H38E 24 &l TR R Vol.38 No.24
138 2022 4F 12 H Transactions of the Chinese Society of Agricultural Engineering Dec. 2022

Landsat 8 Ml F N MEFR oS /EEM M FAEY)=
RO, A, RELYL, ZHR0L, UL, BikE, £ OEY, FRT

Cp R A R e A Lk BRI -5 A M X R BIF T8 i /WP AG DR i 2 2 R 8 L S B MR S LI F i, B3 100081)

W OE: R EAEYE (Above-Ground Biomass, AGB) 72 S Wt B M AR R BRI B SR B2 2 8, HORS v W 03t - B
Bl S AR EAEER . TR, EEREREILGEIGE. MR RS EHsitE e, Sek EMAT
it ARl R AT T DA [ P SR A DR T S AT K 5 [ 2R 8 FR KON ACIX, FIFH Landsat 8 £
PEIPE O Pl e REBIRAM M A EHIE, BT 6 Flas % ) BEIE M EE BB e, ST I
BENLARARIENTREAL . 45 RKAT, LOGIE. BoKE. SROVEFIE AL IS I BEHLAR AR SR 1 GE s AR, F0 (i 5 sl
2 FYsE ZECh 0.801, HTHRIRZE RN 43.709 g/m?, MR T HRIRZE N 23.077%. W78 X ikt A= 5 Pk, 7%
PO PR e B A5 1A 0 AT AL, e ATk 357.2 g/im?, BN 33.01 g/m?, 5% XIS BR /K B 5 B R A 7 2000 4 ) S8 o 1tk 8
YIRS, WK, T Landsat 8 25 &S 5 A0 2 AL 38 2% SRR R R b A= 3 B S i R B BRI 77, b b
A SR A5 BT IO RO R IR A B A SRS % .
ERR: BEG RUE, WBFT; REANE, RESR
doi: 10.11975/j.issn.1002-6819.2022.24.015

hE %S S127; TP79 NHERFRRERS: A

B, R, SeElEl, F. Landsat 8 MR FIMERESREEMM EEME[V]. R TEFR, 2022, 38(24):
138-144. doi: 10.11975/j.issn.1002-6819.2022.24.015 http://www.tcsae.org

Zhao Yue, Xu Dawei, Fan Kaikai, et al. Estimating above-ground biomass in grassland using Landsat 8 and machine learning in
Mongolian Plateau[J]. Transactions of the Chinese Society of Agricultural Engineering (Transactions of the CSAE), 2022, 38(24):

EHS: 1002-6819(2022)-24-0138-07

138-144. (in Chinese with English abstract) doi: 10.11975/5.issn.1002-6819.2022.24.015

0 3 &

TR R E AR K IR AR S R G, AU E R
M dE gt 7 EE SR, T HAERKE Y K R ORERRI 4R
A Sy T E Al ARE S ke EE 1
WA, fEEME 28 731.4 hm?, & E L EIF 40%
DL, B F 4B & (Above-Ground Biomass, AGB)
A& TR B AR 25 R G AN AT 5 2 0 R O FR O R A
BB, P, ERf R B S AR TR E A TR R
B, PSR PTINE OCE T,

5% 1T e iR A D ST K o 50 3 4 L2 R s B [
RT7 48 R [E AR DL/R TTHIEAT , A0 Aer AE A0 5 28 7R A
L, EET AL @RV E R 5 AN FE, B
WA AEAE R B S A S B, IO R s st A= )
T R R PR AL T AR RIS

b AR ) B A Gt R A T v A B R AL S v ST R
ArT RS O RE i B T B &, AT EEARAEAE R #E
J1s WA RPE R BRI B ER, Mt T, @
ABA WIS AR B R s S f, AT AR

Weka H . 2022-08-31  BITHINA: 2022-11-17

EEWH: BxRESFFEITRTE (2021YFD1300502); E R RBHE A T
WAL (2019FY102000); [HKAARIEREETH (32171567)

PEF TR B, BFFET DA R TR 515 B

Email: 82101215505@caas.cn

MIBEER: T, Hd, B0, A7 R A SRR

Email: wangxu0Ol@caas.cn

http://www.tcsae.org

FER YRR E . THEK, BEEREIEREA R T E,
B2 A MR T SO R s SR A S A
IR GETHOC R L BT ) A TR (4 A Y
LA L& 27 31 E S e 2R ) B T ok AR R S AT
B A A SR TS B AR AL, B b
DN e LASRH, BT 4L &2 2] SR R 2 B i i
ERER O U, AT LI A R A A A B B Y
BRI R AR . T PR B R G R T %
BRI T ECR G E, B
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1.1 WHREXER

FHE R AN TG ERTHX, 59 Ep S
1S VURTIHEE, HWERL B AT 46°16'26"N~50°16'34"N,
111°59'57"E~119°56'15"E 2 [f], {45 = FE 560~1 300 m,
Hiabdti Ay, SETFE, FREKE 150~300 mm, S
E-27~21 CZ . FRAR LR TH A7 T 48°6'14"N ~
48°22'57"N, 119°29'43"E~119°44'S4"E 2 [i], kL
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550~1 000 m, {7 124 A%, P K R 250~400 mm,
RIRTE-18~-30 C i), PHLX AT AL, #H
R L BRI R D 22 0 =T B, USRS AR AL, (R
NS, BEMRMHEREERER (XD . 2K
gy A Y e S ey o J5OR g Y AR SRR, A
B R B AR LI PEE AT R L AR L, %
YA VUIN/RE S (Stipa baicalensis) « £%. (Leymus
chinensis) « "% (Filifolium sibiricum) 55; LR EL
F2 FEIP A AEAIT FE X AP S A S B AR TR B R R, 2
YA KEFS (Stipa grandis) ~ £ %.(Leymus chinensis)
5 IREF S (Stipa Krylovii) < ¥ (Artemisisfrigida) 251,
- AT A T4 A w4 A=
1 AOMRLSEHH R

Population and agricultural statistics
R E B

Table 1

PNEE s P}\ l—ll%.‘ E Number of large ﬂ 1
[X 1% Region  Population/ (zipu ation livestock/ J3 3k VRN
A ensny2 T ——— Use
(A-km™) F 5 BRBE pattern
Cow Horse Camel
=3 =2 r
SHERTAE [EEAS
Dornod, Mongolia 8.098 0.7 243.14 278.81 0.606 i
oh [H AR TUR T B
HulunBuir, China 336.370 13.0 80.66 19.33 0.280 /%]
1.2 BUEXRIE
1.2.1 ZFoMAE L RAE

2018 4, 2020 4FAE K== B TA] 43 il 76 56 o 1 2R 07 48 A
HH AR DR T 58 5 X g 1 R T AR 5 A AN AR )
HRFE (B D o BAFESSEEWE 3 M, BT
MR 15 m, #EJ5 KN 1 mx1 mo PHERETT AR
MRS ESEER, JEVRAC SR A bR R,
W FIHAA. FIAEESER. M A ERHEGE

W, RES N T a4 BT J1 55 i BT E, Mt
565 CHET 24 h, BRFE.
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Fig.1 Study area and sample distribution

1.2.2 #HRAHKPE

BRI ARNE A — T 20 2D 60 FFEAEE I —Fp 4RI
HoAR, Tz AT AEST AU, £ E ) Landsat &
BB AT I F) e K B BRI R, 2 (al R 15~
60 m A%, A HE%A 16 d. H, Landsat 8 3 4K
P23 (8] 7> W2 L, AT KM Google Earth Engine
(GEE)F & #244L 11 2018 4EA1 2020 4= 7—8 H 43 ##% 30 m
f) Landsat 8 SRS L X Wb EAEYI& . O 1 Ik
UEECHE 58 B, R4 1 BT A N AH A () L AR e ik
T, R FEUIE R ARIL AT P Tk, 1R
P FIX VBB RAR . NZETRAL B 1 545 S B U
B E (2, 2, W, adsh fERRE R E, I
SRR (R2) .

x2 HEHEHELN

Table 2 Vegetation index and formula

JERIEGR Ao 31 H
Vegetation index Formulation References
i43% £ $6 41 Chlorophyll Index_green (Cig) Clg = (NIR / Green) — 1 [19]
34455 B0 AR B $6 4 Enhanced Vegetation Index (EVI) EVI=2.5(NIR - Red) / (NIR + 6 Red — 7.5 Blue + 1) [20]
SERIRBEUEMFE 2L Global Environmental Monitoring Index (GEMI) GEMI =eta - (1 - 0.25 eta) - (Red — 0.125) / (1 - Red) [21]
eta = (2x(NIR? - Red?) + 1.5 NIR + 0.5Red) / (NIR + Red + 0.5)
ZRI6VH— 1 ZEE M #7620 Green Normalized Difference Vegetation Index (GNDVI) GNDVI = (NIR - Green) / (NIR + Green) [22]
& 1E - HEVH T 48 5 3 Modified Soil Adjusted Vegetation Index (MSAVI) MSAVI = 1/2x(2(NIR+1) - sqrt((2 NIR+1) x 2 — 8 (NIR-Red))) [23]
VA —4b Z (B B 6 X Normalized Difference Vegetation Index (NDVI) NDVI = (NIR - Red) / (NIR + Red)) [24]
V4T A B FE 2L Soil Adjusted Vegetation Index (SAVI) SAVI = (NIR - Red) / (NIR + Red + 0.5) x (1 +0.5) [25]
fAi L AE Simple Ratio (SR) SR =NIR / Red [26]
A WG R A BEPTHE 2L Visible Atmospherically Resistant Index (VARI) VARI = (Green — Red) / (Green + Red — Blue) [27]

7E: Blue: WTPBURINE; Green: SREOEEBIRTE; Red: AMIEBURSIE; NIR: MTLIMNEEBIRAT %,

Note: Blue: Blue band reflectance; Green: Green band reflectance; Red: Red band reflectance; NIR: Near infrared band reflectance.

1.2.3 AAEHIE

TR A ORI 5 AR A VIS, T A
Xt FRAL B AL T I RAE W ERE X, FKEMSRNAE
WRFLmEmAY E. TEEHE 2 H World Clim
(https://www.worldclim.org/) $E{E1] GeoTiff # =0k,
AR YA KT FHREAERKFLRFKE Tkm 205
HEZE MRS 85 o

1.3 MRAEZE

BLAS 5 ) Bl il B AR UL & — ARG R B
OVNME (B RS2 Fif A (i A D
Z SRR, AREFFCET Python3.10 A2 =5
(Scikit-learn) FJEEALAS = SIHAY, Z AR 2E [BIH,
BEK. B4 S, MHER TR, AutiEaHa
Fh: PRI AT (Decision Tree Regressor) K I3z [a] )5
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(K-Neighbors Regressor) « BAHLRM[F] ) (Random Forest
Regressor) « 1 & 34 fin[] )9 ( Gradient Boosting Regressor)
45\ 9 (Bagging Regressor) Mt (Extra Tree
Regressor) TEM) 6 FRELVEAENENEMR, FRAMNFEL
5 ) EE TN EAE YR ERE, THRE AR A R
WEIE X A I B LA 5 S BE .

HRAEEF AN AT SR AL B AR, SRR B SRR
TR TR FEIPKE (Prec) FIHERSR (Tavg) -
I N A8 SRR H I 73 9N ZRB AR SE . AR 2 U5
Bl ISR AN ) Bk rs, @A S5 B4
PIEEVAR R, TR . BT HERS FEE
RGBT X P b A= A 1Y) 2 ) 23 A o

S 45 FORG FE VP 58 3 B AH K R 4L (coefficient of
determination, R*) , ¥J 7R 1% % (Root Mean Square Error,
RMSE) FIAHXI#45HR1% 2% (relative Root Mean Square
Error, rRMSE) RiFNMEAIMERE, HAXA

g2 =) (D
z,};l(yi_)_’)z
n A \2
RMSE = | 2V = 3) 2)
n
RMSE = SMSE 1 00% (3)
y

by, NSEIE, o N TME, v SsE R FE, n
NREAKE, RMSE F1 rRMSE #/)N, FHRZ#N, R
oI (51 U5 3 A 7 B4 208 1 00 A1 -5 8 I 1) S0 48 2 10 1
PIAFRRE, Mk R T 1 i, HAalfEEEm.

2 HRoW

2.1 ETEZHHFFIEZNM EEYEEESH
ACEPERK T B E, ERKF TSR U
TRHC AR AL S IR, K 3 FhERLE AL 4 Fhl
&, B 3 M ERR (R?, RMSE A rRMSE) HH & Fh
WA AT NGV EAEZ PN F BRI PERE (R 3D .
JE I (B EGAIE S RAT AT, 6 FiHLAR T SI AR/ R F B
MPPEIE BRI ARSI T, SMARI AR i,
AR RER 2 (RMSE N 63.852~87.944 g/m’, rRMSE
N 46.432%~33.712%, R*N 0.388~0.647) . LML
M (RMSE=63.852 g/m”, rRMSE=33.712%, R*=0.647)
FIRE AR [A] TR (RMSE=69.661 g/m*, rRMSE=36.779%,
R*=0.637) 13 B 1T 45 SFemss i T HAAR AL . il 5 $0m 40
A RHEECE RIS, AR R J7VER RMSE Hi tRMSE
HORWORN, R IZHIEAR, LT AR ISR,
800 K AR R % A 5t A R 22 K i N R A F
Hro HERA G NG+ FK A REHRE R, JURPENH
ITEARBIVEAN S5 R S, AETEHEAR i b THiE
ANF], JEHRAECIEHR AR R B R IR IS L K 22877
HEHRZE /N (RMSE=49.566 g/m?, rRMSE=26.170%) .
MR A KRR, S EE AR R T A
U BRI PR 45 5 (RMSE A 51.702~70.683 g/m’,

RMSE A 27.297%~37.319%, R*N 0.664~0.749) , [ifi
BL AR MR B3 % R & 4F (. RMSE=51.702 g/m’ ,
RMSE=27.297%, R’=0.749) .

x3 FREM_EEEFTONERIG ST

Table 3 Statistical validation of prediction models for different
aboveground biomass

B PHIMERR PO KATAR BENUARAR BREERE N HARET it
Data type Metrics DTR KNN RFR GBR BR ETR
S RMSE/(g'm?) 75.058 87.944 63852 70955 69.661 68.182
' RMSE/%  39.629 46432 33712 37462 36779 35.998
Spectral

R 0511 0388 0647 0487 0637 0561

Seiti+psk RMSE/(gm?®) 70.693 78395 62245  69.627 71116 68.175
Spectral +  rRMSE/% 37.324 41390 32864 36761 37547 35995
Prec R 0513 0473 0720 0671 0631 0648

St RMSE/(gm®) 70618 49.566 61614 60330  57.037 88819
Spectral+  RMSE/% 37285 26170 32530 31852 30.114 46894
Tavg R 0687 0689 0727 0709 0662 0457

SRRk RMSE/(g~m'2) 59271 70.683 51.702  64.827 64.134 53.379
R
Spectral +
Prec + Tavg R

RMSE/% 31294 37319 27297 34227 33.861 28.182

0.707 0.664  0.749 0.665 0.695  0.685

VE: Prec NAEKFTRMMEKE, Tavg NAEKZTTFISHE.
Note:, Prec is total precipitation during the growing season, Tavg is Average
growing season temperature.

2.2 FENLARMEERFHEEEMBS KM

HEAE ST H bR AR 2 00 A ARG 2 B ] L (BEHL
FRMR AR 1) SRS 00D AR AR CRPER D
RHEAT VAl o W SR TR R AE A8 B ARG , X 3N
FEA MR B AH ve s . [RIk, mT DA A 4252 AR AE X
o 2T T DT R RO RE A LG, SRVPAk 122 REAE P AF X 2 2
PEo ZRHLER 5 o) Bk R BE VAR AR R I AR = 1 1 R
F BT AN [F R H A T A R NRHE, A B
PR R 22 o T8 3 PP B N ARFAIE (190 A %o 2 1
TELIRBHRESEAIFIAE (B 2) . g RERE
7K B 2 B S A v ) B WL AR AR R S N RRAE, HOREE K
T 0.1 AmKME, & T HAMEEEE . JeilkHds 4
VARI, MSAVI, GEMI =i s BV N AEA KT
0.09, =T HABEEIEEL.

0.11

o
>

0.09

FUHEAE Weight score

08 Prec VARI MSAVI GEMIGNDVI Tavg Clg SAVI SR NDVI EVI
i NFFAE Input feature

B2 MARAKI ST SRR E

Fig.2 Weight of each input feature in random forest algorithm

i S HOR AR AT E B A VE RE AL A IE B S 4L
AR AR P 2 B3 AT AR A R (S A 2R P R A ) [ At
BT & . BELARMOE 2T bagging HESL 1 WM
A, HBSHARE: BEIRMRIERSE, m: WA
# (n_estimators) FFEALARM PR EM S E, W &K
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Fig.3 Hyperparameter optimization
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ARV i N L B e (R B A B N RRAE, i
LS HARA R BENURMR EIE AT B8 (B 4)
B PPAN 45 SR B7R, ARk A IS B 7 9 Rk 1R it
BUARAR [R5, 7 ok B0 8 1) [ I AR 12 e A5 21 42
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Fig.4 Aboveground biomass predicted and measured by
optimized random forest algorithm
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TS TRIE LA S FIBENLARAR RN BEE A T AL,
A [R]_ESHIE 7E IX P AR AT i . A A
2o E v G, WX A EAE YR 2L B
(AR S8 [ 2R 5 8 P A G R AR b X DA% A ]
A DURZR SR X B AR i, Hb B AR st T is
357.22 g/m?, ZRJ5 44 BB AIIEAS DUJR P 5B S AR M AR,
AN 33.01 g, AR X Ak Ja kg, Hh EAEY =
SRR, ARAARNE SR ARE (B5) .
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TEANS AR, T b A A 23 A 1 0 R 204
PR E AR A (A R R I ZE R (] 6)
Pt 28 R R 7R i X KR 7 AR 5 P s A & %
SRR, bR ZE RO AR R AR, (R R,
il 2R RS o B AR 5 48 b b A 8 2 [ 3 A AR X 24— (b
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FIFISREER AP (R 1)« RBEW, KHEEMED
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Fig.5 Distribution map of aboveground biomass in the study area
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Estimating above-ground biomass in grassland using Landsat 8 and
machine learning in Mongolian plateau

Zhao Yue, Xu Dawei, Fan Kaikai, Li Shuzhen, Shen Beibei, Shao Changliang, Wang Xu™, Xin Xiaoping

(Institute of Agricultural Resources and Regional Planning, Chinese Academy of Agricultural Sciences/National Field Scientific Observation
and Research Station of Hulunbuir Grassland Ecosystem in Inner Mongolia, Beijing 100081, China)

Abstract: Above-Ground Biomass (AGB) is one of the most important indicators to reflect the status of grassland use.
Accurate and rapid monitoring is of great significance to scientific management and rational use. Alternatively, remote sensing
technology has been widely used to estimate the AGB in recent years. However, the estimation errors can often be caused by
the common phenomenon of “same spectrum, different species” in remote sensing. One of the potential solutions can be to use
the spectral and meteorological data to invert the AGB grassland. In this study, a machine learning model was developed to
characterize the spectral indices and meteorological data using Landsat 8 remote sensing and ground survey as data sources. A
systematic investigation was implemented to explore the performance of regression models constructed by five machine
learning algorithms. Specifically, the AGB of grassland was estimated to obtain the high accuracy inversion of remote sensing
for the grassland biomass. Nine vegetation indices were selected to calculate in Hulunbuir of Inner Mongolia and Dornod of
Mongolia in China. An optimal Random Forest (RF) regression model was then reconstructed by feature selection. The
regression validation revealed that a similar overall performance was achieved in the six machine learning models. But the
lower performance was found in the spectral data as the input only (Root Mean Square Error (RMSE): 63.852-87.944 g/m’,
relative Root Mean Square Error (rRMSE): 33.712%-46.432%, coefficient of determination (R*): 0.388-0.647). Furthermore,
the error of all regression decreased gradually, as the number of features increased in the data combination. The model fitting
ability increased gradually as well, indicating that the increasing number of features in the different regression models was
effectively handled through the fusion of multiple data inputs. The best evaluation was obtained from each regression model in
the data combination of spectra + precipitation + temperature. The RF also obtained the best performance (RMSE=51.702 g/m’,
rRMSE=27.297%, and R*=0.749). The weights of the multiple source data in the model were determined to assess the relative
importance of the input data. The results showed that the precipitation was the most important input feature of the model, with
a maximum weight of more than 0.1, much higher than the other spectral data. Three vegetation indices of VARI, MSAVI, and
GEMI in the spectral data were weighted more than 0.09 as the features, which was higher than the rest. The more stable
performance was achieved in the optimized RF regression model, with a correlation coefficient (R?) of 0.801 between
predicted and measured values, an RMSE of 43.709 g/m’, and an rRMSE of 23.077%. The AGB spatial distribution in the
study area was lower in the central area, but higher on the east and west sides, with a maximum of 357.2 g/m” and a minimum
of 33.01 g/m’. It was closely related to the spatial heterogeneity of climate and grassland use patterns.

Keywords: remote sensing; inversion; machine learning;aboveground biomass; Mongolian plateau
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