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Abstract: Estimation of vegetation aboveground biomass in the arid oasis can provide important evidence for
evaluating the stability of the oasis ecosystem and estimating regional carbon storage. This research targeted the delta
oasis of the Weigan-Kuga Rivers and used ENVI 5. 3 software to preprocess Landsat 8 Operational L.and Imager
(OLI) image data to survey vegetation aboveground biomass in the study area. We extraced vegetation indices and
band factors reflecting aboveground biomass information, combined with measured data from sample plots and used
conventional statistical models, multiple stepwise regression and partial least square regression methods to establish

an optimal model of vegetation aboveground biomass, so as to reveal the spatial distribution characteristics of
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vegetation aboveground biomass in this oasis. It was found: 1) There was a extremely significant positive correlation
between the 20 selected remote sensing factors and the measured aboveground biomass and the values of the
correlation coefficients ranged from 0.5—0.7 (P<C0.01). 2) The optimal estimation models for arbors and shrub
aboveground biomass were multiple stepwise regression models. The partial least squares regression models were
the best models for estimating the aboveground biomass of herbs and crops. The verification determination
coefficients of the model were above 0. 6, and the root-mean-square error and mean absolute error were both lower.

2

3) The vegetation aboveground biomass in the study area was typically within the range of 280— 1450 g-m °, with an
area of about 6973. 82 ha. Land with low lever aboveground biomass (<65 g-m *) accounted for about 15.02% of
the total land area in the survey area. The ranking of aboveground biomass from high to low for different vegetation
categories was: Crops—>arbors™>shrubs™>herbs. For the various vegetation types, the remote sensing estimation
model based on the spectral characteristics of ground objects was able to accurately estimate vegetation aboveground
biomass in the arid oasis, and carry out remote sensing quantitative inversion of spatial distribution characteristics of
its vegetation.

Key words: vegetation aboveground biomass; estimation model; remote sensing inversion; spatial distribution; the

delta oasis of Weigan-Kuqa Rivers
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Fig. 1 Distribution of sampling points in study area
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Table 1 Calculation formulas of vegetation index

LRI EiER S IHEARK
Vegetation index Calculation formula
1 A A 5 NDVIT Dy B Bren
Bk + Bren
ZEHAE B AR B DVI DVI=Byx — Bren
AR B 45 50 RV RVI=Byk/Bren
ST b ok S e . Bk — Brep (1 + L)
A R A B AR R SAVI SAVI= ( BNlRJrBRE)DJrL
2
1 B0 - B A WA BMS AV MSAVI B+ (2B +1) 2* 8(Bux — Bren)
14 38 60K B HS A EVT EVI= (B — Bren)/(Ba + 6Bren — 7.5Bpue + 1)] X 2.5

Bk — (ZBREI) o BBI.L‘E)
B\IIR + (ZBRF.I) o BIH.UF)

KA AE B ARVI ARVI=

TE : B BRI LLAMIZ B 3 By, 278 LGB s By, o 78 WG B L o L35 2800 AR WP LIRO. 5,
Note: B refers to the near-infrared band, By refers to the red band, By, . refers to the blue band, and L is soil regulation coefficient. In this study, L

is 0. 5.
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Table 2 Calculation formulas of Landsat 8 band combination

I Bt 414 Band combination 115525 3 Calculation formula
Wk B ff Ak B 818k Band value and band reciprocal B,,B.,B;,B,,B:,Bs, B,
1/B,,1/Bs,1/B,,1/B;,1/B, 1/B;
24 B L fH Ratio of 2 bands By;=B,/B;, B=B,/B,,Bss=B./B;
B3, =—Bs/B,, Bis=—B3/B;, By;s—B,/B;s
3 BL U fE Ratio of 3 bands Busy=(B,+B;3) /By, Bugs= (B, +B;)/Bs, Boyy=(B,+B,)/B;

Bus=(By,+B,)/Bs, Buyy=(B,+B;5)/B;, Buyyy=(B,+B;5)/B,
Bu,=(B3;+B4)/B., Byus=(B;+B,)/Bs, Bsys=(B;+B;5)/B.
Bys=(B;+Bs) /By, Bus=(B,+B;)/B;, Bysy=(B,+B;5) /By
449 B A Ratio of 4 bands Boys=(B,+B;) /(B,+B5) ,Boyss=(B,+B,) /(B;+B;)

Bysse=(B,+B5)/(B3+B,) ,Byyps=(B;+B,) /(B,+B;)
Bosys=(By+Bs+By) /Bs, Bys,=(Bs+B,+Bs) /B,

1 : B By By By Bs B Hl B, 433l 5 Landsat 8 OLT Y1 j5# 8 Bt L i B (4% B 200 B T £0 A0 I B LA K e 21 90 1 9% Be (SWIRT) Rl P 21 4h 2

B (SWIR2) .

Note: By, By, Bs, By, Bs, Bs and B; represent coastal, blue, green, red, near infrared band (NIR) , short wave infrared band 1 (SWIR1) and short

wave infrared band2 (SWIR 2) of Landsat 8 OLI, respectively.

R3 ENFTEBENBEBRER

Table 3 Function expressions conventional statistical model

] W LGE TR BRI AL Fikat
Serial number Function of conventional statistical models Expression
1 £ M B3 Linear function y=bo+ byx
2 PR AL Power function y= box"
3 1 R I Inverse function y=0b,+ b,/
4 X4 PR AL Logarithmic function y="by+ b Inx
5 185U %L Exponential function y=bye""
6 S #I il £% PR %L S-curve function y= e(/)“ /)
7 TR PR AL Quadratic term function y=bo+ bx+ b2’
8 YR I B KX Cubic term function y=by+ bix+ bya’+ byt

TE s bo by by by BRI SR,y F IR (M A A AR L 2 g 11 728 4 G SRR TR 1) o
Note: by, b1, by, bs are model parameters, y is dependent variable (estimation value of aboveground biomass), x is independent variable (remote sensing

modeling factor).

1.5 #EAFEH

AT FE A AL A RO T B Rl T AR A B P e REU(RY) TR IR 22 (RMSE) FE 34 46 % 2 22 (MAE ) %)
i1 A g R A A TR R ARG G RO ROELARRE T 1, 3 B AR AL 8RR i, RMSE /)N \MAE {8
/N 2 B Ak ORGP . HO PR AT

RP=1—"""—— (1)

RMSE = /%i}(y,—&f)z (2)

MAE= 3|y 3, (3)

i=1

ey g b A W R SEINAE, o b AR B AL, 5 ok S b A A AR, AR AR
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T AR i 2 [ A AR — o AL et R Rt 0 A ) i 5 2% B A F I A S T 2 R A AT R I A B T 5
A TR e 2 A b b A ) e A A A B A G DG R 1 A R DR A Dy v A SRR DAY ) [ AR (P<<0.01) . WNER 4 FF
RGIEAREARE B AR A A 15 R @A A AR A 1T AN RO 1 AR AR R 9 AR
Yy a i [ A e AR LA AR R 20 4 . HiP 5 7R OR SZI AR e A 6 A D) 0 38 R K TN By, MR R UK 0. 755
(P<C0.01) 5 55 ¥ A FN B A S0 My T A 4 o A OG5 %5 U0 09 28 5 PR A 4 48 U ND VIR SA VI, A 3¢ R 8053 1 0
0.720F10. 711(P<C0. 01) 5 1M1 5 4 AE ¥ S b b AR W) 5 A0 OGO R B IRy 2 s K 1/B,, M C R ER 0. 756
(P<<0.01), HykJ2& 1/B,, M R ECH 0. 742(P<<0.01) 6

x4 ERFUEEFEEHM EEVSHEXESN

Table 4 Correlation analysis of remote sensing characteristic factors and aboveground biomass of vegetation

s AR Ak SN A WA R s A Ak PIN A WA RIEY
Serial number ~ Variables Arbors Shrubs Herbs Crops | Serial number ~ Variables Arbors Shrubs Herbs Crops
1 NDVI 0.716%x  0.720%x 0. 711%x 0.602%* 11 Bas, 0.660%*  0.617*F 0.628%x 0.673**
2 RVI 0.701#*  0.716%% 0.707** 0.675%* 12 Bise 0.657*%  0.519%* — 0. 669%*
3 SAVI 0.716%x  0.720%x 0.711*x 0.602%* 13 Buss 0.737*x  0.601** — 0. 686%*
4 ARVI 0.662%*  (.543%x* — 0. 589%x* 14 Bius/e 0.634xx  0.497** — 0. 666%*
5 DVI 0.730%*  0.670%* 0.609%* (.488%* 15 Bosas 0.711%%  0.660*%*% 0.598%* 0.679%*
6 EVI 0.634#x  0.567*% (.555%x (. 542%* 16 1/B; — 0. 587 — 0. 756%*
7 1/B, 0.590%x  0.596%* 0.536%* 0.718%** 17 1/B, — 0. 531*x* — 0. 742%*
8 Boss 0.755%%  0.701*x 0.588%x (.682%* 18 1/Bs — — — 0. 572%*
9 B 0.650%x 0. 508%x* — 0. 672%* 19 1/B; — — — 0. 669%*
10 Bas 0.677++  0.571%* — 0. 670%* 20 Bay — — — 0. 557%**
TE e =R IRTE 0. 01 /K b GBI B A 35 FH DG, — 73R JE B 38 AR S
Note: ** indicates extremely significant correlation at the level of 0. 01 (bilateral), “—" means no significant correlation.

2.2 MARKM LA AEN AR M E

2.2.1 TR M I A A D AR TR R 5 E I A BE 7 vl 5 AR AR 7 18 G AR AR I AR T R A B AR B S
W B 2 A B SRR O SN AR gt ST TR OR Bl b AR W A I AT R SO T B AL A S AL, T 214 T AL
DU ASE TR g g, 1O P PR RU G UE . 3R 5 AT 1, 8 5 FURE TR v — YR AR 70 S A8 SR o 5 3 sk 5 | A R 50 B3 A8 ot 1Y)
K5 3y, 22 00 38 A 1] A A 70 5 26 6 5 1) A ASE ) A8 o Ry BAAR B R (Bsy) 5 LARE SRR F By \Busy NDVIFI B, o AR i
B4 i B /N TR AR AR ELAT B e AR I BB T o R, A 3 A AR AR Y [ 1 sk AR 4 K B AR 3 K F (P<20. 001)
Ak 0 S R (4 e S R B0 R MK YR S B M YR IR B0 (0. 893) >MSR A I (0. 812) >PLSR A EI (0. 745) , ¥ )7 A i%
% (RMSE) H K 2] 5 43 51 8 PLSR 58 5 <TMSR A5 81 <7~ YR IR AR | i 5 35 448 X % 22 (MAE) ] 2 MSR 5 5 fz
AN ORI B K, 25 Z TR A 43 BT A S MISR OSSR LA 858 e 0 Al DA B2 RS 1 o 3 3k 6 MISR AR 7Y 1 2 AL
AR RN 5 T A S AR ) 5 A D AR ) R A R Y R BT R AT A B Al B 5 S IE 2 TR B A B A B LA ROR
MSR R 0] /5 R 8 58 X Fe A b A= 9 0 e A A AR AL (1 2) .
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Table 5 Evaluation of different estimation models for aboveground biomass of arbors

i ik B Modeling I8IE Verification P
Model Expression R* RMSE MAE R! RMSE MAE
Z T Quadratic term Y = 131535B,5,” — 55681B,5, + 6032.2 0.686 4.517 0.067 0.893 9.521 0.118 0.000
% 7035 [0 19 MSR Y = 12444.188B ,;; — 2583.234 0.607 5.050 0.066 0.812 8.176 0.095 0.000

/N WA PLSR Y = 78279.023B 55, — 35702.875B 5, + 2641.657NDVI  0.713  4.589 0.069 0.745 7.753 0.107 0.000
—72808.192B,;, — 2275.642

700 [ A EHIL Training set

2.2.2  FEARMHE b AR YA DN AR AL K 5 IR %
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6 AT HL, {61 4T A b 1 A= i ) S0 AR B d
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Table 6 Effect evaluation of different estimation models for aboveground biomass of shrubs

TR Fik A Modeling B3I Verification P

Model Expression R* RMSE MAE R?* RMSE MAE
SHUML S-curve Y = PO ATV 0.560 0.832 0.689 0.394 0.826 0.642 0.000
£ 6% 4 A MSR Y = 753.726NDVI — 907.902EVI + 25.979 0.542 10.525 6.577 0.637 5.810 4.125 0.000
ME/N =l Y =—121910.662NDVI+ 123789.485SAVI — 5723.928RVI+ 0.648 9.233 5.783 0.721 6.198 4.910 0.000
PLSR 762.62B,5, — 400.296DVI + 3537.964B ., + 9181.916B.5, —

3966.025EVI — 4253.029
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Fig.3 Verification of shrubs optimal model in the study area

Table 7 Accuracy evaluation of estimation model for herbs aboveground biomass in the study area

BE Al #iki

Model Expression

#4 Modeling B3I Verification P
R’ RMSE MAE R’ RMSE MAE

:{)/“\‘Iﬁ Quadratic term Y = —33287RVI* -+ 5455.5RVI— 198.02

£ I9C% A AT MSR Y =323.65NDVI — 167.376

0.467 5.931 4.939 0.696 5.204 4.695 0.000

0.462 5.958 4.901 0.687 5.271 4.824 0.000
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Fig. 4 Verification of herbs optimal model in the study area

Table 8 Accuracy evaluation of crops aboveground biomass estimation model in the study area

LAY ikl # A% Modeling I8 IE Verification P
Model Expression R’ RMSE MAE R’ RMSE MAE
SHI %k S-curve 10115~ 1% 0.623 22.027 16.058 0.513 18.648 14.360 0.000
Y=e o

ZRBLEAMSR 76y 667% —911.79
3

it 52 /s — e a4
PLSR

=7622. 851* + 783. 59* +6615.782——

— 3540.965B 4, + 349.606

0.571 19.860 13.008 0.677 17.638 13.648 0.000

0.613 18.863 13.158 0.626 17.659 13.671 0.000

+1530.927B 5,
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Fig. 6 Estimation of vegetation aboveground biomass in the study area
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Table 9 Statistics of vegetation aboveground biomass in study area

Lo S RACE Y By ¥ K Arbors A Shrubs 7 Herbs AW Crops
Grade AGB T I i FAM I R HAM I T HIb I
(grm ) Area Proportion Area Proportion Area Proportion Area Proportion
(km?) (%) (km?) (%) (km?) (%) (km?) (%)
1 0<<AGB=65 78.04 16.74 0.17 0.01 1245. 46 75.21 45.11 0.92
II 65<AGB<.280 175.23 37.58 0.31 0.01 410. 43 24.79 182. 80 3.73
1 280<CAGB=.950 212.98 45.68 2087. 26 99.98 — — 1436. 62 29.31
I\ 950<CAGB<.1450 — — — — — — 3236. 96 66. 04
411 Total — 466. 25 100. 00 2087. 74 100. 00 1655. 89 100. 00 4901. 49 100. 00

BRIV AR R £, A 5 IV 3 9005 A 1 AU ), AR 7 L Al 3k 66. 04 %6, (ELAE AN [R] i Flokig #0453 7 UF
RAEY L EAYRBAE - EWEEES . B TRARAEEREK AW =T, 5EARM A - E A i
AR, EE LA 482 3, B 5 AR 43 50k 175, 23 71 212. 98 km?®, i 45 1 2540 i 7 A 2 W i o b A1 L AR
916, 74 % WFFE X PE AR ST AR Ol 2087, 74 km?®, Hb b AR W i R BLAE AR 280~950 gem Y, RIAESS T A5 4% Y LT i
99.98% M AE 1 11 5 AA AR 53 A0 o A 32 53 A 75 T8 — i 9 Y 52 15k 988 7 DA B e 98 DX, A A 356 15 AR
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