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Standard Operating Procedure (SOP) # 5

SOP 5: Canopy Closure and Stand Height Measurements
Version 1.32 (August 2020)

Time estimate: 20 minutes

Overview

Canopy closure provides a measure of the density of the leafy photosynthetic forest cover, at the
time of year it is measured. Generally, a high amount of canopy closure indicates a low light
environment on the forest floor, or field stratum. Conversely, a low amount of canopy closure
can indicate changes in the canopy due to natural or human-caused disturbance such as wind
throw, forest pest damage, etc. The spherical densiometer is an economical and durable device
for measuring canopy cover. The instructions for use of the spherical densiometer are found on
the inside cover of the device. It is very important that the instructions be understood and
followed, to ensure that the data are collected correctly. It’s also important to periodically
calibrate your measurements with those of others on your field team so that there is some
consistency in measurement throughout the field season. If the instructions for the densiometer
are not followed consistently, the reliability of the data collected is compromised.

Beginning in the 2015 field season, stand height measurements were added to plot data. Stand
height is an important metric that is used to estimate live tree volume for a plot. Average stand
height for a plot is calculated by measuring the heights of three co-dominant trees either inside or
just outside the plot. This live tree volume is then compared to dead tree volume as measured by
the coarse woody debris (CWD) SOP (#8) to obtain a CWD volume as a percentage of live tree
volume (Tierney et al. 2016). Stand height can be calculated either by triangulation or by using a
laser rangefinder. For triangulation, an optical reading clinometer and tape measure are used, and
the CUPN also has a TruPulse 200 laser rangefinder available for use. Instructions for both
methods are described in this SOP. While use of either method is a matter of personal preference,
it is very important that the instructions for both triangulation and the use of the laser rangefinder
be understood and followed to ensure that the data are collected correctly.

Step by Step Instructions for Canopy Closure Measurements

While this SOP title refers to ‘canopy’ cover, for this protocol crew members are recording total
cover including subcanopy and shrub cover when collecting data. Crew members use the
spherical densiometer to measure cover at the center of each of the four intensive 10 m x 10 m
modules (1, 2, 3, and 4). Crew members must be familiar with the instructions for using the
spherical densiometer, found on the inside cover of the device (Figure 5.1, inset photo). A crew
member holds the spherical densiometer out in front of her/him, at elbow height (~ 1.0 m), to
obtain a reading. Ideally your elbow will be bent at exactly a 90 degree angle and your upper arm
will be rigidly by your side so that the device is always held at approximately the same distance
away from your eyes. In addition, we have found that reading the densiometer with one eye
closed tends to yield measurements that are more consistent between users. Each reading will be
a number from 1-96 and is based on the number of closed canopy grid cells on the device (Figure



5.1). In each grid cell, one must imagine four dots, as described in the instructions. In forested
environments, crew members count up and record all the shaded dots representing the canopy
cover. There will be one to four shaded dots per grid cell. The total number of shaded dots will
be a number 1 - 96. A single crew member collects densiometer data for the plot. Data are
recorded in each of the four cardinal directions (N, E, S, and W) in each of the four modules.This
results in 16 measurements for the plot. These raw counts obtained in the field are entered into
the database, and then the four values collected from each module are multiplied by 1.04 to get a
percent canopy cover (1% - 100%) and then averaged for the plot (Ganey & Block 1994).

Figure 5.1. Spherical densiometer grid, users visualize a dot in each corner of the grid (n=96 dots)
and count the number of dots covered by canopy. Note the directions printed on the lid in inset
photo.

Optional Canopy Closure Data Collection Method

We discourage teams from using the optional data collection method. However, if the spherical
densiometer has been lost or broken, then canopy closure should be visually estimated. Although
visual estimation is a much less repeatable method than spherical densiometer, a measure of
canopy closure is important to understand large scale changes over time. Ideally, team members
will have calibrated their visual canopy closure measuring ability with each other during training
and should come up with consistent numbers as a consequence. Look up at the canopy and
estimate the relative space of occupied canopy (all leaves and stems included) from 0-100%.
Repeat this measure at each module.

Step by Step Instructions for Stand Height Measurements

Triangulation
For this protocol, the easiest and most efficient method of calculating tree height via
triangulation is through the use of an optical reading clinometer (with a percent scale) and a tape



measure. Other methods include the use of the degree scale of a clinometer and a tape measure,
and the use of a hypsometer and tape measure. The latter two methods will not be discussed here.

When a codominant canopy tree has been chosen, pin the end of the tape measure at the base of
the tree with a pin flag and walk away from the tree with the reel end of the tape measure until
you are far enough away from the tree to obtain a good view of both the top and bottom of the
tree through the lens of the clinometer (usually 20-30m for trees at CUPN parks).

To view the tree through the clinometer, the clinometer is held in one hand and viewed through
an optical lens fitted with a crosshair, a plus and minus
degree scale and a plus and minus percent scale (see
Figure 5.2). Both eyes need to be open with one eye &~ 30
reading the scale on the instrument while the other looks y
at the target. Both scales measure the angle or slope to the 4
target, expressed in either degrees or percent, from the 20
horizontal at eye level. In this case, the percent scale will
be used. Estimate where the top of the tree is and record
the nearest percent where the crosshair meets the tree top, . 10 20
and then look to the base of the tree and record the =
number on the percent scale where the crosshair meets the A
base of the tree. Add these two numbers together and N 0=E o
multiply by the distance (nearest tenth of a meter) to the .y
tree to obtain the height of the tree.
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Figure 5.12. View through the eyepiece
of a clinometer.

When the base of the trunk is below eye
level, the percent values are added (see
Figure 5.3). The height is then
calculated as follows. For example, if
the tree-top reading is 50%, the ground
reading is 13% and the distance to the
tree is 38 meters, the mathematical

| ' : calculation is:

| E 38m

Tree height = (50 + 13)/100 x 38 =23.9
meters

Figure 5.3. Using a clinometer to measure tree height on sloping ground when the base of the
trunk is below eye level.

Note, distance between tree and observer is measured as horizontal distance as depicted in Figure
5.3 and 5.4.



Measurements will be more accurate when the observer is at or slightly above the elevation of
the tree base. However this is not always possible. When the base of the trunk is above eye level,
the trunk base percent is subtracted from the tree-top percent (see Figure 6). The height is then
calculated as follows. For example, if the tree-top reading is 65%, the base reading is 14% and
the distance to the tree is 38 meters,
the calculation is:

Tree height = (65 — 14) /100 x 38 =
19.4 meters

Repeat these measurements for two
| more co-dominant trees in or
| around the plot and average the
e o, .
u"“"*—x_w e b b P three outcomes to obtain the stand
: v = height for the plot.
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Figure 5.4. Using a clinometer to measure tree height on sloping ground when the base of the
trunk is above eye level.

Laser Rangefinder

When available, the TruPulse 200 laser rangefinder can be used to obtain tree height
measurements. This method does not require the use of a tape measure, but does require that the
top, bottom, and eye-level height of the measured tree are not obscured by any other vegetation,
which can be difficult in a forest setting. When a codominant canopy tree has been chosen, walk
far enough away from the tree to obtain a clear view of these heights of the tree through the
eyepiece of the rangefinder. Follow the steps on the next three pages which are taken from pages
19-21 of the TruPulse 200 user manual describing how to measure the height of a tree and repeat
these measurements for two more co-dominant trees in or around the plot and average the three
outcomes to obtain the stand height for the plot.



Section 5 - Measurement Modes

When yvou power ON the TruPulse. the last used Measurement Mode will be active. Press «f» or
& to display the previous or next Measurement Mode. Figure #16 shows the five different types of
measurements that the TruPulse can take.

Slope Distance (5D)
Inclination (INC)
Horizontal Distance (HD)
Vertical Distance (VD)
Height Routine (HT)
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Figure #16

Distance Measurements

The basic steps for taking any distance measurement:
1.  Look through the eyvepiece and use the crosshair to aim to the target.

2. Press-and-hold @ The LASER status indicator 1s displayed while the laser 15 active. The
laser will remain active for a maximum of 10 seconds while acquiring data about the target.

o If the target is not acquired in the 10 second period. release @ and repeat this step.

3. Once the measurement 1s displayed, release @ The measurement will flash one time
indicating the measurement was downloaded. Then the measurement will be displayed steady
until you press any button or the unit powers OFF.



Notes about Measurements

® .

Press 43 or @& to scroll through the mdividual measurement functions
and see the results acquired for each function.
o Both mnclination and distance are measured in the HD, 8D, and VD
modes.
o Example Range Measurement: HD = 125 meters
P VD = 1.6 meters
&P 5D = 12 6 meters
i INC = 7.3 degrees
o When you scroll to the Height Function, the Main Display will be blank
and the HD indicator will be flashing
o Inthe Inclination Mode, the Main Display will be blank for all other
measurement functions since the laser 1s not active when measuning
mclination only.
The last measurement does not need to be cleared before acquiring your next
target.
Each time the TruPulse 1s powered ON. 1t will return to the same measurement
mode that was last used.

Inclination Measurements

The laser 1s not active in the Inclination (INC) Measurement Mode. Generally, the mclination 1s

measured when you press @ However in (1) the Continuous Target Mode and (2) in the Height
Measurement Mode, the inclination reading appears in the Mamn Display and the display updates as

your aiming point changes as long as you press )

Height Routine

A = Horizontal Distance

B = Top Angle
Height Measurements involve a C = Base Angle
simple routine that prompts you D = Height
to take 3 shots to the target: HD, A
INC base (or top). and INC top -
(or base). The TruPulse uses these L e %

results to calculate the height of

the target. Figure #17 shows the
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three shots required for the height

routine.

Figure #17
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Select your target and look through the eyepiece,
using the crosshair to aim to your target. The HT
mdicator displays steady and the HD indicator
flashes; prompting you to measure the Honzontal
Distance to the “face” of the target.

Press-and-hold @ The LASER status indicator 1s
displayed while the laser 15 active. The laser will
remain active for a maximum of 10 seconds while
acquiring data about the target. The measured
horizontal distance appears briefly in the Main
Display and then Ang 1 and the INC indicator
flashes: prompting vou to measure the inclination to
base (or top) of the target.

Press-and-hold @ and aim to the base (ot top) of
the target. The measured inclination appears in the
Iain Display and is updated as long as us you

continue to held @ The measured inclination 1s

“locked” when you release @ The measured
mclination appears briefly in the Main Display and
then Ang_ 2 appears and the INC indicator flashes;
prompting vou to measure the mclination to the top
{or base) of the target.

Press-and-hold @ and aim to the top (or base) of

the target. The measured inclination appears in the
Main Display and 1s updated as long as you

continue to hold @ The measured inclination 1s

“locked™ when you release @ The measured
mclination appears briefly in the Main Display and
then the calculated Height 1s displayed. The
measurement flashes one time and then displays
steady until you press any button or the unit powers
OFF.

Prass the Measured HD
FIRE button displayed briefly

to measura HD

to measurs INC.

Press the
FIRE button
to measura INC.

.

Figure #18

Press the Measured INC
FIRE button displayed briefly.

& Ang 1)

Measured INC
displayed briefly.

&~ ( Ang_2)



Suggested Reading
TruPulse 200 User Manual

Equipment List

Spherical densiometer

Clinometer

30m tape measure

TruPulse 200 Laser Rangefinder

Canopy closure datasheets (1 for each plot)
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Revision History

Version numbers are incremented by decimals where minor grammatical changes or textual
clarifications are incremented by hundredths (e.g., 1.01, 1.02, 1.03, ..., etc.) and moderate
changes, such as equipment updates or changes in methodology that do not impact analysis are
incremented by tenths (e.g., 1.1, 1.2, 1.3, ..., etc.). Whole number increments (e.g., 1.0, 2.0, 3.0,
..., etc.) are reserved for major revisions. Of course, differentiating between what is moderate vs.
major may not always be clear, but it is anticipated that with a little “common sense” and
discussion protocol leads can adequately document and track revisions through time to the
benefit of future data users. It should be noted that prior to 2020 all revisions were incremented
by tenths.

Revision History Log

Version | Date Revised by Changes

#

1.1 01/15/12 B. Moore and | - Miscellaneous and minor formatting and other editorial
R. White changes in attempt to add clarity to document, following

first field season
- Noted that raw counts of dots (0-96) are what is entered
in database (i.e., no field conversions to % are needed)
- Clarified that while title of SOP is Canopy Cover, field
crews are in actuality recording total (overhead) cover,
not just limited to canopy

1.2 9/27/12 B. Moore and | - Added note that team members should calibrate counts

R. White with one another

- Added more detailed instruction on proper technique for
holding the densiometer

- Added note that it sometimes helps to close one eye
when counting densiometer

1.3 3/129/17 C. Bledsoe - Changed Time allotted 15 minutes to Time estimated 20
minutes

- Add short justification for incorporation of stand height as
a plot measure (first implemented in 2015)

- Added detailed step by step directions for obtaining stand
height via triangulation or using the Trupulse 200

- Updated equipment list

- Updated references incorporating stand height

1.31 3/23/20 C. Bledsoe - Added note that stand height measurements were

and B. Moore incorporated in 2015

- Moved Revision History to end of SOP and added more
detailed list of changes made to date, where applicable

1.32 8/9/2020 B. Moore - Address grammatical changes and clarifying comments
made by IMD regional program manager
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