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Remote sensing estimation of the aboveground biomass of reed wetland in the
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Abstract: Reed is one of the important community types in wetland ecosystems, and its aboveground biomass (AGB) is a
key index characterizing the quality of these ecosystems. In this study, the spatial distribution of reed wetland in the
Western Songnen Plain was mapped using the object—oriented classification method combined with multi—seasonal Landsat8
OLI remote sensing data. Field observed reed aboveground biomass data and five spectral vegetation indices, i.e.,
normalized differential vegetation index ( NDVI), ratio vegetation index ( RVI), enhanced vegetation index ( EVI),
modified soil adjusted vegetation index ( MSAVI) , and weighted difference vegetation index ( WDVI) , which were derived

from moderate—resolution imaging spectroradiometer ( MODIS) products, were used to determine the sensitivity of different
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spectral vegetation indices to reed AGB and further to develop an optimal remote sensing model for reed AGB estimation and
inversion. The results showed that, the total area of reeds in 2014 was 1653 km” in the Western Songnen Plain, and Zhalong
Wetland Nature Reserve had the largest reed area (1178 km®) among the five wetland natural reserves. Additionally, strong
correlations were found between each of the five vegetation indices and reed AGB (P < 0.01). The exponential curve model
established using EVI was the optimal model (R*= 0.55) for reed AGB estimation and inversion. In the Western Songnen
Plain, the mean reed AGB based on the exponential curve model was estimated to be 372.1 g/m” and the total reed AGB to
be 6.14 x10° t. The maximum reed AGB was observed in Zhalong Nature Reserve with a value of 4.38 x10° t. The averaged
reed AGB for each of the five wetland natural reserves can be listed in a decreasing order as Xianghai Natural Reserve
(469.7 g/m*) > Dabusu Natural Reserve (454.1 g/m’*) > Momoge Natural Reserve (373.0 ¢/m’*) > Zhalong Natural
Reserve (372.4 g/m’) > Chagan Lake Natural Reserve (369.8 ¢/m”). Higher AGB values were found in the southern area
than in the northern. Results from this study could contribute to the protection and management of reed wetland, and the

utilization of reed resource.

Key Words: MODIS; vegetation index; reed wetland; aboveground biomass ( AGB) ; Western Songnen Plain
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Fig.1 Location of the Western Songnen Plain and distribution of 2 TiBRBIERSHREE

sampling points in Northeast China Fig.2 Points for land-cover verification
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VU 2005 S o A EP SRR A 1 90 UE a5 -5 42 B 45 Bl i TR AA R P A O R U SR AT 0 AT, e BRRA T
JE P4 S A M A i R Y R A JEE R 86.89% , AR M 25 7 JEHER AU AE 10 201 A, 7 205 B PR HU oK
JEE R PEUAR BE 37 IR BB iR /KF- , RESH AT 2 (R 1) o
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Table 1 Confusion Matrix of land use /cover classification for the Western Songnen Plain, China
i FLAEZEM Ground Truth

e Kk FEAR T b e Ho A A B o JH RSB
Classification Results W (AEi3E) Reed Other ,F ' User

at .

A Herb Wetland (not-reed) e vegetation o accuracy/ %
JKAK Water 56 2 0 0 58 96.55
HAR P25 ) Herb Wetl -
FLA TR M (AE 7 %5 ) Herb Wetland ( not 0 7 13 4 %9 80.90
reed )
7% Reed 0 21 201 2 224 89.73
HAbHE Other Vegetation 0 5 9 42 56 75.00
AT Total 56 100 223 48 427
il EHE BE Producer Accuracy/ % 100 72.00 90.13 87.50
BAKEE Overall Accuracy/%  86.89 Kappa=0.7966

P BT JEEVPG 35 2 25 0 A AR 3 B, 226 R B0 A0 F00F o8 X AL AR A FL R I8 o F AR P30 X, FE A 52 X 1Y e
BB A A 2D 5 ELAE VT I S I3 A5 K e A B X8, 2 35 40 A B o AR R TR RS YT ) (e i X
Iy AR AR

2l LI WACT JE PG 38 35 B R LA 1653 km® |5 AN LRI M R4 X P ) 35 20 A T BLR 1313 ki, 24
P P BT SR PG 3 2 = R AR 79.5% , Forh ar A ZEF ST X i AR 4L b, A P S AL 71.3% (£ 2) .

R2 MBERESAESHAERS XS

Table 2 Statistics of disparate reed area in the Western Songnen Plain, China

IXJ Region iR Area/km? Hef9] Proportion/ %
e AR 1X. Zhalong Nature Reserve 1178 71.3
BLBK H AR X. Momoge Nature Reserve 59 3.6
2T A IX Chagan Lake Nature Reserve 51 3.1
I 76} 1 SR 447X, Xianghai Nature Reserve 2 13
KATH H R IX. Dabusu Nature Reserve 3 0.2
HALXHK Other regions 340 20.6
FAOT JFEPE 3B Western Songnen Plain 1653 100

2.2 7 AGB JOEBIRIFYEE SN
221 ANEDGCIERBHE BN ZE AGB BRI Hr

IR DTSR R A S TR AGB #EATAHC /T (71 MHEA) S5 R B 7% AGB 5 [R5 Fib
RS B BB A OE (R 3) (H AR MBS 505 AGB 22 [a] (AR JCFE BE AN TR] , BIVAS [a] () 4 9 48 B0 AGB
AL FE IR R AR . P M35 AGB 5 RVILEVI [E] A ¢ R 80345 0.68 LU I, W] RVI EVI #8%
X AGB AYBUBE AR | REAR A S WL 35 AGB AYZSAR I, 5 ke o 418 KICABUR M R R B/ IMR YK R - RV
> EVI > WDVI > NDVI> MSAVI, iX bR & W85 538 1A B A8 50T T 225 ACB 38 JE S S B R [ Fa) 2
2.2.2 S RAG R BE R KO BT

L AGNHHET 5 A RS A5 AGB UG I — IR HEIAY . N 4 thaf LUE ), A EVI, WDV,
RVI NDVI SEAE B8 BG4 19— ot 2 [ AR ( SCRM ) H35 BB 4 & BOR . TE TR MR H5 %
B | RIS R AR SR A 5 AR S5 7 25 AGB LA B BUS RIRC R dchy . Hod  EVI LA
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Fig.3 Distribution of reed wetlands in the Western Songnen Plain, China

ST HoeE 250 R*3K 0.55; WDV IRZ R0 0.52, BIA 30 R 5 22 12 MSAVI, R* R 5N 0.43,

R3 FREHEEHSESB EEMENHEXRE

Table 3 The correlation coefficient between different vegetation indices and reed AGB

FEBEAEEL Vegetation indices EVI MSAVI NDVI WDVI RVI
P A MM Correlation 0.683 ** 0.538** 0.605 ** 0.670** 0.689 "
Reed AGB B3 Significance 0.000 0.000 0.000 0.000 0.000

* % FoNTE .01 K b FAE L ;s EVI 38 53 7 4 9 F5 %0 Enhanced vegetation index; MSAVI 16 i U - A9 9 9% A1 B 35 0 Modified soil adjusted
vegelation index ; NDVI I — 1k 2% 5 I 9 5 50 Normalized difference vegetation index; WDVI JIIAN 22 4348 # 48 #L Weighted difference vegetation index;
RVI HUAEHI#EFE %X Ratio vegetation index

F4 BETHEEHEHNAE AGB HEER

Table 4 Models for estimating reed aboveground biomass with vegetation indexes

Wig =y TEBEHR B [ )5 455 780 JE REU(RY) AL
Function type Vegetation index  Regression model Decision coefficient Sample number
LR A EVI y=1457.4x+8.5 0.47 71
Linear model WDVI y=2491.4x+47.755 0.45 71
RVI y=94.265x+89.43 0.48 71
NDVI ¥=1070.9x-168.36 0.37 71
MSAVI ¥=966.2x-231.38 0.29 71
Fe R EVI y=166.46>%" 0.55 71
Exponential model WDVI y=181.72¢>16« 0.52 71
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JifeZeA! TR B IRl ) 4557 YERBU(R?) FEAKL
Function type Vegetation index  Regression model Decision coefficient Sample number
RVI y=204.13¢" 1843 0.51 71
NDVI y=105.61¢%¥1% 0.49 71
MSAVI y=84.002¢%724 0.43 71
ZRIGAEAY EVI y=3288.4x>— 568.53x+280.31 0.51 71
Quadratic term model WDVI y=8119.3x% - 265.95x+250.35 0.48 71
RVI y=2.162x%+ 73.642x+132.34 0.48 71
NDVI y=2513.462— 1518.4x+426.44 0.46 71
MSAVI y=2175.8x2— 1499.6x+351.96 0.40 71
TR RO EVI y=1026.1 x0-09980.69%8 0.49 71
Power index model WDVI y=1507.8x0-6703 0.47 71
RVI y=175.03x"% 0.51 71
NDVI y=721.41%97 0.41 71
MSAVI y=561.31x0664 0.27 71

EERHL AR BT 1 VIS5 BOB08 FURBUR N0 s00 -
Wi £, A TR 22 3455 AR 2% ) RT3
HEE) SEATREEREA , SCIU S AR O A R 4, o | Reos ©

EVI FE50HL A 045 BB B 7 1 £ BRI, S O
S S AR AT R 50K 0.85( P<0.01) , HF MR 2N
60.9g/m? , FHMAS B IR F] 86.7% , LG %I 5 il w45
O A B SRR B | T LA R EVT A S A

fh5AE
Estimated value/(g/m?)
o~
=
T

200 L - Rif A
FAV R 1) 3 J A B 48 BB AL 5 = 166. 467y = 166.4 — %éa’“;%
€2.99 * EVI BB BhaE Ak 68 07, vl HH T4 . | | |
BT IR 67 AGB. HOIE I B 57 To w0 w0 s
23 P AGB IR S IS Measured Y/ s/

2.31 FRBCPISPTES A AGB %@m% B4 WEFRERAIBEFE AGB PEHEERIE

ﬂEIJ FH *@E Eg EVI Ejﬁ[":@:@&{ﬁ *ﬁﬂ ’ X d‘ */A W_T'ZJ’? Fig.4 Validation for reed AGB in the Western Songnen Plain
PUER A 35 AGB HHATAG R 153/ %5 AGB Giit2s R ank
5 FiR  NEEAIIFSE XOR L2014 4F 8 HAZ X A 35 87 i 6.14x10° t, 55734 AGB 2y 372.1 ¢/m?*, X3 N
KA S i/ MEAR IR IL 831.3 ¢/m*, XF &R XN, %45 AGB I RAE A/ ME S H BAE KA SRR X
AR fe/INE R R REARAP X, AR X 23538 AGB 2 5350/, Bt 1151734 AGB WK T 384 X 38 (1) - 2 7K
SEAR AL X B34 AGB MRS I P2 o FLIB F AR ORI XM =6 S fde K, o 4.38x
107 t, o BN PN IOV 350 1 X2 = = B 119 71.3% 5 1T RAR D3R4 X R = i /N, 0N 0.1x10° 1(R 5)
2.3.2  WAWCFBEPEER S AGB JrAnidg

BT EVI Frig g i e i b AR 4 A Ay = 166.4 > Y S AR B FAMOE J5 PG B 45 AGB, 2%
] o3 A i T AN IR 5 25 B AN S a3 P =25 A0 A T AR (&1 3) |, AT LR B R 98 XA 2 3 AGB Gl i K T 1
W, 165 A EHARE XA FLRAR XN AR ZE AGB S i, HOEY) AGB M P I 7] 25 R 5 3R M 3 ek
e BN PG AR EAA TR PN B P 35 R ST s A TR XN P 35 734 AGB (E AR I, AGB i i Hb IX 2
AYARAER TR 38 ; SEEAR AR AP X A AL BRI PU 3B 2 AGB %5 fm , FE B 2 25K S b | T A 5 5 A% v 3 i i 34
DX P35 AGB ARG 5 T VAR DX R AR R0 DX P9 2 35 AGB 35 ik 4 1 , 8 o 4 il X %) 2 =5 A K R U
ELLE [ AR DX RS AR AR TR X 3 2%, 1 25 AGB A%, 3 T B 10 G i [X 52 B i AR s T4
AKX,
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£5 FARERXEAE AGB HELR
Table 5 Estimated disparate reed AGB in the Western Songnen Plain

X I e/ ME STYNIER AE FHIME o8 is
Region Min/(g/m?) Max/ (g/m?) Range/ (g/m?) Mean/ (g/m?) Amount/ ( x10* t)
AEE/S [X.
TR R X 155.5 736.4 581.0 372.4 43.8
Zhalong Nature Reserve
BB R X
SLSUH B AR 184.1 679.0 494.9 373.0 2.1
Momoge Nature Reserve
T A AR X
Chagan Lake Nature Reserve 147.9 706.7 558.8 369.8 1.9
AR X
@/@ H ‘.‘“WFE 205.9 695.2 489.3 469.7 1.0
Xianghai Nature Reserve
biNEE/S X
KA FAR R 147.6 866.8 719.2 454.1 0.1
Dabusu Nature Reserve
\ 7. 3
HACE R 135.1 966.3 831.3 372.1 61.4

Western Songnen Plain

0 15 30km

0 5 10km 0 Skm
I E—
" AR (g/m?) .
] i C v =
135.1 966.3

5 MBTEREAAE AGB ZE 27
Fig.5 Spatial pattern of reed AGB in the Western Songnen Plain

3 iTtig

IR, M08 SR SR R G070 o SN L ARy, B RO 00 2807 3k (e R AR ) 70 2B R 22
FA 30%—60% ") JRAEVF 280 43 0 HE 43 AR I 4R i (0K 240 45 B8 e ORI DS A5 &, i
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X E AR AE SR AR T ABRE (WU AR (BO4E ) RREF AR OF BRI S 2 180 E
AR TR S BRI A R vt B [ 4 S S [R5 PR . A SCR FH T 1) Xof 2 1) SR o 2 T
B AR BT GO TR S 23 RIRRAE , TR 2 AR LRI DR AR A 2 A0 22 5 007 b BB T A O D 7
H AR A ) 3 A0 5 5, L RS BE TR 90.13% , AR5 A 45 S 3R B, AR R I8 o) %o 2 08 7, % v 4628 [l 43
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