
This extension note provides a brief

review of various methods available

for measuring or estimating light lev-

els in the understorey of coniferous,

broadleaf, and mixedwood forests.

Introduction

Light levels in the understorey of a

coniferous or broadleaf forest have a

substantial influence on the survival

and growth of understorey trees and

on the development of understorey

vegetation.

An understanding of how stand

composition and structure, harvest-

ing, and stand tending influence

understorey light is useful in develop-

ing stand management prescriptions

to create favourable conditions for the

growth of understorey trees.

Light is usually quantified as

Photosynthetic Photon Flux Density

() in µ mol m-2 s-1. It is mea-

sured over the Photosynthetically

Active Range () (wavelengths be-

tween 400 and 700 nm). Since 
is constantly changing, light levels are

commonly expressed as “transmit-

tance.”  Transmittance is the ratio of

 reaching the sample point to

 measured in the open at the

same time. Growing-season transmit-

tance is of general use in forestry

because of its strong relationship to

tree growth and survival.

 levels in the understorey of a

forest vary both temporally (i.e., dur-

ing the day, and during the year) and

spatially. Because of the large spatial

variability in light levels in the forest

understorey, it is desirable to obtain

large numbers of samples either by in-

stalling a number of fixed sensors or

by moving one or more sensors to

several locations in the stand to char-

acterize average light conditions.

When studying growth responses of

single trees or vegetation in small

plots, it is generally desirable to obtain

measurements at specific points (i.e.,

above the seedling or at the centre of

the measurement plot).

Several direct and indirect methods

are available for measuring light in the

forest understorey. Direct methods in-

clude: fixed light sensors, handheld

light sensors, plant canopy analyzers,

and fisheye (hemispherical) pho-

tographs. Indirect techniques include

the use of correlations between trans-

mittance and canopy cover, stand

basal area, gap fraction, or other stand

parameters, and the use of computer

models.

Direct Measurement of Light

Fixed light sensors

Direct measurement of light can be

achieved by using permanently in-

stalled sensors (Figure 1) attached to
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dataloggers to collect continuous data

(e.g., hourly averages) over extended

periods of time. However, this ap-

proach requires substantial invest-

ment in dataloggers and sensors, as

well as sensor installation, mainte-

nance, and calibration, and data re-

trieval. Usually it is only possible to

obtain these data from small numbers

of sample points, or from selected sites.

FIGURE 1 A quantum sensor installed for
continuous measurement of
light at a single location. Wires
go to a datalogger, which con-
trols and stores measurements.

Handheld light sensors

Handheld sensors include single-point

light sensors or multiple sensors housed

together in a bar (e.g., ®
[Decagon Devices Inc., Pullman,

Wash.]). With this method, transmit-

tance can be determined from pairs of

open sky and understorey readings

collected by using two sensors or by

having one sensor move between the



two locations. When using two sen-

sors, one is installed on a tower or in a

large opening and attached to a data-

logger to record open sky light levels

at 15- to 30-second intervals. Reason-

able estimates of transmittance require

that matching open sky and below-

canopy readings be taken within 5

minutes of each other. When sky con-

ditions are variable, open sky and

below-canopy measurements should

be made as close to the same time as

possible. When canopies are too tall to

permit rapid movement of the hand-

held sensor between overstorey and

understorey conditions, the use of two

sensors is recommended. 

In deciduous or mixedwood stands,

measurements should be taken be-

tween late June and mid-September,

when leaf area index is at a maximum.

Some studies (Messier 1996;

Comeau et al. 1998; Gendron et al.

1998) suggest that a single measure-

ment of transmittance taken near

midday on a uniformly overcast day

in midsummer may provide reason-

able estimates of growing season

transmittance under some forest

canopies. These results come from

stands less than 20 m tall with rela-

tively small gaps. 

However, results from some recent

studies (P. Comeau, unpublished) in-

dicate a need for caution in the use

and interpretation of single-point

measurements of transmittance. Light

measurements taken at several points

across two strip cuts in a 40 m tall

conifer-dominated stand near Nakusp

suggest that single measurements on

either clear or overcast days provide

variable results and may not accurate-

ly estimate average growing-season

transmittance. This may be a reflec-

tion of the large size of the opening,

and of the strong influence of position

in the opening (north edge vs south

edge) on the relative amounts of di-

rect and diffuse light.



Data from the Nakusp site and

from a paper birch stand near

Horsefly indicate that light measure-

ments should be collected at midday

on at least 10 days (both sunny and

overcast; with days distributed

throughout the season) during the

summer for locations where transmit-

tance averages between 10 and 60%

(allowing a percent error of 25 with a

90% confidence interval). Results can

be further improved by taking two or

three measurements at different times

(morning, midday, and afternoon)

during each sample date. At locations

with very low light (less than 10% of

full sunlight), it may be desirable to

take more than 15 samples.

Finding suitable days for measure-

ment presents a further problem. In

most parts of British Columbia, sky

conditions are quite variable, with

long periods of clear skies during the

summer. This can make it difficult to

find suitable overcast days for mea-

surement and makes scheduling of

field activities difficult.

Plant canopy analyzers

The -2000 plant canopy analyzer

(- ., Lincoln, Nebr.)

(Figure 2) uses a wide-angle lens and a

special sensor to measure the fraction

of open sky light reaching a point

from different angles in the sky. This

system uses paired open sky and un-

derstorey measurements. As with

handheld sensors, paired readings can

be obtained by moving a single sensor,

or by using one sensor in the under-

storey while a second sensor

automatically records readings in the

open. With the -2000, use of two

sensors is recommended to avoid

problems that can arise from small,

short-term changes in illumination of

portions of the sky due to passing

clouds or small openings in cloud

cover.



The -2000 sensor does not

measure , but provides an esti-

mate of Diffuse Non-interceptance

(), which has been found to be

correlated with growing-season trans-

mittance in canopies dominated by

paper birch (Comeau et al. 1998) and

bigleaf maple (Gendron et al. 1998).

This instrument may not work well

when there are large gaps in the

canopy (i.e., gaps larger than one-half

of tree height) unless software that

overlays sky brightness data is used in

conjunction with measurements taken

in each of several directions (with view

restrictors installed on the sensor).

FIGURE 2 The LAI-2000 plant canopy ana-
lyzer can be used to measure
transmittance (DIFN) as well as
leaf area index (LAI).



In addition, -2000 measure-

ments must be taken so that the

sensor does not receive beam light

from the sun. To achieve this, mea-

surements can be taken on overcast

days, or view restrictors can be placed

on the sensor for measurement on

clear days. A further limitation is the

substantial cost of these instruments.

Fisheye (hemispherical)

photographs

Colour or black-and-white pho-

tographs taken looking upwards with

a fisheye lens are commonly used to

estimate understorey light conditions,

and to provide other crown architec-

ture information (such as leaf area

index and gap fraction) (Figures 3 and

4). A variety of software packages are

available for analysis of fisheye pho-

tographs. This approach can provide

consistent estimates of transmittance

under a range of conditions. However,

at low light levels (below 10% of full

sunlight), fisheye photography can

provide inconsistent results and pro-

vides poor discrimination between

points in the 0–10% range. 

Several studies indicate that light

estimates obtained from fisheye pho-

tographs require correction for bias.

Therefore, local calibration of photo-

graph estimates against continuous

measurements (or plant canopy ana-

lyzer measurements of ) is

recommended.

One advantage of fisheye photogra-

phy over other techniques is that open

sky readings (which can be difficult to

obtain in forested areas) are not re-

quired.



FIGURE 3 Fisheye photographs taken
using a 35mm camera fitted
with a suitable fisheye lens can
be used to estimate understorey
light conditions.

Limitations on the use of this tech-

nique include: cost and availability of

equipment; restriction of photography

to suitable sky conditions (the sun

cannot be visible within the images,

but the sky must be sufficiently bright

to obtain reasonable contrast between

the sky and the canopy, and the sky

must be uniformly illuminated) and

weather conditions (no rain or wind);

and the time and delay associated with

film processing and image analysis. In

addition, some subjectivity is associat-

ed with the differentiation between

sky and foliage during processing of

images; this can introduce bias and

variability.



FIGURE 4 An example of a fisheye 
photograph.

Digital fisheye cameras allow im-

mediate processing of images on a

portable notebook computer. In addi-

tion, the use of digital cameras

eliminates the need for a scanner. For

remote locations, this permits prelim-

inary analysis to determine whether

additional photographs are required

before leaving the area. We are cur-

rently evaluating the performance of 

a reasonably priced digital fisheye

camera. 



Indirect Measurement of Light

Densiometers

Spherical densiometers are often used

to obtain estimates of canopy cover

and gap fraction (the fraction of the

sky visible through the canopy). While

some studies show reasonable correla-

tions between transmittance and gap

fraction, obtaining consistent and un-

biased readings using a densiometer is

difficult. As an alternative, gap frac-

tion can be measured from fisheye

photographs. Equations for convert-

ing gap fraction values to estimates of

light must be developed on a site-

specific basis.

Stand measurements

Understorey light levels are often cor-

related with basal area or other stand

parameters. 

FIGURE 5 Scatter plot showing the relationship between growing-season transmittance
and gap fraction based on data from a paper birch mixedwood stand near
Prince George (Comeau et al. 1998). Local calibration of gap fraction against
light measurements is required for the use of this technique.
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While reasonable correlations can

be obtained, such relationships should

be applied only within the range of

stand conditions that were originally

included in the sample. 

Computer models

A variety of computer models are

available for estimating understorey

light based on tree locations and sizes.

 (Comeau 1998) is an example of

this type of model. It has been devel-

oped primarily for use in broadleaf-

dominated canopies, but may also be

useful in coniferous stands.  uses

a tree list with information on loca-

tion, species, diameter, and height of

each tree within the stand to estimate

understorey light conditions. We are

currently evaluating the performance

of  and other models in a range

of forest types in British Columbia.

Conclusions

From the standpoint of equipment

cost and availability, ease of measure-

ment, and ability to collect measure-

ments under a broad range of field



conditions, the collection of measure-

ments at midday on 10 or more days

during the summer (and possibly two

or more times on each sample date) is

an attractive alternative to the use of

fixed sensors to provide light mea-

surements over an entire growing sea-

son. However, the time and travel

costs associated with taking repeated

measurements may make this ap-

proach expensive. Reliance on only a

single measurement on either an over-

cast or clear day may provide relative

values for the points measured on a

single day, but these values may be in-

accurate estimates of growing-season

transmittance.

Fisheye photography and -2000

plant canopy analyzers provide good

estimation of light conditions, but

their use is restricted to favourable

weather conditions, and equipment

costs are substantially higher. Fisheye

photography requires only a single

visit to each measurement point,

while -2000 measurements may

require four visits to each point (dur-

ing a single day) when 90° view

restrictors are placed on the sensor.

FIGURE 6 Scatter plot showing the relationship between transmittance and basal area for
a number of aspen stands less than 40 years old (P. Comeau, unpublished).
The line is described by the equation ln(T)=-0.07355*BA (n=58, R2=0.876,
RMSE=0.6223)
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Fisheye photography does not work

well for distinguishing small differ-

ences at light levels below 10% (which

may be desirable for studies of tree

survival in understorey conditions)

but works well when light levels are

above 10%. The -2000 appears to

give unbiased estimates of growing-

season transmittance across a wide

range of light conditions, providing

that canopy gaps are small. When

canopy gaps are large, it may be neces-

sary to take -2000 measurements

in each of several directions with view

restrictors installed on the sensors and

to use specialized software to adjust

readings for direct and diffuse illumi-

nation of different parts of the sky.

Equipment costs for the use of fisheye

photography are less than those 

required for the purchase of two -

2000 sensor packages. Where it is not

possible to find a suitable opening for

an open sky measurement, fisheye

photography may be the only suitable

approach.

A further consideration in the se-

lection of method is the accuracy with

which measurements are required.

For research on the influence of over-

storey canopies on seedling growth

and mortality, it is desirable to have

accurate measurement of light condi-

tions and good discrimination at low

light levels. For silvicultural purposes

and to identify general trends, the use

of stand data or gap fraction informa-

tion (together with locally developed

equations for converting these values

to estimates of light level) may be ade-

quate.

Prior to purchasing equipment and

collecting large numbers of measure-

ments, it is important to review

available information on the method-

ology, and to fully understand

equipment, equipment calibration,

and data collection requirements. 

Ongoing studies of light measure-

ment techniques are under way at a



number of sites in British Columbia.

Results from these studies will be re-

ported as they become available.
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