Unit: Become an Urban Forester
Lesson 2: Urban Forest Assessment
Lesson Goal:
❖
Discuss some of common variables that are used to measure
tree’s condition and structure
❖
Apply tools and approaches used for this task
❖
Learn how to identify common urban trees on O’ahu using a
dichotomous key
Lesson Significance: Urban foresters need detailed data on the location,
structural diversity, and condition of city trees to manage them
effectively, to estimate urban forest values or ecosystem service
provision, and to develop informed policy or strategy.
Forest mensuration is among the most fundamental discipline in forestry
and related sciences, including urban forestry. It focuses on the technical
aspects of tree and forest measurement and monitoring. The terms
‘measuring’ and ‘monitoring’ are often used synonymously, but should
not be confused with one another. In an urban forestry context:
●

●

measuring refers to determining the number of trees, their
structure, their condition, and other quantitative or qualitative
characteristics; this yields data for a single point in time.
monitoring involves repeatedly measuring over time to observe
and describe changes in the urban forest.

Ecosystem Services are
characteristics of environmental
processes that enable humans
and living organisms to survive,
and thrive.
Trees provide many ecosystem
services such as:
●
●
●
●
●
●
●
●

●
Q1. Why might monitoring be helpful for better informed policy and
decision making with respect to urban forest management?

Urban foresters collect data to document tree health, structure and
condition from which they can also then use to estimate ecosystem
services and to improve urban forest management.

Q2. What do you think are somes ways tree structure and condition can
be assessed?

It is best to do this lesson with a tree. If you can go outside and find a
tree, please do. It can be a tree in your yard, on the street, or at your
school. If you cannot go outside, try to find an indoor tree or plant.

We will learn how to identify trees and the most common variables used
by foresters to measure tree health and structure.

Regulate temperature
and provide shade
Filter air pollutants
Sequester carbon
Manage and filter
rainwater
Stabilize soils
Maintain soil health
Provide food and shelter
for living organisms
Improve occupant’s
mental, physical, and
well-being
Improve recreation and
aesthetics

Large trees are greater
functional contributors than
small trees with respect to
ecosystem services, so cities
dominated by small trees may
be missing out on valuable
ecosystem services.
Mensuration is the act of
measuring geometric figures and
their parameters like length,
volume, shape, surface area,
lateral surface area, etc.
We will be measuring and
monitoring trees today!
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Variable 1. Tree Identification
An important aspect of tree assessment is to be able to identify the tree
species. Knowing the species of the tree provides information about water,
nutrients, and sun/shade requirements, and a baseline of tree health.
Taxonomy is a branch of science that names, describes and classifies
organisms based on their physical characteristics
How can you tell a fish and a tree apart? What about an insect and
a bird?

When you see an organism that you have never seen before, you probably
use its obvious physical traits to group it with other similar organisms
without even thinking about it. For example: what type of organism has six
legs, two antennas, and three body parts? you probably answered an insect.
Let's do a quick exercise! We are going to use a dichotomous key to
find the name of these FOUR creatures:

1.

Two eyes…………………………………….…………...go to 2
Some other number of eyes ………………..…. go to 3

2.

Hairy body……………………………………………….Fuzzy
Buddy
No hair, one antennae………………………………Scary Larry

3.

Teeth, and three eyes………………….…………...Smiley McTooth
Two antennae and six eyes………………….…….Friendly Chuck

In Module 2.1 - 2.3 we will use dichotomous keys to sort leaves and
identify trees found in our urban forest!

Module 2.1 - 2.3

To help identify an unknown
organism, scientists use a tool
called a dichotomous key. All
dichotomous keys are based on
similarities and differences in
characteristics and traits. They
consist of successive choices
between two alternatives
(dichotomous means divide into
two parts) until it finally leads
to one type of living thing.

We can use this same process to
classify anything: animals, trees,
leaves and many other things
around you!
Scientists use eight levels of
organization to classify the big
diversity of living things. From
broader to more specific:
1.
Domain
2.
Kingdom
3.
Phylum
4.
Class
5.
Order
6.
Family
7.
Genus
8.
Species
The scientific names are
composed by the two last levels:
Genus and Species. The scientific
name of a species is the same all
over the world, so scientists
from different places can
understand each other, and be
sure that they are referring to
the same organism.
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Variable 2: Monitoring trees for symptoms and signs of potential
problems through observation
Poor health in trees can be caused by insects, diseases, animal damage, old
age, competition with other trees, environmental factors (such as
drought), or some combination of these factors.
Let’s learn to recognize symptoms and signs of tree health issues.
Look at your tree. Do you see any potential signs of illness such as….?
●
●
●
●
●
●
●
●

Cavities, cracks, and holes in the trunk or stems
Wilting
Broken branches
Leaf-free branches
Abnormal leaf color, shape, and size
Holes in leaves
Visible pests, insects or insect evidence
Disease

Qualitative vs Quantitative Data
Qualitative data are based on
traits and characteristics.
Quantitative data means that
the data can be counted,
measured, and expressed using
numbers.
Both are very important
techniques used in science.
Can you give an example of
Qualitative Data? What about
Quantitative Data?
Is this plant healthy or
unhealthy?

What about this plant?

Q3. Why would it be dangerous to have an unhealthy tree in your area?
Q4. How would the brown leafs affect the tree?
Before moving on to Module 2.2 please take a look at following
information about tree diseases in Hawai’i

Module 2.4

Now, take a look at the plants in
your area!
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Examples of Tree Diseases in Hawaii
Rapid ʻŌhiʻa Death (ROD)
Hundreds of thousands of the endemic ʻŌhiʻa trees are dying from a fungal
disease called “Rapid ʻŌhiʻa Death” or ROD. The fungus Ceratocystis enters
ʻōhiʻa plants through a wound. Crowns of affected ʻōhiʻa trees
turn yellowish and brown within days to weeks. Eventually resulting in
the trees death.

Infected ʻōhiʻa tree wilting at the crown (left)
Cross section of Ceratocystis infected ʻōhiʻa with visible staining of the sapwood (right).

Wiliwili and the Gall Wasp
Wiliwili (Erythrina sandwicensis) is an endemic Hawaiian dry forest tree
that is threatened by competition with non-native species, parasites, and
herbivores. In 2005, a tiny wasp from Africa was accidentally introduced to
Hawaiʻi. The Erythrina gall wasp, no bigger than a grain of sand, attacks the
leaves causing them to deform and eventually fall off. Without healthy
leaves for photosynthesis, thousands of wiliwili and coral trees have died
since 2005.
Good news for Wiliwili is that the tree’s situation is improving. A predator
of the African pest was introduced in Hawai’i and seems to be doing its job
well. Wiliwili is also easily propagated from seeds or cuttings, so any
planting efforts help.

An endemic species is native
and restricted to a certain place.
An endemic species found in the
Hawaiian Island is only found
here. There are endemic tree,
bird, invertebrate, and fish
species.
Native vs Non-Native:
• A Native tree is one that
naturally occurred in its
region, ecosystem, or habitat,
without human introduction.
While a non-native tree is
one that has been introduced
by humans.

Q7. Why is it important to take
care of endemic and/or native
trees?
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Trunk diameter-at-breast-height and total height
are the two most important factors in surveys,
production and management of forest resources,
and research on forest ecosystems.

Variable 3: Trunk Diameter-at-Breast-Height (DBH)
You may be asking how do you
measure the diameter of solid wood?
DBH measures the diameter of each tree
at “breast height,” defined 4.5 feet
(54 inches) above the ground on the
highest side of the tree.

That is where a handy tool comes into play, called the diameter tape or
D-tape. With this tool, foresters are technically using the circumference of
the tree, and the number on the tape has markings that indicate the
diameter (circumference divided by Pi (3.14)).

DBH can also be measured with a
measuring tape. You can
find the diameter by dividing the
circumferences by pi (π ≈ 3.14)

Other common tools for measuring
tree trunk diameter are a tree caliper
(picture), particularly good for small
trees, and a Biltmore sticks

Q5. Why do you think DBH measured 4.5 ft. up from the highest point of
ground at the tree’s base?

Module 2.5

Diameter: A line that passes
through the center of a circle,
with the endpoint on the line
located at the edge of the circle.
(Like cutting a pizza in half). It
can also be expressed as 2r.
Circumference: The distance
around a circle. (Like the
distance around a whole pizza).
It can be expressed as 2πr. (π or
pi = 3.141592… forever).
DBH equation:
Diameter = Circumference/π
Foresters calculate the growth,
volume, and yield, to estimate
forest volume, biomass and
carbon stock, and investigate
tree life history.
Researchers measure and
monitor urban forests to
quantify the ecosystem services
they provide, including
provisioning services (e.g. fuel
and food), regulating services
(e.g. air quality improvement,
stormwater management),
cultural services (recreation,
aesthetics), and supporting
services (e.g. primary
production, nutrient cycling).
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Variable 4: Measuring Tree Height
Tree height is the vertical distance
between the base of the tree and
the tip of the highest branch on
the tree. Height is a hard
measurement to take accurately,
especially for larger trees and in
dense forests.

Foresters have a number of different instruments to determine height:
●
●
●
●

Clinometer
Relaskop
Laser range finder/electronic hypsometer (these do the math for
you!)
Biltmore stick hypsometer

With the exception of the Biltmore stick, all work on the same principle of
taking slope readings. The scales in each instrument are housed in a
different setting.

The Biltmore stick is based on the principle of similar triangles. Though not
commonly used, it is an inexpensive tool for obtaining a rough estimate of
tree height.

Q6. What other measurements might foresters take?

Module 2.6

Tree Growth
• Foresters measure height and
diameter because trees grow
in 2 ways; upward and
outward.
• Upward growth is called
primary growth where the
roots and shoot tips increase
height and length.
• Outward growth is called
secondary growth which
increases the thickness of the
trunk and branches.

Foresters researching climate
change
• Some foresters research and
analyze forestry data to
understand how much
carbon storage trees provide.
• When trees go through
photosynthesis, they take
carbon out of the
atmosphere and the removal
of carbon helps combat
climate change.
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Module 2.1: Classify Objects and Make a Dichotomous Key
Goal: Learn how to classify objects, identify different characteristics, and make a dichotomous key.

Materials:
Variety of beans, fruits, leaves, candies, buttons, etc.
Pen
Notebook/ piece of paper

❏
❏
❏

Procedure:
1.
Provide each student with an assortment of items. Here is example using beans.

Black beans

2.
3.

4.

Garbanzo beans

Great northern

Kidney beans

Guide students to sort the variety of beans based on visible characteristics (i.e.: size, shape,
color, solid or striped, etc)
Ask the students to draw a dichotomous key diagram, in which each characteristic has two
options. See example below:

Ask students to test their diagram and write their own dichotomous key.

Questions:
1.
What does a dichotomous key do?
2.
What else could we classify using a dichotomous key?
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Module 2.2: Tree and Leaf Dichotomous Key
Goal: Learn to use a dichotomous key to identify trees or leaves.
Materials:
❏ Leaves
❏ Leaf Morphology Chart
❏ Dichotomous Key
❏ Pen
❏ Notebook/ piece of paper
Procedure:
1.
Collect leaves from the trees that you want to identify around campus. In this case we will
collect from the same tree that we used for tree assessment.
2.
Follow the steps on the Dichotomous Key to identify your tree. Use the" leaf morphology
chart" to work with the key.
*This key includes eight species of trees commonly found in urban areas of Oahu, it is possible
that you are assessing a tree that is not in this key, if that is the case, try finding your tree in the
phone app Hawaii Plants.
*A full page image of the Dichotomous Key can be found on the next page.

Questions:
1. Why use a dichotomous key?
2. What does a dichotomous key do and what does it tell us?
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Module 2.3: Leaf Sorting / Scavenger Hunt
Goal: Learn how to classify objects, identify different characteristics and classify beans to make a
dichotomous key.
Materials:
Variety of beans (or fruits, leaves, candies, buttons)
Pen
Notebook/ piece of paper

●
●
●

Procedure:
1. Students can work individually, in groups, or as a class.
2. Provide the student/group/class with a list of items and a leaf morphology chart. Modify the list of
items according to the time availability.
3. It’s best to pick up leaves off the ground versus picking the leaves from a plant.
4. Let's go scavenger hunt!
Scavenger hunt list (find one item of each)
By leaf shape
1.
Cordate
2.
Deltoid
3.
Lanceolate
4.
Elliptic
By leaf arrangement
Simple
1.
Compound, Palmate
2.
Compound, Even pinnate
3.
Compound, Odd pinnate
4.
Compound, Bipinnate
By leaf margin
1.
Entire
2.
Dentate
3.
Serrate
4.
Sinuate
By leaf venation
1.
Palmate
2.
Parallel
3.
Dichotomous

Discussion Questions:
Were you surprised by the variety of leaf shapes?
What leaf shapes did you collect?
What are some common characteristics?
What observations did you make?
Notice anything interesting about your leaves?
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Module 2.4 - 2.6: Tree Assessment
Goal: Become a real urban forester and assess tree health and structure
in your area using qualitative and quantitative methods.
Remember, trees change throughout the year, so wouldn’t it be
interesting to revisit the same tree and see what changed?
*Please Use the same tree for all modules.

Terms:
• Qualitative data: Data that is
based on traits and
characteristics. (ie. Tree
observations)
• Quantitative data: Data that
can be counted, measured,
and expressed using
numbers. (ie. DBH and
height)

Module 2.4: Tree Assessment: Health
Goal: Learn how to observe tree health.
Materials:
❏ Pencil
❏ Data Sheet
❏ Clip Board
❏ Phone (for GPS)
Procedure:
1. Find a tree to monitor its health.
2. Make observations
3. Use your data sheet:
a)
Identify the tree (and scientific name if you know it)
b)
Describe the general habitat description
c)
Complete the data sheet on tree health
4. Share observed data with classmates.

Use data sheet on following page.

Questions:
1. Was your tree healthy or
unhealthy?
2. Why is it important to know
about tree health?
3. Do you think your tree will
look the same in the future?

Students should share their
observed and measured data
with classmates. Students can
then graph variables.
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Module 2.5: Tree Assessment: Diameter at Breast Height
Goal: Learn how to measure one component of tree size.
Materials:
❏ Data Sheet
❏ Pencil
❏ Measuring tape (fabric/soft is easier)
❏ D-tape (optional)
❏ String (optional)
❏ Clip Board
❏ Calculator
*For this activity we will present a couple approaches to measure DBH which is why some
materials are optional.

Procedure:
1. Find a tree to monitor
2. With the measuring tape, measure 4.5 ft off the ground. Mark the
spot with your finger or pen.
3. Wrap the measuring tape, string, or D-tape around the tree trunk.
Make sure it is straight and tight around the trunk.
a) Measuring tape: record the number for the circumference.

b)
c)

String: Using the measuring tape, measure how length of the
string needed to go around the trunk (the circumference)
D-tape: record the DIAMETER measurement.

4. For string and measuring tape, convert the circumference
measurement to diameter by dividing the circumference by pi (3.14)
5. Compare tree trunk sizes with classmates.
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Module 2.6: Tree Assessment: Tree Height
Goal: To learn how to measure the height of a tree.
For this activity we will present a couple
approaches. We encourage you to compare results if
using various methods.
Materials:
❏ Data sheet
❏ Pencil
❏ Clip Board
❏ Measuring tape
❏ Tangent Height Gauge clinometer (optional)
❏ Stick - length of your arm (optional)
❏ Person (optional)
Procedure with a Tangent Height Gauge
Clinometer:
1.
At your tree, look through the tangent
height gauge clinometer and walk away
from it until you can see the top of the tree
through the 2 circles and the bubble in the
mirror is between the 2 lines.
2.
Measure the distance between you and the
tree = D.
3.
Measure height to eye level = H
4.
Multiply D * H to determine the height of
the tree.

Procedure with a Stick:
1.
Find a stick the length of your arm.
2.
Hold your arm out straight with the stick
pointing straight up at 90 degrees to your
outstretched, straight arm.
3.
Walk backwards until the tip of the stick
lines up with the top of the tree and the
top of your hand lines up with the base of
the tree.
4.
Measure how far your feet are from the
tree and that distance is roughly
equivalent to the height of the tree.

Procedure with a Person:
1.
Walk away from the tree, stop, bend
forward and look through your legs to the
tree.
2.
Keep walking away from the tree till you
are at a point where you can just see the
top of the tree.
3.
Measure the distance between you and
the tree. This is roughly equal to the
tree's height.
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Lesson 2 Answer Sheet
Q1. Why might monitoring be helpful for better informed policy and
decision making with respect to urban forest management?
So that trees are planted in appropriate areas in cities (Not in power lines,
not near pipes, etc.) Urban foresters collect data to document tree health,
structure and condition from which they can also then use to estimate
ecosystem services and to improve urban forest management.
Q2. What do you think are somes ways tree structure and condition can
be assessed?
Monitoring trees for symptoms and signs of potential problems through
observation and measuring Trunk Diameter-at-Breast-Height (DBH)
Q3. Why would it be dangerous to have an unhealthy tree in your area?
An unhealthy tree could cause harm to the area, ie. fall down on a
structure.
Q4. How would the brown leaves affect the tree?
The leaves are where the plant makes its food for energy. Without healthy
green leaves, the plant cannot create food for itself.
Q5. Why do you think DBH measured 4.5 ft. up from the highest point of
ground at the tree’s base?
Some trees have trunk flares: the area where roots start to flare out at the
base of the tree. The trunk flare is wider than the rest of the trunk, so to
get a more accurate measurement and be able to compare DBH among
multiple trees and species, all foresters measure DBH at the standard
4.5ft up from the highest point.
Q6. What other measurements might foresters take?
Tree width (DBH), growth and condition over time, distance from a
building, canopy cover, forest mapping, age (with borer), trees per acre,
and more
Q7. Why is it important to take care of endemic and/or native trees?
Endemic trees are only found in that one place and without care, that tree
species could go extinct and never be seen again. Native trees could be
endemic, and are better for the surrounding environment.

Resources Below:
• Leaf Morphology Chart
• Trees & Shrubs ID Card
• Introduced Food Plants and
Wildflower ID Card
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