t k3

334 108 2011410 H

2011,33(10):1863-1869

Resources Science
Vol.33,No.10 Oct. ,2011

G :1007-7588(2011)10-1863-07

ETEKBREA

\I/

=

FAO FRA 2010
62.72 t
3%

K EiA:

i Hb A 25 R 0 2 A BRI PR 1Y) H B R
7 it A 75 2R 50 2 809% 1Y ML Bk it 1 T 409% 1)
MR B R AR S RS, HAMEEEE
Y PR R A ) Z A Ak 1 2 FE A g RN 138
GRS B HE R R A i A A
i, PRI, X ARMAE R R G i B I AR
RIC I RE R B2 F B . R W A SR A I R
MRTRA 2 FPEAN FRARBRAE 1 DTk 09 S50, U2 ZRAK
AR M M EZE S E ., KU AKX 5k
(GMS)HHA F & AT, Bt L BT R AR
PO ARG A X 22— FEIX I B 2Bk
SIS P LA B R 52 . (HZ X 8 Y 2R
MRAZ RAR R g LU T Tl A MR TR 2R 1 5
M, AR I R A - el ik B, it HOR R AR AR
FAAE 25 FR AR T A /D B IR SR AR K, PRI, XX
AT AR By i OO URT DA BRI
P FR AL BTN AR , to R S A R 25 7 H it

DX P AR AR IRA S D i U A BRIl T

ks B #5:2011-07-03; 11T H #7:2011-09-08

AR X AR EE Y= A

»

100091
100013

34t/hm’ 0.7
13.3%
71% 10% 16%
22%

S LI B R SRR
Lﬁﬁf%m%i%aﬁﬁ ﬁﬁ%ﬁﬂ%

%%mnﬁi%im %E%&*%ﬂﬁ{z
%ﬁ—%ﬁLM@%%@@&ﬁﬂﬁﬁEﬁ&k
B A 25 oA 5 B AR S Ok S ks &
FRAT B kG B = A 2 00l | RE A R e AR A
%%%ﬁﬂ%fﬂMﬁEﬁﬂﬁ%ﬁ%%%%%o

— B 306 TR 1A LA ICESat & 5t 1 2003 4F 1
ﬂlﬂlﬁi%ﬁ%@ﬁﬁ%@ SHOLBE HAR LN
70m, S EIEEZY) 170m!", GLAS $da#k mizh H TR £
X3 1) RSB G o Lefsky %6 ICESat 1)
GLAS I B B3 B4 SRTM-DEM %4 i B b 75 =
ASAS TR R AR X HEAT T AR K =0 B 19 B 3
Lefsky %5 gt T . 138 i3 DEM 78 5 o JE e AR 4% K
Hb DX B GLAS U JE 0 A% 1 sz 18 550 3, il ML 282
LiDAR {0 5t 1 b 187 2R 48 A9 B oo 5l 45 6 S8 T —Fil
MCHESRRD VA AR A DEM B 19 S R5 T, X
Bl 68 2 1 B B AG TE IR B T A 45 SR (RMSE=

BEEWH: EK 9730 H (4i5:2007CB714404 ) 5 F 5 [ SR Bl 3 1R (4 5 0 41071272) 5 WK ARMRIR S 5 0T 3245 BRI 25500 H (45 -

2011PA004) .

YEBE N VEF I LRORTA, B BIDESE 0, EENF S LR

E-mail: caf.pang@gmail.com

IS O AT i LI LR AL AR AR S O ik S AT R

http://www.resci.cn



1864

BOIR B

s
F

5m). Boudreau 25AR#E B4 LK LIDAR 5 i A= 4
T4 1 5 7 B2 S GLAS %L 38 M T A Wy b SE ik
AN GLAS 55 44k D A 4 1y [l A 7 A st b v
() F2 BB DY DX HEA T AR Wi A, 25 SRk S R 2R O
B IR TE 25 [B) KRB BAR 4% 43 A FAE Al 1 2
BRI, AE IR i A ) S AR LA S v
Baccini % F1] Fif MODIS 1 GLAS 545 %iF 35 I 4  7x
I X R AT AR o B U, I A e sk AR A A
K™, Nelson 2 #) ] GLAS (#2454 Landsat 1+
b A T8 PR B 43 A LA D et o 7 AR AR
F PR, Huang %86 GLAS 5 )62 18 SR AU I 25
A 1R E VY B b IR T T AR A Y R R
Lefsky FIIFH GLAS ¥4 52 1 T 2 BRI AR AR = B, O
55 MODIS 4l (1) 53 F1 77 i AR G 47 1 28 [l iy 4
i B — WA T BRI AR = B, Saatchi 55
P GLAS %44 55 MODIS | QuikSCAT 25 B Hi HH 45 4
XA ERIHT [ R X AT T ARARAE Py Al I, o
ST A R AN R P B L

AR SCE S A R ALt B [RURI0 P 5, 4 b T
SN b RURE B R A W ) BIMLBO L I8
HET153) 2 4% ICESat GLAS JVER 5 %) FR Ak kb 2= 1)
SRR X HE AN YR A TR X Y GLAS i
AT T AR AT, SR 5 R G 2 3 B A
MERIS FH &4 B R GLAS Al 45 544k ) A= i
GMS FRARHE A=Wyt A S50 AR 1, IE X X 3k
ARARHE AR B A AR R AR T A0 AT

3385 10

DDA Ay By 2 KU 3 PR A e, n
2] - H SR 20°C DA L 5543 Hb DX it e e AR D
40°C. A AR R R R T . A
AR ZHZL(FAO) 2010 4F % A 18 FRARGE IR PPAG i 2
i 7R 2 X AR AR T BUR 12767 2000hm™ ) (H:
TS PR LR A E R ARE AR
Horp R ZE EEE CERS  Af  Z8 [ Y AR 3R
S9N 57% 44% 68% A8% F1 37% , =Fa4 ) T
HEHR B G DX B 55 3500301 R 40.8%F1141.4%
2.2
22.1

(1) B EHOCT BB A5k T £
2003 4F 1 H &S 0FF 2405 T2 A ICEsat 1Y GLAS
R IR G . CLAS 258 — A BEE Lk AR R <
b T ]38 K 1 B O TR IR IR R AT Y
5 AT A T A T S A AR S T R A
o BT H AR PTG 2 0 e B AR AR S
AT LA R R 1 o ) R A TR K B 5 B8 A e o o
ELEE R AR SR BE T 4 M DA 4R 0 4 40 A AN A
YriEl, ARHFSE H L 2005 4F 2006 4F Laser 3 [ 6 4~
LI JE 3 A s (L3B-L3G) 1k AL 3% LiDAR 4l U
K 1064nm WA i o 09 1013 45 5, Herb RN i e
T 544 WK . 2% 6 B R = S oA B T R
AR, POt 2 SRR R B i o

()WL T B EWE . MLEOETE S Tk
55 XA T = B8 s, A dE BB T v 1L XAk Al

f.l z. 90?]5 100fE IIO?E 120“’}3 z
FVE 2] IR X 3, (the Greater Me- o ®
kong Subregion, fi] FX GMS) & 45 Ui 2\ 11 M g
WAk 6 R T ALK, R °
oM BB S EEARE S z
B ESTREE AIAK . KIEAKIXE, 8 [ |
i FZR4:92.2°-112.0°, 464 5.6°-29.2°, . "
SRR E AR FE X R B o
MR (B 1), 3% DX i 1 R 256.86 7
km?, SN 293.212, £ .. | £
KUK KBS T S 2 S
fE SERRERE U EZEERT T o " Lo
TR A AR B R T e —— — ke

AR ACME BT | el | Pl A
JEAARICAE 7 AR, g B X

hitp://www.resci.net

1 RUBATTIR R (GMS) 7R
Fig.1 The map of the Greater Mekong Subregion (GMS)



P 534 BT BRI AT IR AR MR LB by 1865

20114F10 A

BaE Xpkdg . M & 2% BAREOR , i wg &
JOA, oI 4k 5 Y [ 1750~2641m, % X & T
AR e T I AT 20 2 KU U, XN /A e
W1, MR 2R, B MM A = i
( Pinus yunnanensis ) AEIFN (Pinus armandii) . 2~ 75
A2 (Keteleeria evelyniana Mast)55 ; =5 [ IH-#4 Fj Ay
2 & N (Alnus nepalensisi) | ¥ A1 #% (Lithocarpus
dealbatus) . ¥ E 75 X(Cyclobalanopsis delavayi)% ; H
M A A PR R K] (Cyclobalanopsis glaucoides) |
4% (Populus davidiana) 55 . FRIX N FZ R A
B P RARET AR, LR Tl Ry = A F A
LLIAR 3 3 A5 /D g v i 38 ok AR AR T I, LA
Jy B KR A Bk o O R Gk EodE 2
LiteMapper—5600 38 B, 48 28 B} ] J2&: 2007 45 12
H o F GO 5 B A 650m, SOG4 B S 600,
WO & BT N S0k Hz; SOGTIHA% R 48 /80 5
WOGREIBE A Im 247

(3) B BMBOL 8 REE . MERIS (4553
PR UG EIE ) J2 45 AR =S J7) (ESA) BRdE TR
(ENVISAT) [ %845 . MERIS J& T 58t 4 1
AABOEIEAX, 25 8] 73 B3 300 m, FeA7 15 ik
B, 56 ] WOGENE 4T 41 (412.5 ~ 900nm) (4 5
M. AT 08 I 2004 45 -2006 48] MERIS £ 51
ST 5 . ESAFE GlobCover 31 H Fi 45 T 103
XUH A USSR 5 (2004 4F 12 H -20064F 6 A ),
A B LS 13 B, BBR T T RARIER
11 98 B CRURM G B ) T 15 98 B (/R e M s it
BoOM, ARWFFEAE IR X 10 BB E T 26
AL, THBR T30 Hu X i = RS A 52, FF6 il
T IH— LA S (NDVD) 1 MERIS il s -2 2 45
F(MTCD) .
222 ARG AL B A 5 1
B, e B0 DAt ACSRAM A, 0 1l A v FRE A 2 55
PHAT T AN e SR, 200847 H 16 H 28 H 4
H7E = F A B I TP 1L XMl Ry R T 2085 XObR
b JRy IF e 1 Al I £, b BRE F hy AE £6 24°97-25¢
283 AR 4 102°23°-102°36", WAL B T 78 BB AT
b (CEAR 7.5m 50 15m) o XA HRFEHLER AT T 4
ARG RO A B I 42 A Sem , X A RO AGZ— I 72
Bl B e A RS o S DU R PR 7 BRURR R B A
e 1T R0 RUGH AT D £, AR v 8 P IO 0 ey ASC R A 700

i, MM E 2553 GPS(DGPS) #4728 7,
SENDREFEDE T 1meo SR 5 X6F 1 e S 00 K080 FH 0 107 B3
iy A K R BB A M A a0 T 4 B )
B AR A A
223

(1) - b7 25 550 . AR5 8 FH ) - b 7 55 B8
e P T Rk 23 &) GlobCover T H 114 42 BK 4 1 7 35 7=
Mo AT A R S T IR B 4 A 5
KRG (LCCS) E LW IARR , 43 2k i X
S R AT AT PR R 1 Ak b M T
02 S Y L T 2004 4F 12 A & 200646 A
) MERIS 300m 4= 7+ #F % 8088 0 25 4B ey
GlobCover 2005 + 1078 35 74 .

(2)WWF 2 ERAES X BdE 2Pk 200 A&
P41 X " (Global 200) J2& i 7 [ 48 3 4 2 (WWF)
KA HIVER RSB X, 125 X TR P
TR A b B DX R TR A, B e T 3 4 R AR
DIRTAARIE , Hh & 58 R T U ZRE DR )
W 5E KR, R ERRN4Y T 233 NS K AE 2Bk AE Y
SRV SE PR X, ORI AR S X 2 ) A A A
FARTR] , PRESE T AN [R) DX 355118 AR RIS R b 4 2%
A i X . ASBIEFEAE FH Global 200 H3a) 73 i 4>
BRA A AR M A AR 1 5 | A BIAS [R] X I AR AR A= 1
AR

(3) R AVEHE . AR HZU(FAO) 1Y A&
A7 118t A A 48 P b R AR AF 5 v A i AR A SR
AR — o 1% S R S AR A B ) &
BRI, 3K SR B XAk
DL WUR RS I DL HEROE S E R+
AT S B EAR YR

(4) DEM %45 o A 55 i 1 SRTM £5 45 il Bl
GLAS & i I 8 B i M R 52 i 2 1F o i3 R+
2000 42 H 52t , il i K LA LR ik T
I AR IR BT A6 25 60° 2 B £ 56° 2 8] () DEM %k
i, 23 ()53 BER R 90m.,
2.3

AHIFSE ) P AL 268 3K 90 25040 R b 1 S 0 5 1
25 B 3RO R 15 (ICESat GLAS) B ZR AR AL 9y 4245
B 7531 GMS Y Bl N B 2RO 7R iR BB R 1 £
A A A o SRS I Y 2 B A5 O
B K R A (0 18 8™ iy, X A Xtk A 7 23 ) 4

http://www.resct.cn



1866

O R

Ji& AR B UYRA TR X el S 7 o ) AR AR AE it
o FEMRALEER

(1) 38 35 37 3 B0 X AL 2R 30 H ik (ALS) £l il
ARRAE YR BAY  SRIERG FE AL BROG TR A Al
AAEYREE;

(2) BT AL O T IS AT AR it 5 B2k
WOLTE A (ICESat GLAS) I S5 M 1 2 5

(3)if 3t GLAS [ b 5% X 4% B BOGBER R AE
Yy

(4) 454 ENVISAT MERIS K Ho & B 8045 2
AT LR AR P R

1545 ICESat GLAS WL IR I T = p 48 k1L B
% BTG LX) R 5 LAY LIDAR Bl . &
1t XFALE Lidar 8008 A9 AL 38, 38 T LA Lidar 19 75
JEE 9% B Ao B0 20, 5 B T ) S KR i A 2
A ST AR ZRARZER T Lidar B85 ARG S50
ZIAF S Z T ALK Lidar Ur 8 35 X IR0 A9
I SRIE MR GLAS YEBE Y SE bl 25w 1, 2V
XTI HLER Lidar 55 2 8008, IR I g sr A L
#X Lidar 25 47 5 Al WA B Ak 135K 2 55 2 B5 0f 1z 1)
MY, 5 GLAS BB FR 50" A a7 6Bt
OB b ZR kb AR P A AR, I GLAS I
T8 B0 A= 1 et 2 YRASE TR X6 3 A U 2 T VR DX 3k 1)
GLASHlm AT AR A Wy At o

FI 1 GLAS Ff Ak 3t 1 A= 9y 2 Ak 0 2% 21 4% &
MERIS #F47 X 38l 3% 22 (5], 1 5 257 GLAS Al U 2%
5 MERIS MR 0 E 1 (E B H e M w4

3385 10

3.1
Xof b A 00 5 e ) AR A i A TR DL
FIH 22 T G811 1A 72 57 S £ pk b A= )
5O TR R DA R A S R o a0 X AR M b
A SO TR AR R 2 30% 5 R
JEE FIAE B 0 25 25 8 I A 6 R B0 T 0.8, nl ff B i)
AR S o AR S L I HE 68 % LA I . 3 3 X 396
A~ 1CESat GLAS B £l Kot i ALK Lidar £040
A0 i A e R A TSR T [ A A B 4 SRR W, GLAS
WV T8 505 DL T AR AR A B 5 i A OGPk R 3k
0.54, ¥ 7 MR 25 4 28t/hm?*, #E 1T i1 £ eS8 i ]
ISP 2] T GLAS Al I AR AR M- 25 9 e (4 Ak DA
SR T i TG AKX A 0 5 SR e, XY X
GLAS S b7 T ad v, 2Bk T AE AR 35 X 381 Al
TR T P TCROWI Y GLAS 5. SRJESTHTA 7%
MR 55 X3 GLAS YEBREHEA T AR AR I AE i Ak
T, A5 30 T R UE T YR X 383 BB Y AT GLAS S5t
AR AR R RIS R B R BEE X
GLAS YEEE Y 5 o AR AR L AR W10 4271/hm,
FIIH Cubist PSR RAGE T H R4 457 T GLAS
500 ZR AR | A2 9 5 MERIS 285622 B0 (14 43 Bt
AR L, LS T 10 2000 il e [l 3 0y
o BEMLZEIC T 1/10 FIAEAR (4 0056 1) AT 1LY
YGUE, KUEZS R BN, AR A ) R R AR R S
PIRETE 3dv/hm® AL BRI AISC R BN 0.7, K2

BOEFEAR AR . T XA
AR I T 2 AR R R S X
IR, P A SR AR 01051 73 DS 4 Hiopg
AEAGHA T B BB R EE R &
(A DS RS AR DT 5% 2R FH 1) e SR AR T
4 Cubist [F1H PSR , 12 77 25 AT A4 A2 1t
JERPEHEAT /328, Zehin 19 R S E ST ]
IAREAS , — Bk, T PSR 4 25 A8
O B OB AR i T H R S R
(475 f Ay SR AR o 432 R R d) E
AR B A GLAS YEEE N A ZR bR 1A i
{8, [ A8 B 4 MERIS #4063 (6  NDVI,

25°N

20°N

15°N

MTCI WWF A 725 Xl - e R 460 | e WE
AHtit 40 37894,

hittp://www.resci.net

90°E 95°F 100°E  105°E 110°E 115°E 120°E
St oo vy
play 71 e el
5. .". I % .- | z
ALY e
3 _ u [
Bl " Y4 18 % 4% (/hm?)
A . [ 030 z
’ Y B 30-50 =
} ot 50-80
z o8 - he - [ 8o0-110 z
=] o T =]
=l o 320 640 °f I 110-150 =
P = R 50
95°E 100°E  105°E 110°E 115°E  120°E

B2 KRBT DX SR LA Py oA 25

Fig.2 Estimated forest aboveground biomass in study area
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Table 1 Forest aboveground biomass comparison of our
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Forest Aboveground Biomass Analysis Using Remote Sensing
in the Greater Mekong Subregion

PANG Yong', HUANG Kebiao?, LI Zengyuan', QIN Xianlin', CHEN Erxue’

(1. Institute of Forest Resource Information Technique, Chinese Academy of Forestry, Betjing 100091, China;
2. Asia—Pacific Network for Sustainable Forest Management and Rehabilitation, Beijing 100013, China)

Abstract: Forests play a key role in maintaining the regional environment and global carbon
balance and mitigating global climate change. Forest aboveground biomass (AGB) is an important
indicator of forest carbon stocks. Accurately estimating forest aboveground biomass can
significantly reduce uncertainties in investigating the terrestrial ecosystem carbon cycle. The
Greater Mekong Subregion (GMS) is rich in forest resources; changes in forest resources can affect
regional and even global climate change. It is therefore important to estimate forest AGB in this
region. Remote sensing is an efficient way to estimate forest parameters over large areas, especially
at regional scales where field data are scarce. Light Detection And Ranging (LIDAR) provides
accurate information on the vertical structure of forests. Combining airborne LIDAR with
spaceborne LIDAR for regional forest biomass estimation could provide a more reliable and
quantitative information regarding regional forest biomass. In this study, the vertical structure of
forest parameters of two forest farms in Yunnan Province, China, was derived using airborne
LIDAR system (ALS). Regression models were built using field data of forest AGB and percentiles
of canopy height and canopy density derived from ALS point cloud data. Forest AGB estimated
from ALS with high accuracy were used as training data for building a forest AGB estimation
model with ICESat GLAS waveform indices. Then the forest ABG was estimated at [CESat GLAS
footprint levels in GMS. In terms of different types of ecological zones, a set of categorical
regression models was built between ICESat GLAS estimates and MERIS spectral variables. Then,
a forest aboveground biomass map with continuous biomass values was generated. Results show
that: 1) integrating field measurements with airborne and spaceborne LiDAR data can be useful in
effectively estimating forest aboveground biomass. Ten estimation equations were built using the
regression decision tree method. The overall average error of the estimation models is 34 t/hm’,
with a correlation coefficient of 0.7. 2) The estimation agrees well with the FAO FRA 2010 report
and other published results, and the average difference is 13.3%. 3) The total forest aboveground
biomass in GMS estimated from remote sensing data is 6.27 billion tons, consisting of 71%
evergreen broadleaf forest, 10% deciduous broadleaf forest, 16% evergreen coniferous forest, and
3% mixed forest. 4) According to the total aboveground biomass map, Myanmar has the largest
AGB in the region which account for 22% of the total regional biomass, followed by Yunnan
Province in China, Laos, Thailand, Vietnam, Guangxi Zhuang Nationality Autonomous Region in
China, and Cambodia.
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