have heard about. It provides scenarios for increases and decreases in lake levels to help in making planning decisions, such as updating zoning restrictions, planning infrastructure, encouraging sustainability, and restoring or conserving habitat.  

Here are some images from the Lake Level Viewer, zoomed into Huron, but of course you can zoom into any coastal area in Ohio.  

This image in the upper left is showing long term average lake level, in the upper right you are seeing an increase in lake levels of 6 ft, and decreases in 6 ft. in the image on the bottom. 

I wanted to talk a bit about your hazards because the first step you want to take when thinking about using green infrastructure to address hazard impacts is to understand your coastal hazards and why and where they are occurring. This will help you think more about where you might want to put green infrastructure and which techniques might be the best given the hazards being experienced and the location (urban or rural).

And obviously you all have some local experience with hazard impacts to draw from as well. And you might also know of some good local data on hazards or other visualization tools. 






Green Infrastructure Concepts and Principles

coast.noaa.gov/digitalcoast/tools/snapshots

Flood Exposure Snapshot

Presenter
Presentation Notes
Coastal county snapshot to communicate risk, impacts, and solutions



Green Infrastructure Concepts and Principles

Natural ecosystems provide multiple benefits to 
people, including food and water production, improved 
air and water quality, and recreation and spiritual 
inspiration.

Ecosystem Services

Presenter
Presentation Notes
When I talk about green infrastructure or natural areas providing protection, I’m talking about ecosystem services. Ecosystem services refer to the benefits that nature provides to people. 

It’s these ecosystem services and their associated benefits to people that are the foundation of green infrastructure practice. Whether approached across a broad landscape or at a site level, GI seeks to protect, restore, or mimic these natural services.

Storm buffering and flood water storage are ecosystem services of high interest in this course, we know natural systems provide a range of other benefits, from food and water supply, to air and water quality, to recreation and spiritual inspiration. Let’s think about some of these “services” in terms of environmental, societal, and economic benefits. 

Extra info for trainer: In 2001, the United Nations Environment Program initiated The Millennium Ecosystem Assessment (MA) to assess the connection between ecosystem change and human well-being. The assessment involved the work of more than 1,360 experts worldwide. Their findings provided a scientific appraisal and classification of the services provided by the world’s ecosystems.






• Environmental

• Societal

• Economic

nca2014.globalchange.gov/report/regions/coasts

Multiple Benefits

Presenter
Presentation Notes
Many environmental benefits provided by GI at the landscape level.  

When we identify and protect large intact habitat and create habitat connection across the landscape, we support healthy landscapes that support biodiversity, enhanced species movement, hydrologic connectivity. Healthy landscapes are themselves more resilient to disturbances from both the natural and human environment. …whether it’s increased growth pressures or increased storm frequency or changing climate. 

Societal benefits are derived at all scales. Protecting larger habitats and landscapes such as forests, wetlands, and beach and dune systems provide flood storage and act as wave and storm buffers, as well as enhancing recreational opportunities and preserving coastal community sense of place. Site scale engineered green infrastructure such as bioswales provide community benefits of flood storage and water quality protection. At the shoreline, living shorelines can protect communities by stabilizing eroding shorelines and absorbing wave action.

Economic benefits include providing food, jobs, less money being spent storing and treating stormwater runoff, costs avoided associated with storm damage, and a host of others.




A wide variety of stakeholders stand to benefit. 
Engaging stakeholders is an essential part of 
understanding the benefits and how they are valued 
by people.

Green Infrastructure Concepts and Principles

Whose Benefit

Presenter
Presentation Notes
Thinking about these multiple benefits is really essential in not only identifying green infrastructure that can help address hazard issues in your community, but also make your community a great place to live. These multiple benefits speak to what different stakeholders value, so you always need to make sure you involve your stakeholders, understand what they value, and find green infrastructure solutions that can provide these values. 





Green Infrastructure Introduction

Table Activity

List coastal hazards impacting your community 
Identify what ecosystem services will reduce coastal 
hazard impacts 
10 minutes

Presenter
Presentation Notes





Section 2: The Practice of Green 
Infrastructure

Presenter
Presentation Notes
In this section we will move from the general concepts of green infrastructure, to how GI is practiced on the ground. 

Objective:
Understand the wide variety of contexts and scales of approaches referred to as green infrastructure today





• Multi-functionality

• Resilience

• Sense of place

• Return on 
investment

Successful green infrastructure practices incorporate 

The Practice of Green Infrastructure

Design Concepts

Presenter
Presentation Notes
In order for a green infrastructure project to be successful, and provide for a resilient community (both people and habitats) these design elements must be met. Projects should incorporate: 

Multi-functionality: projects should build on ecosystem services to provide environmental, social, and economic benefits.
Resilience: increase ability for communities/natural systems to recover or adapt to a disturbance or change
Sense of place: where applicable, projects should capture the identity of a community and enhance the surrounding landscape.
Return on Investment: projects should reduce costs and yield positive financial outcomes for all sectors of your community.

We will be looking at these elements as we dive into the different GI approaches at the various scales.  



Green Infrastructure Introduction

Landscape

Watershed

Community

Site

Shoreline

Landscape and Watershed Practices

Presenter
Presentation Notes






The Practice of Green Infrastructure

BETTER WORSE

Area

Proximity

Connectivity

Landscape Design Concepts

Presenter
Presentation Notes
When we’re thinking about green infrastructure at the landscape-scale, the primary technique you would implement would be landscape conservation. 

Point to images:
When you identify and conserve green infrastructure at this scale, you want to focus on large healthy areas, in close proximity to like habitats/landscapes to increase redundancy (so if damage occurs in one area, the other areas in close proximity can help repopulate making them less vulnerable), and provide a connected landscape to allow for movement between populations, seed dispersal, and to encourage habitat migration due to sea level rise. If you lack this connectivity, it can be an opportunity for restoration. For example, on the right (point to the “Connectivity, Worse” image) you might be able to restore agricultural areas if they are no longer being used to create those corridors.

Bigger is better – you get better ecosystem functioning with larger more connected landscapes. And again, these larger areas are going to be more effective in buffering from storms, storing flood waters, and if you have natural areas along the coast versus developed areas, you are going to have less damage to your communities. 








Landscape Approaches and Resilience
The Practice of Green Infrastructure

• Recent study* on flood reduction during 
Hurricane Sandy showed:
– Coastal wetlands saved more than $625 million 

in flood damages
– Where they exist, coastal wetlands reduced 

damages by more the 10% on average
– In Ocean County, NJ wetland conservation 

reduces average annual losses by more than 
20%

*Coastal Wetlands and Flood Damage Reduction: Using Risk Industry-
Based Models to Assess Natural Defenses in the NE USA, 2016. 

Presenter
Presentation Notes
I wanted to provide a quick example of resilience benefits documented in a report released last year I believe by The Nature Conservancy where they modeled the reduction in flood damages associated with hurricane Sandy in areas that had coastal wetlands and then areas that did not. They found that…read from slide.

Source: Coastal Wetlands and Flood Damage Reduction: Using Risk Industry-based models to Assess Natural Defenses in the NE USA, 2016. 
http://www.lloyds.com/~/media/files/lloyds/corporate%20responsibility/ltrf/coastal_wetlands_and_flood_damage_reduction.pdf?id=10.7291/V93X84KH

Another recent study: Loerzel, J., M. Gorstein, A.M. Rezaie, S.B. Gonyo, C.S. Fleming, and A. Orthmeyer. 2017. Economic Valuation of Shoreline Protection within the Jacques Cousteau National Estuarine Research Reserve. NOAA Technical Memorandum NOS NCCOS 234. Silver Spring, MD. 78 pp.




The Practice of Green Infrastructure

• Preserve native 
vegetation

• Protect steep slopes
• Buffer stream channels
• Reduce connected

impervious cover
• Seek multiple benefitsSource: Horsley Witten Group; Center for 

Watershed Protection

Watershed Design Concepts

Presenter
Presentation Notes
When we’re thinking about green infrastructure at the watershed-scale, you want to (read from the slide)…

Additional Benefits: By implementing these landscape and watershed design concepts, we’re not only going to increase resilience to hazards….we are going to meet multiple goals including preserve a sense of place and vistas important to the community, areas for recreation, air and water quality, food sources, and enhance property values. 




More Runoff

Arriving Faster

Hydrologic Impacts of Development
The Practice of Green Infrastructure



Preserve native plants and trees

Native Plant Society of Texas List – https://npsot.org/wp/southtexas/resources/

Source: Mid-America Regional Council

Presenter
Presentation Notes
Use what you got – preserve native vegetation

Native vegetation has deeper roots compared to non-natives
Deep roots encourage infiltration and help absorb nutrients

Native plants don’t require fertilizers and pesticides, because they are already adapted to the area. 

Also plants are expensive so if you already have natives and or non-invasives use them to your advantage
For example, wetland plants along the banks of a bayou or pond help to reduce flooding in that area by slowing and absorbing run-off. 




Reduce impervious surfaces

Approaches:
• Narrow streets
• Replace curb and gutter with 

bioswales
• Bioretention in parking lots
• Multi-story parking garages
• Smaller driveways
• Green roofs
• Keep or plant trees



Create and conserve open spaces 

Presenter
Presentation Notes
Again use what you have
IN the form of parks, vacant lots, greenways 
Can get credit through the CRS for already zone open space in the regulatory flood zone
Land acquisition – happening in CHS, Altanta, Kinston, NC – obtain properties that are repeatily flooded



Example: golf course converted to wetland park

Exploration Green
• 178 acres being 

converted to 
wetlands and open 
space

• 3000 homes will be 
protected

• Half billion gallons of 
stormwater drained

www.explorationgreen.org/

Presenter
Presentation Notes
Near Houston TX - Clear Lake City has a history of flooding. The area got an unexpected break when Hurricane Harvey dumped record rainfall, thanks to its decision years ago to sacrifice one of its golf courses to flood control.

After 12 years of planning, crews in November completed the first of five construction phases of Exploration Green. Three months ago Harvey gave the budding project its first trial, and planners say it saved 150 homes from inundation.
“It held the water like a champ,” said Doug Peterson, a retired NASA employee and 30-year Clear Lake City resident who helps lead the community effort to turn the 178-acre former golf course into a combination wetland park and floodwater reservoir. “This project is a model for other areas where we’ve had these massive rains.”

https://www.washingtonpost.com/news/wonk/wp/2017/11/27/reclaiming-golf-courses-could-help-houston-fight-the-next-hurricane-harvey/?noredirect=on&utm_term=.fb2e0ccc8a01



Green Infrastructure Introduction

Landscape

Watershed

Community

Site

Shoreline

Community and Site Practices



• Natural areas and open spaces should serve multiple 
functions 

• Connect people to open areas through greenways 
and trails

• Preserve or mimic the natural hydrological functions 
of a site or drainage area

• Use urban streetscapes to provide ecosystem 
benefits in urban areas

Community and Site Design Concepts
The Practice of Green Infrastructure

Presenter
Presentation Notes
Now we’ll talk about design at the community and site scale which require a different set of practices to utilize and emphasize the ecosystem services that can provide benefits to the community and provide protection from hazards. 

-   Protection of natural areas and open spaces at this scale should serve multiple functions (e.g., recreation, stormwater storage and filtration)
It should connect people to open areas through greenways and trails
The GI practice should preserve or mimic the natural hydrological functions of a site or drainage area
In urban areas, the streetscapes should be used to provide ecosystem benefits



Restorativedesign.blogspot.com

Urban Forestry
• Trees provide enormous 

environmental, economic, 
and societal benefits 

• Develop a tree planting 
program designed to 
maximize benefits 

• To the extent possible, 
protect existing forested 
areas, particularly large 
specimen trees

The Practice of Green Infrastructure

Community and Site Approaches

Presenter
Presentation Notes
I’m going to talk about some community scale GI approaches, one being the urban forest which is often overlooked, but provides a multitude of benefits that have significant impacts on the environment, the economy, and community well-being.

Protecting and planting trees in your community reduces stormwater runoff and flooding, which is going to decrease the strain on existing stormwater infrastructure saving your community money; improves water & air quality; reduces urban heat island effect, which will decrease heating and cooling costs; sequesters carbon; provides shade, recreation, improved health, and increase property values.

Residential property values can increase by up to 37 percent due to the presence of trees and vegetation.1
Important, however, to not start planting trees randomly across the community. Need a plan to maximize benefits and specify appropriate species and maintenance schedules.
Of course, to the extent possible, protect existing trees that are already providing these benefits.
(Source: Friends of the Urban Forest: http://fuf.net/benefits-of-urban-greening/)

The Value of Green Infrastructure for Urban Climate Adaptation



Street trees/urban forestry

“Shoppers claim they are willing to pay 9%-12% more for 
goods in business districts having a quality urban canopy 
and landscape” - Texas A&M University 

Presenter
Presentation Notes
Studies have demonstrated that consumers spend more time and money and return more frequently to stores with higher amounts of tree canopy along their street frontages. 
When studying green streets as retail environments, researchers at the University of Washington found that shoppers claim that they are willing to pay 9%-12% more for goods in business districts having a quality urban canopy and landscape.
Journal of forestry https://www.fs.fed.us/pnw/pubs/journals/pnw_2005_wolf001.pdf
Rental rates have also been shown to be up to seven percent higher in commercial areas with quality landscaping.

According to the proximate principle — described by John Crompton, an economist at Texas A&M University — homes adjacent to naturalistic parks and open spaces are valued from 8% to 20% higher than comparable properties. Having adjacent street trees also positively affects home values and time on market during sales, while yard trees are associated with both higher property values and rental rates.
The Arbor Day Foundation  Program – Itree software 
Tree canopy – US Forest Service 
Tree City USA program

Ask pax: Are there tree plans or programs in your communities? 





• Key linking component in 
green infrastructure network

• Design dependent on local 
conditions but generally 
include
- Alternative street widths
- Swales
- Bioretention
- Permeable pavements

• Provides multiple benefits

Green Streets

Community and Site Approaches
The Practice of Green Infrastructure

Presenter
Presentation Notes
Urban transportation right-of-ways integrated with green techniques are often called “green streets”. Green Streets achieve multiple benefits by treating stormwater using natural processes and landscaping and incorporate a wide variety of design elements based on the local conditions. 
Although the design and appearance of green streets will vary, the functional goals are the same: managing stormwater in the right of way, reducing the volume of water and its transport through pipes into receiving water bodies, and providing environmentally enhanced roads.
Some of the multiple benefits include:
Reduced flooding by capturing rain water
Enhanced water quality through filtration, helping communities meet regulatory requirements 
Decreased amount of stormwater entering the sewer system saving money on pumping and treatment costs
Increased aesthetic along roadways, increasing property values and encouraging economic development along the transit corridor. 
Neighborhood livability is also better due to improved local air quality and shade 
Safer to walk and bike
(Source: LID Center  http://
www.lowimpactdevelopment.org/greenstreets/background.htm)



Great Lakes Green Streets Guidebook
The Practice of Green Infrastructure

https://semcog.org/Reports/GLGI_Guideboo
k/files/assets/basic-html/page-1.html#

• Case Studies
– Project summary
– Benefits, Challenges, Maintenance
– Sponsor, designer, contractor
– Design and construction cost
– Partners
– Contact Information

Presenter
Presentation Notes
I believe that Matt is going to talk about this guidebook in his presentation but I also wanted to mention it here and that it is a great resource that contains information about the different components of a green street that I mentioned as well as case studies for all of the locations you see on the map. 

For each case study you get information on…….

The guidebook was developed as a complementary guide to the Low Impact Development Guide for Michigan that I will mention in a moment.



Environmental Site Design
• Place the site in context to 

greater community

• Preserve and enhance  
natural features

• Mimic or enhance           
existing hydrology

• Minimize impervious cover

• Key component of low impact 
development (LID)

TrockWorks Architectural Services

Community and Site Approaches
The Practice of Green Infrastructure

Presenter
Presentation Notes
Environmental site design is a more site scale GI technique. When developing a site is important to think about the site in the larger landscape and understand the how it is influenced by off-site processes, and how it influences other properties. An understanding of the physical, environmental and cultural elements of the site is necessary in order to preserve what ecosystem services may already exist. You want to try to mimic or enhance existing hydrology and minimize impervious cover.

New development that incorporates ESD is more resilient to potential hazards.




Low Impact Development Practices

Bioretention (Infiltration 
and Filtering)
• Rain gardens
• Bioswales
• Stormwater planters

Green Roofs (Storage and 
Evapotranspiration)
• Blue roofs
• Cisterns

Permeable Pavements 
(Infiltration)
• Porous asphalt/concrete
• Grass or gravel pavers
• Pavers

Community and Site Approaches
The Practice of Green Infrastructure

Presenter
Presentation Notes
LID are site-level stormwater practices that attempt to mimic natural processes and collect and treat rainfall where it falls. The goal is to treat rainfall as an asset and not a waste product. There are many types of LID practices, however, the most frequently used techniques are bioretention, green roofs, and permeable pavements.

Bioretention are techniques that capture and filter rain water through vegetation and soil. From there, the water is often left to infiltrate to groundwater, however in some urban settings it can be captured with subdrains and placed into the storm sewer system. Examples of bioretention: rain gardens, bioswales, stormwater planters (used in hyper-urbanized settings).
In urban areas, where rooftops make up a good deal of the surface area, green roofs can capture and store rainfall and reduce the heat generated these surfaces. They can reduce the flow of stormwater from a roof by up to 65% and delay the flow rate by up to three hours. (gsa.gov)  Other options for roof runoff include blue roofs which are detention trays that store rainwater and allow it to be evaporated or slowly released off of the roof, usually directly into a type of bioretention or a cistern that can be used to irrigate landscaping. 
Permeable pavements are another technique. These types of pavements allow rainwater to drain directly through them, usually in a gravel sub-base underneath, and allow facilities to still provide ample parking while reducing downstream impacts. 
Many cities and communities have successfully incorporated LID practices into capital improvement projects. 



Bioretention

Design Components:
• Ponding area
• Plants
• Soil
• Stones
• Underdrain 
• Inlet
• Overflow device or outlet

Presenter
Presentation Notes
vegetated, shallow, landscaped depressions designed to capture, treat, and infiltrate stormwater runoff as it moves downstream. They are typically sized to treat the water quality event, also known as the “first flush,” which is the first and often most polluted volume of water resulting from a storm event.

Common design elements of bioretention
They contain rocks, native plants, soil, 
They contain native plants, rocks, soil which all work together to slow water down, absorb water. 
To help reduce erosion from the water, rock is placed at the opening of the bioswale where it connects to the surrounding road or parking lot.  

Wide range of applications from commercial to residential – can be integrated into medians, transportation right of ways, along sidewalks, in public spaces
Where underlying soils have limited infiltration capacity, an underdrain may be included. Additional volume losses may be realized if the perforated pipe is placed above the bottom of the gravel drainage layer. Once through the soil media, the runoff is collected in a perforated underdrain pipe and discharged to the receiving water or infiltrated. 



Bioretention inspection and maintenance

• Look for standing water
• Water plants during dry times
• Maintain health of plants
• Overflow bypass is functional
• Look for erosion along banks
• Aerate compacted areas to restore infiltration 

UNH Stormwater Center Maintenance Checklist 
goo.gl/Xbj2Wu

Presenter
Presentation Notes
All depends on the approach you have taken but these are some general maintenance steps

This includes looking for standing water, accumulated leaves, holes in the soil media, signs of plant distress, and debris and sediment accumulation in the system. Mulch and/or vegetation coverage is integral to the performance of the system, including infiltration rate and nutrient uptake. 

Costs and time higher initially then taper off once established




Green Roof Detail

Presenter
Presentation Notes
Many ways to design a green roof (intensive/extensive roof design), however the concepts are similar. There is a surface layer consisting of plants and growing medium. Below that is a drainage and storage layer that allows for the storage of precipitation (the amount of storage is key to the design and depends on many variables, particularly the structural integrity of the roof). Finally there is a protective, waterproof layer above the buildings roof deck. 



Green roof maintenance

• Weed
• Fertilize
• Check for standing water
• Check structural components
• Check soil depth
• Inspection checklist -

(The link provided was broken and has been removed)



Green roofs example: 
River Rouge Truck Plant

• 10.4 Acres
• Installed 2003
• Monitoring performance
• Extensive roof-type
• Plantings created biodiversity

Presenter
Presentation Notes
In late June 2004, a company photographer was up on the roof and spied a mother killdeer and her eggs -see thumbnail photos below – a sure sign that one of the World’s Largest Greenroofs is doing one of its jobs, providing habitat for local wildlife originally lost to the footprint of the building. Ford reported that this was the third nest found within the the last two years since the 454,000 sf extensive greenroof had been up. In addition to serving as a habitat for nesting birds, the green roof provides insulation for the truck plant. According to Ford, it keeps the roof “an estimated 10 degrees warmer in winter and 10 degrees cooler in summer, reducing energy costs significantly,” (Ford Living Roof and Benefits page).



Pervious pavements

Concrete or asphalt that has 
larger void spaces to allow water 
to seep through



Porous pavement detailPorous Pavement Detail

Presenter
Presentation Notes
How does porous pavement work? The key to the pavement is in the sub-base, that is, the stone and aggregate that lies underneath the surface coarse. When it rains, water goes through the surface pavement (whether pavers, porous asphalt, or porous concrete) and drains through to the sub-base layers.  A “storage layer” of similar sized aggregate or stone creates interstitial spaces that allow for the storage of the rainwater before it is either drained into the native soils below, or drained off by subdrains placed in the subbase. 




Pervious pavement inspection and 
maintenance

• Remove sediment and organic debris 
via vacuum street sweeper 
(2-4x/year)

• Inspect for deterioration (unraveling) 
(2-4x/year)

• Maintenance of nearby landscaping 
to prevent debris

• UNH Stormwater Center Checklist 
goo.gl/jsV7pD

Presenter
Presentation Notes
Regenerative air sweepers – 
Vacuums 




Community and Site Approaches and 
Resilience

• Many studies on the effectiveness of 
these practices for
– Reducing the heat island effect
– Improving water quality
– Recharging groundwater 
– Providing societal benefits

• For LID, flood reduction is a ‘co-
benefit’
– City of Portland, OR reduced peak flow of 

stormwater runoff by 93%, cooling costs 
by 27%, and heating costs by 15%.

The Practice of Green Infrastructure

Presenter
Presentation Notes
There are many resilience benefits from community and site GI practices. There have been many studies on the effectiveness of these practices in reducing the heat island effect, improving water quality, recharging groundwater, and providing the societal benefits we’ve talked about.

As of 2016, studies on the effectiveness of these practices on flood damage reduction is more limited. However, a lot of communities have had success in using these practices for this purpose and there are some intriguing preliminary studies that show a reduction in both peak flow and total stormwater runoff volume, and hence downstream flood damage reduction.

The City of Portland, Oregon, used a combination of green roofs, green streets, trees, and rain gardens to reduce the peak flow of stormwater runoff by 93 percent, cooling costs by 27 percent, and heating costs by 15 percent.






BREAK 

Presenter
Presentation Notes
Let’s take a 10 minute break  - be back at… to hear from our local speakers



Speaker: Landscape-Scale Green 
Infrastructure

Detroit River Area of Concern:
GLRI Restoration Projects

Mary Bohling
Michigan Sea Grant

Presenter
Presentation Notes
DEARBORN

Our first speaker is  
Local speaker (30 min. – 20 min. presentation, 10 min. Q&A)




Speaker: Community/Site Scale Green 
Infrastructure

Terry Croad and Brandy Siedlaczek
City of Southfield

Presenter
Presentation Notes
DEARBORN



Share Your Green Infrastructure Projects

Discuss green infrastructure projects (or ideas) that 
can provide ecosystem services to reduce hazard 
impacts

Write on flipchart:
• Table #
• Brief description
• “P” for Project  OR  “I” for Idea
• Location
• Contact info (name and email)

Presenter
Presentation Notes
Table activity (25 min):

Think back to the hazards we discussed and the ecosystem services that could be preserved, enhanced, or recreated to address the hazard issue. Now, we want you to talk with your table groups about specific GI projects you are either already working on or would like to work on in the future that would provide the ecosystem services we discussed to address the hazard issues you’re dealing with. 
Please record any current or future projects you’ve identified on the flipcharts (one sentence description), the location, and contact info. (again, these can be projects underway or ones that you hope to get started soon in case there are partnership opportunities in the room) because over lunch we are going to ask you all to visit these flipcharts and see if there are any connections between your GI work or GI work you hope to implement. (25 min.)
In your folder, you have 2 GI option job aides (one is a matrix of GI options and benefits they provide and the other are GI option descriptions/scales, etc). Don’t forget to record good ideas on your notes sheet.

Give directions after they are done with the activity and before breaking for lunch – Now, stick your flipcharts to the walls and over lunch, we want all of you to peruse the flipcharts and put 3 sticky dots that are on your tables next to projects you want to hear more about. We’ll take a look at where there are the most dots and we’ll give folks an opportunity to talk about those projects after lunch. 






Share Your Green Infrastructure Projects

Write on flipchart:
• Table #
• Brief description
• “P” for Project  OR

“I” for Idea
• Location
• Contact info: 

(name and email)

Table 1

• Rain garden at Jefferson 
Elementary with signage

• Jefferson Elementary School, 
Montpillier

• POC: T. Jefferson
________________________________
• Educational Outreach
• Anytown, USA
• Anytown Extension System

P

I

Presenter
Presentation Notes

In your folder, you have 2 GI option job aides (one is a matrix of GI options and benefits they provide and the other are GI option descriptions/scales, etc). Don’t forget to record good ideas on your notes sheet.

Give directions after they are done with the activity and before breaking for lunch – Now, stick your flipcharts to the walls and over lunch, we want all of you to peruse the flipcharts and put 3 sticky dots that are on your tables next to projects you want to hear more about. We’ll take a look at where there are the most dots and we’ll give folks an opportunity to talk about those projects after lunch. 

Give a reminder to do sticky dot activity 10 min. prior to lunch ending; instructors walk around and identify projects with the most votes. If possible and if votes allow, try to pick a good representation of GI types to debrief on.

Debrief after lunch (15 min.) – allow people who wrote projects with highest votes to stand up and give a 1-2 min. overview.





Green Infrastructure Introduction

Landscape

Watershed

Community

Site

Shoreline

Shoreline Practices

Presenter
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• Natural or Nature-Based
- Dunes and beaches
- Vegetated features (salt marsh, 

wetlands, submerged aquatic 
vegetation)

- Oyster and coral reefs
- Barrier islands
- Maritime forest/shrub communities

• Hybrid
- Natural and structural features

• Nonstructural
- Floodplain policy and management
- Flood proofing

The Practice of Green Infrastructure

DNRECMarysville, Michigan Shoreline Restoration, 
(Before and After). Courtesy Brian Majka 

Shoreline Design Concepts

Presenter
Presentation Notes
Traditional shoreline protection has relied primarily on “structural” approaches, such as levees, revetments, seawalls, etc. More recently new approaches using nature-based (or Green Infrastructure) solutions, sometimes in combination with structural approaches in higher wave energy areas are being used. 

People are realizing that the traditional shoreline protection, like this seawall, is fixed in place and can’t adapt to different conditions, like sea level rise. They aren’t guaranteed to protect against storm surge and they reflect rather than absorb wave energy causing erosion on adjacent properties and then this ripple effect. Also nature-based solutions get better with age, unlike hardened shorelines/structures. 

What practice you choose really depends on what the problem is.

A recent US Army Corps of Engineers publication suggests that an integrated approach to shoreline protection using a combination of natural, hybrid, and nonstructural/more policy-focused strategies is the most effective and cost effective approach (Coastal Risk Reduction and Resilience). First protect, then restore or create.

Source: http://www.corpsclimate.us/ccacrrr.cfm




Dune and Beach Creation
• Break waves
• Attenuate wave energy
• Slow inland water 

transfer

Wetlands, Vegetation, SAV
• Break waves
• Attenuate wave energy
• Slow inland water 

transfer
• Increase infiltration

Courtesy NYSDEC

Natural or Nature-Based Shorelines

Presenter
Presentation Notes
Natural and Nature-based shoreline approaches are often also referred to as “living shorelines.” These approaches are effective in reducing shoreline erosion,

Some of the ways they stabilize shoreline and protect against flooding
Break offshore waves
Attenuate wave energy
Slow inland water transfer

 



Hybrid Living Shorelines

Courtesy, NYDOS

Presenter
Presentation Notes
In locations with greater exposure to waves, it may still be possible to maintain a mostly natural shoreline with some additional enhancements. Three structural additions used for this purpose are near and offshore breakwaters, sills and low profile rock groins. Sills, breakwaters and low rock groins are placed within the intertidal zone, or below the high tide mark to slow down waves and enhance sand buildup along the shoreline. In most cases, these structures are used in concert with beach replenishment and marsh or mangrove plantings. 

Both natural and structural approaches
Dissipated wave energy from structural practices (e.g., rock sill)
Ecosystem services from natural practices (e.g., habitat)
Source: Center for Coastal Resource Management, VA Institute of Marine Science (http://ccrm.vims.edu/livingshorelines/index.html)




Shoreline Approaches and Resilience

Hurricane Irene, North Carolina
The Practice of Green Infrastructure

*Marshes with and without sills protect estuarine shorelines from erosion better than bulkheads 
during a Category 1 hurricane, 2014

Before After

76% of bulkheads 
were damaged in 

the storm

No damage 
occurred to 

shorelines with or 
without sills



Speaker: Shore and Coastal Green 
Infrastructure

Natural Shoreline Protection 
in the Great Lakes

Scott Dierks
GEI Consultants

Presenter
Presentation Notes
DEARBORN



The Practice of Green Infrastructure

coast.noaa.gov/digitalcoast/training/GI-database

Green Infrastructure and Resilience

Presenter
Presentation Notes
You can decide if we should keep this in. There’s nothing in here for AK specifically but there could be relevant literature?

I just wanted to briefly mention that if you are interested in searching for literature on the effectiveness of different green infrastructure practices in reducing hazard and climate impacts, our office recently developed a database containing that information. 

You can search by 32 green infrastructure types and 4 hazard types as well as by region, state, and other fields. So, if I search for literature on the effectiveness of mangroves in reducing coastal flooding in Florida…..

Hazards:
Flooding – coastal (SLR, storm surge, high tides)
Flood – precipitation (stormwater, riverine inundation)
Erosion
Wave action (storm and hurricane winds)
Tsunami	



Getting to Implementation

Section 3: Getting to Implementation

Presenter
Presentation Notes
How do we implement GI at all these different scales?
Also how do we overcome barriers?

The goal is to think about how to set your community up for success 
https://www.asla.org/stormwatercasestudies.aspx


This includes: 
Stakeholder engagement 
Incorporating GI into existing plans
Identifying policy and code changes
Identifying and reducing any barriers
Funding projects

Then Lewie Lawrence will share what’s happening in this part of VA to implement GI 








Incorporate green infrastructure into 
planning efforts:

• Comprehensive
• Transportation
• Smart growth
• Watershed
• Conservation
• Hazard mitigation

Implementing Green Infrastructure

• Stormwater
• Climate change 

adaptation
• Resilience
• Land use

Green Infrastructure Can Inform Planning

Presenter
Presentation Notes
Today, we’ve been focusing on using GI for coastal resilience and there are many plans already existing in your community that have resilience components and where you can easily incorporate GI strategies to meet the goals of that planning effort. These are just some of the planning efforts you might have going on in your community. The GI strategies you incorporate into these plans will depend on the priority or goals of the planning effort. So you’ll want to think about whether landscape/watershed GI projects make sense or more community/site scale, or activities along the shoreline or sometimes all of the above.





Getting to Implementation

Integrate into planned improvement 
projects

• What planned road or drainage projects do you have?
• What parks and recreation projects do you have?
• What economic development projects do you have?

Presenter
Presentation Notes
https://www.epa.gov/sites/production/files/2015-09/documents/green_infrastructure_roadshow.pdf




Implementing Green Infrastructure

seagrant.wisc.edu/home/Portals/0/Files/Coastal%20C
ommunities/Green_Infrastructure/DRAFT_GIworkbook
_complete.pdf

Local Codes and Ordinances

Presenter
Presentation Notes
Looking at your codes and ordinances is critical in identifying where and how they can be updated to encourage GI. Again, Liz is going to provide example ordinance language that Punta Gorda has developed to support GI. 

I wanted to also point out a new resource that was developed by Wisconsin Sea Grant but it’s national resource to help communities audit their local codes and ordinances to see where there are opportunities to make changes that can again support GI implementation. 

This is a pretty robust resource that provides examples of code revisions, assessment checklists, background information that might be needed, etc.

http://seagrant.wisc.edu/home/Portals/0/Files/Coastal%20Communities/Green_Infrastructure/DRAFT_GIworkbook_complete.pdf



coast.noaa.gov/digitalcoast/training/home.html

Implementing Green Infrastructure

Learning from Others

Presenter
Presentation Notes
As practitioners, it can be really beneficial to know what others are doing and learn from them.

We’ve been collecting what we call “peer-to-peer case studies” where green infrastructure practitioners share their projects and most importantly lessons learned. Several case studies have come out of these trainings as we hear about unique projects and challenges overcome. 

Recently I interviewed Stephen Hofstetter about his work with Alachua, FL in implementing green infrastructure at all scales throughout the county…from the landscape to the community and site and with individual households. He had some great lessons learned to share. 

So I wanted to let you know that these exist on the Digital Coast Academy. The Digital Coast website is where we house all of our data, tools, training resources and it is developed and maintained by several partners so it includes more than just NOAA resources. 





• Have a plan

• Speak to their
interests, not yours

• Explain the hazard risk
and offer solutions

• Use multiple ways to
communicate

Implementing Green Infrastructure

Engaging Stakeholders

Presenter
Presentation Notes
As you all know, engaging diverse stakeholders is an essential piece in implementing green infrastructure. Stakeholders might include elected officials, emergency managers, sustainability directors, residents, local business, etc. We’ve developed a quick reference of 7 best practices for risk communication that I think apply really well to communicating both hazard risks and using green infrastructure as a solution. I’ve included this in your folders, but I’ll quickly go through a few of the best practices.
Have a plan – know what you want to achieve and how you’ll achieve it before you start communicating with stakeholders. 
Speak to their interests, not yours – connecting emotionally with your audience’s values and concerns will help you establish a relationship and improve how you communicate and connect the benefits of green infrastructure to what they value.
Explain the hazard risk and offer solutions – use visuals, such as maps, and stories to explain your community’s hazard risks which will make it more personal and help your stakeholders better understand the risk. 
And offer green infrastructure as a solution to help reduce the risk. Using visuals like this one can help your stakeholders see different options. You can create these before and after photos easily using CanVis which is freely available on our website. 
Use multiple ways to communicate – people like to receive information in different ways, so understand this about the different stakeholders you are communicating with. 





coast.noaa.gov/digitalcoast/training/gi-animation

Implementing Green Infrastructure

Engaging Stakeholders



Nrcsolutions.org

Implementing Green Infrastructure

Engaging Stakeholders



Implementing Green Infrastructure

coast.noaa.gov/digitalcoast/training/gi-benefits

Engaging Stakeholders

Presenter
Presentation Notes
And sometimes it might be helpful to have something you can leave behind with a local elected official for example that you might be talking to about incorporating more green infrastructure in your community. We recently finished this hand out specifically for this purpose and I’ve included it in your folders. It includes the benefits of different approaches on the front and examples of what they can do on the back as well as quick little success examples. 




• US Environmental Protection Agency
• NOAA
• Federal Emergency Management Agency
• National Park Service
• National Endowment for the Arts
• US Department of Transportation
• Economic Development Administration
• National Recreation and Parks Association
• Funders Network for Smart Growth and Livable Communities
• Qualified Energy Conservation Bonds

Implementing Green Infrastructure

Funding for Green Infrastructure



BREAK 

Credit: Todd Marsee, Michigan Sea Grant

Presenter
Presentation Notes
Let’s take a 10 minute break  - be back at… to hear from our local speakers



Speaker: Plans, Regulations, or Policies 
Supporting Green Infrastructure

Green Infrastructure Planning for 
Southeast Michigan

Katherine Grantham
Southeast Michigan Council of Governments

Presenter
Presentation Notes
DEARBORN



• Part 1: What barriers have you run into around 
implementing green infrastructure? 

• Part 2: How can you overcome these barriers? 

Implementing Green Infrastructure

Table Discussion 3

Presenter
Presentation Notes
Now we want you to discuss barriers and solutions with your tables, so talk among your table groups about these questions…..(15 min.)
Part 1: What barriers have you run into around implementing green infrastructure? Just spend the first 5 min. on this.
Have you had challenges incorporating green infrastructure into local planning, engaging stakeholders, obtaining funding?
Part 2: How can you overcome these barriers? Spend the majority of the time brainstorming this.
Does anyone in your group have solutions to these?
What plans or regulations does your green infrastructure work fit into?
Are there educational and public engagement opportunities? 
How can green infrastructure practices become the “new normal”?
You have a barriers job aid in your folder to use if needed and an overcoming barriers job aid. 
Record any barriers and solutions because we’ll be discussing these at the end of the day so we don’t want you to forget what you talked about (will debrief after a break and last local speaker).  

Facilitate barriers and solutions  - Lead trainer record barriers and solutions (round robin style letting people volunteer barriers and add to them first and then volunteer solutions for that barrier and let others add to it; then move on to another barrier/solution, etc.) on flipcharts (45 min.).



Please fill out the Evaluation!
https://www.surveymonkey.com/r/L1_IntroGI_17MAY2019

Will Parson, courtesy Chesapeake Bay ProgramPhoto: MI Sea Grant

One Last Thing . . .

Presenter
Presentation Notes
DEARBORN

A few additional notes before you do the evaluation: If you are logging Certified Floodplain Manager credits through ASFPM let me know so that I can get you a certificate. If you are logging credits with the American Planning Association and need instructions for doing that, let me know that as well.

We will be compiling the notes, presentations, and a resource sheet to send out to you in the next few weeks. 

Before you start the evaluation, does anyone want to share an “aha” from today or a “planned next step” or any other “thoughts” you are taking from the day?



John.Rozum@noaa.gov
NOAA

Rhonda Wuycheck
WUYCHECKR@michigan.gov
Madeleine Gorman
GormanM1@michigan.gov
Matt Tomlinson
TOMLINSONM@michigan.gov

MI EGLE

Meaghan Gass (Bay City)
gassmeag@msu.edu
Mary Bohling (Dearborn)
bohling@msu.edu 

MI Sea Grant

Thank You!

Presenter
Presentation Notes
Thank you!

Add host contact information too.
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