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Trees make our cities and urban areas more livable. Trees provide

many benefits, known as ecosystem services, to residents. Cities

oftenmakemanagement plans and care for their trees to increase the

benefits provided by their urban forests. These plans often include

goals to increase tree cover. This study assessed tree cover in 300

Florida (U.S.A.) cities. Each city’s urban tree canopy coverage (a

percentage of howmuch of a city is covered by the leafy tops of trees)

was analyzed. The goal was to assess the e�ects of hurricanes, past

land cover, and local laws on total tree cover. The study found that

hurricanes can decrease tree canopy coverage. It also found that the

type of land cover present before a city was built can predict present

canopy coverage. Results also found that some local laws can protect
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or enhance urban tree canopy, even in the face of city development

and natural disasters.

WHAT IS AN URBAN FOREST?

The urban forest is a term used to describe a collection of plants
URBAN FOREST

A densely wooded area
located in a city.
Usually referring to
trees and shrubs.

growing in and around human communities [1]. Urban forests provide
many benefits, known as ecosystem services, to their residents.

ECOSYSTEM

SERVICES

The benefits humans
receive from nature.

These services include reducing the energy needed to cool buildings,
improving human health, and providing food. Urban forests can also
reduce air pollution, stormwater runo�, and the buildup of heat in
urban environments [2]. Woody plants such as trees and shrubs are
especially important in urban communities. Research and resources
should be used to save and enhance these plants.

The amount of urban forest in a town or city can be estimated by
measuring its urban tree canopy (UTC). UTC is often measured as

URBAN TREE

CANOPY (UTC)

The total area of the
leafy, green cover from
the trees of a
community’s urban
forest. As a percentage,
it describes how much
land is covered
by trees.

the percentage of a city’s ground area covered above by the tops of
trees. This percentage can be measured in two ways. Researchers can
count trees on the ground and estimate their crown size, or overhead

CROWN

The total of a plant’s
above-ground parts,
including stems,
branches, twigs, leaves,
and reproductive
structures.

photos of an area can be used to find the amount of tree coverage in
each area.

The amount of canopy coverage a community has can be influenced

CANOPY

The tree cover created
by the crowns of trees
and other
woody plants.

by environmental and human factors. Environmental factors include
natural disasters and climate. Human factors include how the land was
used in the past and laws regulating land use (Figure 1). This study used
data from several types of maps to study the e�ects of hurricanes, past
land use, and local laws on UTC.

HOWDIDWE ESTIMATE URBAN TREE CANOPY?

For this study, we looked at 300 Florida (U.S.A.) cities and used
overhead photos to measure the UTC. We created random points on
a map of each city using mapping software. A team of researchers
then identified each point on each map as “tree,” “no tree,” or “open
water.” We then estimated canopy coverage for each city using at
least 2,000 of these points (excluding “open water” points). The total
number of points classified as “tree” was divided by the total number
of points in the city (and then multiplied the results by 100), to give us
a UTC percentage.

DOHURRICANES INFLUENCE FLORIDA’S URBAN

FOREST?

As climate change increases, hurricanes are becomingmore common
and are getting stronger. It is important to understand how hurricanes
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Figure 1

Figure 1

Both
environmental and
human factors can
influence UTC. Input
from professionals in
the tree community
can influence how a
city cares for UTC as
well (Image credit:
Adapted from Salisbury
et al. [3]).

can a�ect UTC, so that we can come up with ways to fight
upcoming climate challenges. Once canopy coverage for each city
was calculated, we added wind data. Our study looked at the most
recent hurricanes in Florida that were declared disasters. These were
hurricanes Dorian, Michael, and Irma. To determine how each city was
impacted by these hurricanes, we used the mapping software to place
a city boundarymap layerover amap layerwithwind data. For analysis,

MAP LAYER

Data within mapping
software that can be
added on top of an
aerial image to provide
additional information,
such as the boundaries
of a city or a set of
data points.

we used the maximum wind speed in a city during any of the three
hurricanes. If a city was hit with more than one of the hurricanes, we
used the highest wind speed recorded out of all three.

Our study found that cities with stronger hurricane winds had less tree
coverage. For cities hit directly by the worst storm (Michael), canopy
cover decreased by 7.7%. This is important because this decrease
lowers the ecosystem services that an urban forest can provide to
a community.

THE EFFECT OF PAST LAND COVER

Land cover describes what is found on the Earth’s surface. Examples
LAND COVER

The physical material at
the surface of the earth.

are forests, grasslands, and urban areas. Past land cover can help
us understand how land changes over time. For example, looking at
previous land cover may show that a forest was cut down to make
room for a farm.
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It is important to understand what kind of land cover was present
before an urban area was built, because it can tell us whether there
would naturally be any trees in that area if the city had not been built.
For example, an area classified as “non-forest” before a city was built,
like an extremely dry area, might not have the best conditions for
trees to grow. Past land cover can influence a current city’s UTC. For
example, an area that was dry and had few trees before a city was
built would have a lower current-day tree cover, unless more trees
were planted.

We compared the current UTC of our chosen 300 Florida cities to
a map of historic land cover, which shows the vegetation types that
were present throughout Florida in 1967 (Figure 2). Using this data,
we labeled each of the 300 cities as “forest” or “non-forest” historic
land cover.

Figure 2

Figure 2

The land cover of
Florida in 1967 [4].
Reproduced with
permission from the
Florida Climate
Institute.

From this data, we saw that 72% of the studied cities were built on
land that was formerly forested. The type of historic land cover a
city had influenced its current tree coverage. For example, cities on
land that did not previously support the growth of trees (such as
non-forested areas and wetlands) had lower current tree coverage
than cities on land that did previously support the growth of trees.
This is important because a city can use historic land cover to plan
for its canopy goals. For example, a community in an area with
non-forested historic land cover may need to plant more trees.
That community may also need to provide more care for new trees
compared to a community with forested historic land cover. Because
each area is di�erent, maintaining and increasing urban tree canopy is
a local responsibility.
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THE EFFECT OF LOCAL LAWS

In Florida, many areas have several types of tree-protection
ordinances, or laws, that help to care for tree canopies. For example,

ORDINANCE

A law enacted by a city
or town.

heritage tree ordinances ban the removal of old trees that are over
a certain size. Tree-removal permit ordinances require landowners to
obtain permits before trees can be removed.

To find out which ordinances a community had in place, two methods
were used. First, a survey was emailed to the cities in the study. The
other method was a search of online resources to determine which
ordinances were in place within the 300 cities. The ordinances can be
seen in Table 1. After the information was collected, we compared the
tree ordinances of each city to its estimated UTC.

Table 1

Ordinances in place in
the 300 Florida cities
studied (Table credit:
Adapted from Koeser
et al. [6]).

Ordinance Definition Cities with this
ordinance

Hazardous tree
ordinance

Cities require the removal of
dead, diseased, or dangerous
trees

244 (81%)

Tree
preservation
ordinance

Communities require the
preservation of trees during
development

260 (87%)

Planting
requirements—new
developments

Communities require tree
planting/coverage in new
developments

268 (89%)

Planting
requirements—new
parking lots

Communities require tree
planting/coverage in parking
lots

268 (89%)

Removal permit
ordinance

Homeowners must request
permission to cut down trees
on their property

138 (46%)

Heritage tree
ordinance

Communities identify and
protect large or old trees

211 (70%)

Ability to fine Communities can fine people
who break tree laws

252 (84%)

Local licensure Communities require
companies that prune or
remove trees to have
business licenses

53 (18%)

Table 1

We found eight tree-related ordinances and, of these, six were
adopted by more than half of the 300 cities that we studied. The
most common ordinances included planting requirements for new
developments and parking lots. The only ordinance that had a positive
e�ect on tree coverage was the heritage tree ordinance, which was
present in 70.3% of cities. Cities with heritage tree ordinances have
more tree coverage because older, larger trees are protected. Larger
trees have crowns that cover more area, so larger trees will contribute
more to UTC.
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Not all the protective laws were linked to an increased UTC. These
results are important because they show that having laws to protect
trees does not necessarily mean a city will have more canopy
coverage. When communities set goals for their UTCs, they should
consider the ordinances that are in place and how they can best use
those laws to increase the city’s canopy coverage.

OVERALL FINDINGS

All three of the factors in this study (hurricanes, past land cover,
and local laws) a�ected UTC across the 300 cities that we studied.
By looking at hurricane winds, we found that tree coverage of
hurricane-impacted areas is lower than that of areas not hit as hard.
This shows that hurricanes influence tree coverage. It is important
to consider this when managing the canopy of areas that are more
likely to be hit by hurricanes. The past land cover of an area also
explains di�erences in tree coverage from one city to another.
Using information about past land cover can help cities create more
realistic goals for their urban forests. We also found that heritage
tree ordinances were associated with greater canopy cover, but other
tree-protection ordinances did not have the same results. Knowing
how these three factors influence canopy coverage can help people
create plans to increase and save their UTCs. This way, communities
can take advantage of the ecosystem services from urban trees and
benefit from those services for many years to come.
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climbing, skateboarding and listening to music. I also love the Nordic countries. In

my free time, I read or go out in nature—or both!
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