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Abstract  

Through the Sustainable Communities Partnership at the University of St. Thomas, the 

Environmental Studies capstone course collaborated with the Metropolitan Council for the 

Spring 2017 semester to work on a variety of projects focusing on urban tree canopy within the 

Twin Cities Metro area. According to the USDA, the Urban Tree Canopy is defined as the layer 

of leaves, branches, and stems of trees that cover the ground below them. This specific project 

focused on the potential ability of urban canopy to decrease the quantity and size of heat islands. 

The reasoning behind using urban tree canopy to address heat islands is because urban tree 

canopy provides shade that mitigates heat. A heat island is defined as “an increase urban air 

temperature as compared to the surrounding suburban and rural temperature” (Rosenzweig et al.) 

Heat islands in urban areas can create a potentially dangerous environment for those most 

susceptible to high temperatures like young children and elderly adults. Using GIS and data from 

the Metropolitan Council regarding local temperatures, this study uses heat islands and a variety 

of relevant demographic data to determine the areas that should have the highest priority for 

increased tree coverage in future city planning endeavors, such as the Metropolitan Council's 

Thrive 2040 project. It also took into account which species of trees are best suited for planting 

in this area, based on resilience, climate, and location.  

 

 



   
 

   
 

Introduction  

Previous studies in various metropolitan areas show an inverse relationship between the number 

of individuals who receive medical treatment for heat-related injuries and the amount of tree 

coverage.  We can assume from this correlation that there is also an inverse relationship between 

tree canopy and average temperature, which in turn allows us to assume that an increase in tree 

coverage would assist in decreasing the amount (and impact) of heat islands within our study 

area.  In order to further validate this claim, this study will examine the relationship between heat 

islands and tree canopy using ArcGIS software.        

In order to determine which areas within the Twin Cities Metro should be prioritized as areas 

that would benefit most from increased tree canopy, demographics were taken into account as an 

indicator of susceptibility to heat within certain populations.  Studies have shown that there are 

statistically significant correlations between race and susceptibility to heat-related injury, 

specifically that individuals of African American descent are at a higher risk.  As such, areas 

with higher concentrations of African American individuals received a higher level of priority 

for receiving increased tree canopy.  It is important to note that this correlation is most likely due 

to the confounding variable of socioeconomic status since no data exists that shows any race is 

less susceptible to heat-related illness than any other.  Similarly, research shows that elderly 

individuals are highly susceptible to heat injury, as are low income individuals (since they are 

less likely to have access to a space with air conditioning).  Thus in this study, areas with a high 

concentration of individuals over the age of 65 were given high priority, as did areas with higher 

than average concentrations of low-income households.     

 



   
 

   
 

Method 

The Metropolitan Council provided the study with ArcGIS data layers that identify where heat 

islands are located within the twin cities, as well as a "heat hazard" map that shows the areas 

where people would be at highest risk for acquiring a heat related injury, based on land surface 

temperatures recorded at midday on July 22nd, 2016 (Images 1 & 2).  This data was overlaid with 

a tree layer taken from the TCMA 1m resolution land cover map provided by the University of 

MN (Image 3) in order to show the inverse relationship between heat and tree canopy. To give a 

macro image of how the density of trees could impact heat, the centroids of each tree polygon 

were located and displayed as point data. These points were then processed in a point density 

tool which allowed for darker clusters to represent a higher density of trees than those lighter in 

coverage and color (Image 4).  

Due to complications and potential inaccuracy of the data, researchers also chose to combine the 

heat layer with a layer displaying impervious surfaces in order to show the strong positive 

correlation between the two. In short, where there is concrete and pavement there is heat; thus 

where there are trees there is cooling. This argument is supported by data from Fei Yuan and 

Marvin E. Bauer's study that examined the correlation between land surface temperature and 

impervious surfaces in the Twin Cities from 2000 to 2002.   

To highlight areas of interest for Metro Council, areas of concentrated poverty was selected by 

location of the 'High' and 'Very High' heat of the Heat Hazard Index map layer. This was also 

done in regards to tracts with a high concentration of elderly citizens. Once these two layers had 

been selected the Intersect tool was used to generate focus on the tracts in which both are found. 

A selection of these tracts will be discussed for further research and recommendations.  



   
 

   
 

Results and Recommendations  

The areas with high concentrations of at-risk populations (low socioeconomic status and age) as 

well as sparse tree canopy are recommended to be of highest priority for increasing urban tree 

canopy.  Some of these communities include Fridley, Columbia Heights, Coon Rapids, and 

Anoka. For each of these areas, potential causes of the increased temperature have been 

identified, and specific actions that can be taken to combat each individual heat island have been 

recommended.  These recommendations are primarily directed towards future development, as it 

is unrealistic to expect extensive renovations to take place in order to decrease heat islands.  

In Fridley, an action that can be taken would be to utilize undeveloped lots.  There are a number 

of areas with little vegetation and undeveloped land that happen to be near various bus routes. 

Fridley could potentially use some of these lands for Livable Communities projects or Transit 

Oriented Development.  This would increase use of public transportation, as well as provide a 

new greenspace for residents to spend time in. 

In Columbia Heights, future development could move more towards multi-use development.  A 

movement from single story commercial buildings to multiple story, multipurpose complexes 

would limit the amount of impervious surface within Columbia Heights, as well as increase use 

of public transportation, allow more space for increased tree canopy, and increase safety.  

In Coon Rapids there is a significant amount of space taken up by parking lots. To address this, 

Metro Council could work with the city to incentivize less parking spaces for new developments, 

which would allow for more trees—fostering an inviting environment within their city, as well as 

increasing safety and providing greenspaces and parks to an area that might not otherwise have 

immediate access to them.  



   
 

   
 

In Anoka there are many large, industrial-type buildings that have dark roofs, absorbing heat and 

contributing to the heat island.  Increasing the albedo of rooftops in this area would be greatly 

beneficial, and can be done in a variety of ways (Image 8).  With a high concentration of 

manufacturing plants, increasing the albedo effect with lighter rooftops would be an accessible 

step towards decreasing the heat island. Green roofs have become a very effective form of 

mitigating heat while up-taking air pollution within Metropolitan areas nationwide.   

Resiliency of the trees that are to be planted is important to consider, partly due to the fact that it 

was not considered when the majority of trees that are currently in the Metro Area were initially 

planted.  Emerald Ash Borer is already affecting many of the trees in the Twin Cities metro area, 

proving resiliency and diversity to be important factors to consider when deciding which tree 

species to plant in order to address the heat island issues. A selection of tree species that are 

suited to the Twin Cities Metro as follows: Elm Cathedral and Elm Jacan, Hophornbeam, 

Japanese Lilac, Ohio Buckeye and the Shadblow Serviceberry.  

Future Research  

ArcGIS was the principle tool of analysis within this research project. While providing useful 

and sufficient information given the context of our research, a few limitations of the program 

were encountered. While converting the tree polygons to points by way of centroids, the size of 

each polygon was disregarded giving equal weight to small and large polygons of trees. This 

would skew the point density data as some zones of large but fewer polygons would not be given 

proper consideration.  

Another limitation of this study was the date of Google Maps. The last updated photographs 

were taken in March of 2016—limiting our knowledge of current development and land surface. 



   
 

   
 

This data was only used in the exploration of potential issues and their consequent 

recommendations.   

Provided below are potential future research projects within the Environmental Studies and 

Geography departments. 

Network Analysis of Paths Leading to Parks: 

To alleviate the effects of heat islands, a networked path of escape could aid many residence 

trying to escape the heat. A data layer that connects multicomplex homes such as apartment 

complexes, mobile home parks, and nursing homes to designated green spaces would be 

beneficial for cities. This would inform residence on where to take refugee from the heat. This 

layer could also point out discrepancies between areas of wealth opposed to those of poverty and 

green spaces for cities to take into account.    

Interactive Map 

An online ArcGIS map would be beneficial to generate for cities to use as a reference of tree 

coverage within their tracts. Given an image of where trees are placed within their 

neighborhoods and how this relates to the heat would generate an urgency for change and 

adaptation to a larger canopy. 

Identifying Twin Cities Households with Air Conditioning 

Since the widespread use of air conditioning in homes, there has been a decrease in heat related 

illnesses and death in the US, but increases in energy prices can be a barrier to low income 

households purchasing or running air conditioning. As a result, in some US cities the number of 

African American households with central air conditioning is less than half that of white 



   
 

   
 

households (Hansen et al., 2013). Therefore, having data of the distribution of households with 

central air conditioning in the Twin Cities metro area would help to further identify areas in need 

of relief from warm temperatures due local heat islands. 
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7 County TCMA, MN 1-Meter Land Cover Classification   

 

 

 

 

 

 

 

 

 

 

 

 

Image 3 

 

 

 



   
 

   
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Image 4 



   
 

   
 

 

Image 5 

 



   
 

   
 

 

 

Image 6 

 



   
 

   
 

 

 

 

Image 7 

 



   
 

   
 

   
Image 8 
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