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IN THIS ARTICLE, WE WILL LOOK AT WAYS to design 
for the anticipation of heavy rainfall extremes. We know 
that with climate change, we are and will continue to face 

more and more erratic weather patterns that overload current 
infrastructure. The more we can create built systems to function 
like wetlands, marshes, and prairies—among other systems that 
naturally handle occasional flooding—the more resilient we will 
be because we will be creating systems that work to, as Brock 
Dolman of the WATER Institute says, “slow it, spread it, sink it” 
rather than “pave it, pipe it, pollute it” (1). 
 Specifically, we will look at two design patterns to use when 
facing water extremes: rain gardens and urban trees. 

Rain gardens

 I am within biking distance of the beaches of Lake Erie. 
Lake Erie is the 12th largest freshwater lake in the world and 
provides drinking water for over 11 million people (2). I regu-
larly contemplate what happens to the lake and its waterways 
when it rains, which happens often. For example, one heavy 
rainfall can cause the beaches to be closed for swimming due to 

unsafe levels of E. coli. This is because during extreme rainfalls, 
stormwater overflows the water infrastructure system, stress-
ing the streams and leading to the pollution of Lake Erie. The 
more this region experiences heavy rainfalls (3), the more we 
will experience unsafe water management. This is because the 
City of Cleveland’s water infrastructure is set up as a Combined 
Sewage Overflow (CSO) system. CSO is a common system for 
many older cities that allows unfiltered and untreated sewage 
mixed with stormwater into the waterways when flash flooding 
overwhelms the system. 
 While re-designing cities on a massive scale to integrate 
green infrastructure may be the endgame, we can and must take 
action now to make small changes that manage stormwater 
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onsite with the available resources to reduce combined sewer 
overflow, and reduce the stormwater that is draining into our wa-
terways unfiltered and unharnessed. 
 Sustainable urban drainage systems (known as SUDS in 
the UK) or low-impact development (known as LID in the US/
Canada) include the following techniques: permeable surfaces, 
green roofs, rainwater and graywater harvesting, and finally 
installing bioretention systems also known as rain gardens.
 As permaculture designers, creating systems that require 
the least amount of input with the greatest output is our goal. 
Designers accomplish this by stacking functions, or rather, us-
ing something for multiple purposes to get more ‘bang for your 
buck.’ Designing a rain garden is a great opportunity to stack 
functions. An effectively designed rain garden creates wildlife 
habitat and increases biodiversity by increasing the food source 
and nesting area for pollinators and beneficial species. Depend-
ing on the plant selection, a rain garden also adds significant 
edible and medicinal value to the landscape, and serves as a 
place of solace and tremendous beauty. Most importantly for 
considering water extremes, a rain garden captures, stores, and 
filters water onsite, which in turn alleviates stress on waterways, 
recharges aquifers, minimizes erosion, and reduces pollution in 
our drinking water. 
 But before we get to stacking functions, let’s talk about the 
basics of rain garden design.

Key steps in successful rain garden design

 First: Choose a site. Choosing the right location for the rain 
garden is key. 
 To start, rain gardens must be a minimum of 10’ (3 m) from 
a building to prevent damage from overflow during heavy rain-
fall. Rain gardens work well when they catch and filter storm-
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Combined Overflow System.“Combined Sewer,” en.wikipedia.
org/wiki/Combined_sewer
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slope, the more work it will be to level the area to create a flat 
basin. That being said, in general a slope over 12% is generally 
not suitable for a rain garden, as the required depth will exceed 
8” (20 cm), meaning that it might hold water for too long. On a 
slope of < 4%, depth should be 3-5” (8-13 cm); at 5-7% slope, 
6-7” (15-18 cm); and at 8-12% slope, 8” (20 cm) max.
 The shapes of rain gardens varies with design aesthetics, 
but they tend to be kidney-shaped—the natural container shape 
for water in-flow and storage, with its wide brim. Carve out a 
solid berm on the downhill of the rain garden to allow for water 
holding. Reinforce it and monitor it over time—promptly do 
maintenance if needed.
 Third: Get to work! 
 Unless you know absolutely for sure that there are no buried 
water, gas, electrical, or phone lines, use the “Call before you 
Dig!” hotline to make sure you are digging in a safe place. In the 
US, you can call 811, or go to call811.com to find out the direct 
state line to “call before you dig.” 
 Finally, invite friends and neighbors, and get a group to-
gether to help! Nothing builds community like collective work. 
What a great way to share knowledge and give purpose to a 
gathering!

Species selection

 A common requirement for all rain garden plant species is 
that they must be able to tolerate periodic flooding. From there, 
you can choose plants based on their needs for sun versus shade, 
and what is available at your site. Sun or partial sun is best, 
although shade gardens are possible as well.
 In order to optimize benefits of the rain garden, consider 
perennial native species that tend to thrive in your region. With 
particular attention to their zone and soil moisture tolerance, 
you can find a broad range of color that can bloom from first to 
last frost. Currently working in a cool temperate moist forest 
climate, with some anticipation for the climate to be shifting 
toward a warmer temperate moist forest area, Table 1 lists some 
of my favorite herbaceous and shrub species for rain gardens. 
Listed in the footnotes are resources for plant selections for rain 
gardens in other climates (6).   

Replanting the urban forest 
canopy can improve water 
quality and begin to restore 
the local hydrology. 

water runoff from permeable surfaces like roofs or parking lots, 
so placing a rain garden in juxtaposition to a paved surface is a 
wise choice. 
 Rain gardens should be placed in locations with good drain-
age (not areas where water tends to pool). A rain garden can 
allow the land to soak up about 30% more than a patch of lawn 
(4)! That being said, rain gardens are not a solution to wet areas 
in a lawn, nor should they be placed near the drain field of a 
septic system. 
 Second: Design the garden. 
 Deciding on the size of the garden depends very much on the 
amount of anticipated runoff from the roof and/or lawn. Ideally, 
a rain garden will be able to absorb all of the stormwater that 
drains away from the site. 
 If you’re connecting a rain garden to the downspouts of 
your home, you can calculate the amount of rainwater using 
the following steps. First, calculate the footprint of your home 
by taking the length of the building multiplied by the width of 
the building. Then, count the number of downspouts on that 
building. Divide the footprint in square feet by the number of 
downspouts directed to the rain garden, and you will have the 
square feet of the roof area draining to the garden, assuming of 
course that runoff is allocated evenly among the downspouts.
 If you are placing your rain garden more than 30’ (9 m) from 
a downspout and using a rain garden to manage stormwater 
from an impermeable surface like lawn turf, driveway, or park-
ing lot, you can calculate the amount of rainwater that will drain 
to the rain garden using the following steps. Measure the length 
of the uphill lawn area and multiply it by the width of the uphill 
lawn area. This will give you the square feet of impermeable 
surface that will drain into the rain garden. If your rain garden 
will be managing runoff from both your house and lawn/parking 
lot, add them together to get the total drainage area. The general 
ratio of drainage area to rain garden is 5:1 for a well drained, 
sandy-soil profile. For example, if you had 500 sq. ft. (about 50 
sq. m) of drainage area, you would build a 100 sq. ft. rain gar-
den (5). If your rain garden’s soil is compacted, poorly drained, 
or soil, use a 2:1 ratio. It is also possible to excavate soil and 
replace with layers of compost and mulch to improve soil poros-
ity. Many landscaping companies now offer ‘rain garden soil 
mixes.’
 The ideal slope for a rain garden is 3-8%. The steeper the 

How Rain Gardens Work. Courtesy of Lauren’s Garden Service, 
www.laurensgardenservice.com.
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Urban Trees

 The industrialized “pave and pipe paradigm” is “disastrously 
flawed and hydro-illiterate” (7). 
 Many cities are completely paved and piped with little to 

no green space, or daylighted rives, creeks, or streams. On the 
other hand, some of the most enjoyable spaces in a city are those 
where urban trees thrive. The temperature is cooler, people tend 
to feel more relaxed in the environment, and interestingly, the 
density of tree canopy is reflected in income levels as well (8). 

Species/Common 
Name

Soil Moisture Exposure Bloom Edible/Medicinal

Amelanchier spp 
(serviceberry)

dry - moist full sun - 
part shade

April - May X

Aquilegia canadensis 
(columbine)

dry - moist sun - shade April - May

Aronia prunifolia 
(red chokeberry)

dry - saturated full sun - 
part shade

May - June X
red berries

Asclepias incarnata 
(swamp milkweed; also 
many other Asclepias 
varieties)

moist - saturated full sun -
part shade

May - June

Aster novae-angilae 
(New England aster)

dry - saturated full sun - 
part shade

July - October

Baptisia australis 
(blue false indigo)

dry - moist sun - part shade June - August nitrogen-fixing

Chasmanthium 
latifolium 
(upland sea oats)

moist part shade - shade July - September

Corylus americana 
(American hazlenut)

dry - moist sun - part shade X

Echinacea purpurea 
(purple coneflower)

dry - moist full sun - part shade July - September X
medicinal

Eupatorium fistulosum 
(Joe-Pye weed)

dry - saturated sun - part shade July - October X
medicinal

Hypericum spp 
(St. John’s wort)

dry - moist sun - part shade June - September X
medicinal

Lindera benzoin 
(spicebush)

dry - saturated sun - part shade April - May X

Lobelia siphilitica 
(great blue lobelia)

moist - saturated sun - shade July - October X
medicinal

Monarda didyma 
(beebalm)

moist full sun - part shade June - September X
medicinal

Onoclea sensibilis 
(sensitive fern)

moist - saturated part shade - shade n/a X
medicinal

Osmunda cinnamonmea 
(cinnamon fern)

moist - saturated part shade - shade n/a X
medicinal

Pycanthemum 
tenuifolium 
(slender mountain mint)

dry - moist full sun - part shade July - September X

Salvia lyrata 
(lyre-leaf sage)

dry - moist sun - shade April - June X
medicinal

Solidago spp. 
(goldenrod)

dry - saturated sun - shade August - October X
medicinal

Table 1. Species selection for rain gardens (cool temperate moist climate)
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Cleveland, OH, historically known as “The Forest City” has 
lost about 100,000 public trees since 1943. Some now call it 
“The Deforest City,” although many people and organizations 
are working to make it “The Reforest City.” The efforts to plant 
more urban trees is for many reasons, one being that the North-
east Ohio Regional Sewer District based in Cleveland is under 
a federal order (a.k.a. a consent decree) to reduce the volume 
of sewage that overflows into the local waterways due to gross 
amounts of water pollution. Replanting the urban forest canopy 
can improve water quality and begin to restore the local hydrol-
ogy. 
 “Cleveland’s urban forest intercepts an impressive 1.8 billion 
gal. (over 7 billion L) of rainwater every year, a service valued 
at just under $11 million (9)”. With the increased frequency of 
water extremes in this region, we can expect to see more and 
more rainfall, and urban trees that are well-planted and cared for 
present a significant design solution to managing water extremes 
in a resilient way.

Trees and stormwater management

 Trees have numerous benefits in stormwater management: 
runoff absorption, water filtration, erosion prevention, recharg-
ing aquifers, reducing impermeable surfaces like compacted soil 
through root growth, and helping control water temperatures 
that may otherwise lead to warmer waters that are prone to algal 
bloom.
 For a minute, imagine rain as it falls from the sky. If the 
ground is bare or paved, the raindrops hit the ground hard, 
bounce off, and head downhill as fast as possible. However, 
if the rain falls on a tree, the water first collects on the leaves, 
branches, and trunks, and either evaporates or is absorbed. Some 
of the rainwater never even hits the ground. That sort of initial 
crash pad delays the onset of initial water surges, and reduces 
the volume of peak flows and flash floods. Part of the water that 
was absorbed in the soil near the tree condenses again on the 
leaves, where it can be absorbed or evaporate. 
 Trees can intercept 8-68% of a rainfall event, and sometimes 
higher, depending on the species (10). Trees also manage heavy 
rainfalls through the process called transpiration. The rate at 
which trees transpire is different for different species, and only 
recently have studies attempted to quantify the rate. “A mature 

tree can, on average, transpire 100 gal. (400 L) of water every 
day” (10). In addition to interception and transpiration, trees also 
increase soil infiltration rates and overall infiltration capacity 
through the growth of tree roots, and the decomposition of roots 
and leaf litter. 
 Finally, trees have proven to be extremely successful at re-
moving pollutants from stormwater. Bioretention systems can be 
planted with trees, and more research is proving tree plantings in 
general to be a best practice (10) for stormwater management. 

Key steps in successful urban tree plantings

 Right tree, right place: Make sure you consider how big the 
mature tree will be.. Will it be 30’ or 100’ tall? Will it be 10’ or 
50’ across? If you are planting a tree near a power line, or close 
to some other building or sign requiring visibility, take notice 
and plant accordingly.
 Also consider the horizontal needs of a tree. Trees need 
enough space for their roots to grow as mirrored by their canopy. 
Which means, do not plant a tree sapling in a 2’ x 2’ cement box 
and expect it to still be alive a year or two later. Make sure the 
full growth size of the tree you are planting matches the space 
that is available. 
 Consider the soil where you want to plant trees. Many urban 
soils are extremely degraded, compacted, or even contaminated 
and require significant remediation before they are ready for a 
tree to thrive there. First, have the soil tested. Second, depend-
ing on the results, make some decisions. If the soil is heavy clay, 
make sure to work with a broadfork to break up soil to make 

How to plant a tree. Courtesy of International Society of Arbo-
riculture: actrees.org/resources/local-resources/how-to-plant-a-
tree/

In addition to interception 
and transpiration, 
trees also increase soil 
infiltration rates and overall 
infiltration capacity....
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room for water, roots, and air.
 Another option to integrate trees and pavement is a designed 
soil medium called “structural soil,” which can be compacted 
to pavement design and installation requirements, yet can still 
allow for root penetration and optimal tree growth.
 However, if you can plant trees in natural soil with adequate 
space for growth, a good rule of thumb for prepping the soil for 
urban trees is to top-dress 1-2” (2.5-5 cm) of compost, rip to 1’ 
(30 cm), top dress with another inch of compost, and 2-3” (5-7.5 
cm) of woodchip mulch and prepare an 8’ (2.5 m) diameter tree 
ring, and let the mycelium get to work!
 Know that whatever steps you take to help repair the soil and 
plant a tree, you are improving the soil. An established tree’s 
roots can help to break up compacted soils and build organic 
matter, while drawing carbon from the atmosphere. The increase 
in organic matter of the soil in turn increases its water-holding 
capacity—strengthening its resiliency to heavy rainfalls.
 Plant a tree correctly: Go around many cities and towns, 
and you will see trees with volcanoes of mulch piled around 
the base of their trunks. People do this thinking they are giv-
ing a tree what it needs. Little do they realize that by “volcano 
mulching” or piling mulch high up on the base of the trunk, you 
are actually damaging a tree’s ability to transpire properly. It is 
more likely to be susceptible to disease, decay, and potentially 
even result in strangling itself through girdling adventitious 
roots. That being said, the same is true for planting a tree. Do 
not plant it too deeply. A tree’s root flare (the base of the trunk 

that curves out into the roots) must be level with the ground, and 
then a donut-shaped circle of wood-chip mulch should be placed 
around the tree, leaving the root flare open to the air and able to 
breath at least a fist-width distance from the base.
 Anticipate water management needs: If you track or research 
the climate trends in your area, you may be able to anticipate 
about how much water you may need to manage onsite. Start 
by assessing how much water any preexisting trees have to deal 
with. One way to do this is using a tool like i-Tree (11) which al-
lows you to assess how much stormwater a tree may be inter-
cepting by inputting its location, species, size, and condition. 
Comparing how much water is already being intercepting, and 
how much water you must anticipate in an extreme event, and 
consider your urban tree species selection based on that.
 Even if your region expects higher rainfall, it is essential 
to have a water maintenance plan in place when planting new 
trees in the city. Newly planted trees experience transplant shock 
and can require up to 15 gal. (60 L) of water a week for the first 
three years after planting! So be ready to have a watering plan 

for trees between periods of heavy rainfall to ensure their long-
term thrivelihood. 

A note on species selection

 The following list of trees (though some are more often 
considered shrubs) are all species that tolerate drought-to-flood 
conditions in temperate climates. Depending on your site, 
some varieties will thrive more than others. These species were 
chosen for their functional diversity from stormwater manage-
ment capabilities, edibility/usability, wildlife habitat, beauty, and 
adaptability. They are as follows: willow, downy serviceberry, 
dogwood (flowering, red-osier, yellow-twig), eastern red cedar, 
black gum, oak (swamp white, overcup, chestnut, nuttall), black 
walnut, elderberry, plum, American hazlenut, redbud, sugar 
maple, and paw paw. Check out the end notes for more tips on 
selecting urban trees for transitioning climates (12).       ∆                                                                        

Diana Sette is a Certified Permaculture Teacher and Designer 
working primarily in Cleveland, OH, after almost a decade of 
growing in the Green Mountains of Vermont. She serves on the 
Board of The Hummingbird Project (hummingbirdproject.org) 
and Green Triangle (greentriangle.org), two permaculture-based 
non-profits working locally and abroad. Her work in social and 
urban permaculture is centered at Possibilitarian Regenerative 
Community Homestead (PORCH) and Possibilitarian Garden 
(Facebook:Possibilitarian Garden) in Cleveland.

Notes & Resources—Rain Gardens

1. The WATER Institute (Watershed Advocacy, Training, Educa-
tion and Research) is a project of the Occidental Arts & Ecology 
Center in Occidental, CA. www.oaecwater.org. See Brock Dol-
man’s article “Watershed Relationships,” in the Winter 2010-11 
issue of Permaculture Activist (#78) for an in-depth discussion 
and explanation of watersheds.
2. www.lakeeriewaterkeeper.org/lake-erie/facts/

...it is essential to 
have a water maintenance 
plan in place....  

School rain garden in October. Photo by Rhonda Baird.
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Brochure%20Metro%20Nashville.pdf Many of the other Rain 
Garden Manuals cited in the End Notes provide plant recom-
mendations as well. Numerous seed companies are selling ‘rain 
garden seed mixes’ as well. See Prairie Nursery, Ohio Prairie 
Nursery, Prairie Moon Nursery, Roundstone Native Seed, Ernst 
Seeds, The Vermont Wildflower Farm, among many more you 
can find online. Other resources for rain garden design inspira-
tion:
- 12,000 Rain Gardens in Puget Sound: www.12000raingardens.
org
- 10,000 Rain Garden in Kansas City: www.sustainablecitiesin-
stitute.org/Documents/SCI/Case_Study/Case_Study_Kansas_
City_10000_Rain_Gardens_Initiative.pdf
- Re-Imagining Cleveland Ideas into Action Resource Book: 
www.birminghamal.gov/download/comprehensiveplan/6_Cleve-
land%20vacant%20land%20pattern%20book.pdf
- Re-Imagining a More Sustainable Cleveland: Citywide Strate-
gies for Reuse of Vacant Land, 2008: www.reconnectingameri-
ca.org/assets/Uploads/20090303ReImaginingMoreSustainableC
leveland.pdf

Notes and Resources—Urban Trees

7. The WATER Institute (Watershed Advocacy, Training, Educa-
tion and Research) is a project of the Occidental Arts & Ecology 
Center in Occidental, CA. www.oaecwater.org. See Brock Dol-
man’s article “Watershed Relationships” In the Winter 2010-11 
issue of Permaculture Activist (#78) for a more in-depth discus-
sion and explanation of watersheds.
8. Trubek, Anne. “Money Does Grow On Trees: Canopy Cover 
Reflects Income Inequality.” Belt Magazine. beltmag.com/
money-trees/
9. The Cleveland Tree Plan, 2015: www.sustainablecleveland.
org/celebration-topics/2017-vibrant-green-space/the-cleveland-
tree-plan/
10. Stormwater Management Benefits of Trees by Stone Envi-
ronmental, Inc. Many additional resources can be found in this 
article, including more on tree selection, siting, and planting, 
engineered systems for trees, and soil restoration. www.vtwater-
quality.org/stormwater/docs/sw_gi_tree_benefits_final.pdf. 
11. I-Tree Design v 6.0. i-Tree: Tools for Assessing and Manag-
ing Community Forests. www.itreetools.org/design.php. i-Tree 
Design is also useful for assessing and understanding other tree 
benefits related to greenhouse gas mitigation, air quality im-
provements, and energy usage reduction. i-Tree Eco can be used 
for quantifying annual avoided runoff of trees. i-Tree Hydro can 
be used to quantify hourly and total changes in stream flow and 
water quality based on vegetation and impervious cover.
12. More tips for plant selection can be found at Urban Forest 
Adaptive Planting List with consideration given to the warm-
ing climate. “Trees for 2050” Chicago Botanic Garden: www.
chicagobotanic.org/plantinfo/tree_alternatives; “Plants and Your 
Stormwater Control Measures.” Restoration and Recovery. 
rrstormwater.com/plants-and-your-stormwater-control-measures

3. Research on Cleveland climate patterns shows a 25.8% 
increase in annual precipitation from 1956-2012 with a 57.4% 
increase in precipitation in the months of Sept.-Nov. Rajkovich, 
Nicholas B. “Climate Change and Cleveland” presentation, State 
University of NY at Buffalo. 2015. 
4. Cornell Cooperative Extension. Introduction to Rain Gardens. 
hightstownborough.com/blog/wp-content/uploads/NJ-Raingar-
den-tri-fold.pdf
5. There is also a guide chart for assessing proper rain garden 
design in Cornell University Cooperative Extension’s “Installing 
a Rain Garden” manual. www.townofglenville.org/Public_Doc-
uments/GlenvilleNY_stormwater/01238879-000F8513.6/Install-
ing%20A%20Rain%20Garden%20Cornell%20University%20
Cooperative%20Ext.pdf
More worksheets available at Rain Garden Manual for Home-
owners: Protecting Our Water, One Yard at a Time. Geauga 
Soil and Water Conservation District/Northeast Ohio Public 
Involvement Public Education Committee (NEO PIPE), 2006. 
www.clevelandwpc.com/wp-content/uploads/2010/08/raingar-
den_manual_forhomeowners.pdf
6. Brad Lancaster’s “Rainwater Harvesting for Drylands and 
Beyond” website provides numerous useful rain garden plant 
lists for Dryland Regions (especially AZ, CA, CO, MT, NM, 
UT, WY climates) www.harvestingrainwater.com/plant-lists-
resources/multi-use-rain-garden-plant-lists/ 
 The “Rain Gardens for Nashville” Resource Guide provides 
a thorough species list with particular attention to the Southern 
US. ag.tennessee.edu/tnyards/Documents/Rain%20Garden%20

Michael Simmons with Bloomington Community Orchard dem-
onstrates how to plant fruit trees for maximum health.  Photo by 
Rhonda Baird.  


