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Spatial downscaling of forest biomass based on remote sensing
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1 State Key Laboratory of Remote Sensing Science, Faculty of Geographical Science, Beijing Normal University, Beijing 100875, China
2 Beijing Engineering Research Center of Global Land Remote Sensing Products, Faculty of Geographical Science , Beijing Normal University, Beijing 100875,
China

Abstract: Forest biomass is an important indicator that can be used to evaluate global carbon—oxygen balance and climate
change. At present, the spatial resolution of existing global forest biomass products based on spaceborne large footprint
LiDAR data is too coarse to meet the needs of local forest investigation and dynamic monitoring. Therefore, it is necessary to
determine a downscaling method to produce high spatial resolution forest biomass products from coarse resolution products.
Two areas with different forest distribution patterns in Maryland, USA, were selected in this study to establish statistical
relationships between low resolution multispectral data upscaled from TM data and forest ahoveground biomass ( AGB)
which were upscaled from CMS ( Carbon Monitoring System ) forest AGB products or directly from GEOCARBON AGB
products. The statistical relationships were then used as a downscaling model to downscale the forest AGB products from a
spatial resolution of 1 km to 30 m. Results showed that the spatial distribution of downscaled 30 m—-resolution biomass from
simulated forest AGB was roughly the same as that of the CMS biomass. The RMSE was between 59.2 Mg/hm’ and 65.5 Mg/
hm’. The correlation coefficient reached 0.7. Downscaled 30 m-resolution biomass from GEOCARBON forest AGB had a
higher RMSE, which was between 75.3 Mg/hm” and 79.9 Mg/hm”. Compared with the linear model, the non—linear model

showed the relationship between AGB and multispectral data more effectively. In general, there was an AGB underestimation
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at high values and overestimation at low values.

Key Words: forest aboveground biomass; downscaling; statistical regression; remote sensing
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Fig.1 Map of study area (including land surface classification image and standard false color image of the study area)
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Table 1 Land surface characteristic parameters used in the study
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Table 2 The regression equations for forest aboveground biomass estimation

S RIS 7 % SR a1 5 #2

Approaches Modeling methods Independent variables Regression equations
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Fig.3 Comparison between spatial distribution of CMS and downscaled forest aboveground biomass of study area 1
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Fig.4 Comparison between spatial distribution of CMS and downscaled forest aboveground biomass of study area 2
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Fig.5 Scatter plots of CMS forest aboveground biomass versus downscaled forest aboveground biomass of study area 1
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Table 3 Accuracy evaluation indexes of the downscaling method

o e F%RJE%_H: 1)y Bi%2% RMSE R 5%
Approaches Study area Dovnscaling ! Root Mean Sq“";re Relative error
method Error/ ( Mg/hm?)
GEOCARBON #RbHh I A= 1y i RUEE BIEIX 1 ESacs e nlE| 0.44 75.9 52.6
GEOCARBON forest LA mH 0.22 75.3 51.7
AGB downscaling WFITIX 2 Ey e o AnlE| 0.35 79.3 53.0
|22 ezl 0.35 79.9 52.8
PR I Ay B R WF5EIX 1 ZreE ML A 0.69 64.6 44.4
Simulated forest AGB |22 ezl 0.73 59.2 41.7
downscaling WFFEIX 2 Ev e o AnlE| 0.69 65.5 45.4
LA 0.75 59.5 42.0

F4 CMSHFmi EEMEMBEREFME EEMERITES

Table 4 Statistical measures of CMS forest aboveground biomass and downscaled forest aboveground biomass

Pd v S = INTHE
ffj;y[tma ﬁ?‘ ji('niﬁijiit . Meaij\{;iill;e/ Standiz{ﬁfizmon/ Maxiijf T-Ezlue/
(Mg/hm*) (Mg/hm®) (Mg/hm*)

F5EIX 1 CMS AGB 138.5 84.8 386.4

Study area 1 B AGB Z e Mg AP Inl AR RUBE 5 R 145.2 83.8 483.6
HERL AGB HELAE [l 1 e RUBE &5 21 143.0 77.4 488.9
GEOCARBON AGB £ 04 PE& A [m] 5 e JLURE &5 2 159.2 59.3 322.9
GEOCARBON AGB JEZ& A [l IH 3 RBE 45 21 145.0 58.1 297.6

WX 2 CMS AGB 135.9 86.5 409.1

Study area 2 HEHL AGB Z2 0P AP Il AR RUBE 5 21 151.8 78.8 553.6
Bl AGB AEZ 1 ] I e R 285 2R 150.2 66.5 542.2
GEOCARBON AGB Z JuZk L% A 1] I e RUBE &5 21 158.1 44.4 341.6
GEOCARBON AGB AE£k M [l IF e RUBE &5 177.7 40.3 320.0

WEFELERE T BEHE 0 B FEHR SO AR FE B0 3 AN HEAr . B 2% 8 S it 7 S5 WL A A e 17 R ) ke
WEAL R BE R R 0 B G B A5 50O PN it — S LS 70 v B e 2 ] 1) 0 B R {2 B S0 LA DX 38 P 4
AR SO T, RAEFEESE T RIS A BE G T ) 28 St B BRI Y 2R A v i A 1R T [ R A7
TEN SN A AR AR B A,

WFFEIX 1 FIFSE X 2 FRbkat 2 A BEBR B3 70 R 1362 F1 1620, HAMTEANFEFRITEZE R ILE S,

£S5 WIAREHEMMENZUIELX L

Table 5 Comparison between landscape indexes of forest in two study areas

WX A P I8 R R
Study area Classification Patch density Splitting index Aggregation index
B5EIX 1 Study area 1 FOgN 1.12 1.51 93.51
WF5EIX 2 Study area 2 R 1.95 1.984 92.87

MR 5 TR BFSEIX 1 RMR IS Y REDR R B R o3 8 BE RS B/ TP IX 2, EEREEFRECR THTSEIX 2,
BXULHIHITE X 1 A BRAR A AREL TREFEIX 2 SENNSRAE , A e B SR, ik 55 o RUBE S SR DR 45— 2, A T
VEWIAR SCAY I3 ROBE T 1 m] BE B O 45 T AR MRAGO LI S A O BIE ST X
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ARSI EE H )RR ST Ao e R RUBE A 512, Al S R TR VR 7= b 22 () A A 1 R e PR 22 5 i R
ROERR R T RS B A P i 550l A A I BE R AR ™ S A B R TR RS, (Bl
30 m Al 1 km Z [A) RBEESHE K, HAFST X b 678 35 2R 2% AR W A 1 1 2 MR A 1800, #R k4l
Gt/ B BER AR E GO AE Y s K . R A ORI RS T L B I, T 3 B 2l IR 2 R 2
MHE A AR I TR R AR (EATS 8K N 8 58 4 ikt 5 TR B AR 0 Xt e RO AR AR S 57 KOs BE PR 19 5
Wi, VRARITT AT 6 RO AR Y (4 52 0 = B2 R BUAE . X T P AS [R) b 26 78 35 28 T 4L & (A0 FH i AR AR 3k Tl
FERAR) B HE IR A G ot =, B2 H ARG T LL AR [R], 00 AT 25 s B0 AR R 1 A= 4y 5 (A ) H
T TR (A0 e B b % B 5 3R ) 22 AR KRR IR 00, 3 o A R g T 23 R I o RS 4% SR A R s, PRI, 4l
T 6 FUJR: e JRUPE A TR ) 8 ) SRR T AR AR T B W S I RURE T e R — 2B 98 A

M 3.3 5 o S A RREAE S AR R EE VR 845 0T LLE AR SCrp ) FH SO 43 9 2R A 40 i B0 2 ST 1
RO M S0 T ZRMHE_E A a1 km 25 [ 0 HERE] 30 m 25 A 0 R 955 4, {H GEOCARBON
Wiy il e RUBE O 45 SR 85022 DR 2 AR JLAR 2 (1) Bl 5 b S st 2 AN ] B RO A B0 B CMS 77 i 5
GEOCARBON 7= fh Z [ fF7E RG22, I 7 0 1 km 4338819 GEOCARBON FRAk il I A= 4 43 A T IR 5
CMS ZRARHL b AW hE 0 A 7628 [ 0 A s J A B A AR AR 22 5%, GEOCARBON A= 47 3t 434 {E 35 3 fIK T CMS
FEREEZESR ; (2) GEOCARBON J7 S A B FEAT B, 77 i 1 BPRG BE 4 BL 22 i 2 B ROBE 25 5 . b P 3kl H
X GEOCARBON ZR A4 2 1 FH AR MCE BUR (GSV) BEHuAG 509, GSV AL AR T8 38 5 1) O I o, 76 %%
BRI 2 RN T80 GSV BARAY , R kA . 18 5 & 6 #5 1&l  GEOCARBON 2R
Ay A RO 5 A o L DR A AE B S AR A I

7 ###l AGB #1 GEOCARBON AGB 4% tb % (Mg/hm? )

Fig.7 Comparison between spatial distribution of simulated and GEOCARBON forest aboveground biomass
(a) WFFEIX 1, #5400 AGB 43 4. (b) BF5EIX 1, GEOCARBON AGB 3. (¢) BIF5EIX 2,848 AGB 434 (d) #F5E X 2, GEOCARBON AGB 43-4ii

WFSEHE S A P ROBE AR BT AR bR il A= ) 5 i 418 ORI 1) 5C AR R A AR X — e i, fH5K
b TR AR S R S AR AN — E SE AN T o R U I — R i 2 B R 4 2Rl
KR ZE | W JICTE TR VBT 7 2 f5 o 5 ) L8 2880107 A3 L JBE S TR AR B (8 A 2k 2 o, 5 S W — 4> PR R IR
FEGE R LA R, PRI, 5 T SR BT SE vl i — 2P 5 e B i IR A R AR A 50 3 B )

R,
4 #Hig

AN SC LS [ 22 N A A XA RS X, FE T CMS 30 m 43 3R Al GEOCARBON 1 km J0 R 25 MK
AR DL e TV SEEC R 8 s T ROBE RN 43 9 23 A 1 s A L T A o B i s oy =
O3 2N T 26 R S RO /3 P R AR bR b AE Wy B s 22 IR O G836 2R, 196 & R R AR i
P2 WG AR A= R B 25 ) A0 HEREN 1 kem B RUBE 2] 30 m, Ff X0 4 RUBE 235 SR E A 7RG BE VT4 Rl 22 K TR
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BRI 15 RUBE J5 ) 30 m A3 BER AR AR I A= Py et 25 6] 40 A R CMS ZRAMRHE_E A= 9 12 20 A RO K B [
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