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t, HERBAC R R E . bR KK A e DX e o AT A A0
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Murr.) #ENZE, “FIJ#EK 840 m, HuFECA PRI,
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Fig.1 Location of study area and distribution of the sampling sites
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1 F 2 R0 T SR BURABE 60° 1 3 AN i) () e i BT 24048
42 . AEERHIE 130 cm AL{8 F 4R AT &
1.2.2  RANMNZFIE

T F2 A% FH 1 e A B D Jie 38/ BT A ML K 3Rk R
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Fig.2 Road map of technology
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a. Canopy height model b. Seeds of Populus euphratica c. Canopy of Populus euphratica
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Fig.3 Extraction process of Populus euphratica canopy structure based on UAV image
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Fig.4 Extraction process of Populus euphratica canopy structure based on WorldView-2 image
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Table 1 List of features

I Features Correlztaii/c%feﬁfﬁcient R Features Correlztaigi;%feﬁfﬁcient
oP% Brightness -0.176 46K MH Max_Green -0.35
RKZEREE Max_diff 0.63 NDVI #){f Mean_Ndvi 0.602
NDVI £ Quantile _Ndvi 0.601 NDVI & KfH Max_Ndvi 0.539
AN A% Quantile Nir 0.361 WOt R {H Max_Blue -0.354
A% Quantile Blue -0.525 ST AR IE Max_Nir 0.298
A% Quantile _Green -0.514 GLCM % GLCM contrast -0.416
2640 Quantile_Red -0.549 GLCM 48X GLCM correlation 0.307
WthrE 2 Standard Deviation Blue -0.331 GLCM #Jfitt GLCM dissimilarity -0.457
ZI6FRHEZ Standard Deviation _Red -0.327 GLCM %5 GLCM entropy 0.277
NDVI #7ifi % Standard Deviation _Ndvi 0.279 GLCM [Afit4 GLCM homogeneity 0.449
£ ehRiE % Standard Deviation _Green -0.281 GLCM #J{ GLCM mean -0.407
JELTAREZE Standard Deviation Nir 0.194 GLDV ffi 4 GLDV Ang.2 0.457
WEIE Mean Blue -0.567 GLDV x% GLDV contrast -0.416
£E6¥)MH Mean_Green -0.555 GLDV /i GLDV entropy -0.454
2163518 Mean_Red -0.575 GLDV #J{ GLDV mean -0.457
IEZLAMYME Mean_Nir 0.348 WAL Area 0.413

e DLERFESILE 0.01 KPR
Note: All features are significant at 0.01 level.
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ERB RN 0941 (B 5d) , RAFET T ANLIE A
IFR IR B, 0T DA FH o AN WILA B30 45 SR 0k vy 40 o
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=0.837x+0.927
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Fig.5 Extraction of canopy structure and Above Ground
Biomass(AGB) of Populus euphratica based on UAV remote
sensing data

2.3 FEEWIUE
2.3.1 REHH

N ASTH A M o MR TR A SR R,
1 30 50, 100 A1 250 m MBS, o orHER T
BEEEERSEANAGELS R TR, S5R1REWH, 5
TNNUG S RAR L, T T2 38 BB O = 5 4
B 2.2%~3.2% (K 6a) , 0B R A 5% 2 B2,
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B APLEZ L UAY image B NPLEERUAY image
SR HE DR o AR DALAR
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Fig.6 Comparison of UAV and high resolution satellite image
estimation results
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Table 2  Extraction effects of Populus euphratica structural information at different grid scales

PE REL

FruELL 2% Standardized coefficients

[P = EN=S- A

Coefficient of determination
A% R/ EMLUAV High resolution satellite image
Grid size/m N i — N - - N - -
Y e Crown W AR Y e JEL M i Y e JEL M i
Height diameter Density AGB Height Crown diameter ~ Density Height Crown diameter Density
30 0.801 0.299 0.526 0.700 0.569 0.096 0.622 0.629 0.045 0.572
50 0.838 0.361 0.700 0.809 0.499 0.146 0.722 0.510 0.083 0.667
100 0.923 0.609 0.813 0.851 0.447 0.141 0.793 0.472 0.085 0.730
250 0.961 0.744 0.920 0.928 0.557 0.044 0.705 0.472 0.023 0.739
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Estimation of above ground biomass of Populus euphratica forest using
UAV and satellite remote sensing

Yang Xuefeng, Zan Mei, Munire:Maimaiti
(1. College of Geography Science and Tourism, Xinjiang Normal University, Urumgqi 830054, China;
2. Xinjiang Laboratory of Lake Environment and Resources in Arid Zone, Urumgqi 830054, China)

Abstract: Currently, there is still some limitations on the Above Ground Biomass(AGB) of forest using spectral information
from remote sensing technology. In this study, taking Populus euphratica forest in the lower reaches of Tarim River as an
example, the Unmanned Aerial Vehicle(UAV) low altitude remote sensing and Very High-Resolution(VHR) satellite remote
sensing were used to estimate the forest AGB using forest structure information. Some more advanced UAV and image
segmentation techniques were used to improve the accuracy of crown diameter, thereby to improve the accuracy of AGB
estimation in the future. The AGB of Populous euphratica was divided into trunk biomass and crown biomass. An allometric
equation was used to calculate with the parameters of tree height, Diameter at Breast Height(DBH), and crown diameter. The
actual procedure was as follows: Digital Surface Model(DSM) and Digital Terrain Model(DTM) were firstly obtained using
UAV oblique photogrammetry and Geographic Information System(GIS) interpolation, together with the Canopy Height
Model(CHM). Secondly, an Object-Oriented Image Analysis(OBIA) was used to acquire the tree height and crown diameter.
Finally, an allometric equation was used to calculate the AGB by UAV measured data. The VHR WorldView-2(WV2)
Normalized Difference Vegetation Index(NDVI) image was calculated by the OBIA and GIS overlay technologies, thereby to
extract the crown diameter as result. Specifically, the WV2 tree height was obtained from the regression model that built
between 32 general features and UAV-measured tree height. The AGB by WV2 measured was calculated using an allometric
equation. A comparison of UAV- and field-measured data showed that: The coefficients of determination(R*) of crown
diameter, height, density, and AGB were 0.783, 0.866, 0.941 and 0.816, respectively. A high goodness-of-fit was also proved
that the UAV-measurement can be expected to replace the field-measurent in plot size. Tree height from the WV2-measured
was overestimated by 2.2%-3.2%, resulting in the trunk biomass was higher by 10%-13%, compared with the UAV-measured
data. The crown diameter of WV2-measured was significantly overestimated by 27%-30%, resulting in the canopy biomass
was overestimated by 58%-71%. Therefore, the density was underestimated by 1.8%-6.5%. The AGB of WV2-measured was
overestimated by 22%-26%, compared with the UAV-measured data, where the error mainly came from the canopy biomass.
A comparison of WV2- and UAV-measured data on the four scale grid size of 30 to 250 m showed that the R of crown
diameter, height, density, and AGB increased with the increasing of statistical grid size, whereas, the R* of AGB was 0.851 at
the scale of 100 m, which was usually used as a AGB statistical standard size. The forest structure information can be obtained
by the VHR remote sensing through the OBIA with the support of UAV-measured data, and a good AGB accuracy can be
obtained on a coarse scale. The linear regression models were established between AGB and crown diameter, height, density
obtained by the UAV- and WV2-measured data. The coefficients of tree density and tree height were larger than those of
crown diameter, indicating that tree density and tree height were the most important factors affecting the AGB on four scales,
while the crown diameter has the least effect. There was an increasing trend in the influence of density, whereas a decreasing
trend in the effect of tree height, with the increase of statistical grid size.

Keywords: UAV; remote sensing; above ground biomass; structure of forest; Populus euphratica; satellite remote sensing



