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AR SRR, 4510 0.67 ,0.26 1 0.29; (2) = FpAsi#l A B 43 B AN 5 [l A R0 A R 0 (R 0.67) % B4 BT 9 G B2
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Inversion of long time series biomass in Hulunbuir Grassland and analysis of

spatiotemporal variation characteristics

HE Yongji, ZHAO Quanhua” , JIA Shuhan, LI Yu
School of Geomatics, Liaoning Technical University, Fuxin 123000, China

Abstract. Aboveground Biomass ( AGB) is a core indicator for assessing the functionality and quality of grassland
ecosystems. However, in long-term, large-scale AGB inversion studies of the Hulunbuir Grassland, the precision of
interannual inversion models is often compromised due to sparse or missing sample points in certain years, which hinders the
accurate evaluation of dynamic changes in the grassland ecosystem. To address this critical issue, this paper proposes an
interannual optimization inversion model based on precision-weighted allocation, aiming to improve AGB inversion accuracy
and analyze the spatiotemporal variation characteristics of AGB in Hulunbuir Grassland through model results. Firstly, the

vegetation index was calculated using Landsat- 5 Level- 2 data from 2003, 2004, 2009, and 2010 as the data source.
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Meteorological data were extracted based on remote sensing image timestamps, and a correlation analysis was conducted with
field-measured grassland AGB data. The vegetation indices, temperature, and precipitation data with the highest correlation
were selected. The Partial Least Squares Regression ( PLSR) algorithm was used to build AGB inversion models for three
years. Next, the three-year AGB inversion models were evaluated using simple averaging, weighted averaging linear, and
precision-weighted allocation methods. The results indicated that the precision-weighted allocation model was the optimal
model. A comparison with field-measured AGB data was conducted to evaluate the model’s accuracy. Finally, the optimal
model was used for the long-term AGB inversion of Hulunbuir Grassland, and the spatiotemporal variation characteristics of
grassland AGB were analyzed. The results showed that; (1) The vegetation index NDPI, temperature, and precipitation
data exhibited high correlations with grassland AGB, with correlation coefficients of 0.67, 0.26, and 0.29, respectively.
(2) Among the three models, the precision-weighted allocation regression model provided the best fit (R*=0.67) , and its
accuracy was superior to the other two models in the comparison analysis. (3) The spatial distribution of grassland AGB
showed an increasing trend from west to east, which remained consistent in most years, particularly in 1996, 2013, and
2018. However, in 1997 and 2007, the trend showed minimal variation or fluctuations, exhibiting different spatial
distribution characteristics. Temporally, except for 1997 and 2007, when the AGB was relatively low ( generally below 30
kg/30 m*), and 2019, when the AGB was relatively high (around 65 kg/30 m®), the AGB in other years remained
relatively stable, with fluctuations within a range of approximately (45+10) kg/30 m®, without significant deviations. In
conclusion, the precision-weighted allocation model successfully addresses the issue of sparse or missing sample points in
some years during the inversion of grassland AGB. The findings provide important reference data for accurately estimating

long-term, large-scale grassland AGB, carbon storage, and related studies in the Hulunbuir Grassland.

Key Words: aboveground biomass; Landsat image; precision distribution weight model; long time series grassland

biomass inversion
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ik iz B E AR 5 XGBoost FHIRMILE A, 15245 5 5 202 P15 ( Multivariable linear regression, MLR) Fl1FEAL
FRMEHE ST B TX LL , FTHIZE T XGBoost S M4 E R AU fef:
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IO BRPRVE AT SE R FH 2 R Bk AR T R 0 L R JE b b, [ A ) i, A9 M L (RS AR 2R (Ratio
vegetation Index, RVI) i HF Wil K12 B @ FE S i b A=W i, T kg Google Earth Engine ( GEE) -
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733 2003—2004 4 2009 41 2010 4F 5t AGB [ E A ; 4525 % B — A FL . AGB J AR A8 SR Z2 A A
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Fig.1 Long time series grassland AGB inversion flow chart based on Landsat data
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Fig.2 Study area RGB composite map and quadrat distribution map
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F1 HRIU/REFREN AGB HAHIELE
Table 1 Summary of AGB quadrat data in Hulunbuir grassland

i He A AL i HEJ AR AT
Date Quadrat quantity Numerical Zrange/ Date Quadrat quantity Numerical Zrange/
(g/m*) (g/m*)
2003—2004 4F- 41 19.00—93.40 2009 4F 74 5.81—93.07
2005 4 28 11.88—106.47 2010 4F 128 6.00—126.00

AGB. ¥ Hi#h A=Y & Aboveground biomass

(3) L b 1 43 2B o P51 K 2 1 BE 5 1A
BN & A1 09 038 42, B (30m annual land cover and its
dynamics in China from 1990 to 2019)'* 7F GEE ‘F &
HIE TS — 5 H Landsat £ A4F B b [ 1 b 78 55
e tE (CLCD) L ff R ARAR FEA R KR LA K
MR AFHIY) . T RS AS SOREBRARFITE AR5 PR bR

Hi, vk B M R Ak b T DL SO Ml A R Sl At AR S T2 o sokm
TGRS DL R 5 Bl AGB, A1 H 4R BT 5% (X B -kmﬁlﬁﬁ ——
JRIXIR(E 3) i e KkfE

(4) A3 I A g B (R R ACTR B ) R I8 B3 iFI S %E
T35 E E ZH PR RS A )R (NOAA) R % i FE 2 36 Fig.3 Land use classification map

BEF L (NCET) IO 38 TG B i, K 4
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Table 2 Meteorological station data of the study area

HW 55753 2 i 4 i 2 i
Name Latitude(N) Longitude (E) Elevation/m Name Latitude(N) Longitude ( E) Elevation/m
MR R X 49.25° 119.70° 650 EEAles 47.62° 118.62° 688

B LR R A I 48.68° 116.82 556.7 HigE 47.16° 115.63° 907

7 HL AT /R B4 v 50.33° 119.07° 521.1 B /K L 47.16° 119.93° 997
AL T P B 49.83° 118.38° 550

1.4 WHFRITE
1.4.1 4EBREHL AGB RIEBILL

FEVEAT RO AGB B, 2R 1 — AR R B8 S 8K B[R] R AGB 19 20 A3 15 O, (F 2 AR 48 B —4F 0y
B T R AGB S B U6 UE AR B AT B s kG B HE T BIR HAE RS B2 2 A 5 B A, BT
SN AGB BEARE B, Ik SR —AE AR O, BRIL, Wnfar 78 40 R B4 520 AGB %5l , 2 7 RS A 1) B M
AGB SHAR A F RO A BT AGB 15 LR A U BEAR e (R, B7 SE 42 X Landsat-5 1) Level-2 1G24
FERERAE ARG B , 55 AGB HEATAH SCME /A J5 e BB IE R T S BRI R 7, 2 J5 @ i PLSR
SRR B — AR A AT AY P AR I ] BT AR A AT 34 e AR ASE RIS B 4 O AN F RS A A 7 AR B S A AU AL
Ak, % b = AR B S AR R A T A8 SORHIE I A B AR PR M AGB S TE AR AR
1.4.2 FFFHREUS k4

FEMEAT RO AGB SO FE v, T SR A IR SRR IE S 4, R 5 7 AGB Z B A 56 . Landsat
BE 35 W B (BLUE) (& BX (GREEN) (LBt (RED) JEZLAMI B (NIR) A £ 4k 1 I BX (SWIR1) FiI
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REUELLAN 2 Yo Br(SWIR2) 3 it A FH P BE S S R AR T3 A A pHE B (R 3) .

$ 2 5 R AE T B BE DL A A R, b iR S 180 AMREDT SRR O 91
FEIT o SRJE  TEEERUEE b DRI 18 ASEIERHIE A 2 DN TR AR IE S R AGB HEAT Pearson AHICHES>
Bro FHIEASER S5 AGB Z A Y Pearson FHICF KU 4 K | B (B ZT e /s 1 25 22 () A S PR e oy, 0 267
P 2Z A AT BGR I ROCHE (1 4) o ARSCTE R m BOAEL RS B0 NDPL AHSCHE D 0.67 , th T2 Mg R B
NDPI FHRAERTE 0.9 LU b HATHGR AL, DI, A B8 U £ NDPL AR R BRI S [N 5, Ul K
Hli 5EH AGB AOCHE R, 70010 -0.26 F10.29, PRI, M9 K £ NDPI, UGBt v Uil Pk et
VEN MR B P 1,

Table 3 Remote sensing variable

B A TR €N s} HEAX LU
Variable name Full name Abbreviation Calculation formula and description
SR Reflectance — BLUE ,GREEN .RED NIR .SWIR1 ,SWIR2
A, " Normalized different (NIR-RED)
H— it NDVI ——
A—fetaBiEs vegetation index (NIR+RED)
. N - (NIR-RED)
ji] | = [ el > 3 .
GOR R PR Enhanced vegetation index EVI 2.5% [(N1R+6XRED—7.5XBLUE+1)
N S Lk S L Modified soil adjusted §
) - A R A o sol acjuste MSAVI 0.5% [ (2xNIR+1) = v/ (2xNIR+1) *~8 (NIR-RED) ]
vegetation index
b S NIR
BRI K Ratio vegetation Index RVI —
RED
" Normalized difference NIR-(0.74xRED+0.26xSWIR )
H— St NDPI
H— e NRIER phenology index NIR+ (0.74xRED+0.26XSWIR )
5 e N " Optimized soil adjustment [1.16x(NIR-RED) ]
1 W Bg2 OSAVI
DL - 5 R B vegetation index (NIR+RED+0.16)
HE PT A 4 S Perpendicular vegetation index PVI s5in45°xNIR—-co0s45° xRED
%{E%ﬁﬁf?ﬁiﬂ([zs Difference vegetation index DVI NIR-RED
ali i , NIR-RED
P — b 2 2] Renor@allz.ed difference RDVI ( )
vegetation index /(NIR+RED)
. bt 0o L 1.5x (NIR-RED
- 3 A Rk 48 H30) Soil adjusted vegetation index SAVI [(NIR(+RED+0.5; ]
. N N NIR-RED
SRR P TS - 203 Enhanced vegetation index-2 EVI2 2.5Xm
, : Infrared percentage NIR
4 et g [ 32] IPVI TS
LM B vegetation index (NIR+RED )

1.4.3  —ARROREST 5% A b

XTHLHY AGB 4 5 28 B RS AU ], — MR O 8 B (5 R 7 A BRAS BIAE B HE 40U , 5 i AGB a7 4k 5k
HHRBUEARY | TRV KB T RS 5 8 G AR 23 [ 43 FER AT UG D0, BF 9 22 2R HPRAAE O KON 5 18 IR GE
1825 1) 3 A — 3, FERE T SRR | ARBFITR ) —Fh i AGB L FH UL L i TR ES
FEJ5 RK/NA 1mx1m, 1] Landsat-5 4 Level-2 %4 25 (8] 730344 30mx30m , BT LK Imx 1m R AGB %dfE b7+
R A 30mx30m K AGB, AT .

Aygaom =900XA,

K, Ay aon N 30mx30m FHL AGB 845 A, WEFAMSEIFE T Imx1m B AGB %dis

PLSR 83k R4 T AU A S RUAH S 40 F 22 e 26 vk [l A 40 W T — 1R B 2 o0 R G i i 12
RsE—4H HAR C=(c,, ¢,, ¢5, =+, ¢,) MHRZR Y=(b,, b,, by, -, b,) ,PLSR & 5e/HIHEH [ A R —E
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Qetey H N Cos
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B4 45T E 55 AGB B Pearson 1855 R & 45 FEE
Fig.4 Pearson correlation coefficient matrix between characteristic variables and grassland AGB
BLUE : # Il Bt ; GREEN . SR Bt ; RED - 2T B NIR  E LT M B s SWIRL : S I 2141 1 BB SWIR2 A 4T 4 2 I B NDVIL. I —fh A w45 45
EVI. 358 BUAR B H 50 MSAVI . 18755 70 - AR B8 550 OSAVI: B Ak 20 A= 38 98 15 A 1 16 40 PV TE B AR B 400 RDVI: #505 —fb 25 R 948 4
SAVI; - Jei 1 AR H EVI2 SR A R 8- 2 IP VI ZLAME R E RVI: FUEREHAR BT DV (B BEE E NDPL I — A4k 22 3 Wy 5 4

BT ¢ FNR AR B 55— F 58w, , (8 A8 5 R A e A R AR 25 D (1,) D (w,) B T EOR 3 B
B A THEA T T T, 5 800 3 25 O 0 D 2 W P R, 2 o, DU A a5 ) ) Y 8 2 R
PEIUT — A~ 53, AW AR B2 A B 2K B Ja AR AR B0 b A0 (1, ), 1y, oo, 1) Ch<m) E
FrRAEEN A BN (b, by, by, =+, b)) R (t,, 1y, ty, ==, 1,) BIEIA DT FE, DR e X BEAS 26 1K i I
BaERTRIGAZE C=(c,, ¢, ¢5, -, ¢,) WME—EIERE, LI R*FI RMSE #E4705 BEPEOY | R? 2 X Tt A5
RUPLA D0 RE A 2, o SCE A FOIE A 5 5 RS Z b, RPAIBUETE A 0—1, #4530 1 Fon il A e
JE#EAT . RMSE Sz S0 F 5 000 2 8] 158 25 7 7 AR I MM, B m BEAR 19 B HURE JE , RMSE /)y | e A5 AU 1
MEE Sy, EARRFSEH it PLSR 253 LA 2003—2004 4F—4F 2009 4N —4E 1 2010 454 —A4FE 7 BE
i AGB S AR A | AR T e 15 2 A 615 R E NDPT FA0IR | KK B A oy B — A A s AR AL (%) R, 7531 MLR
BI(%K4),

F4 SHEEH AGB REKE
Table 4 AGB inversion model of grassland by year

Bl AGB S I AR BEHy AGB SR A B
H ] Date . H i Date K

AGB Inversion model of grassland AGB Inversion model of grassland
2003—2004 4 ¥y, =—189.5516+64.4752x,,+9.4328x,,+17.7350x,, 2010 4F ¥3=55.7756+158.7740x,,—2.3809x,,— 1.4725x,,
2009 4 7, =—37.8208+99.4192x,, +1.9294x,, +4.4746x 5,

KAy, s 7 2 BIFEIR 2003—2004 4E 2009 4E 2010 4E R ML AGB;x,, &y, X3, 28 B FE IR 2003—2004 4E NDPI SR 5008 A A K 508 5 v,
%y 3 S FRZR 2009 4F NDPT SRS FIRE K B0 s %,y x5, 4301387 2010 4F NDPT SR 508 A0 ke K B
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AR A — A B 37 ] — AR AR AR | 3R AR 25 BORS B L RP R R (R ARG B B = o 0.71, RPN
K =58 0.65) , RMSE ABEAIR ( RMSE SEARDRS B2 Al i0RS B AR 2009 AFEA ALY 9.88 F110.93) , R BHXT
TR S AR RE R AGB ST A — & B FHE (BN & S 15 0 HABAE Oy Rl RE B 6 e (% 5) . I, 1R
PEAS 2 B A3 AERE R Xt HLAT AR A0y LA e R 2 5 FERL Y 2005 4F B0d 7R 47 46T Fb 40 Fr &6 SR % B, 2010 4F AR R i
2003—2004 AEBHEE 2, R* Y 0.38, RMSE & 23.35, H & 2009 4E 1) R* M 0.48, RMSE 4 11.96;
2003—2004 4 2010 4FAEHY J7 i 2009 AFEEHE AT 884, R4 0.59, {H & RMSE #5435 4 12.42 F1 33.64;
2003—2004 4 2009 4EHLH f i 2010 AR5 RPEFeE , 7 0.52,{H 2003—2004 41 RMSE fi 5 , >4 23.90( %
6) , ZJa PRl AR F i 2005 AE RS 5 EBUEE T, BEAZ R I, = AR G B RP IR, BITE 0.54
F10.56 Z[H], =4F R*AH2ZE A K, RMSE W] 2009 4FE AL RL# 55, oh 21.64, JR O 2010 4F 19 17.83, Fe Ry /&
2003—2004 4119 16.98, H1 LA 43 BT il 1 AR A AR 7R Jz 8 AR AF B0 RE IR R 1 45 51, (R L i i e e
REARA7 W 25 AN HAR R RMSE RS B 22 1 — AR BR I il oR 2 5 @8R, AR R I =34 P ZE A
K, RMSE [ 2009 419K 21.64 F1, HAPIFW AU 22 0.85 , P HH = ARR R 7 j R AR KO REBUAS 55 B g 1Y
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Table 5 Accuracy of model estimates by year

H 39 HBRERE Modeling accuracy WA BE Test accuracy
Date R? RMSE R? RMSE
2003—2004 4F 0.69 10.42 0.60 10.94
2009 4 0.60 9.88 0.58 10.93
2010 4F 0.71 13.34 0.65 13.40

R* : P 5E Z U R-Square; RMSE : #7725 Root Mean Squard Error

x6 MLEATER

Table 6 Comparison and analysis result

2003—2004 4F- 2009 47 2010 4F 2005 4
R DK 1 IO fillinv 74
H ] Date
Test accuracy Test accuracy Test accuracy Test accuracy

R? RMSE R? RMSE R? RMSE R? RMSE
2003—2004 4 0.60 10.94 0.59 12.42 0.52 23.90 0.54 16.98
2009 4 0.48 11.96 0.58 10.93 0.52 13.40 0.56 21.64
2010 4 0.38 23.35 0.59 33.64 0.65 13.40 0.54 17.83

o, 20 B — 143 R AR AR TR A AR 03 BR8P P

1.4.4  BUE /PR R E Sy I g

R B — AT A B 175 0 A S 0 I P B AG B S e A 78— gt U3 AR AF B 85, I A e 2 AR s H T
HABAESY AGB I, A SCHEHA ST FEZ i 2003—2004 4E 2009 4F L) Kz 2010 4F fr A 8 iy 50 - R
fAf BP0 M XA LA KOS BE 23 BCA SR 7 43 i A T AR PR R Ak, 380 38 58 SCHTE I B 2 e A0 AF B
R AR

T 5E, SR R BT X R BRI R BCR PR R R BRI (£ 4) .

y, =—56.8656+107.5561x,,+2.9938x,,+6.9124x,,

oy, FoR = AERR ] B S RI A B AGB 1, xy, 1y, 20 T 78 =AM R SR P 5 BASF 2 0 75 5]
() NDPL SR R K 8

FLUR RS IACT- 4k | RIS B 28 vh A RO 5 45 28 8 R AR LR ] 44 BR LG i e 4% F AR
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Table 7 Weighted average coefficient distribution gravity table

=R B4 Y {E 2 FI i LT F BT i L AR
Date Coefficient Sum of absolute values Specific gravity CoefficientXProportion End result
2003—2004 4 —189.5516 284.148 0.67 -126.9996 -120.5612
2009 4% -37.8208 0.13 -4.9167
2010 4% 56.7756 0.20 11.3551
2003—2004 4 64.4752 322.6684 0.20 12.8950 121.5143
2009 4 99.4192 0.31 30.8200
2010 4 158.7740 0.49 77.7993
2003—2004 4 9.4328 13.7431 0.69 6.5086 6.3739
2009 4 1.9294 0.14 0.2701
2010 4% -2.3809 0.17 —-0.4048
2003—2004 4 17.7350 23.6821 0.75 13.3013 14.0631
2009 4F 4.4746 0.19 0.8502
2010 4 -1.4725 0.06 -0.0884

HRAfE 2 A RE S 15 Hh A S X ISR RNy
y, =—-120.5612+121.5143x,,+6.3739x,,+14.063 1 x,,

oy, WG M INAAS A S AR Y O B HE AGB 5 x,, \x,, \xy, 9 285 £ M- AR 1] A 75 3] 1) 4% 4F 25
4 NDPI S A Fh K &5

K B PO AR Y0k 2 o ol A8 198 0 Ok A S A 3 TR ) ARl , 452 0 O e P A 8 X6 e 2 it
S5 R vk, 1% 0735 0T LA Bl R AN R A PR RE , Dl T A AN gl A ok R A S O R AR Y
DUECRS B2 A A A R 43 e R AR, BV S SRS A (0 A AT (B2 AT X SR AR BT T ik, A ) TR ) 2
BEPE, HR A A 03 (R IO B2 20 00 i o AR RS JE L (2 8)

R8 BEREHENERHY

Table 8 Weight coefficients are assigned to each year’s accuracy

H# IOKS DA 2 TR 8 L B
Date Test accuracy (R?) Test accuracy summation Specific weight of test accuracy
2003—2004 4£ 0.60 0.328
2009 4 0.58 1.83 0.317
2010 4F 0.65 0.355
I 75 B

¥p=—54.0068+82.2166x,+2.8604x,+6.7128x,,
A,y N 2SR E 43 A T A5 1 A AR PO R M AGB vy vy N 205 K JEE 43 B AL T 45 30 1R 45 4R 25
NDPI S it Fkee K £t

SR AT B Y3 AR 32k RT3 3 DA SORS B 43 P A R 30 36— A1 0 E B0 A 7 40 e X L (% 9) , 45
SR IR R T8 BF- B RSO 5 A RPAEAS AR IR AFMACT- 2 BT #5 RMSE FH X8 5 5 86 B 43 B AR
FERYFIT S R AR T BASE342 B38 4G $2. 71, RMSE A T IMACE 34k Uk, B 2010 4R i 4h , HA AR 34
A A i PR SRR 5 SR RS 43 IO A B 9 T AR B8 13 FH T 2 5 ALY 2005 48, 25 SR AI G B hy . RP Gk
0.57 ,RMSE 2} 21.65, >R FIAS B/ BCRCE ik e , BOS M 0 A 5o B AR TP 1.1 B BB, R BTRE I o
PC A 72 RE A5 2 R AR B (UL 5 A5 , R AGB 1) T A1 LA o3 A7 26 006 2R PN, A5 7R 400 55 £ At G A5
Y RBIZBY FH]T R AGB AR AT (18] 5) o PRI, e BRs B 40 A AR B HE A T )5 S2 4K I /¥ RE |l AGB
ST,
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Table 9 Compare the estimation accuracy of three distribution weight models

AL R BE 7 PP 2470 0K E TR B 20kS 2 G BE S e RS B2
H 11 Current year test Simple average test Weighted average test Precision assign test
Date accuracy accuracy accuracy accuracy
R* RMSE R? RMSE R? RMSE R? RMSE
2003—2004 4% 0.60 10.94 0.60 12.49 0.62 31.16 0.61 11.85
2009 4% 0.58 10.93 0.59 14.17 0.62 30.57 0.61 10.82
2010 4F 0.65 13.40 0.66 19.37 0.66 16.01 0.67 26.54
2005 4 — 0.56 15.90 0.57 20.22 0.57 21.65
B HR JIALP- 347 A 43 B AL A
100 ¢ P
.7 0 . 7 sl
80T 4 100 |
60 | g ¥
e 80 | g =
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e [\]
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Fig.5 Grassland AGB regression model fitting diagram
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Fig.6 Spatial distribution map of AGB in Hulunbuir grassland during 1992—2006

R, 1992—2022 4EIFAE DR JF . AGB 43+ 75 BBl & AR 76 (0.01—134.23) kg/30m” Z 7], Bl
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] B TE , FRAS DL R B R B AGB 78525 30 4Rl 4 —4E 27 T 5T B )5 T R 8 fb it 4
(B 8. E19), 1997 4F-F1 2007 4F- () HHh AGB & HE 1 HE (255) keg/30m?, 4l T B0 M 1Y 50% 4247, 1K
FHABAESY X EEIE T 1997 4E4 X 1852 (70,2007 452 B F 2R ERE N M, 2019 4E 5
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Fig.7 Spatial distribution map of AGB in Hulunbuir grassland during 2007—2022
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Fig.8 Histogram of the distribution of grassland AGB from 1992 to 2006
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Fig.9 Histogram of the distribution of grassland AGB from 2007 to 2022
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Fig.10 AGB K-means clustering spatial distribution map of Hulunbuir grassland
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Fig.12 Interannual changes of grassland AGB in each banner county of Hulunbuir Grassland
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