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Canopy water content estimation for typical emerged plant
community using WorldView-2 imagery: A case study in Wild
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Abstract: Quantitative estimation of emerged plant water content with multi-spectral remote sensing technique is of great
significance for emerged plant physiological status and growth trend monitoring. The hyperspectral reflectance of canopy
of wetland typical emerged plant(reed and cattail ) was measured by Field-Spec 3 wild high-spectrum radiometer. The
leaf water content and leaf area index ( LAI) of corresponding samples were also measured. First of all, the ground spec-
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tral data(reed and cattail ) were resampled to simulate the spectral of WorldView-2 imagery, then the simple ratio vegeta-
tion index ( SR) and normalized difference vegetation index( NDVI) were constructed with arbitrary two band combination
from the simulated WorldView-2 spectra, respectively. The correlation between canopy water content( CWC ) and vege-
tation index were analyzed. The estimation models were obtained by using regression and correlation analysis for differ-
ent emerged plant community. In addition, the research result of ground data was applied to WorldView-2 high resolu-
tion multispectral imagery covering the study area, and the CWC of emerged plant community was estimation in spatial
scale. The results show that the SR and NDVI constructed by the simulated WorldView-2 spectra had a good overall cor-
relation with CWC. The SR (8, 3) .., was selected as the optimal vegetation index to estimate the CWC,,, the best
models are evaluated and validated as y =0.005x +0.003. The NDVI(8, 3) .. Was selected as the optimal vegetation
index to estimate the CWC_,,,, , the best models were evaluated and validated as y =2.461x” —0.313x +0. 032. Accord-
ing to two K-fold cross validation examination, these estimation models have the satisfactory prediction accuracy. The
prediction accuracy of CWC, ,was 87.42% and the prediction accuracy of CWC_,,,,;was 82. 12% . Furthermore, based
on the research result of ground data, we made use of WorldView-2 high resolution multispectral imagery to map the
CWC of different emerged plant community. According to the examination of measured data, the estimation RMSE of
CWC,.,and CWC,_,,,,from imagery were 0. 0048 and 0. 0052, respectively. The estimation accuracy were 83.56% and
80.31% , respectively. It was demonstrated that using WorldView-2 high resolution multispectral imagery to estimate the
CWC of wetland emerged plant community has a high feasibility.

Key words: emerged plant, canopy water content, vegetation index, WorldView-2, object-oriented extraction, Wild
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Fig.1 Location map of studied area
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Fig. 5 The coefficient of determination between vegetation
indices and CWC

(8,3). H1F SR(8,3) suy il NDVI(8,3) s YL E R
$ER A 0.85 ,{H SR(8,3) g M 1 TE T A 52,
B ATESE SR(8,3) s WG CWC sy WIS LAE TR
ﬁ;SR(8 ,3)§;§5Fﬂ NDVI(8,3)§§ B‘Jﬂ%ﬁ%?\ﬁlﬁ?aﬂﬂa
0.73 1 0. 74, Fr LI ¥ £ NDVI(8,3) . N &
CWCHu BRI A RME BT HS
CWC Z 7 B Ar B AR AR L vk B S B AL, AR 3 R
B RPCEIE N FIAE B AR5 S CWC MR C R ElIE
AR A A BB A, I % 458 A 47 38 SUIRHIE (2K-
CV). HR4 ATLIE W, X THEAS 1, RAPEER R 2
RB(R?) Bk i FREAR 2, ZIR SRR i ) 8
ZE(R) Bk, BT UARYE R? & KRN, BEA 1—
CWC fffi B % v = 0. 005x + 0. 003, FEA 2—
CWC fffi BRI y =2.4614° - 0. 313x +0. 032.

®4 FAEEHEE CWC 5EMEHKIEERIETEE
Table 4 The regression models of optimal vegetation indi-
ces and CWC in different plant types

LS Tt (6) I R}
y=0.005x +0.003 0.857
y=-0.001x2 -0.004x +0.032  0.850
1 SR(8,3

B R ®3) y=0.013¢% 141 0.844
y= -0.030Inx - 0. 022 0.820
y=0.259x +0. 000 1 0.739
y=2.461x% -0.313x +0. 032 0.791

2. NDVI(8,3
FER2: il ®3) y=0.011¢% 280 0.783
y= —0.0271nx +0.091 0.686

W AL n=15842: n=12
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Fig.6 Regression relationship between optimal vegeta-

tion indices and CWC in different plant types. (a) Reed,
n=15(b)Cattail, n =12
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SEMEANE FE SR A 3 7 AR 22 (RMSE ) (AH X
122 (RE) fEBE (R*) 3 AN dn 5t il AR B A7 1
FE(RS) I HILNE S TMAEZ EH 1: 12X 5K
B 7)), L E A Je s Al S5 2 i 4006 BE 0 AT
k.
x5 TAEAEPAER CWC LE(x) 5THAME(y) BHLE

IR
Table 5 The fit evaluation indicators of measured values
(x) and predicted values (y) in different plant

types
YRR RN

E]Epig: R,? RMSE, RE/%
BAL: %  SR(8,3) y=0.975x+9E-05 0.881 0.0042 12.58
BEAR2: FW NDVI(8,3) y=0.858x+0.004 0.850 0.0049 17.88

FE: BEAL n=15;42. n=12

KB 45 R R, 2T 2 ME B BOE L AR
HYIE CWC A H AR, IS T B i I8k
ROERAA TR PERB(R,) BB T 0.8
LAk, ¥754R 22 (RMSE,, ) FIAEX $R 2 (RE) #7801,
HA B B LA 0 BB N AR 2. P LA SR
(8,3) 29 AR B % CWC AR ELRA &

3=0.975x+9E-05
0.06 | R*=0.881 *
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Fig.7 Comparison between the measured value and the

predicted value in different plant types (a) Reed, n =15
(b)Cattail, n =12
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FE BN ER/DEESEL

AR 5T BRI 5 S W T [0] % 5 43 K HFLE eCogni-
tion Thj [a] Xf ¢ 73 2R K A4 Hh #EAT. A B4R A 1Y
Scale Parameter Analysis R EZH i TEBER
Bor B REE. TE2 8 o8, o A B X T3
8oy B G R AE B A EE B R A, BT LUK
AB 2R 1. 85 2 R 25 3
R, B e BAR MR 0 B RER 60, %5
o3 8RO BE SRR 1 10 H A ) 1) JRy 755 2 8] JLAR] 2 A e
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Table 6 The scale parameter of image segmentation

AR & Vi IN; 3 BREF  RERERT
Bandl 1.0
Band2 1.0
Band3 1.0
Band4 1.0
Bands 1.0 60 0.2 0.5
Band6 1.0
Band7 1.0
Band8 1.0

3.2.2 &y st R FE KA FE R IR

MY B A MR R “ 40307 R 1E,
WorldView-2 2GR A& “ A 387 # B (Band 6)
BT ARG 21307 I3 — 4k 22 {8 46 9% 48 21 ( Red-edge-
NDVI = ( Band6 — Band5)/(Band6 + Band5) ) , 4%
BB E AR EBRIN R IR WS EE
( Brightness ) ##+1iE ( B2 B 5 A8 RAE A
A B IS - 208 ) SR B SR B &1 2
IR >R F A [R] B9 AR AE I8 B sl i Br L &, i s 1
SR B BE PR ECH RM(E S Rl A TR R (3R 7).

x7 BHEHRBESEEASHERE(“and” ®RRZE)
Table 7 The characteristic bands or band combinations
(“and” is equal to intersection)
LR FEE B B B &
752 Phragmites australis 0.12 <Red-edge-NDVI <0.2 and Band 5 <0.3
7% Dypha angustifolia  0.02 < Red-edge-NDVI <0. 12 and Brightness <0.2

e A S BUE R , FI i eCognition [ [ Xf 52
DRBAFRBE TSR RE, 45 &R B S HDOE
EAEFSY OV AR SR R EIEA T A PSR L2 T

SEBX R0 BIEF I T BUCE )R 53
PRI R AR AR (K 8).

Kilometers

00.250.5 1

B8 I il Il o) X R PRI R
Fig. 8 The result of object-oriented extraction ( reed
and cattail )

3.2.3 HERIE

TEVEKAE Y BV ol 2 SO 3061 T AR AR 4L
LAT DL R AR & S B I, LR 6 & A Bk
GPS RTK E660( #15: £ E E660) , LIHF—FR
Hil, N — R EERESHAREN TR FEHITH
J7 A bR B 0 &, W B P B A UK OF RS B B 5 5 B
+12 mm +2 ppm, 1 R A KB X0 F GPS K EE 1)
BOR. RO T Ain A SR AR I A, BT TR VE
FERE TR ST bR , X P S AT PR B S R AT
RN, B EE EEIEIN G5 R (3R 8).

RS EAKEWEHFRNEETN

Table 8 Extraction accuracy evaluation of emerged plant

community
ity AE & B PR/ %
BE 39 6 45 86.67
i 5 31 36 86. 11
eyl 44 37 81 —

HEENEE % 88.64 83.78
MK 86.39% Kappa Z3(; 0.86

MR 8 FILIEH , M mX R 32K F B, 7
EFETHE IR EBOE B4 51455 86.67% F186.11% ,
SAEREILE) 86.39% ,Kappa REAE 0. 86, Y%
RO EREA RS MER R T, o JE S
CWC Jz i Sl E B T —A B4 L.

3.3 E F WorldView-2 2GR EKEWEE
CWC RiERHE

H F WorldView-2 & §F E 14, 7 5k
CWCys =0.005 x SR(8,3) +0.003 fl CWCxy =
2.461 x [NDVI(8,3)]* -0.313 x NDVI(8,3) +
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0. 032 A& B 5T X /9 75 2 FI & 16 19 CWC 23 [|] 4 A
E(E9). B9 F % CWC K{EE N 0.007 ~
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Fig.9 Reed and cattail CWC spatial distribution map
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Table 9 Comparison between the CWC,..and CWC, .,

F/ME/ BKE/ FHE/ Wy e

(g/cm?) (g/cm?) (g/cm?) WE KE/ %

BEEN=15 3 CWC 0.013 0.054 0.032 0.0092 — —
FHAEFE CWC 0.010 0.049 0.028 0.00870.0048 83.56

FEHN=12 3zl CWC 0.012 0.047 0.026 0.0076 — —
FHAMEE CWC 0.009 0.041  0.021 0.00680.0052 80.31

TR £ PRz

4 BipSiHL

T AT L TE A A B AR K5 CWC 1Y
FIRKAR it A 5. CWC i e LA B9 2, A A

GEit 43 BT W 7 B ST A AR R | TR b TR 45 A
RS R N A 21 3058 X 1) WorldView-2 [543 ¢
REMEZR L, N R X B 3E K #E % CWC
AT T R EFIHI . 2558 R

(1) ZEFAEH WorldView-2 F2AZETEH B [ Eb
B (SR) FlH— 4L 2 EAE B E(NDVI) 5 CWC 1y
SVARAH SRR , 10 BH SR P 3 S 4 45 B0 HE /K AR
YR CWC HATM A AR S WA AT PR
SR 5 NDVI & REGEFEAHE, HFH W SR 5
NDVI By 2 B0 A AH R ; 7735 #9 SR A1 ND-
VI e RECEM T, € REE Y HLEH &
HF—bHEG BRI MNAREBRE , RE R
B Y SR A1 NDVI g A 1 U B #R A & 7T LB I
B iE SO B (Band 2 ~3) FILL 630 % B IR
Z15hipe Bt (Band 6 ~8) ; 73— 5 T, B AR & Y I B
AHE B B AR A T2 5. U] — L SC R B
TEREBBE T B S P, T 22 5 U 56 B R [R) A )
AN 7K B 1 T i oy A7 AE 22 5.

(2) X5 A [] Y HE 7K A 0 B 5 S B, 3 ok 3 B
AR B AR A BT 5L, 7 AR g Al SR AL, o,
SR(8,3) sy Fl NDVI(8,3) sy 5 CWC .y FIAH K
B, P REER R 0. 85 ,/H SR(8,3) wu M ETE
E N, BT DAL HE SR(8,3) g WA CWCy
HIS A B HE £, i BB AL R ¥ = 0. 005x + 0. 003 ;
NDVI(8,3) 245 CWCay FIAH S BAF , TR AE REL
3 0.74 , BT AZESE NDVI(8,3) 2y HAHE CWC 4y i
EACAERE FE , [EB BRI v = 2. 461%° - 0. 313x +
0. 032.

(3) AR5 o — 7 T W BE K A BV 53 R
2 X PR A H g CWC SRR, 5 —
J7 AR BAR LR S XA B 1 1 2 K-CV k1T
M ANGHIE ,2K-CV J7 LT LA 7840l R A , B
A i 2 )RR 22 SRS & 4B IR B 45 R
WEEA RS, DLW 7 T AR B3G5 T A SR
RU A A] 5 AT . B MK AT B E , CWCay A1
CWC 5 P BRI U T 35 A BAR B TS E
CWC s I TRINNE BE Ny 87.42% , CWC g HY T I AF BE
4 82.12%.

(4) E XG5 2K D78 D2 REFAR 5 E
Bl G575 I8 T B AR EIEE BRI R 454
FE (B8 HHAE) , BB T AR T4 0T
SEFERFADEEEENAR. Sl BRSH,
SEH T BBEA T ROLEE R EMAEREER,
BTREMERR,]E TEEWFTREE. [,
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