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Abstract: Aboveground biomass ( AGB) is an important indicator to guide the management of livestock industry, and it is
the basis of comprehensive analysis of the balance between grassland and livestock. To date, only few studies have studied
the spatial distribution of grassland AGB in Qilian Mountains, and the scale differences of multi-sources data have not been
well solved. Therefore, in order to understand the spatial distribution of AGB in Qilian Mountains, we used the space-air-
ground integrated method based on Sentinel-2 multispectral data, Unmanned Aerial Vehicle (UAV) data and the measured
AGB data during the growth period of vegetation in 2021. In addition, we analyzed the applicability of Decision Tree
Regression (DTR) , Random Forest Regression (RFR) , Gradient Boosting Regression Tree ( GBRT) and eXtreme Gradient
Boosting ( XGBoost) algorithms for AGB inversion. Finally, we mapped the spatial distribution of AGB in the study area
using the optimal model among all the models. The results verified that the effectiveness of vegetation indices varied in study
area. Generally, the results indicated that the spatial distribution had an increasing trend from northwest to southeast, with
an average AGB density of 925.43 kg/hm’. A significantly positive correlation was found between 6 vegetation indices and
measured AGB, and both of the indices was suitable for inversion of grassland AGB in the Qilian Mountains. Moreover,
compared with other models, the performance of XGBoost model was the best, with the highest R” of 0.78 and accuracy of
74.75% , the lowest Root Mean Squared Error (RMSE) of 99.74 kg/hm’and Mean Absolute Deviation (MAE) of 71.60
kg/hm’. In addition, UAV data provided spatial characteristics in detail, which reduced the scale difference between
Sentinel-2 and the measured data. Therefore, on the basis of the correlation between 6 vegetation indices and AGB, it is of
practical significance to construct the XGBoost model to invert the spatial distribution of AGB in grassland of Qilian
Mountains. The results can provide a reference value and data support for guiding the development of livestock industry and

maintaining the balance of grassland ecosystem.
Key Words: aboveground biomass; space-air-ground integrated ; grassland; regression model ; Qilian Mountains
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3800m , (5 HL AT FRZ) K 128300km? , 4EF- IR R 0.6°C | 4E -2 [k B 298 400—700mm™> , SERRFE R &%
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AR L F S AGB AU RIS ] > 2021 457 A 20 H—8 A 10 H , IE{ER BRI, 64 23 4k
EACRAR I LI R JEARL A I R SRS AR B SRAE DX (AN 1 s ) | 8 — 7 T () 76 R Ml mP [a) 37 1 33 100m x
100m FEZE (1K 2) il SR BA R I EEAE B AR 26 B 4K S5 Mm% . W 5 Sentinel-
2 SAREHE R 73 A (10m) AHVC AT, PRAEAE DT 7ERAE X N B 55 B R 2R R H 50 A, AR AT 5 > 1Im
x1m #E 75 BAFEIT B EE 25 20m (18] 2) , 2t 115 ATy, WCERFE Ty 8 A AL ) b B384 B L6 o f
TESLE BN E T 105C AT , R 85CHLT R RGN MR T 5, 5t B A &,
AREL 115 DRE I AGB S2EE . H A9 A% L il AGB S I ZREEFASE . 2250 b % 4% W9 IX.
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Fig.1 Overview of Qilian Mountains in study area

EVE i VUL = 2R U7 ) B B 25 5 VL DX A
M, DA B J50A ) AR g DX R ol o3 A X o HL o5
BEFIA 85% LA b LA iR R 2
1.2.2 EGEE 5405

Sentinel-2 J& 5 43 PR 2638 % A2 B ] L
o6 JELLANAE 13 A B, Horb % 3 ML B (3R
1), BEAE S WA B ) S 5 FO GRS R AR, BRAE IS 20 BE R
AIRE] 10m' ™, AHFSE P ITTE Y Sentinel- 2 J& 87
38 1 BX AT K J5) ( European Space Agency, ESA) B ¥
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Fig.2 Schematic diagram of sampling area
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30m 43HE%R SRTM %04k ( https : //lpdaac.usgs.gov/ products/srtmgl 1v003/)

FIF SNAP  ArcGIS B 4%F Sentinel- 2 B #fa 7 A7 Pl Ak B, (45 5 R AF BRI AR 9T 45 (18 3) . ff 1] Pix4D
Mapper %} UAV Bfl #4790 M HALE F 28 =8 S AE 15 20807 IESTEAR 5 A ENVI B4k 2

AP P AT AL B (18] 3)

http ; //www.ecologica.cn



22 4 TR A BT LR S AR A R AR A I —— DA 5 L b 4] 8957

£ 1 Sentinel-2 MSI H{IEHSHER
Table 1 The characteristic of Sentinel-2 MSI

BB 2R LK/ nm BB P %/ nm 2B 5B /m
Band name Central wavelength Bandwidth Resolution
13 2/ ST B 1-Coastal/ Aerosol 443 20 60
2-WE A B 2-Blue 490 65 10
3-L4 (A BE 3-Green 560 35 10
4-L1 A Bt 4-Red 665 30 10
52T BE 1 5- Vegetation red edge 1 705 15 20
6-ZLi1 I B 2 6- Vegetation red edge 2 740 15 20
T-2Li5 B 3 7- Vegetation red edge 3 783 20 20
8-ITLT A B (9E) 8- NIR 842 115 10
SA-TLT AN B (78) 8A-Narrow NIR 865 20 20
9-7/KZE W B 9-Watervapour 945 20 60
108 4T 4N BE 1 10-SWIR 1 1375 30 60
1S I AMIE B 2 11-SWIR 2 1610 90 20
12-J PR LA B 3 12-SWIR 3 2190 180 20

NIR : L £L40 BE Near infrared ; SWIR ; JH U £L /M) Bt Shortwave infrared

20214F7—8H 218 234N FRHEX 1154 EETT
Sentinel-2 814 %47 UAVE#E AGBEZ $

TRAE HIBLE MR | 25 = phEm

, v

— . TR A AT BTRE

| s || i | kel HAEFAN 10 m) |
¥ TISANFEA £
SRR BEAR B | SR B AT AGBHLE
| [
y
R 2

B3 HiELERER

Fig.3 The process of multi—source data

1.2.3 BB

TS Sentinel-2 BRI AGB J5 T Y WE 1, WAL SH BT AR B S, 46 UAV KU B T, %4 21
Sentinel-2 SZGEHEFENC T EVI RV L1 0 — A9 45 %% ( Red Edge Normalized Difference Vegetation Index,
NDVL,) JTSAVI £/ fi] 5 FEAE ( Red Edge Simple Ratio, SR, ) 12 & f&] 5 HAE ( Modified Simple Ratio,
MSR) 6 Fi 48 (35 2) , 1T R IEARE L AGB 125 [H] 5341
2 BARFAE

SESTABIE L ¥ AGB S WM HE M 38 IR BT B BRI LI 4, B Ry =y, =y =y, =
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=Y, MR IS AGB AL 5y, 32 7, 0+ 2 2+ Q() i + Q) 53510 SRR (19 AGB Hi
HAE S F (x) RRE B E

®2 EEMEWRIER

Table 2 Selected vegetation indices

HEHHE L AN 275 Sk
Vegetation index Formula References
HRALHIRHE AL EVI 25 X (Ry, = Ryq) /(R + 6R g = TRy + 1) [5]
HAE R S %L RVI R /Ry [11]
LA — AL HEEL NDV L (Rod-cdzer ™ Rrcdmedaet ) 7 (Rrcgzedger ¥ Recd=cdge ) [13]
At T+ HEVR R A AR 4 TSAVIL 0.5 x (R, - 0.5R, - 0.2) /(0.5R,;, + 0.5R,,, +0.1) [13]
LTI BLLG(H SR, R/ R -eiger [26]
HCHE R L LG MSR (Ry/Ruy = 1)/ VR /Ry + 1 [26]

EVI. Ba5m RUAE #% 35 %% Enhanced vegetation index; RVI; Hﬁ B 7 A% 4k 45 %X Ratio vegetation index; NDVI705 . 2138 3 — AL A 9 75 80 Red edge
normalized difference vegetation index; TSAVI G - 1 E T A 9k 45 X Transformed soil- adjusted vegetation index; SRre: LT 3h A B LE(H Red edge
simple rath;MSR;EﬁU_gQIE"JﬁHﬁﬁ Modified simple ratio
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Fig.4 Technology roadmap
AGB: FEibh 144kt

ACHM T DTR \RFR CBRT #1 XGBoost 4 RS IEM AR L 3 AGB S AR . X 4 ML T
4325 5 A ( Classification and Regression Trees, CART) SZELHUN | CART SR FH 4338 A 70 B4 AR | 18 1 4 22
— A U RE A HEA T8 50 A3, A5 AR A (8 B /N 5 254 SR 43 24505 s R
2.1 BRI

DTR 7E I B3 G BT /e iy A s Ta] v 388 U bk A DX 43k A7 IX O e A~ X8l 9 %
A, A T SRR AR AR AS O TR REAE (945 52002 T By 119 2% 235 a0, i AR AR 08T I 20 3 e SRR
IR LAEN T8 U R EE SR RFR A —FREE 2 > T3k, R T Bagging (1848, 7[R R I 2R A A
A A T et A B AL IBORT VI A SR B2 T 2 SRR 51T B BIL G P 38 4360 8t A 7 10, i o
JIT A DR SRR i 1 ST A9, T LAl G BT SRR 1 Jg B 4 3 scd B AERARE 78y 2k R e B . GBRT #:F
CART PSR S Boosting HEA AR L2 2 5k, DL A7 1Y J 2 7 2 0 3R [l A, 02 ﬁl‘LﬁE"JE&%W%
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125, BESS IR D SRR 1) 5 2 P, AR B AR SRR ) 4005 BE 7, P o o B R T 0 D7 v B L A T S, —
B 22 808 A A AR A ,ﬁﬁﬁ%f&ﬁ%%%%‘@ﬁgmlm o XGBoost £ T GBRT #47 T 2t , £ 500 Boosting
AR b T B A A AL, FRAEACH BRI A T IERME I (AR (1)), B R AL Y Jr
2, T FEhIRRY (0 52 2 B il ) ke p SR BN 20, 2 i S A7 fhRE 1 124

.(2(fz)=YT+%/\ij:|wf (1)

s Q) JE ¢ U E AT T S5 ¢ BRI A 7235 558 o, S 45 5 AR ) 6 12 Y588 Y F A
i XGBoost H L ISHL
22 KEWE

A& SR Y FE A EAR R JFIR BRI T o0 A, Horp 80% BRI 2R 8, 20% I AR H A A R 48 , 10
FHUNZRAERT 115 25 AT 2%, 750 S0 AR R DU N 5 3 AR A PF A a1 i i PR BEFE B , 5 1 28 3L
TR T A5 2 AT SRR RS | UL 52 LI IR IE XA K 338 LRIk | B — 38 SURHIESE:

R T AT 4 RO SO AR LR AGB 193 A ASSCRI T 5 4738 SUE UEXT B ALHEA T IPAlT | 1) 1 1 468
X152 (Mean Absolute Deviation, MAE, A3 (2) ) 375 #l1% 2% ( Root Mean Squared Error, RMSE, A3 (3) ) Fl
PLiE 2B R-squared , R* , /A3 (4)) 3 ANFERRT TR BEPEE

> 1y -/

MAE =" (2)

(3)
> G-
R=1-" (4)
; (yi - 5’) :
.y, FSE AGB; £, AT AGB; v A5l AGB BIIIME ; n WEEAAEL,
3 ER59M 1.0
3.1 ARE AR REUERE T 08
A TS5 5520 AGB [8] A9 Pearson FH3¢ & ‘ o
BB 5) BB AGB 54 MBS KU 4 B i % 1E A ® ' §
X(P<0.01), Hr EVI TSAVI 1 AGB [1{AH S HEAHXT = . . . 04 E
HEAE  TSAVI LB RO L IR 3 % 1@ @ |l
25 SRR JA DR A0S L R T o R, 2 I e .
SN, T EVI M TSAVI HE F T 5 25 X 0 ol F 0
Goop AT M SO | 45 PR B 1 e S IS AGH i R S
jﬁgl—? EVI %H TSAVI ZIK% F)f ﬁ%ﬁ@*ﬁ%ﬁtg“?ﬁﬁééo Fig.5 Correlation coefficient matrix between AGB and vegetation

3.2 BRI 5 T A indices
ASCITAG T 4 FE S S 0% 1L 5 M AGB IR - NI, P<O.01 VI WSRO AL HOHT B RVI L (R0
§ B0 NDVIT05 : 2131 V3 — AL B8 45 K0 TSAVI L %46 A - 329 5 1 ol
H(El 6 ] PEFET R ; ;
HEME(K 6) , BRI & N 7 B E R A H S St 0 0 S
[l sio 76 RFR BERY 2% P[] g 2 22 S 358 R

PRI AGB N IR T4 WA TR R
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1M DTR AL | 45 PR ) S Pk 25 S R, R HZ AR S AGB 125 BRI IR 45 /0, ml e 4 Hh B i (R 1%
JEAEIEER . RVIFE 4 FhBL R 35 A @A, % F ROBARZE L AGB IR B AT BPE A F H RVI
Xof - A9 AR AW SRR 55, A T T v WA OO X A L AR, 2 P S 3 1L 1 7 T
Bt s EVIAT TSAVI 2 Tk #5400 8 28 P 4 3 I o B A8 26 WA 5 DR B o 32 A s R AR, TR Ry 3k P A
Bl B3 G IR o B AR I, BRI A 25 SR 5 T AT AGB [l AR DG HE LA G, 7E XGBoost 51
W BRAIR T EVIE 52, Ul BHIZAR RS BORE F FARE L AGB 1) S 3, AN BEAA A5CHh 2 Bt i AF 5 DX L )
MR DI S8 T SR, W EE 2 246 80 5 IR 1A 5 20300 Be A A G I WA I OV 1 A B B e L ¢
U,

06 -
m JURMEIE DTR

05 | B BEHLARAREN I RFR

' B BB TR M GBDT
o B EHETF XGBoost
g 04t
H
£ 03}
sl
@ 02 b

01 F

0 II.

L EY R A B & = G e = e S i wec S 4 187 K ) N - R @ iU N A
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E6 AGB5ZEWHIEBNEFEEMTHER

Fig.6 The results of importance assessment between AGB and vegetation indices in study area

3.3 BLALE TR

S HeA 4 BRSO LD M AGB SR DR T) MAE  RMSE | R® RIS IEUK FE 357 A 80 F035 P
B (F£3), Hr, XGBoost A HA H AR MAE(71.60 kg/hm?) Fl RMSE (99.74 kg/hm?®) , fix = 1 R*(0.78) Al
W (74.75%) , ORI BT, ok 205120 GBRT .RFR .DTR., P& RFR .GBRT Fl XGBoost 3 Fi 441 44 & 75
DTR fy3EaE_E AT 1okt FHop  RFR R A2 bagging AR 1T GBRT SR A2 boosting AR DLERAT ) J5 =X
T PRERT  GBRT LEPL AL A i H 2 — -S40 B, XGBoost 7EAC MY BREL I AT 1E 35 Eﬁﬁﬁﬁ;%‘ﬁ
HAMERM SEHEE . XGBoost JvA 28 1) SR M AR 4L, B35 H T 4R34 L1 # b AGB 11 S 3, % A £ 8 R
HURR, PR A SOKs 3% F XGBoost 59 X A83% 1L B3 AGB E47 S it | Fl T it — 240 M Heas [a] o A IR
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Table 3 Applicability comparison of 4 regression model algorithms

MPEL KRR -t iR A BT PuE RB 13
Regression model algorithms MAE (kg/hm?) RMSE (kg/hm?) R? Accuracy/ %
PS5 DTR 99.87 140.78 0.52 67.75%
BEALARAR M RFR 86.29 117.14 0.67 70.36%
BB SRR B TR GBRT 81.45 113.53 0.69 72.59%
BBk E 27 XGBoost 71.60 99.74 0.78 74.75%

DTR : #5644 8] T Decision tree regression ; RFR ; FEHLAEAR )3 Random forest regression;CBRT;’[%JE}%%H&%@U:IM‘ Gradient boosting regression
tree ; XGBoost : 1 36 £ #2 T+ eXtreme gradient boosting

3.4 Mo ARSI
ZEA LA RLE FYE B9 4307 , A SCHRIH XGBoost ST AR L B M AGB B 52 B B PG b 1) A< B 48 i
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