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Estimation of forest aboveground biomass using high spatial resolution remote
sensing imagery
HUANG Jinlong, JU Weimin* , ZHENG Guang, KANG Tingting

International Institute for Earth System Science, Nanjing University, Nanjing 210046, China

Abstract: Forests are important terrestrial ecosystems and play an important role in maintaining ecological environment.
Globally, they are acting as a carbon sink and a crucial player in alleviating global climate change. Forest AGB
( Aboveground Biomass) is an important indicator of forest functioning and a key component of the carbon cycle in forest
ecosystems. The accurate estimation of AGB is of importance for study the budget of global terrestrial ecosystems. However,
it is challengeable to map AGB at regional and global scales. In recent years, various studies have been conducted to
retrieve AGB using remote sensing data at regional scales due to the more effectiveness and lower cost of remote sensing
compared with the traditional inventory method. This study took Zijin Mountain, located in the urban area of Nanjing city,
as the study area to explore the applicability of high resolution remote sensing data in retrieving AGB. This study area is
dominantly covered by various species of trees. The spectral and spatial information in an IKONOS image were first fused
using the Brovey transformation method to generate images of green, red, near infrared bands at a spatial resolution of 1m.
Then, positive crown area ( PoCA) of individual trees was delineated using the reflectance of green, red, near infrared
bands and normalized difference index retrieved from the fused images and the object-oriented classification method
implemented in the e-Cognition platform. The classification rules were determined using the See 5 software. Meanwhile,
field campaigns were conducted to record the number of trees, the height and diameter at breast height (DBH) of individual

trees, tree species, geological coordinates, and topography at 41 representative plots ( 16 plots for coniferous forests and 25
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plots for broadleaf forests) with an area of 25 mX25m. For each plot, AGB was calculated using models developed in
previous studies and field measured height and DBH of individual trees. These field samples were randomly selected for
developing models (25 samples) and validating the developed modes (16 samples). The retrieved PoCA data were used in
conjunction with plot-level AGB measured to develop empirical models for estimating AGB. The developed models were
further validated using measured AGB. The results show that PoCA retrieved from remote sensing data shows distinguishable
spatial patterns and is tightly correlated with AGB. The developed empirical model is more applicable for coniferous forests
than for broadleaf forests in retrieving AGB. As to the samples used to develop the models, the R* values of estimated AGB
against field measurements are 0.62 ( P<0.01,n=9) for coniferous forests and 0.56 ( P<0.01,n=16) for broadleaf forests,
respectively. The validation indicates that the developed models are reliable. The R’ values of estimated AGB against
measurements are 0.55 (P<0.01,n=6) for coniferous forests and 0.52 (P<0.01,n=10) for broadleaf forests, respectively.
However, the models tend to overestimate AGB under the condition of low AGB and to underestimate AGB when AGB is
high. This study indicates that it is practically feasible to estimate forest AGB using the tree canopy area information

retrieved from fused high resolution remote sensing image.

Key Words: High spatial resolution remote sensing; AGB; object-oriented ; positive crown area
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Fig.1 Flow chart of this study

1.1 RS IXHEN

AMFSE T 5T 2 4 LRI AT, 28 4 LA VL9548 e Bt T 430, B 3867 o 118°48724"—118°53'04"E,
32°01'57"—32°16"15"N (& 2) , J& B i) B s 2ok I HAfy , DU 24001 SGRE VSR 78 12 | 4RSS M 15.7 °C
SRR T4 1106 mm , SAFJEFI A 237 d, SR 3008.8 hm®  HL P ERAKITRUT 2107.6 hm | ZRARAR b1
4 0.75—0.80, 5 e ETEAK 448.9 m, & ALK A ey e, BfoK 5, A PR 117 d, B & 1021 mm
ZiA,6 A AR 7 Ao Al 25, A K BT 2 W R A, B MBS PG R 6 Wk 1Y K
Ko BEESKENARE AR, AFEFEFRIT AR R RN EFIEMEE 12, Haisae
FERHN TMATIRIREZ R, & AP 5 R L &, TeoR ER A BACHE 113 B 600 FHLA L, 4%
KRBT 7 LB - 40% IBRZE BUAFARS | 21 % 1 B R R KBRS TRHIAL , 329% 1 HAlh R -4, 49% (9 AR

http ; //www.ecologica.cn



6500 H

2
He

Eild 33 %

L. 5% EAT , HARFD 1.5%
1.2 BPAMULIN A R AR 5 AL

h T AR IS A YRR , T 2011 4 11 HAEWT5E
XA T M AE bR 2y ) ST AR R MR R O
FRFENE AR AR, B 2 B T 25 mx25 m ARIERE
Hi 41 A~ (26 A Fal AR 15 A EEEAREE D) o F ST
DX PN I 32 2 kg RS RN, I 32 2 Sy T R A N 2R
By, BT o S A TS T T ARl X B 1l
ST ST Hh P B3 0 A A AR RO A, e SR AR K T
6 cm PR MO A2 7655 FE P e B 3 BRBR HEAOUL
AR 5 0 B S S () o S B I R 33 38 1) T
PR B AR E

R ] s ORI P R v R A2 500 ST b A A1 B
] e A ASE RN A5 B b v B RRARS 10 55 B, PR AR
TR AR AR it A0 R A DR SR o 4 A 4 et R AL
#1,
1.3 32 B H AR I T AL 3

AWFFE R 2009 4 6 H 18 H AR HUAY R & T

0 40 80 km
IKONOS JEREF R, B A% — -2 B4R %4 1 m 1) | ‘ '
BRI 25 AR B30 4 m 02 B (i R —

,,0.45—0.52 pum; Z#(7.0.51—0.60 um; £L {4, 0.63—
0.70 wm; ¥ £L #k: 0. 76—0. 85 pm; 4 {4 0. 45—
0.90 wm) . FAREIRE BT EARLS  REAK T Ry 8, A = i .

Fig.2 Location of the study area
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Table 1 Allometric biomass equations of dominant species

R LIRRER7) S R P LIER7) P
Tree species Stem biomass Branch biomass Leaf biomass Source
D

; . Wg = 0.0166 x (D?H) %9586 W, = 0.0005 x (D?H) 2% W, = 0.00017 x (DH) 3% [28]
pinus thunbergit
A
“i‘& . Ws = 0.0957 x (D*H)>>% W, = 0.0006 x (D*H)"*8 W, = 0.0276 x D"7*! [29]
pinus thunbergii A
PA , , Wy = 0.12428 x (D*H) % W, = 0.24338 x DO947 W, = 0.85369 x D33 [30]
Cunninghamia lanceolata ;
JFRAR o W = 0.0006571 x L8473 241 W, = 0.0001163 x 29497 p1.3223 W, = 0.0032 X L5148 o 08821 [31]
Quercus acutissima N
W, L? ) W = 1.5988 x 27720 W, = 0.0825 x (D*H) %2 W, = 1.0836 x (DH)%21% [32]
Liquidambar formosana ;

|
EE m?‘ A Ws = 0.02583 x (D*H)*9¥% W, = 0.00464 x p>>17 W, = 0.0234 x p"o2768 [33]
Robinia pseudoacacia A
E) 3.13611 3.18456

Wg = 0.04215 x D>363% Wy = 0.00379 x 136! W, = 0.00024 x D*! [34]

Koelreuteria paniculata

RN SARMRHE A R R P I AR KT 6 em (SR Wi 2

Xt R SEARIEAT T LA SR IE , 16 SR EF AN RER IR FEIX A 17 AP X R Bt A LR AL I
FEEBRZEFERIAEAAEIT LA, 2R WU A i AT JE R, 1450 1 00 5 B A 22 D6 31 D B Py A A
e, PRI ENVI 4.7 BAEXT IKONOS Blls AT AR ST EAR , TH PR AL AR A B 7 A 1R 22  $36 FI JH FLAASH #5
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Fig.3 Comparison of the original image (left) and the image after fusion using the Brovey method (right) ( Composition of bands 2, 4,

and 3)
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Fig.4 Part of the segmented image composed of bands 2, 4 and 3
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Kl 6 ZEEIUHR BT X ) PoCA 4341 L, AT L& BB MRN8 i AR 8 B PoCA HRAAAE Wtk 1) 25 [] A2
b, HAFK PoCA I ARG ATARXS 438, T HA /N PoCA WA AAHXT AR, 3R 3 45 i T B R Y 52
A=y A BH M SR AL, 7E 41 DRE T AGB AR ALTE R 4.57—29.21 kg/m*, Ho & i AREE 7 9 AGB

(Values in brackets represent the number of training samples )

http ; //www.ecologica.cn



20 1 W AT R RO R AR A Y A 6503

SERIEN 12.51 kg/m?, [ M ARAE 7 9 AGB “F-¥{H l 16.61 ke/m*, $EHLAY PoCA 1725 fk 15 [l 24 0.64—
41.6 m* , Hrp e AR DT B PoCA SEXME M 11.32 m?, FEMFREE T 19 PoCA SEHMEH 12.78 m?,

®2 HEEMRSEBETNH

Table 2 Accuracy evaluation of Object-oriented classification

TP RS BE/ %

BZHYE Reference data ,
User's accuracy

Hes it eSSl R Bt it AR

Classified data e 60 9 6 75 80.0
Bk 0 49 8 57 85.96
I Pt 6 14 104 124 83.87
AL 66 72 118 256 —

EFERE % 90.91 68.06 88.14 — SAKRE . 83.20

Producer’s accuracy

672700 672800 672900 673000 673100

3551400

3551300

3551200

3551100

YA | K R

E 6 #MAyWRXMAMEIRERNGRE
Fig.6 PoCA extraction results for part of the study area

2.2 T PoCA Myl [ APyt Al AR

i 3 [ A S M A B AR LK1 PoCA 15 AGB Z[B] AL ARG OC AR, AL A BRI it AR A AGB Al
BB 9 AGB=10.148PoCA ™ Fl AGB=3.0836PoCA "> | RIS £ ARAN R Ak AGB 5 WL & s
FCEE I R? 43 340,62 ( P<0.01,n=9) Fl0.56( P<0.01,n=16) AL RIIIELS 5 I, BT € AGBAK 5345 24 (1
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*3 EHFEMEMRNMEEEEERSET
Table 3 Statistical field measured AGB and extracted PoCA of every sample plot

v T R - BEJ7 R BH
number Dominant Species Tree number height DBH/cm /(ke/m?) Total wquadl;at
POCA/m
01 LA pinus thunbergii 46 21.67 31.0 9.97 524.42
02 W Camptotheca acuminata 63 16.50 22.5 10.07 617.70
03 AR Quercus acutissima 56 18.50 26.7 25.88 604.74
04 W Liquidambar formosana 81 15.70 22.3 9.31 608.74
05 AR Quercus acutissima 50 14.60 24.2 15.08 444.80
06 HLHA pinus thunbergii 57 12.50 24.4 8.34 354.56
07 HI#R Robinia pseudoacacia 26 19.50 34.5 24.98 602.88
08 LR pinus thunbergii 91 21.00 33.6 16.23 302.88
09 JFRAR: Quercus acutissima 86 13.87 18.8 9.61 443.53
10 WRAR Quercus acutissima 89 13.67 18.8 8.77 417.92
11 AR Quercus acutissima 24 20.33 28.9 25.95 610.56
12 I EHR pinus thunbergii 37 16.00 22.1 7.31 569.44
13 AR Quercus acutissima 48 15.50 24.8 13.55 608.64
14 RER Quercus acutissima 42 17.25 25.9 20.34 606.72
15 W Koelreuteria paniculata 98 11.67 12.5 13.59 578.40
16 WA Liquidambar formosana 35 14.00 24.1 21.73 513.94
17 L RAR pinus thunbergii 72 11.34 18.7 4.66 518.24
18 ZER} Koelreuteria paniculata 67 11.63 15.7 11.80 522.88
19 2K Cunninghamia lanceolata 46 14.00 20.6 13.22 464.48
20 WKKR Quercus acutissima 31 10.50 23.0 29.21 598.42
21 AR Quercus acutissima 94 8.67 19.2 10.44 525.74
22 AR Quercus acutissima 83 11.40 16.9 8.23 528.08
23 A pinus thunbergii 50 13.20 25.1 7.07 278.40
24 L RAR pinus thunbergii 59 8.20 20.2 4.57 338.56
25 AR Quercus acutissima 98 9.13 14.4 7.50 401.92
26 YR M pinus thunbergii 78 13.63 25.3 13.69 413.72
27 IR pinus thunbergii 55 9.90 24.3 12.60 420.28
28 W Liquidambar formosana 56 10.17 23.1 17.01 547.20
29 A Cunninghamia lanceolata 92 11.34 23.9 12.01 311.04
30 W Liquidambar formosana 60 12.40 20.7 19.80 573.44
31 RAR Quercus acutissima 44 10.33 20.3 21.47 568.32
32 ILREAR pinus thunbergii 47 10.00 23.8 7.96 326.40
33 W Liquidambar formosana 52 11.50 19.0 8.95 427.52
34 Iy AR pinus thunbergii 57 10.35 19.4 10.55 349.44
35 YA pinus thunbergii 68 10.67 15.0 8.14 358.40
36 WA Liquidambar formosana 37 14.77 21.6 15.24 436.85
37 LA pinus thunbergii 58 10.56 18.7 11.76 601.60
38 LA pinus thunbergii 31 13.03 18.8 6.17 378.88
39 WA Liquidambar formosana 72 12.00 16.9 12.05 617.60
40 WA Liquidambar formosana 41 12.15 36.0 22.37 615.68
41 WA Liquidambar formosana 42 11.24 18.7 12.65 618.24

AGB: Aboveground biomass

SEMERCE A BRER AR AR AGB 5 I B FE B R 43 0.55(P<0.01,n=5) 1 0.52(0.01, n=
10) , {H b b A= P A (A B AR 258 S o2 1 2 b b AR W s i BRI S RGBT P AR AGB Al B
RO T R I PROBE IR | 5k 5T S5 M R AR AT S, A S T IR A5 A R, — 5t S <R, WA AR B 22 ] ) B 45 /D

http ; //www.ecologica.cn



20 4

W AT R RO R AR A Y A

6505

) ) 388 SR 2 B P e 4 o B e v, B BB B 1) PoC A LA BN T B S A St TR AR 17 B ) ) v e AR
ASHIN | K201 A 2 s B e 22 ) ) B 8 P42 e A ™ B, 350 A sh 3 B R IR PoCA 5 LS 3 9 T
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Fig.7 Empirical models for estimating AGB of conifer and broadleaf forests based on PoCA and validation of modeled AGB for conifer

and broadleaf forests

B2 RRAGE ST A A W A AR | AT ARp b T AR e P A T RS XN AR AR M A s B 4 AR
FI (K 8), MIE 8 WTLIEH, AR AGB 7778 B i 1Y) 25 R AR AL RRAE , SRR Y AGB FZAE 1 7E 0—400 kg 2

W
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Z>
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S A A AR X EE T AGB AT 400—700 kg 22 8] Ay BB i 5520 | 23 [8) 4 A A8 T AGB &5 T 700
kg BYPAARBHR D 58

ABIR G T e J2 e W T LIS 5 AGB 111 B % SeE W -5 76 2 ek i A S 18 2 552, 2R P 1) %ok G 1) P 4R o0 A Oy

2, ARG 1) IKONOS 5248 i BRI A 1 BH e MR, FH TGS AE Wi . 25 SR 3R HE 2 e /0 I 25 1T 1) ) 2
Y53BT B B T B3R PoCA AR IUELA 5 ks 1 ( RACKE Bl 83.20% , Kappa 2B 0.7370) , FEAEM R
PoCA 5 AGB Z[A] HAG S (A S, 36T PoCA EEST (BT M MORN 8 ARk AGB A AR AL G R 43038 3 T
0.62(P<0.01,n=9)F10.56( P<0.01,n=16) AL IE R IR | Fr A B B4 iy nl Sk M ui e | i
1B W AR S PoCA AT AR ML b A= Wi A2 rTAT MY . [RIR £ IEAR PoCA 5 AGB Z [l A AH G
e FREE AR, 26 BRI — 5 32 B FH T ARl AR 0 1) 18 A 5

ER ARG M AP e — SR e F5 B — RS

H 0 5 2 () ) B B, (A5 A T RS A3 B 43 B RS ) e R A7 76— 10 TR , 1) RUBE 18 ol /N 25
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Fig.8 AGB map for part of the study area
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