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AIRBORNE LASER HEASOREMBNT6 OP FOREST AND RANGE CANOPIES
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James H. Evoritt, Hark A. Welts*

ABSTRACT

However, quantifying the

"SSKi ^round-basld or
natural resourceo. Vegetation
using aerial photography or .^£
physical P'°P°^les of vegetation patter^^ ^ ^ expengive

remote sensing technology is dlfficu". "™ « alternative method to
Digital data from an airborne la"eIj,*1""?terIn°£oroBt areas, canopy structure

Canopy shape was uoe?'"^""^"i^opy JivS were measured in rangeland areas

related with field measurements made "?«££*^'JK^o measure canopy

Ssaa:
INTRODUCTION

aerial photography or satellite ^a9«y. ™^tf«' £ height, roughness,

5^^^^ crv7nytio^^q-b^^
difficult, labor intensive^, «^b «■ "^ J'1^rved?|^.i. the application
o!TlrbCoVn°e°Ia^^^^^^ measurements of canopy
structure" properties, and patterns for large areas.

When thl technology Is
Laser technology is used widely to measure

of the canopy of forest and range vegetation.

Wmmmmiouthwest Watershed Research Center, Tucson, hi 85719
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METHODS AND MATERIALS

la8er altimeter .ountoC

between 50 and 300 m.

location ^Thflaser data with the video

meaaurement.

STUDY AREAS



.
■
■
:
■
"
.
?

M
E
T
E
R
S

M
E
T
E
R
S

M
E
T
E
R
S

o
r

a
u

i
t

e
>

n
o

n
i

—
*

t
a

S
o

e
n
o

r
r
»

C
O

o

o
t-

1

a
a

1
a

c
c

n
i

—
a

S
o

M
E
T
E
R
S

H
H

f\
J

(\
J

C
J

o
e
n
o

u
i

■
o

o 3 a <
a •
i g



600

90
0 208lSTANCE (^f)00

600

Figure 3. Laser measurements of canopy height (A) and ground topography and
Figure o canopy structure (B), Starkville, MS.

of vegetation types in the study area.

Eight sites along this flight line were
of'10 upper canopy trees »ere '.easured at e^=h "

eight sites are j^_™/.iS"^^ 2 and 5 were young pine stands (<10 yrs.

located on each side of an arm of Dorroan Lake

The video imagery taken during

vegetal height^ £X
statistical data can be used to 51 were short as indicated

£S33

sf

^d£aAenfr|m J?
canopy to the ground.

Sites 3 and 4 had low ^JJi^^
that were at leaat 70* of the maximum

to penetrate the

pulses allowing

we^e^aturing pPlne otands with£wto ^S^raS
closed canopies with few gaps.

?:!:>!'i::l|i:!Jii!J:
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Table 1. Statistical data for the laser measurements of vegetation heights
for the 8 field sample sites at the Starkville, Mississippi forest
site. comparison data are given for vegetation heights for the
total area shown in Figures 1, 2, and 3.

SITE

1

2

3

4

5

6

7

8

Fig 1

Fig 2

FiO 3

N*

1534

669

471

941

637

997

267

510

6410

7580

7798

MEAN-

meters

12.51

1.42

10.03

20.63

1.29

23.91

17.27

18.IS

6.96

7.82

10.16

STANDARD

DEVIATION

9.77

1.04

3.32

7.69

1.19

9.86

9.63

11.32

7.14

10.27

12.09

COEFFICIENT

OF VARIATION

%

78.15

73.40

33.09

37.28

92.58

41.25

55.74

62.38

102.54

131.24

118.88

MEDIAN

meters

11.59

1.48

10.86

23.50

1.00

27.01

22.62

24.21

4.85

1.73

2.10

MAXIMUM

27.39

4.63

14.49

28.12

4.19

35.55

27.32

29.63

27.39

28.12

35.55

*N is the number of laser measurements analyzed.

Sites 6,7, and 8 were in a nature natural pine stand with a developing hardwood
understory. The natural spacing of the trees, along with canopy damage,
permitted gaps to occur in the canopy. The laser measurements for these sites
had high maximums, medians, and coefficients of variation. The high maximums
with corresponding high medians indicate a mature forest with a significant
canopy cover as opposed to the hardwood site which had high maximums but low

medians. The coefficient of variation indicates that a significant number of
the laser pulses did penetrate the canopy indicating gaps in these canopies.

Some generalizations can be drawn from these laser measurements of vertical
canopy structure. A high coefficient of variation (>70%) indicated an open

canopy. A low coefficient of variation (<40t) indicated a relatively closed
canopy. Indications of forest maturity, spacing, and gaps in the canopy could

also be inferred by considering means, maximums, medians, and coefficients of
variation. Research in other forest types will be required to generalize the
interpretation of airborne laser measurements to other forest types.

A comparison of field measurements of tree heights with laser measurements is
given in Table 2. Both the field and laser measurements are considered site
attributes since no attempt was made to measure the same tree. Field
measurements were made of trees that were in the upper canopy. Ten trees were

measured at each of the eight sites. Since the field measurements were of
upper canopy trees, the comparative laser measurements of tree heights were

calculated as an average of only the highest 5% of the laser measurements of
vegetation heights. A paired-T test indicated no significant difference
(p=0.01) between field measurements and laser measurements of average tree
heights for the 8 sites.

Table 2. Statistical data for field and laser measurements of tree heights
at Starkville, MS.

SITE

1

2

3

4

5

6

7

8

FIELD

MEAN

27.01

3.54

15.24

28.13

5.52

31.15

27.31

28.77

PATA*

STANDARD

DEVIATION

2.14

0.31

0.75

1.05

0.46

1.40

1.51

1.49

MEAN

26.88

3.83

14.13

27.56

3.41

34.72

26.24

29.37

LASER DATA**

STANDARD

DEVIATION

0.19

0.37

0.22

0.40

0.25

0.49

0.63

0.17

MAXIMUM

27.39

4.63

14.49

28.12

4.19

35.55

27.32

29.63

* Average of 10 measurements

•• Average of the highest S% of the laser measurements
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An analysis uoing the highest 10% of the laoer measurements gave similar

results. However, when the hlghoat 15% of tho laser measurements were used,

a paired-T test showed the laser and field measurements to be significantly

different (p=0.05). A plot of the data (Fig. 4A) shows the data to be closely

clustered around the 1:1 lino indicating that tree height can be estimated

directly from the laser data. Since tree height is correlated to tree biomass

and other properties, laser surveys of forest canopy should allow estimation

of other forest properties. More studies aro needed to generalize these

findings since only limited field measurements (80 trees) wore made during this

study.

40
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LASER DATA (M)

Figure 4. Relationship betwoon laser and field measurements of canopy height

at Starkville, Mississippi (A) and at Tombstone, Arizona (B).

A similar study was done on Walnut Gulch Experimental Watershed near Tombstone,

Arizona (Fig. 5). The vegetation was shorter and canopy sparse. The 35 m

transect shown in figure 5 is from 1 of 8 sites (site 7) on the watershed where

extensive ground measurements were made using line transect methods on 30 m

linos to determine vegetation properties (Ritchie and Welts, 1992). The data

shown represents one of four laser measurements made at site 7 for comparison

with 3 ground measurements made at site 7. The laser profile shows the

relatively sparso cover and low height of the vegetation.

A plot of the vegetation height data from tho field and laser measurement (Fig.

IB) shows a cluster around a 1:1 line, with one outlier. The outlier is

probably due to the clumped nature of the vegetation at that site and the

inability to locate the ground and laser measurements on the same transect

(Woltz et al., 1993). At the other 7 sites, tho vegetation was randomly spaced

rather than clumped reducing tho need for measuring vogetation on the same

transects.
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Figure 5. Laser measurements of canopy height (A) and ground topography and
canopy otructure (B), Tombstone, AZ.

Comparison of canopy cover measured for rangelands in Walnut Gulch Watershed
and in the Rio Crande Valley in south Texas (Ritchie et al., 1992) showed a
high correlation between cover measured on the ground using line transect
techniques and cover estimated from airborne laser measurements.

CONCLUSION

Studies of forest and rangeland vegetation show the potential for using
measurements from an airborne laser altimeter to measure vegetation canopy
properties. Measurements of canopy heights made with the laser in the forest
and rangeland were not significantly different from measurements made on the
ground and were clumped around a 1:1 line indicating that the laser data could
be used directly to estimate canopy height. Interpretation of the laoor
measurements allowed inferences to be made about opacing, type, and maturity
of trees in the canopy. Percent canopy cover was estimated for rangeland
areas. More research is needed, but this study indicated that airborne laser
data does provide information about the properties of vegetation canopies on
the landscape. Laoer technology allows measurements to be made rapidly for
large areas and for locations and conditions such as the top of a 30 m tall
forest canopy or sparse rangeland or forest canopy conditions. Large scale
measurements of canopy properties will assist understanding of the landscape
functions and should provide data that will allow better management plans to
be made to conserve and Improve the productivity of our natural resources.
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