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Above-ground biomass estimation in Kunming Dianchi lake wetland
using Sentinel imagery
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(Forestry College, Southwest Forestry University, Kunming Yunnan 650224, China)

Abstract: For evaluating the potential of Sentinel imagery for the inversion of Above-Ground
Biomass(AGB) of Kunming Dianchi lake wetland, Sentinel SAR and multispectral imagery are used as data
sources respectively, and various biomass prediction models are developed through the conventional linear
regression and other machine learning algorithms. SAR raw polarisation backscatter data, multispectral
bands, vegetation indices, and canopy biophysical variables are extracted. These models have 0.619-0.84
correlation agreement of observed and predicted values, and root mean square error of 40.14-59.7 t/ha.
The SAR-based model has the lowest accuracy. Among the Sentinel-2 multispectral bands, the red and red
edge bands(band 4,5 and 7), are the best variable set combination for biomass prediction. The model based
on the biophysical variable—Leaf Area Index(LLAI) derived from Sentinel-2 is more accurate in predicating
the overall AGB. The study demonstrates encouraging results in biomass mapping of Dianchi lake wetland
by using the freely accessible and relatively high-resolution Sentinel imagery.
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Fig.1 Sentinel images in the study
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22013 4%, YR I U A O b X 3R T AR Tablel List of Sentinel imagery acquired for the study
2000 km2[13] mission product date cell size/m  swath width/km
° Sentinel-1A level-1GRD-HR 2017-03-03 10 250
Sentinel-1A level-IGRD-HR 2018-04-04 10 250
v —t Sentinel-1A level-1GRD-HR 2018-06-14 10 250
2 17} 7H' 5 75- ’£ Sentinel-2A  multispectral image level-1c ~ 2018-04-22 10 100
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Fig.2 Flowchart for inverting the AGB
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Plots 1 to 40 are ascendens mucronatum plots; 41 to 50 are abandoned aquaculture pond plots; 51 is poplar plot; 52 is Phragmites Australis plot;
plot 53 is lavender plot; plot 54 is Phragmites Australis plot; plots 55 to 59 are bare land plots

Fig.3 Field plots profile of observed AGB in the study site
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WAk L (0.116~0.240) 5 4 Wi A 5 0 WA S M . Z A VH AT VV AR5 ) B 22 80805 5 4= 9 i 0 AR oG
(r=0.619) Lt B it AH B B 5, B R RE W8 i B 67 %10 A= 4 i AR SR AN 59.70 t/ha () R IR 22 B0/, WLX(6).
AGB sar 1 4)=1 463.857-7.309%VH 1506 17.728XVV501006+8.235%VH,017—0.558 x 5 4 (6)
3.2.2 Z ik B 2 A
55 0] UL AN )% 21 41 X 38 A L, Red edge2,Red edge3, it 21 40 45 ) B 55 1 i 9 0 7 VR o b b AR ) 878 B 4 A A oG
PE(r=0.694~0.711). 5843 B A H A2 & A L QII_(B6 B7). NIR(BS8,B8a)fll SWIR(BI)WH &, EA 5
T T T8 M M | A R SRR O 4 9 A OE M (r=0.830), X NI B4 A ST R 22 A /N (44.00 t/ha, WL 2), UL
K(7)-
AGB r4)=39.004-557.748xB6-932.512xB7+707.030xB8+1 196.517xB8a—774.021xB11 (7)
3.2.3 FH Bl 5 BORE 4 A
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i, IRECT 549 i B AR P B (r=0.828) , K m A2 I B35 0h, Wil T A M, Hodh & & A2 IRECT Al
WH AR (r=0.829), WK 2, X—HEWIRHEIREZERMN 42.02 t/ha, WK (8).
AGB(m%&ﬁﬁzﬂg)=l62.899+228.285X|REC|—0.96X%$% (8)

F 2 Hehh EEYE Y Sentinel PGSR A HH
Table2 Correlation of observed AGB and Sentinel-based predictors

group predictor/s r RMSE/(t-ha™)

VVais 0.224 73.57

VVaois 0.137 74.78

VVa16 0.320 72.16

VHy017 0.462 66.94

VVa17 0.240 67.80

1 Sentinel-1(SAR) VHaorsos 0431 68.13
V V1504 0.116 74.99

VHao1806 0.485 66.60

VVa01806 0.183 74.86

VHao104, VHa017 0.516 85.61

VHao1504, VHa017, VVa01504 0.605 60.08

VHaois06, VHao17, VVaoisos, €levation 0.619 59.70

Blue -0.273 72.63

Green 0.068 75.32

Red —0.410 731

Red edgel 0.062 75.35

Red edge2 0.694 55.24

Red edge3 0.711 53.08

NIR 0.690 54.66

2 Sentinel-2 NIRa 0.704 53.59
multispectral bands SWIR 1 ~0.205 73.89
SWIR 2 —0.389 69.56

NIR, SWIR 1 0.810 44.23

NIRa, SWIR 1 0.813 44.71
Red edge3, SWIR 1 0.808 52.546

Red, Red edgel, Red edge3, elevation 0.802 46.26

Red edge3, NIR, NIRa, SWIR 1 0.829 43.71

Red edge2, Red edge3, NIR, NIRa SWIR 1 0.830 44.00

NDVI 0.741 50.71

) NDVI45 0.682 55.23

V:g est;‘igzellngex IRECI 0.828 4228
TNDVI 0.720 5237

IRECI, elevation 0.829 42.02

LAI 0.839 41.11

4 Sentinel-2 fCover 0.796 45.74
biophysical variables fPAR 0.788 46.53
Cab 0.837 40.74

LA, elevation 0.840 40.14

3.2.4 A=) ) PR R R A A
LAT 5 V5 b ) 952 717 0 1 A bt by | 2 W) 1 (r=0.84) Ll JHC At A 4 B o 7% o A S A A OGPk o 1 vy R 0 ks 1
FHICHE , D/ T RO R 25 o 5 TRt T8 V62 5 V0 o b 1 - A 0 o e v A DG HE AR LAT NG R 1 415 (r=0.840,
RMSE=40.14 t/ha)(W.5& 2), W= (9).
AGB st tyam iem 4 )=—668.752+0.328x [ F+77.276x LAl 9)
3.3 RHEBHEITM

F 3 RIRALAS 2 S B AU G 1n] A Aok AR e SO LR G . o SMOreg il Multilayer Perceptron
HLAS 2% 2] 535 7E Sentinel SAR UM Sentinel-2 LAT A5 AL v kb 28 4 81 5 A5 0 4y 14 25 49 o I 3 RS #0005 . (HL7E
Sentinel-2 Bt 415 B RUFT Sentinel-2 (14 4 F5 OB RS vy, 2Rk [0 U5 LU AL 2% 2 ) B80T 07 %) A= 40 ek S TBOKE 0 B

SRV A )tk b T B R B B AR s T AT Y R R 25 E A — 5 1 22 5 (B[] : 40.14~59.7 t/ha), H: 1 Sentinel-2 LAI
S A ) i iR 2 H AR, B 7E Sentinel-1 SAR Sy AR ¥y i M I v o s 38 A= )k T RS 1 B2 DA 62.3%(Sentinel-1
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SAR A J7 i A= ) ) ] 84.0% (5T Sentinel-2 LAT Sy A= W) i) . S50 A ) RIS D J 1 A= ) 22 () %) AH O R 2L
(NFE 0.01 /K AR i 3% 1Y, Sentinel-1 SAR, Sentinel-2 £ %% I Bt | Sentinel-2 IRECT A # & 5 Fll Sentinel-2 LAI
55 S b b AR ) R AE OC R (), 2001 0.619,0.830,0.829 Fil 0.840.

F2 3 RSO LA A A A T TR

Table3 Algorithms used in the study and their accuracy evaluation for biomass prediction

algorithm S-1 SAR S-2 bands S-2 veg. index S-2 LAIL
r RMSE r RMSE r RMSE r RMSE

linear regression 0.619 59.7 0.830 46.3 0.829 42.0 0.840 40.1
Gaussian processes 0.583 61.5 0.783 48.9 0.821 435 0.815 423
Isotoni regression 0.604 60.8 0.813 47.8 0.819 44.6 0.807 432
LeastMedSq 0.617 58.4 0.672 58.6 0.758 46.7 0.80 433
MultilayerPerceptron 0.576 59.7 0.763 493 0.781 454 0.844 39.7
SMOreg 0.632 58.8 0.823 47.3 0.818 438 0.821 41.7
RandomTree 0.536 64.7 0.663 573 0.675 532 0.721 443
REPTree 0.593 64.4 0.763 49.8 0.772 458 0.693 455
RandomForest 0.571 61.9 0.759 51.2 0.754 46.3 0.838 41.0
KStar 0.572 61.2 0.815 47.9 0.591 573 0.784 45.1
1Bk 0.564 63.5 0.62 59.3 0.772 453 0.613 46.2

S-1 SAR=Sentinel 1 polarization; S-2 bands=Sentinel 2 multispectral bands; Sentinel 2-derived vegetation index; S-2 veg. index=Sentinel 2-derived Vegetation Index
S2 LAI=Sentinel 2-derived Leaf Area Index. r=correlation, RMSE=Root Mean Square Error (t*ha').
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K 4 JB/R T 454 SRTM @ U, A
Sentinel-1 SAR Al Sentinel-2 £ i K%
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1 A8 A — 34
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4.1 HihEYES SAR FEES R

e2 3 P ETEEA _ s

MG SAR VH AL 88 % e URaRes” = = WAk
2 = A : oo TRV e o
BUS RO PR T VYR AR T il Fig.4 Predicted maps of AGB in the study site derived from biomass models from a)
SRS ENMHECH: ., Z8HE VH Se_ntinel—l SAR channels (left, equation 7) ,and b) Sentinel-2 multispectral bands
il VV HALECE 2414 S AR SAR (right, Eq. (8))
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IR E RS/ R I YR PSE

PROISY 45RO 38 T 2l W8I 45 5 . KUMAR 45 2VAE Jz v B0 B $0s R AR R b B b, RIZHEAEY SAR
PR B L BT AR 9 SAR IS 5 M b A= W) 0 A T8 4 A A Gk

4111 (B6,B7)F1 NIR(B8,B8a) ) i Bt It Al W, 0% (B2,B3,B4)Fl1 %5 I 2L 4M(B11,B12) 5 Hb | AF ¥ ik A 0 4 A AH G 1k
2111 (B6,B7),NIR(B8,B8a) Ml SWIR(BI1) AL A, 5 Hiu 1 Ak 4 1) AH OC M be o — Dl B R LA 41 A& 3 = 5 203 F0 NIR
X B S B 01 9 5 2 B S U AR 56 (1 I B2 7E Sentinel-2 261 3B M FE 9% 45 %0, NDI45 F1 IRECI 5 NDVI #l
HAbAE B FE B e, 5 AR m A M s NDI4S Al IRECT S8 i3 410341 (B5,B6,B7) I B MM i #5 8, 549
AR ER; LA 5 EYE (r=0.84) Ho Ho At 4 9% 78 55 22 W Wy S B (A 6 M 4, 5 DUSSEUX U0 % 3
—3 Y, DUSSEUX A5 4 Wi O AH M f i 19 2 LAL, LALRAE T HIBES ) 0045 B, B8 T /0 Hb 7 R o bk
8 R0 55 A bR e A

42 £YERERNEREITMG

TEE M FAY R R ERA G, FTF LAI A (FEF Sentinel-2 22563 K% HE T3R5 ) 52 7 116 T b 30 V52 117 72
M AR, HET SAR WAibE MBS ZBAEG . ZOLIEN B MBS IS es BRI s, HeERYS
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148 AHZBMFEERFERER 518 %

Semh b, BT LAL A9 iR 5 3L A g dR Sy B A | R g 2 s AN AR AR L, AT
BREMNEYRRERBE, 5L AP IEEMIL, C B SARCINA CH Sentinel-1 SAR), & W T 4E 4 & Mtk A9
WEFE, AN FRAR R Cs . R RO AR, AR A S O BT & B, A LA Sentinel-1/2 AR K
XoF WA U b, M A ) e B 9 RN AR AR MR A bR 22 TR AR O A AT R 45 R o Sentinel SAR £ i BIMG SR K
A FRER A (SNAP)AR I He 2 4R HORN TFIR Y o FH A 5 3% m] R IO TR MR AR A AR LL 3L, Sentinel-1 1 Sentinel-2 A
TR 1R 2 1] 43 9 S R 6] 43 3 5 AL TR B8R AH L 48, Sentinel BRI B8 T K, A AR KB ER 2 .

AR YR A ) A AN SR B IR AR T S DR b S IR A A B (R AR (RS R A AO RE b SC T Y
KB o Az W o T00I A R S0 AF 5 1 (62.3%~84.0%) K W] . FIFH Sentinel 15454l H ke B v R0 22 il 1 b dth | 2
WA AR KA T T o 38 3 7R SO IR 0T DA il 5k B UE 1 AR e M IR, O DA S AR e b BTSSR, R OR LR AR AR
ANRTHMZER, sk, BBFE MRS FF S0 B i ] A Sentinel EIMGAF7E— E T[] 22, 40 Sentinel SAR
SRSV BE A A 4 4F L 34 24 LAREAN L AN A MRTE 22, % EEISE T Sentinel SAR H9Hb b A Yy BAY
PR 14 ASHM 1A HBEE 225 10 Sentinel-2 54 M ST BIE A7 7E 1 A H BRI 225 fEAR SO, (BB 10 X B
(B P, FEM A A 25 SR 2R AN T B (RE e A ) R 7E 2018 4F 5 HEREM). ERKEMFR T, ¥
JURT B M7 AR M S B SR B 18] R 28 Sentinel EI%,  LAkE G AR RO

5 i

A SC A JEL Y 3 S A W b 38 5 Sentinel-1 SAR Fl Sentinel-2 £ %1% 5% BUIE SEAT M b A= W B 0 RO RN 2R . BF
GBI TR R 4 AT, SRS A Y AT M R, B SAR BEAL AT Ok Bl
AR FE BT BB AL L . AR AL AE 4 M AR R AR S AR ) RN Sentinel FMGEHE A )
A M (r=0.619~0.84), Fe LB A U iR 22 /N F 41 t/ha. J5 2efF 58 105 18] J2 F1 F Sentinel-SAR % 4f i i3 InSAR
FAR A DEM, 454 Sentinel SAR FIZ G Ede , DL H AL Wy B R Ak IRRE J1 . 40, R4 Fh s 4%
Bt A, UIRAES M2 mlAIE A, DLk s 300 A 00 00 8 0 f i A e 1, 95 2 (B R L 3 AU 700 0 5% 25
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