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ABSTRACT 
 

As the climate changes over the 21st century, the Detroit region and its trees and green spaces will face 

physical, biological, human health, and indirect impacts. This assessment evaluates the vulnerability of 

urban trees to a range of future climates within the City of Detroitôs 89,000 acres, including 22,000 acres 

of urban forest. We synthesized and summarized information on the contemporary landscape, provided 

information on past climate trends and projected future climates, and illustrated climate impacts on a 

range of topics. We used this information to inform models of habitat suitability for trees native to the 

Detroit area and used projected shifts in plant hardiness and heat zones were used to understand how less 

common native species, nonnative species, and cultivars may tolerate future conditions. We also assessed 

the adaptability of planted and naturally occurring trees to stressors that may not be accounted for in 

habitat suitability models such as drought, flooding, wind damage, and air pollution. The summary of the 

contemporary landscape identifies major stressors currently threatening urban trees and natural areas in 

Detroit. Major current threats to the regionôs urban forest include urban heat islands, invasive species and 

diseases, vacant lands, social and equity issues, and air, soil, and water quality. Detroit has been warming 

at a rate of about 0.4  per decade since 1960 and the average temperature is projected to increase by 5  

to 13  by the end of the century compared to the 1980-2009 mean. Precipitation in Detroit has been 

increasing by 0.95 inches per decade since 1960 and spring precipitation is projected to increase, while 

other projections vary by season and climate scenario. Extreme heat and heavy precipitation events are 

expected to increase in intensity and become more frequent. By the end of the century, Detroit is 

projected to shift from hardiness zone 6 to 7-8, and heat zone 5 to 7-9, depending on the emissions 

scenario. Species distribution modeling of native trees suggests that suitable habitat may decrease for 19 

species, increase for eight species, and remain stable for eight species, while 16 species may be able to 

colonize new, suitable habitats. In terms of adaptive capacity for planted/developed conditions, 50 species 

received a high adaptability score, 30 received a low adaptability score, and the remaining 107 received a 

medium adaptability score. For natural areas (both native and naturalized), 42 species received a high 

adaptability score, eight received a low adaptability score, and 43 received a medium adaptability score. 

These projected changes in climate and their associated impacts and vulnerabilities will have important 

implications for urban forest management, including the planting and maintenance of street and park 

trees, equity and environmental justice efforts, and long-term planning from partnerships to green 

infrastructure. 
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PREFACE 
Context and Scope 
This assessment is a fundamental component of the Urban Forestry Climate Change Response 

Framework project and builds off methods developed for the Chicago Wilderness Urban Forestry 

Vulnerability Assessment (Brandt et al. 2017) and Vulnerability of Austinôs Urban Forest and Natural 

Areas (Brant et al. 2020). This project builds on lessons learned from the Climate Change Response 

Framework: a collaborative, cross-boundary approach among scientists, managers, and landowners to 

incorporate climate change considerations into natural resource management. Each project interweaves 

four components: science and management partnerships, vulnerability assessments, adaptation resources, 

and demonstration projects. 

 

We designed this assessment to be a synthesis of the best available scientific information. Its primary goal 

is to inform those that work, study, recreate, and care about the urban forests and natural areas in the 

Detroit region. As new scientific information arises, we expect that new efforts will need to be undertaken 

to reflect that acquired knowledge and understanding. Most important, this assessment does not make 

recommendations about how this information should be used. 

 

The scope of the assessment is the urban forest, broadly defined to include both developed and natural 

settings within the urban landscape. 

 

Author Contributions and Acknowledgements 
Annamarie Rutledge led the writing throughout the vulnerability assessment. Leslie Brandt developed the 

assessment methodology and report structure and provided feedback throughout the chapters. Matthew 

Peters assembled the climate projections for chapter 2. Fai Foen contributed to and provided on-the-

ground insights for chapter 1. Anita Harrington wrote the natural communities section of chapter 1. The 

Detroit team, which included individuals from American Forests, Detroit Future City, SEMCOG, The 

Greening of Detroit, and the State of Michigan, met monthly to discuss and develop the workshop and 

report. 

 

We wish to thank the municipal foresters, park district representatives, natural areas managers, and 

individuals from private, nonprofit, academic, and governmental organizations who participated in the 

vulnerability and adaptation workshops that contributed to this report. 
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EXECUTIVE SUMMARY  

 

Chapter 1: The Contemporary Landscape 
This chapter describes the structure and function of Detroitôs urban forest, the forces that shaped it, and 

current threats and stressors. This information lays the foundation for understanding how shifts in climate 

may contribute to changes in Detroitôs urban forests, and how climate may interact with other stressors 

present on the landscape. 

 

Key Points 

ǒ Detroit is composed of the Southern Great Lakes Forest ecoregion, defined by various forest, 

prairie, swamp, marsh, and wetland ecosystems. 

ǒ Detroit is a minority-majority city and its population has been declining since 1950. 

ǒ There are three watersheds within the Detroit city boundaries that empty into Lake St. Clair and 

the Detroit River. The eastern border of the city as well as southwest Detroit are more flood-

prone. 

ǒ Pre-settlement Detroit was classified as mesic southern forest and dominated by beech and sugar 

maple communities. Today, Detroit and the surrounding areas have a greater diversity of species 

including oak, birch, beech, hickory, sugar maple, elm, and cottonwood. 

ǒ Stressors and threats to Detroitôs urban trees include drought, flooding, strong storms, urban heat 

islands, invasive species and diseases, vacant lands, soil and water quality, air quality, and social 

and equity issues. 

ǒ There has been resistance to tree planting by residents due to historical experiences and power 

dynamics among stakeholders. 

ǒ Detroitôs urban forest provides millions in benefits each year, including aesthetic, air quality, 
carbon sequestered and avoided, energy, and stormwater peak flow reductions benefits. 

ǒ Natural resource managers, nonprofit organizations, and community initiatives in the Detroit 

region are working to manage Detroitôs urban forest to ensure it continues to provide benefits for 

the community. 

 

Chapter 2: Physical Climate Impacts on the Areaôs Urban Trees 

and Green Spaces 
This chapter summarizes what we know about climate trends, how climate is projected to change over 

this century, and physical impacts to Detroitôs urban forest and natural areas. 

 

Key Points 

ǒ Detroit has been warming at a rate of about 0.4  per decade since 1960 and the average 

temperature is projected to increase in each season under a range of climate scenarios compared 

to the 1980-2009 mean. 

ǒ Precipitation in Detroit has been increasing by 0.95 inches per decade since 1960. While 

precipitation projections vary by season and climate scenario, spring precipitation is expected to 

increase in each. 

ǒ Extreme heat and heavy precipitation events are expected to increase in intensity and become 

more frequent. 

 Assuming a drastic reduction in global GHG emissions, the hardiness zone is projected to shift 

from zone 6 (-23.3°F to -17.8°F) to zone 7 (-17.7°F to -12.2°F) by mid-century and the heat zone 

is projected to shift from zones 4 and 5 (>14-30 and >30-45 days exceeding 86°F) to zone 7 (>61-

90 days exceeding 86°F) by mid-century. 
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 Under a business-as-usual scenario, the hardiness zone is projected to shift to zone 8 (-12.1°F to -

6.7°F) by the end of the century and the heat zone is projected to shift to zone 9 (>21-150 days 

exceeding 86°F) by the end of the century. 
 

Chapter 3: Biological Climate Impacts 
This chapter provides an overview of biological climate impacts in the Detroit region, from fruit 

production to fire risk. 

 

Key Points 

ǒ A changing climate may shift the timing of leaf-out, flowering, fruit production, and senescence 

in urban trees, which may cause frost and freeze damage to Michiganôs fruit trees. 

ǒ Climate change can alter treesô nutrient cycling as well as growth, photosynthetic, and 
transpiration rates. Trees may benefit from longer growing seasons and higher CO2 

concentrations, but may be limited by available moisture and nutrients. 

ǒ Arbuscular mycorrhizal fungi (AMF) may play a key role in long-term maintenance of soil and 

fertility, benefitting plant growth and flower production. 

ǒ The abundance and range of pests and pathogens may increase under a changing climate due to 

increased temperatures and stressed trees, including emerald ash borer, oak borers, Asian 

longhorned beetle, spotted lanternfly, and oak wilt. Non-native, invasive species are projected to 

spread and establish themselves as plants shift their range. 

ǒ Species diversity and ecosystem function are expected to change along with climate conditions, 

causing an increase in species declines and extinctions. 

ǒ Fire risk is projected to increase, but behavior is uncertain due to its dependence upon climatic 

shifts as well as various occurrence factors. 

 

Chapter 4: Human Health Impacts 
This chapter provides an overview of climate-related impacts on human health in the Detroit region, from 

air pollution to mental health. 

 

Key Points 

ǒ Detroitôs human population and urban forest are both at risk from a changing climate, and urban 
forests can play a role in improving some of the human climate risks. 

ǒ Climate change can increase ground-level ozone and particulate matter air pollution, associated 

with health issues such as asthma, diminished lung function, increased hospital visits, and 

premature deaths. Changing conditions can also shift BVOC emissions as well as the production, 

allergenicity, distribution, and timing of aeroallergens such as tree, grass, and weed pollen. 

ǒ Oak, birch, and ragweed pollen are projected to increase under a changing climate and 

allergenicity may be important to consider when selecting adaptable tree species. 

ǒ Human health is impacted by pests and pathogens such as emerald ash borer, ticks, and emerging 

infectious diseases (EIDs), which may shift their range, distribution, and abundance under 

changing conditions. 

ǒ Extreme heat is associated with heat-related diseases and mortality and poses a significant threat 

to Detroit residents, particularly those who are low-income, young, socially isolated, lack air 

conditioning, or suffer from chronic illness. 

ǒ Changes in heavy precipitation events and lake temperatures may increase waterborne diseases, 

lake closures, and vulnerability to runoff and septic/sewage failures. 

ǒ Climate change is expected to cause food shortages and insecurity, negatively impacting the 

community as food prices increase and availability decreases. Urban agriculture and food forests 

may aid in food justice by increasing access to fresh foods, improving health, and building 

communities. 
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ǒ While extreme weather events and natural disasters may cause secondary negative health effects, 

street trees and green spaces are linked to stronger social cohesion, stress relief, decreased crime, 

and an active lifestyle. 

 

Chapter 5: Tree Species Vulnerability 
This chapter summarizes expected changes in habitat suitability and the adaptive capacity of tree species 

in Detroitôs developed and natural areas. 

 

Key Points 

ǒ Modeling Native Trees: Species distribution modeling of native species suggests that suitable 

habitat may decrease for 19 species and remain stable for eight species. Suitable habitat was 

expected to increase for eight species, while 16 species would be able to colonize new, suitable 

habitats.  

ǒ Projected Heat and Hardiness Zone Shifts and Species Ranges: Under a low emissions 

scenario, the majority of species are projected to be in a suitable range (94 percent), while 6 

percent are not suitable. Under a high emissions scenario, 42 percent are projected to be in a 

suitable range, and 58 percent are not suitable. 

ǒ Adaptive Capacity of Urban Trees: Adaptive capacity of 187 species was evaluated using 

scoring systems for planted (187 species) and natural (94 species) environments. For 

planted/developed conditions, 50 species received a high adaptability score, 30 received a low 

adaptability score, and the remaining 107 received a medium adaptability score. For natural areas 

(both native and naturalized), 42 species received a high adaptability score, eight received a low 

adaptability score, and 43 received a medium adaptability score. 

ǒ Overall Vulnerability of the Detroit Regionôs Trees: Under low emissions, the majority of 

Detroit tree species fell into the low-moderate vulnerability category (51 percent), while over 22 

percent were categorized as low vulnerability, nearly 20 percent as moderate vulnerability, 5 

percent as moderate-high vulnerability, and 1 percent as high vulnerability. Under high 

emissions, the vulnerability of tree species was more spread out. Nearly 14 percent were 

categorized as low vulnerability, 21 percent as low-moderate vulnerability, 20 percent as 

moderate vulnerability, 35 percent as moderate-high vulnerability, and nearly 10 percent as high 

vulnerability. 

ƺ Common species with moderate-high vulnerability include boxelder, silver maple, sugar 

maple, common horse chestnut, northern catalpa, white mulberry, callery pear, pin oak, 

American linden, and winged elm.  

ƺ Uncommon species with low vulnerability include common persimmon, downy 

serviceberry, fringetree, mockernut hickory, osage-orange, sourwood, southern 

hackberry, umbrella magnolia, and water locust.  

 

Chapter 6: Vulnerability of the Urban Forest 
This chapter focuses on the overall vulnerability of the urban forest in the Detroit region, with attention 

given to specific districts throughout the city. Vulnerability is the susceptibility of a system to the adverse 

effects of climate change and is a function of a systemôs impacts and adaptive capacity. 

 

Key Points 

ǒ Detroit has a high poverty rate of nearly 31 percent, triple the nationôs rate. Understanding 
district-level vulnerabilities can help guide resource allocation and climate adaptation strategies 

and the relationship between public health and inequality is critical in the planning and 

implementation process. 

ǒ Extreme heat and increased precipitation are two major climate change impacts to the Detroit 

region, causing heat-related illnesses and mortality and flood vulnerability. 
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ǒ The most vulnerable neighborhoods are located in Southwest Detroit. Vacant lots and impervious 

surfaces are an issue throughout the city. District 5 and 6 have notable heat islands present, have 

higher populations without vehicle access, and higher runoff exposure while situated along the 

Detroit River. 

ǒ Under a low emissions scenario, most tree species are categorized as low-moderate vulnerability, 

shifting to moderate-high vulnerability under a high emissions scenario. District 5, south 

central/downtown, has the most species in a moderate-high to high vulnerability category under 

the high emissions scenario. 

ǒ When developing adaptation strategies and green infrastructure in neighborhoods, itôs beneficial 
to pair planning with public good and welfare and listen to community voices and needs. 

 

Chapter 7: Management Implications 
This chapter describes the management considerations and issues, summarized by theme, that urban 

foresters face. 

 

Key Points 

ǒ Maintaining species diversity and selecting appropriate, adaptable species for the projected 

changes in habitat suitability will become more of a challenge for everyone, from land managers 

to the nursery industry. 

ǒ Given the uncertainties around the effects of climate change it will be important for land 

managers to continue to observe and document impacts on tree species and refine models and 

management strategies. 

ǒ Climate change challenges may present opportunities for land managers and other decision-

makers to further engage with their communities, develop new partnerships and programs, 

expand their volunteer base, and make investments in resilient landscapes. 
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INTRODUCTION  

Context 
This assessment is a fundamental component of the Urban Forestry Climate Change Response 

Framework project (https://forestadaptation.org/focus/urban-forests). This project builds on lessons 

learned from the Climate Change Response Framework: a collaborative, cross-boundary approach among 

scientists, managers, and landowners to incorporate climate change considerations into natural resource 

management. Each project interweaves four components: science and management partnerships, 

vulnerability assessments, adaptation resources, and demonstration projects (Fig. X.1). The Detroit 

assessment uses methods developed in the Chicago Wilderness region pilot (Brandt et al. 2017), 

Vulnerability Assessment of Austinôs Urban Forest and Natural Areas (Brandt et al. 2020), and also 

methods developed for assessing vulnerability of natural areas (Brandt et al. 2016). 

 

 
Fig. X.1 Climate Change Response Framework Components 

 

The overarching goal of all Framework projects is to incorporate climate change considerations into forest 

management. The overall goal of the Urban project is to ensure that urban forests will continue to provide 

benefits to the people who live in urban communities as the climate changes. We define the urban forest 

as all publicly and privately-owned trees within an urban areað including individual trees along streets 

and in backyards, as well as stands of remnant forest. The Urban project works across organizations, both 

public and private, to work toward this goal by accomplishing the following objectives: 

- Engage with communities that are interested in adapting their urban forest management to climate 

change. 

- Work with these communities to assess the vulnerability of their urban forests to climate change. 

- Identify and develop tools to aid adaptation of urban forests to climate change. 

- Develop real-world examples of climate-informed management of urban forests. 

The tools and approaches developed in the Urban project were originally designed to be applied to areas 

in the Midwest and Northeast. This report expands that work to an additional area in the Midwest. 

 

Current partners in the effort include: 

- Northern Institute of Applied Climate Science 

 

Climate Hubs 

- USDA Forest Service 

 

https://forestadaptation.org/focus/urban-forests
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Scope and Goals 
The primary goal of this assessment is to summarize potential changes to the urban forest of the Detroit 

region under a range of future climates scenarios, and determine the vulnerability of trees and natural and 

developed landscapes to those changes. In addition, this assessment synthesizes information about the 

contemporary landscape and projections of physical and biological climate changes used to assess these 

vulnerabilities. Uncertainties and gaps in information are also discussed throughout the assessment. This 

assessment covers the City of Detroit and surrounding SEMCOG region, encompassing (Figure X.2). 

Municipalities within this boundary are also included in the assessment. According to the City of Detroit 

Planning Department, there is approximately 22,000 acres of urban forest and 24.3% canopy coverage out 

of 89,000 total city acres. 

 

 

Figure X.2. Assessment Area. The assessment area includes the city of Detroitôs boundary as well as the 

surrounding SEMCOG region. 

 

Assessment Chapters 
Chapter 1: The Contemporary Landscape 

The Contemporary Landscape describes existing conditions, providing background on the physical 

environment, ecological character, and current management of urban forests of the Detroit region. 

 

Chapter 2: Physical Climate Impacts on the Areaôs Urban Trees and Green Spaces 
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Physical Climate Impacts on the Areaôs Urban Trees and Green Spaces describes our current 

understanding of past and projected future changes in climate in the Detroit region, including trends and 

projections in extreme weather, temperature, and precipitation; effects on soils and hydrology; and shifts 

in heat and hardiness zones. 

 

Chapter 3: Biological Climate Impacts 

Biological Climate Impacts describes phenology shifts, physiological effects, nutrient cycling, pests and 

pathogens, invasive plant species, species diversity, and fire risk in the Detroit region. 

 

Chapter 4: Human Health Impacts 

Human Health Impacts describes climate-related impacts on human health including allergenicity, pests 

and pathogens, biogenic volatile organic compounds, heat-related illnesses and mortality, flooding and 

extreme weather events, increases in food prices, as well as social, mental, and physical impacts. 

 

Chapter 5: Tree Species Vulnerability 

Tree Species Vulnerability describes modeled changes in Detroitôs habitat suitability as well as adaptive 

capacity scores in the region. 

 

Chapter 6: Vulnerability of the Urban Forest 

Vulnerability of the Urban Forest provides a summary overview of the vulnerability of the Detroit region 

as well as an overview of key climate impacts and adaptive capacity factors in each of the seven districts 

in Detroit. 

 

Chapter 7: Management Implications 

Management Implications provides an overview of climate change impacts on decision-making, 

management practices, and other issues related to urban and community forestry in the Detroit region. 
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CHAPTER 1 

The Contemporary Landscape 
 

The urban forest is defined as all publicly and privately owned trees within an urban areaðincluding 

individual trees along streets and in backyardsðas well as stands of remnant forest (Nowak et al.,2001). 

Detroitôs natural and glacial history shaped much of its current urban forest and forest composition. 

Southern Michigan is a part of the Southern Great Lakes Forest ecoregion, defined by various forest, 

prairie, swamp, marsh, and wetland ecosystems. In this section we describe the structure and function of 

Detroitôs urban forest, the forces that shaped it, and current stressors. This information lays the foundation 

for understanding how shifts in climate may contribute to changes in Detroitôs trees and urban forests, and 

how climate may interact with other stressors present on the landscape. 

 

Landscape Setting 
The assessment focus includes the City of Detroit and surrounding Southeast Michigan Council of 

Governments (SEMCOG) Region, including Livingston, Macomb, Monroe, Oakland, St. Clair, 

Washtenaw, and Wayne Counties (Figure 1.1). Detroit is a vibrant city, known as a major cultural center 

for its contributions to music and providing a home for art, design, and architecture. It is also a minority-

majority city with a population of almost 79 percent Black or African American residents (U.S. Census 

Bureau, 2019a). Although Detroitôs population has continued to decline since 1950, the decline has 

slowed in recent years. Meanwhile, land has continued to develop. Between 1990 and 2000, land in the 

SEMCOG region was developed three times faster than the population grew (American Forests, 2006). 

The City of Detroit and surrounding SEMCOG region combine for a population of 4,750,123 (U.S. 

Census Bureau, 2019a). Potential impacts from climate change on trees and green spaces is a prominent 

concern, as the city is projected to experience increased temperatures, more frequent and intense 

precipitation, as well as fluctuating lake levels (Gregg et al., 2012). 
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Figure 1.1. Assessment Area. The assessment area includes the city of Detroitôs boundary as well as the 

surrounding SEMCOG region. 

 

More Information on Trees in the Detroit Region 
The resources below provide more information regarding the urban forest in the Detroit region: 

- Detroitôs Tree Management Plan (2016) focuses short- and long-term maintenance needs for 

public trees in their inventory. Inventory data paired with analysis provided an understanding of 

Detroitôs conditions and needs of the tree population as well as a maintenance schedule 

recommendation to improve tree health, expand tree canopy, and manage risks posed by public 

trees. 

- The U.S. Forest Service provides state urban forest data including GIS files that can be 

downloaded on the scale of county, place, and county subdivision: 

https://www.nrs.fs.fed.us/data/urban/state/?state=MI 

 

Other resources and plans that influence trees and vegetation in the Detroit area: 

- Michigan Department of Natural Resources provides information about urban forestry including 

grants, events, programs, tree care and maintenance, and various resources: 

https://www.michigan.gov/dnr/0,4570,7-350-79136_79237_80942---,00.html 

- The Sustainability Action Agenda is the City of Detroitôs first sustainability plan that outlines 
goals of developing an equitable, green, affordable, clean, and connected city: 

https://detroitmi.gov/government/mayors-office/office-sustainability/sustainability-action-agenda 

https://www.nrs.fs.fed.us/data/urban/state/?state=MI
https://www.michigan.gov/dnr/0,4570,7-350-79136_79237_80942---,00.html
https://detroitmi.gov/government/mayors-office/office-sustainability/sustainability-action-agenda
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- The Greening of Detroit is a non-profit organization that influences green spaces, green 

infrastructure, tree planting, and education in the Detroit region: 

https://www.greeningofdetroit.com/ 

- Detroiters Working for Environmental Justice is a nonprofit organization focused on advocacy, 

community action, and green jobs, leading the development of Detroitôs Climate Action Plan: 

https://detroitenvironmentaljustice.org/, https://toolkit.climate.gov/reports/detroit-climate-action-

plan#:~:text=The%2077%2Dpage%20report%20contains,and%2080%20percent%20by%202050

. 

- The City of Detroit and Wayne County Forestry Office provide tree services to Detroit 

communities: https://detroitmi.gov/departments/general-services-department/tree-services, 

https://www.waynecounty.com/departments/publicservices/roads/forestry-office.aspx 

- Michiganôs Terrestrial Invasive Species Management Plan: 
http://169.62.82.226/documents/dnr/Terrestrial_invasivesp_plan_618659_7.pdf 

 

Geology, Hydrology, & Forest Types 

Michiganôs landscape was shaped primarily during the last ice age. The movement of the last ice sheet - 

the Wisconsin Glacier - left significant impact when it retreated 14,000 years ago (Gregg et al., 2012). 

The Great Lakes are a product of this glacier, serving as large repository basins for much of the melted 

ice. These processes determined many of the landscape characteristics we see today, such as soil types, 

hydrologic flows, and historic forest composition. 

 

Soil types are critical characteristics to understand in the time of a climate crisis. The size of soil particles 

determines the amount of water and nutrients the soil can hold, impacting forest and plant dynamics and 

stormwater management in the city of Detroit and surrounding areas. Detroitôs most common soil types 

(Figure 1.2) are soils produced from glacial outwash and derived from deposited lake sediments. 

 

 
Figure 1.2. Detroit Underlying Soil Types and Drainage. Source: Michigan Geographic Data Library, 

Michigan Quaternary Geology Map. Prepared By: University of Michigan Detroit Climate Capstone. 

 

https://www.greeningofdetroit.com/
https://detroitenvironmentaljustice.org/
https://toolkit.climate.gov/reports/detroit-climate-action-plan#:~:text=The%2077%2Dpage%20report%20contains,and%2080%20percent%20by%202050.
https://toolkit.climate.gov/reports/detroit-climate-action-plan#:~:text=The%2077%2Dpage%20report%20contains,and%2080%20percent%20by%202050.
https://toolkit.climate.gov/reports/detroit-climate-action-plan#:~:text=The%2077%2Dpage%20report%20contains,and%2080%20percent%20by%202050.
https://detroitmi.gov/departments/general-services-department/tree-services
https://www.waynecounty.com/departments/publicservices/roads/forestry-office.aspx
http://169.62.82.226/documents/dnr/Terrestrial_invasivesp_plan_618659_7.pdf
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Glacial outwash results in accumulation of fine-grained material (e.g., till) in ridges that outline the extent 

of glaciation. These ridges of glacial till have defined the areaôs watersheds over time, determining the 

path of rivers and streams, in addition to controlling drainage dynamics. Sediments can also be carried by 

wind, rivers, and erosion to the lake. Over time, sand and gravel can accumulate along the outer part. 

Meanwhile, finer silt and clay settle in the inner, deeper areas. Detroit and the surrounding areas have 

both soil types. However, silt and clay tend to be the strongest types closer to the Detroit River. 

 

Soil types also impact the hydrology of the area. The dominant soil types in Detroit have different 

percolation rates. Soils that are poorly drained (clay, silt, and fine matter) canôt remove water as quickly, 

allowing runoff to occur more frequently (Gregg et al., 2012). Silt and clay are present in the east side of 

the city and towards the river. Sandy soil is more dominant in the north and northeast of Detroit, which 

drains more quickly resulting in less runoff. 

 

Michiganôs glacial processes have influenced present watersheds in the Detroit area. Detroit is placed 

within the Great Lakes watershed, moving water through Lake Superior, Lake Michigan, Lake Huron, the 

St. Clair River, Lake St. Clair, the Detroit River, Lake Erie, Lake Ontario, and to the St. Lawrence River, 

emptying into the Atlantic Ocean. There are three watersheds within the Detroit boundary, two of which 

empty into Lake St. Clair (Lake St. Clair and Clinton watersheds) and one that empties into the Detroit 

River (Rouge watershed) (Figure 1.3). The Huron watershed, to the west of Detroit, also plays a notable 

drainage role. This watershed passes through Wayne County and empties into Lake Erie. 
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Figure 1.3. Historical Watersheds and Subwatersheds in the SEMCOG Region. Source: SEMCOG. 
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As the city expanded, many streams and rivers within Detroit were routed by culverts and underground 

pipes. Understanding hydrologic processes in the area is important in the face of a changing climate due 

to greater stressors on the system from increased storm events. 

 

Vegetation 

The glacial and soil deposition processes, in addition to more general climate characteristics, have helped 

determine the regionôs vegetation makeup. Classified as mesic southern forest, pre-settlement Detroit was 

dominated by beech and sugar maple communities. These two species thrive on well-drained sandy lake 

plains and fine-textured glacial till. Soils in the area are typically fertile with high nutrient and soil 

organism content because of the decomposition of deciduous leaves and branches. Wetter habitats were 

formed where drainage was poor and seasonal pools were common, which favors a combination of beech 

and oak-hickory. The eastern border of the city as well as southwest Detroit remain more prone to 

flooding compared to other parts of the city - both of which were historically swamp and marsh 

conditions. 

 

Detroit and its surrounding region are presently located in the Midwest Broadleaf Forest Eco Province 

(222). This eco province features flat to hilly terrain associated with glaciation and vegetation including 

cold-deciduous, hardwood forests (EDC, 2020). Many species are able to tolerate mild, short, and 

occasional droughts during the late summer season. The U.S. Forest Serviceôs Forestry Inventory and 

Analysis (FIA) program determined that surrounding areas have a diversity of species, predominantly the 

historic species of oak, birch, beech, hickory, and sugar maple, as well as elm and cottonwood (Gregg et 

al., 2012). 

 

Natural Communities 

Michigan Natural Features Inventory Community Classification defines a natural community as an 

assemblage of interacting plants, animals, and other organisms that repeatedly occurs under similar 

environmental conditions across the landscape and is predominantly structured by natural processes rather 

than modern anthropogenic disturbances (Cohen et al., 2020). It emphasizes native ecosystems and 

therefore is a useful tool for identifying, conserving, and restoring important places that represent a broad 

range of ecological conditions. This classification of natural community types is based on a combination 

of data derived from statewide and regional surveys, ecological sampling and data analysis, literature 

review, and expert assessment. 

 

Historic landcover of the SEMCOG region includes a mixture of upland and lowland forests along with 

non-forested wetlands. Mesic maple-beech forests were historically more common in the eastern portion 

of the region, while dry-mesic oak-hickory forests were more in the western portion (Figure 1.4). 
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Figure 1.4. Historic Landcover of the SEMCOG Region. The scope of the communities list is terrestrial 

forested ecosystems, focusing on dominant tree species. 

 

Currently, there are various forested communities in the landscape interspersed between developed areas, 

including floodplain forest, upland mesic forest/mesic southern forest, upland dry-mesic forest/dry-mesic 

southern forest, lakeplain oak openings, wet-mesic flatwoods, and southern hardwood swamp. 



 

21 

 

Floodplain Forest 

Floodplain forest is a bottomland, deciduous or deciduous-conifer forest community occupying low-lying 

areas adjacent to streams and rivers of third order or greater, and subject to periodic over-the-bank 

flooding and cycles of erosion and deposition. Though variable, soil texture is often sandy loam to loam 

and generally neutral to mildly alkaline. Floodplain soils are characterized by high nutrient availability 

and an abundance of soil water throughout much of the growing season. Over-the-bank flooding can 

directly cause treefall or indirectly lead to windthrow through increased soil saturation. Spring flood 

waters often carry ice floes and debris that can scour trees, leading to the development of multiple-

stemmed canopy trees. Typical species include silver maple and green ash. In Detroit, this type of forest 

can be found in the Rouge River Corridor including the area of the former Rogell Golf Course (Rogell 

Site Analysis, 2018). 

 

Upland Mesic Forest/Mesic Southern Forest 

Mesic southern forest is an American beech- and sugar maple-dominated forest distributed on flat to 

rolling topography with predominantly well-drained, high nutrient, loam soils. The natural disturbance 

regime is frequent, small windthrow gaps allowing for the regeneration of shade-tolerant, canopy species 

and infrequent, intermediate- to large-scale wind events.  In addition to wind disturbance, glaze or ice 

storms are a significant source of intermediate disturbance, thinning the canopy and promoting tree 

regeneration. Dominant species of the canopy are American beech (Fagus grandifolia) and sugar maple 

(Acer saccharum), which account for up to over 80% of the canopy composition (Cohen et al., 2020). 

 

Upland Dry-mesic Forest/Dry-mesic Southern Forest 

Dry-mesic southern forest is a fire-dependent, oak or oak-hickory forest type on generally dry-mesic sites 

found south of the climatic tension zone in southern Lower Michigan. Frequent fires maintain semi-open 

conditions, promoting oak regeneration and ground and shrub layer diversity.  Fire, windthrow, and insect 

outbreaks and pathogens associated with oak defoliation and decline are the prevalent natural disturbance 

factors influencing dry-mesic southern forest. Dominant canopy species include white oak (Quercus alba) 

and black oak (Quercus velutina), with white oak being the more frequent dominant. Red oak (Q. rubra) 

can occur as a canopy species under the right conditions.  Hickories such as pignut hickory (Carya 

glabra), shagbark hickory (C. ovata), and bitternut hickory (C. cordiformis) are often canopy 

codominants (Cohen et al., 2020). An example of this type of community can be seen as a remnant in the 

Rouge River-Rogell area of Detroit (Rogell Site Analysis, 2018).  Other examples are found in Palmer and 

Pitcher Parks (Weatherbee & Klatt, 2004). 

 

Lakeplain Oak Openings 

Lakeplain oak openings are a fire-dependent savanna community, dominated by oaks and characterized 

by grass or grass-like ground layer of species associated with both lakeplain prairie and forest 

communities. Open conditions were historically maintained by frequent fire, and in depressions, by 

seasonal flooding. Soils are typically mildly alkaline, very fine sandy loams, loamy sands, or sands with 

moderate water-retaining capacity.  In low areas, seasonally high water levels play an important role in 

maintaining the open condition of lakeplain oak openings. Dominant canopy species of droughty sand 

ridges are black oak (Quercus velutina) and white oak (Q. alba). Bur oak (Quercus macrocarpa), pin oak 

(Q. palustris), and swamp white oak (Q. bicolor) are prevalent on flat, poorly drained areas. Ground 

species include: big bluestem (Andropogon gerardii), bluejoint grass (Calamagrostis canadensis), 

Pennsylvania sedge (Carex pensylvanica), blazing star (Liatris spp.), little bluestem (Schizachyrium 

scoparium), bluejoint grass, tussock sedge (Carex stricta), sedge (C. aquatilis), twig-rush (Cladium 

mariscoides), switchgrass (Panicum virgatum), Virginia mountain mint (Pycnanthemum virginianum), 

and cordgrass (Spartina pectinata). and Indian grass (Sorghastrum nutans). An example of this type of 

community can be seen as a remnant in the Rouge River-Rogell area of Detroit (Rogell Site Analysis, 

2018). 
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Wet-mesic Flatwoods 

Wet-mesic flatwoods is a wet to mesic forest on mineral soils dominated by a highly diverse mixture of 

upland and lowland hardwoods occurring on low relief, poorly drained glacial lakeplain characterized by 

the presence of an impervious clay layer which allows for prolonged pooling of water and leads to a 

patchy, sparse ground level. Dominant trees may include oaks, hickories, maples, ashes, and basswood. 

Seasonal inundation is the primary natural disturbance factor influencing wet-mesic flatwoods. Surface 

soils are typically medium to slightly acid sandy loam to loam and overlay mildly to moderately alkaline 

sandy clay loam, clay loam, or clay. Seasonal water level fluctuations lead to mottling of the mineral soil 

layers. Water levels are typically highest in the late winter and spring, creating many vernal pools. Strong 

water level fluctuations over the growing season favor species otherwise typical of river and stream 

floodplains. Seasonally dry mineral soils allow for greater tree-rooting depth than in wetlands on organic 

soils, reducing the prevalence of windthrow. 

 

Wet-mesic flatwoods is characterized by a highly diverse tree canopy that reflects variations in soil 

moisture as a response to slight changes in surface topography and mineral soil composition across most 

sites. Canopy tree species may include both mesic and wetland species. Dominant trees are red oak 

(Quercus rubra), Shumardôs oak (Q. shumardii, state special concern), white oak (Q. alba), swamp white 

oak (Q. bicolor), chinquapin oak (Q. muhlenbergii), pin oak (Q. palustris), bur oak (Q. macrocarpa), 

shagbark hickory (Carya ovata), bitternut hickory (C. cordiformis), shellbark hickory (C. laciniosa), 

American beech (Fagus grandifolia), sugar maple (Acer saccharum), black maple (A. nigrum), silver 

maple (A. saccharinum), red maple (A. rubrum), green ash (Fraxinus pennsylvanica), white ash (F. 

americana), pumpkin ash (F. profunda, state threatened), and basswood (Tilia americana) (Cohen et al., 

2020). This type of community can be found on Belle Isle. It has been impacted by altered hydrology due 

to development on the island, altered soils (fill), and invasive species such as the emerald ash borer 

(Agrilus planipennis), invasive shrubs and grasses, and browse pressure from introduced European fallow 

deer (removed in 2004).  Oak regeneration in the understory and low shrub layer is present but at low 

levels and has likely been impacted by deer browse pressure from the 10 or so native white-tailed deer 

known to inhabit the island (Cohen, 2014). 

 

Southern Hardwood Swamp 

Southern hardwood swamp is a forested wetland occurring in shallow depressions on mineral or 

occasionally organic soils dominated by a mixture of lowland hardwoods. Soils are neutral to mildly 

acidic, typically loam or silt loam. An underlying impermeable clay lens is often present and allows for 

prolonged pooling of water. The canopy is typically dominated by silver maple (Acer saccharinum), red 

maple (A. rubrum), green ash (Fraxinus pennsylvanica), and black ash (Fraxinus nigra). Water levels 

fluctuate seasonally, with standing water typically occurring throughout winter and spring. Due to 

anaerobic conditions associated with prolonged inundation and a high water table, trees are shallowly 

rooted and prone to frequent blowdown. Windthrow creates a pit and mound microtopography, and 

variously sized canopy gaps, which promote regeneration of a diverse overstory. Prior to the introduction 

and spread of Dutch elm disease, American elm was an important canopy constituent, but is now largely 

relegated to the subcanopy and sapling layers. Typical shrub species include spicebush (Lindera benzoin), 

elderberry (Sambucus canadensis), winterberry (Ilex verticillata), and buttonbush (Cephalanthus 

occidentalis). The ground layer is characteristically sparse due to prolonged inundation during the early 

growing season (Cohen et al., 2020). In Detroit, this type of community can be found at Pitcher and 

Palmer Parks. Another type of wetland forest community-proposed by Weatherbee is the Oak Wetland 

Forest dominated by oaks and found in Detroit at Balduck Park (Weatherbee & Klatt, 2004). 

  

Other non-forested natural communities can also be found in the SEMCOG region. Non-forested 

communities found in the region include Great Lakes Marsh, Submergent marsh, Southern wet meadow, 

Lakeplain wet and wet-mesic prairie, and Southern Shrub Carr. 
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Current Conditions in the Detroit Region 
According to the most recent city street tree inventory, most of Detroitôs trees are considered to be in fair 

or better condition (City of Detroit, 2016). Much of Detroitôs right-of-way is composed of three species: 

Norway maple (18 percent), thornless honeylocust (14 percent), and silver maple (13 percent) (City of 

Detroit, 2016). Maple species make up 41 percent of trees on the street right-of-way (City of Detroit, 

2016). More young trees are needed in the region for an ideal diameter size class distribution. 

 

The City of Detroit has seen an increase in the number of vacant parcels since 2006, and a sizable portion 

of the General Services and Detroit Parks and Recreation (DPRD) Departmentsô budget goes toward 

managing vacant land (City of Detroit, 2017). The General Services Department and DPRD maintain 308 

parks for active and passive recreation as well as properties such as boulevards, cemeteries, golf courses, 

greenbelts, miscellaneous lots, parkways, and parklots (City of Detroit, 2017). Detroitôs parks range from 

0.07 acres to 1,181 acres, totaling 4,899 acres of park space (Figure 1.5). Many neighborhoods with low 

canopy cover are in inner-city areas, which are also high priority planting areas (Figure 1.6). 

 

 
Figure 1.5. Detroit Parks. Source: SEMCOG. 
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Figure 1.6. Detroit Canopy Cover. Lighter shades indicate lower canopy percentages. Credit: University 

of Vermont.  

 

Detroitôs urban trees provide approximately $24.3 million in benefits each year, broken down into 

aesthetic, air quality, net total carbon sequestered and avoided, energy, and stormwater peak flow 

reductions benefits (City of Detroit, 2016). Increasing the urban tree canopy has the ability to cool the city 

down, increase health benefits, reduce crime, and provide aesthetic value. According to ParkScore, 

Detroit is 73rd in the nation when it comes to park access (70/100), acreage (22/100), amenities (31/100), 

and investment (41/100) (2020). While only six percent of Detroitôs city land is used for parks and 

recreation, 80 percent of residents live within 10 minutes of a park (55 percent national average). The 

2017 Parks and Recreation Improvement Plan notes that residents have started to use land in unforeseen 

ways by developing green spaces from open lots and rehabilitating parks, ultimately cultivating the 

community.  

 

Major Stressors and Threats 

Detroitôs urban forest currently faces a variety of stressors including drought, flooding, strong storms, 

urban heat islands, invasive species and diseases, vacant lands, soil/water quality, air quality, as well as 

social and equity issues.  

 

Urban Heat Islands 

Exposure to heat can be substantially influenced by the geographic location within a region. For example, 

from 1980-2010, the average annual temperature in Detroit increased by 1.4 , while the average annual 

temperature in Ann Arbor increased by 0.2  throughout the same time period (Gregg et al., 2012). While 

this may not seem like a significant difference, a small increase in average annual temperature increases 

the likelihood of extreme droughts and heat events. 

 

Heat exposure assessments using impervious surfaces and tree canopy, two land cover variables that 

impact extreme heat events, can determine vulnerable areas. Looking at the most recent data from the 












































































































































































































































