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Abstract: The effective absorption of radiation in the visible spectral range by chloroplasts and the high
reflectance of the near infrared radiation by the cell walls of the plants are appropriate spectral features to
estimate green biomass and LAI and etc.

In this paper.forest biomass in western Guangdong,China was estimated by using Landsat TM data.
First,field measurements of stem volume (V) were obtained from 67 plots (30m X 30m) ,including 28 plots
for broadleaved forests and 37 plots for coniferous forests, respectively. All of plots were accurately
positioned using Global Positioning System(Magellan GPS Field Pro V).

The Landsat TM image for western Guangdong area was acquired on May 8,1995. The satellite image
was processed in the following steps:

(Dradiometric calibration using dark-pixel subtraction. ) geometric correction to a map coordinate
system in the Gauss-Kriiger projection using ground control points,and the correction was based on the

polynomial transformation. The mean square error of the method was about 10 m. The re-sampling method
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was nearest neighbor. The spectral features were given for the field plots by selecting the closest pixel to
the plot. The spectral features included the spectral digital number (DN) values of TM1 to TM7,NDVI
and RVI.NDVI(=(TMA—TM3)/(TMA+TM3))is the normalized difference vegetation index. RVI (=
TM4/TM3) is the ratio vegetation index.

Because of the significant difference in spectral features between broadleaved trees and coniferous
trees, the biomass of broadleaved forest and coniferous forest should be estimated by different models.
Thus ,using the supervised classification method.the whole area was firstly classified into two types:non-
forest area and forest area,and then the forest area was further classified into broadleaved forests and
coniferous forests. In order to select appropriate facters as variables for the stem volume spectral models,
the correlations between V and 7 bands, NDVI,RVI and their combinations were calculated. According to
these selected factors,the multiple linear and nonlinear models of stem volume (V) as a function of one or
more bands or indices,such as NDVI,RVI and etc. swere tested by using the stepwise regression analysis
technique ,respectively. The most optimal models were chosen among the established models to model the
stem volume. The coniferous forest stem volume spectral model was:V = —33354. 7+ 254148.1/T M3+
7360. 3 « In(T'"M3) ,and the broadleaved forest stem volume spectral model was:V =9870.2-+86.9 « T'M3
— 3669. 2 « In(TM3) + 3.2+« (TM1+TM2+TM3+ NDVI+ RVI). Then, the forest biomass was
estimated by the model : Biomass (kg « hm ?)=720(kg * m *) XV (m® « hm ™ %).

The results showed that the forest cover ratio in western Guangdong was about 47. 8% if the effects
of the clouds and the shadow were neglected. The forest cover to the north of West River was significant
larger than that to the south. The broadleaved forests were mainly distributed to the north of West River,
while the coniferous forests were mainly distributed to the south of the river. The forest biomass in
western Guangdong varied from 23~451t « hm ?,and the total forest biomass was about 9.22X 10" t in
the whole area of about 19 050 km?®. The forest biomass in the northern part of West River was higher than
that in the southern part. The forest biomasss with more than 400t * hm * were mainly found in the
Heishiding Nature Reserve and its nearby region,Dinghushan.the northeast of Deqing county and the east
of Guangning county.
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Table 1 The correlation coefficients between broadleaved tree stem volume in western Guangdong and spectral features
TM1 TM?2 TM3 TM4 TM5 TM6 TM7 TM1~TM7 NDVI RVI
Correlation
—0.5443 —0.5228 —0.7485 0.3323 —0.0809 —0.5988 —0.1132 —0.2017 0.5625 0.5397
Stem Volume
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Table 2 The correlation coefficients between coniferous tree stem volume in western Guangdong and spectral features

TM1 TM?2 TM3 TM4 TM5 TM6 TM7 TM1~TM7 NDVI RVI
Correlation

—0.7403 —0.8017 —0.8354 0.0970 —0.5314 —0.5801 —0.5293 —0.6696 0.6835 0.6585
Stem volume

(2 o 4,
TMS3 R* TM1~TM7.NDVI RVIC 4 2~
8 R s . s TM3 s
0. 001 , o :
V(m® « hm™2) = 733.6 — 18.3 « TM3 (G))
4, TM1~TM7 NDVI RVI s, R s, 0.8696, s 9
V =—1093.0 +5.12 « TM1 + 2.78 « TM2 + 39.65 « TM3 — 35.62 « TM4 — 0.91 - TM5
— 5.02+TM6 — 2.08 « TM7 + 1119.0 « NDVI + 891.46 « RVI (6)
s (6) s ITM2.TM2.TM5.TM6.TM7  NDVI
0.2 o s
TM1~TM7 7 » NDVI,RVI,TM2+TM3,TM1+

TM2+TM3, TM1+TM2+TM3+NDVI,TM1+TM2+TM3+TM4+TM5+TM6+TM7, TM1+1TM2
+TM3+NDVI+RVI, TM1+TM2+TM3+TM6+NDVI+RVI, TM1+TM2+TM3+TM5+ TM6+
NDVI+RVI, TM1+TM24+TM3+TMA+TM5+TM6+NDVI+RVI,In(TM3), ™, N, 1/TM3,



11 ™ 1837
TM3* 22 39 s 0 0.15
V = 9870.2 + 86.9 « TM3 — 3669.2 + In(T'M3) + 3.2 « (TM1 + TM2 + RVI) 7
D) s p»=0.05 s ,  TMs3
s TM3 o
2 so0, F 500
T fe . TM3 =3 . * A
g 400+ . GE? 400 e .
3 s00f fmp,
g 2007 ,:.o ;W eeert,
@ 100 . ® g 100 | 3o
% 0222630 34 38 42 46 g 03 12 16 20 24 28
. TM3IKEH TM3 valucs TM1 KK TM1 values
B soor o 05 B ooor o TM6
< . w r ™
2 wof, g 0L
£ . r .,
w0f gabg + 200 3.
g . PO TN g *3.., :
B o B o0
= 40 50 o0 70 80 x 22 24 26 28 30
TM SH G TMS values TM6 K E{E TM 6 values
‘-E’SDO . . 2 %ﬁﬂﬂ % 600
5 o g 400 £ wo
€ 300 . s S ]
200r @ 200 200
§ 100 .‘.0':‘0 - ;E g
® o ®m o 3 0
= 30 34 38 42 46 = 0 0102030405 & 1014182226 3.0
TM2KEH T™M 2 values NDVI R¥I
3 ™
Fig. 3 Coniferus tree volume(m?®)versus spectral features
2.2
Y 7 O, ( 1),
s s 47.8%,
! s 12.5~946 m® « hm ™ ?, 9~681t » hm* o
99.5% , 32~626 m® « hm %, 23~451 t « hm ¢, 0.25%
450 t » hm ™2, 380t +hm™? 420t hm *7%,
. 9116. 7 km?, 101.1
tehm ?, 9.22X10 t, >400 t » hm™* 99. 3 km”,
0.4%. 1.1%. .
° ’ 400 t »
hm %, 300~400t « hm * 135. 9 km?, 0.5%. 1.4%,
. . . 200~300 t » hm™* 895. 6 km?,



1838 22
3.2%. 9.8%,
200t » hm * 2605. 3 km?,
9.2%. 28.6%
i ) <100 t » hm"? 1 2 3 4 5 6 7 B 9
5381.4 km*, 19-1%.
59.0%, R
3 4 Landsat TM
(R
Q) N
Fig. 4 Performance (R?) of best Landsat Models to
estimate tree stem volume of coniferous forests in
° western Guangdong
2 AT 800 1 TM3 2, TM2+ TM3:3, MU+ TM2+TM3: 4, TM
’ +TM2+TM3+NDVI;5:TM1+TM2+TM3+TM4
’ o +TM5+TM6+TM7;6. TM1+TM2+TM3+ NDVI
23~451 t » hm * +RVI;7.TM1+TM2+TM3+TM6+NDVI+RVI;
s 19 050 km? , 8: TM1+TM2+TM3+TM5+TM6+ NDVI+RVI;
9.22X107t, , 9:TM1+TM2+TM3+TM4+TM5+TM6+TM7+
. ~ 400t » hm? NDVI+RVI
(€D . s (D
. Hame  (1997) 2000 2l ©@
° 3 GPS
; i GPS (WGS84 ) 54 . ®

(1]
[2]
263: 185~190.

Phillips O L, Malhi Y, Higuchi N,
term plots. Science, 1998, 282: 439~442.
Wang B S( ), Peng S L( ).

[3]

[4]

Vegetation Ecology

Moffat A S. Resurgent forests can be greenhouse gas sponges. Science, 1997, 277: 315~316.

Dixon R K, Brwn S B, Houghton R A, et al. Carbon pools and flux of global forest ecosystem. Science, 1994,

et al. Changes in the carbon balance of tropical forests: evidence from long-

Communities and Ecosystems (in Chinese).

Beijing: Chinese Environmental Science Press, 1997. 340~353.

[5] PengSL( ),Zhang Z P(
Mt. Dinghushan. Chinese Science (B) (in Chinese) (

Chen Z H( ) Wang B S( ),Zhang H D(

l

). Biomass, productivity and solar energy utilization of zonal vegetation on

B).1994, 24(5): 497~502

). Productivity of the Lower Subtropical Evergreen

Broad-leaved Forests(in Chinese). Guangzhou: Guangdong Higher Education Press, 1996. 124~135.

Peng S L( )s Guo Z H( ), Wng B S(
ecology. Chin. J. Ecol. (in Chinese) (

Tucker C J, Miller L. D, Pearson R L.

). Applications of RS and GIS on terrestrial vegetation

), 1999, 18(5): 52~64

Shortgrass prairie spectral measurements. Photogrammetric Engineering



11

™ 1839

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

and Remote Sensing, 1975,41: 1175~1183.
Holben B, Tucker C J and Fan C-]. Spectral assessment of soybean leaf area and leaf biomass. Photogrammetric

Engineering and Remote Sensing, 1980, 46: 651~656.

Guo Z H( ) Peng S L( )» Wang B S( ), et al. Estimation of radiation absorbed by Guangdong
vegetation using GIS and RS. Acta Ecologica Sinica(in Chinese) ( ) 1999, 19(4): 441~447.
Guo Z H( )y Peng S L( ), Wang B S( ). Combining multitemporal NOAA-AVHRR NDVI

and ground auxiliary data for estimating terrestrial net primary production in Guangdong. Acta Ecologica Sinica
(in Chinese) ( ) 2001,21(9): 1444~1449.
Hame T, Salli A, Andersson K, et al. A new methodology for the estimation of biomass of conifer-dominated
boreal forest using NOAA AVHRR data. Int. J. Remote Sensing, 1997, 18(15): 3211~3243.

Todd S W, Hoffer R M and Milchunas D G. Biomass estimation on grazed and ungrazed rangelands using spectral
indices. Int. J. Remote Sensing, 1998, 19(3) . 427~438.
Lefsky M A, Harding D, Cohen W B, ez al. Surface lidar remote sensing of basal area and biomass in deciduous
forests of eastern Maryland, USA. Remote Sens. Environ. , 1999, 67: 83~98.

Toan T L, Beaudoin A, Riom ], et al. Relating forest biomass to SAR data. IEEE Transactions on Geoscience and
Remote Sensing s 1992, 30(2) . 403~411.

Imhoff M L. Radar backscatter and biomass saturation: ramifications for global biomass inventory. IEEE
Transactions on Geoscience and Remote Sensing, 1995, 32(2): 511~518.
Fransson J E S and Israelsson H. Estimation of stem volume in boreal forests using ERS-1 C and JERS-1 L-band
SAR data. Int. J. Remote Sensing, 1999, 20(1): 213~138.

Justice C O, Townshend J] R G, Holben B N, ez al. Analysis of the phenology of global vegetation using
meteorological satellite data. Int. J. Remote Sensing, 1985, 6: 1271~1318.

Hame T. Landsat-aided forest site type mapping. Photogrammetric Engineering and Remote Sensing, 1984, 50
1175~1183.

Guo Z H( )»Zhang H D( ).LiZ A( ), et al. The photosynthetic characteristics in leaves of
Liriodendron chinense seedlings in Mt. Lushan. Acta Ecologica Sinica(in Chinese) ( 51999, 19(2): 164
~169.



R, & . F A TMEIRIRERE A X AIFRMAED &

GUO 2Zhi -Hua ,et alRetrieving Forest Biomass in Western Guangdong Using Landsatl
TM Data

E111" 3dr Ef11* 4% RU12* EL1}" |5° K112 30 EL11° 4%

SN A 8 4 TR \q) % e T T
_J:.?&F?‘-f : j;ﬂﬁ;y

A%

N23* 50

Scale 1:1 270 000 0-23 FIF] 48] - 68|

ERRE BB, (7R BT b E A i
Plate | Coniferous biomass of woslern Guangdong Province based on model(4) .17}

BAAHE. % oA WRBERESELE CEAR) MR
TIAN You-Ping, et a: A Study on Aerial Cyanophyta (Cyanobacteria) on the Surface
of Carbonate Rock in Yunnan Stone Forest, Yunnan Province, China

= F L o

1 i N Plae U

Id



