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Research paper

Study of Seasonal Changes of Spectral Reflectance of Forest
Vegetation™
Chinsu Lin?
( Summary ]

This paper uses Landsat TM data to study differences of spectral reflectance and the spectral
heterogeneity of different vegetation types caused by seasonal changes. It aims to find the best imag-
ing season and sound data processing logic for monitoring forest vegetation. Results revealed that
there is a significant influence of vegetative reflectance produced by seasonal change, yet the quan-
tity changing in each TM band is not consistent. In spite of this fact, the basic reflection properties
of visible and near infrared wavelength light are almost identical and distinguishable in a year’s dura-
tion for both vegetation and bare land if viewed from the pattern of spectral reflectance curves. This
implies that it is possible to detect illegal development in a forest with remotely sensed data. Photo-
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synthesis can directly and indirectly affect the visibie and near infrared reflectance of trees, such as
conifers, broadleaf trees, and bamboo; while background materials can also enhance the spectral
reflectance of grass as a result of the photosynthesis process. In spring, the beginning of the plant
growth season, physiological processes rarely change the total leaf area and canopy structure; further-
more the solar elevation is high enough to decrease the shadow area in the spring image. These condi-
tions indicate that the spectral characteristics of plants are most stable in springtime. Further consider-
ing the best classes divergence and classification accuracy of the spring image revealed in this study,
one can conclude that spring is the most suitable season for detecting forest vegetation with TM data.
In the presence of the relief effect in an image, the spectral reflectance deviation of an object always
expands. The light reflectance purification method separates the reflectance of an object into several
classes, and hence can minimize the data deviation of each class. Results also revealed that the purifi-
cation method is better than the relative proportion transformation method in reducing terrain effects
in this study; and hence one can use this logic to process multispectral scanner data to upgrade the
accuracy of classification in forest vegetation monitoring.

Key words: forest vegetation, remote sensing, spectral reflectance characteristics, seasonal change,

and purified reflectance analysis.
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Fig. 1. INustration of study site with a composite base map list {(middle) and its land cover map

(right).
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Table 1. Imagery parameters and atmospheric conditions of TM data used in this study

Image Imaging Solar Solar Atmospheric  Representative
list date azimuth elevation conditions Season
I18718 1995/1/9 139.874 32.347 Very clear Winter
118948 1995/4/15 106.788 53.169 Very clear Spring
116518 1995/7/20 86.456 54.774 Clear Summer
118818 1995/10/24 132.616 42.125 Very clear Fail
118728 1996/1/12 137.337 30.985 Very clear  Following winter
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Table 2. Gains and offsets for absolute calibration of Landsat TM data

™1 ™2 TM3

TM4 T™S5 T™M6 T™?

Offset -1.52 -2.84 -1.17

-1.51 -0.37 0.00 -0.15

Gain 0.602431 1.175098 0.805674 0.814549 0.108078 0.000000 0.056980
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3

Fig. 5. Image list of the study site. Codes Al, Bi, and Ci repressnt the atmospheric corrected radi-
ance TM images, the relative radiance images, and the simulated reflectance amount images; in
which the serial number i represents the seasonal sequence of winter (Jan.), spring {Apr.),
summer (July), fall (Oct.), and the following winter (Jan.).
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Table 3. Comparisons for the radiance mean of each TM band of the pre-and post-atmospheric
correction inages

Image
list

TM1 T™2

TM™M3

TM4 T™S ™7

1)

1
T ™

Ky #y Ko By ) #y

118718
118948
116518
118818
118728

28.117 6.142 19.384 10.473 13.921 9.450 31.467 30.533 3.871 3.871 0.627 0.627
51.360 6.160 36.287 10.049 25.032 11.434 53.466 48.029 5.734. 5.386 0.903 0.882
42.473 7.245 30.590 9.928 20.528 7.194 65.190 52.559 6.069 4.493 0.921 0.729
30.827 6.443 19.966 11.055 12.243 7.773 47.538 46.624 4.692 4.692 0.748 0.748
26.483 9.328 19.135 10.224 13.095 9.431 30.763 29.829 3.219 3.219 0.611 0.6i1

Dp,and g, represent radiance mean of pre-path radiation correction image. Variances of both

processed images are omitted due to their special property, that is if y; =x, £ c, then e2=0}.
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Fig. 7. Speetral reflectance curves of 5 cover thpes in each season. Plets A, B, C, and D show the
spectral behavior in winter (Jan.) spring (Apr.), summer (July), and fal (Oct.), respectively.
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Table 4. Recognizable average weightings of spectral characteristics for 4 types of vegetation”

in sites with no relief shadow

Spectral division® Winter Spring Summer Fall Fo]l'owmg
winter
Visible 0.50 0.42 0.33 0.50 0.67
Infrared 0.58 0.50 0.50 0.17 0.50
Visible and infrared 0.83 0.75 0.75 0.67 0.83

DThe 4 types of vegetation are conifers, broadleaf trees, bamboo, and grass.
2visible spectral division stands for bands TM1, TM2, and TM3, and infrared stands for bands TM4,

T™MS3, and TM7.
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Fig. 8. Seasonal change of spectral characteristics
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of 4 vegetation types. Plots A, B, C, and D

repersent the spectral behavior of every TM band In a 1-yr duration for conifers, broadleaf

trees, bamboo, and grass, respectively.
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Table 5. Classification accuracy of each season image processed with PRA and RPT methods (1)")

Processing 118718 118948 116518 118818 118728
method o4 2 04 £ 04 R 04 R 04 R o04 K

PRA 813 79.8 858 84.5 81.6 80.0 775 757 8l4 80.0 81.5 80.0
RPT 65.7 633 722 699 678 651 64.6 617 722 70.2 68.5 66.0
Diff> 156 16.5 13.6 146 13.8 149 129 140 92 98 130 14.0

Average

D Assessed under 17 classes of 5 cover types: conifers, broadleaf trees, bamboo, grass, and bare land.
DDifference of accuracy index, 04 or R, which is the difference of the index of RPT and PRA; all
accuracy indices are presented as percentages.

Table 6. Classification accuracy of each season image processed with PRA and RPT methods (2)”

Processing 118718 118948 11651S 11881S 118728 Average

method o4 £ o©04 £ o4 R o0a £ 04 R o04a R

PRA 86.5 80.2 89.5 845 879 829 820 740 874 B8l.6 367 &0.6
RPT 748 645 796 700 821 749 718 595 817 73.6 780 68.5
Diff> 11.7 157 99 145 58 80 103 145 357 80 87 121

D Assessed under 5 cover types, in which each type contains all their sub-classes.

2) Same as in table 5.
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