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Abstract

Aims Accurate assessment of plant aboveground biomass is important for optimizing grassland resource man-
agement and for understanding the balance of carbon, water and energy fluxes in grassland ecosystems. This study
constructed the optimal empirical models by near-surface remote sensing normalized difference vegetation index
(NDWVI) data, and then estimated plant aboveground biomass in an alpine grassland on the Qingzang Plateau.
Methods Using the dataset of both the field-measured aboveground biomass and the NDVIyg observed by plant
canopy spectrometer (RapidSCAN), we constructed the empirical models for estimating aboveground biomass in
different phases of the growing season across 2018 and 2019. Using the NDVl¢,, time series observed by
phenology camera and the estimated models, we simulated seasonal dynamics of aboveground biomass in 2018.
Important findings (1) The seasonal dynamics of NDVlc,,, NDVigs and aboveground biomass exhibited a
similar unimodal pattern; however, the timing of peak NDVI (August) preceded that of peak aboveground biomass
(July). (2) The best model for estimating aboveground biomass is the power function in May, July and September,
and the quadratic equation in June and August. The estimation accuracy ranged from 0.29 to 0.77. (3) The estima-
tion of aboveground biomass based on the models in different phases of growing season (R = 0.91) showed a
higher accuracy compared to that based on the model at a single time (September)(R2 =0.49). Our results suggest
that the near-surface remote sensing is an effective approach for estimating alpine grassland aboveground bio-
mass, and further investigation on the seasonal growth of plants will help accurately evaluate grassland resources.
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etal., 2016).
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BT AR BAG BE T AT 2 A K
BB (— A2 T34 H) T2 2 END VAT L)
A ERBIE R R RS S, 2011; BRE2AE,
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teAbh, 51 TR NDVI AR & A6 55 52 2 KA
SRR TR I B 2 23 HE R (52 o BT BT T R I,
= RV I 2 PR T B8 JEEND VIS S A &
FIHERAPE (B BREE, 2017). TR SUAG R 23 (8] 40 9 R
G, X S o 2 it ) B b A 4 44 BB 0 PR (Piao
et al., 2019); H4b, T EIEESRBGS G R 8 5 E
B, ML AR E R SHE E (Jin et al., 2014).
UL AR, I 8 I e AR HLFD e U e 20k
WA, REME I S b FRE A 25 0 R AR A R (S
K (Petach et al., 2014; Filippa et al., 2018), HZ K<
AR 55 /N (Sonnentag et al., 2012; J K24,
2013), RAFEREE Bkt 7 EEMM AL, NEY)
M b AR B IR A S A SRR A OB T B H A,
JE BRI 2 L T W AR, s
JREE A AR K S Il (Wingate et al., 2015; Kloster-
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B, BB TR R AR KR

T 9 = T AN 29 9250 i km?, SF ¥ AR AR
4000 mbA b, St iR m . RSO 1 SR,
ARt TR B “HIEREE =42 (Qiu, 2008). m7€
O AR T R T AR 1 60%, i & Ok TR
FAFRAE T AL O YR (Xu et al., 2018). LS04
Kk, KA RS A 104E 1 FH0.3-04 C, A2
SBR[ ISP 4 FHR TR R 205 2 A (MR e 25, 2015);
B KA R AR R AE R, EHALEE N, RE k>
fl#a % (Shen et al., 2015). an LB A AL E 4
o 7 e DR v FE R A A (1 A K2R T BRI RS A
(Xu et al., 2018; #Iuf, 2018). HHTFFRI, <
6% AR R A o € B b U AR KR SR AT TT 4R, SRS
Hhy b AR A PR, T R 3K A B g PR A
KWL H, SEKE LAY &4 B K(Wang
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Fig. 1 Seasonal dynamics of air temperature and precipitation,
and the alpine grassland vegetation growth in different phases
of the growing season at Haibei Station. A, Mean monthly air
temperature and precipitation in 2018 and 2019. B-F, Pictures
of plant growth from May to September as photographed by
phenology camera. NIR, near-infrared images; RGB,
red-green-blue images .
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Fig. 2 Diurnal (A) and seasonal patterns (B) of normalized difference of vegetation index measured by NetCam (NDVl¢,,) from
May to September in 2018 at Haibei Station. The shaded part in A indicates that the NDVI of the phenology camera from

10:00-14:00 is the most stable.
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Fig. 3 Dynamics of the normalized difference of vegetation
index (NDVI) measured by RapidSCAN and aboveground
biomass (mean+ SE) of alpine grassland in the growing
seasons of 2018 (A) and 2019 (B) at Haibei Station.
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NDWVI cam FINDVIRsITET X B UEEAE, ik - AEY &
TES H B BNEAE . MM AT R, EKFAH
H 3 NDVIgs 5 1 _E A2 2 (0] 3 2 5 3% IEAH 966
A(p < 0.05); FFH, BR8HN, HaAMIAHEI R
¥IET0.6 (Fl).
22 EEHMH FEYES5NDVIZ BRI EE
e

7E2018F120194E5-9H, 4374 % T NDVIgs 5
=1 KA H i FE R T RF S A et )2 6 i A0 1 Y 3 — A
AR H S Hh b AR TR PR AR D
Table 1 Pearson correlation coefficients between normalized difference of

vegetation index measured by RapidSCAN and aboveground biomass of
alpine grassland in different months of the growing season

A+ Month  #£4%L No. of samples r p
5 56 0.80 <0.001
6 34 0.88 <0.001
7 64 0.67 <0.001
8 51 0.31 0.03
9 63 0.78 <0.001

Hy FAEP RS RE IR, SRR, FR8H 4,
HoAx A A R (0L BB R (R > 0.6)(72)
BRI KN, FE5. TAI9H, B pd B A (1 RO Bt v
TE6FI8 H, 2 T2 (1 & B2 A T AR 2L
[FJEF, 5+ 7F09 H Hh s ek B 2 [ RMSEFIRMSE,
BIRAG; fE6f8 A, 2 WA [ RMSERIRMSE, it
R(F2). BRI E, & H WS 4G B 55
MK 2 18] B RMSE - 2 49 527.90 g-m°, RMSE £
10.99%-23.19% 2 8], P34 TtillRs B K T-80%. 25&
R, RMSERIRMSE, 3/MEbr, A E L msE ki
T APl I S B AES L TRN9 H R R
bR, fE6RI8 H N2 MR,
23 EEEM FEYMESTHETHGHE
FF2018EDEAYINDVI e IZTT B A, A
T 8 gt A K ZEAS [ I 3 R B — B 3 (9 F) i s A
PLARAL Sl T R F AR R
A, GREWH, WA ESR - EYE

2 20187120194 A K2 ey 2 B M = s e J2 D' T 2 P U1 — AL AL U (ND VI ) () 55 1t _E 22 W88 () 2 [ R 22 B R R A

Table2 Fitted regression equations between normalized difference of vegetation index measured by RapidSCAN (NDVlgs)(X) and aboveground biomass (y) of
alpine grassland across the growing seasons of 2018 and 2019

HA3 Month B Model J977 Regression equation R RMSE RMSE; (%)
5H May 2kt Linear y=397.3x—130.6 0.67 13.62 25.38
(n=56) X ¥ Logarithm y=186.0In(x) + 198.3 0.65 14.32 26.68
#8441 Exponent y=2.0e>* 0.65 13.03 2428
R Power y = 615.1x%° 0.67 12.45 23.19
%75\ Quadratic y=491.7¢ — 83.7x— 14.7 0.65 12.88 24.00
6H June 2kt Linear y=1080.5x—595.7 0.75 24.99 21.12
(=34 X$¥ Logarithm y="730.4In(x) + 423.1 0.73 26.82 22.66
&% Exponent y=0.7¢"" 0.74 22.25 18.80
e Power y=939.7x"? 0.74 21.95 18.55
ZA Quadratic y = 3363.7x% — 3537.5x + 979.2 0.77 20.04 16.94
7H July 251 Linear y=952.0x—508.5 0.72 39.94 18.54
(n=64) 4L Logarithm y=730.2In(X) + 416.7 0.71 40.35 18.73
$6%¥ Exponent y=8.4¢e** 0.73 38.00 17.64
FeR Power y =517.6x%° 0.73 37.65 17.48
2 1jix0 Quadratic y=1422.3x* - 1248.1x + 339.51 0.72 38.95 18.08
85 August 251 Linear y=532.0x—105.1 0.18 38.72 13.43
(=51 Y Logarithm y=375.4In(X) + 403.0 0.16 39.01 13.53
53 Exponent y=81.9¢"™ 0.16 34.73 12.04
FeE Power y=402.3x"? 0.14 35.28 12.23
£ Quadratic y = 5968.0x* — 8287.3x + 3134.3 0.29 31.70 10.99
9 September #i¥E Linear y=507.3x—85.5 0.61 38.17 19.30
(n=63) 4L Logarithm y=292.5In(x) + 371.7 0.61 38.18 19.31
53 Exponent y=48.0e> 0.62 37.92 19.18
R Power y = 448.2¢** 0.63 37.68 19.06
Z i3\ Quadratic y=-48.0X + 563.9x— 101.8 0.61 37.87 19.15

n, AR, IEIURAERFS AR EHE. RMSE, W7 RIRE; RMSE, HWETTIRIRZ

n, sample size. The bold parts are the optimal models in different months of the growing season. RMSE, root mean square error; RMSE,, relative root mean square error.

DOI: 10.17521/cjpe.2020.0076

Yourrnal gftPlemt\E¢ology



492 WA M Chinese Journal of Plant Ecology 2021, 45 (5): 487-495

FNKR L, BRI RIER(EY). @S
P R A I, R AN LA E
IRVEAE I AN ] o JLrp, AR KA R I A T
iy B 25 A i P D ABLIS R) D S5 215 R (8 H 3 H)(E4A),
T B — A AL Aty B A 4 P U R T A 565 193
K(TA12H)(E4B). LI2018E sl Kith EAY =
MR8 H, B3) M, A K ZEAS [ I 30 A 1 ity
R 0 W ) ¢ P — B S A o R v
HbFER, BSER, EKIEAE N R
SRR 5201 84E 45 H Sl AR ) (R AR A PR R
IIATTELIZR T, BAT RN 112, hEES
SIE 2 18] () AR S RE(R)M0.91 (EISA); Mtk
2R, M EAR R AG S AR B S S B
KIR1250.82, RN0.49 (KI5B). Ixutbst BiR ),
Bz 5 — i A, AR KRS [R I A v

500 o
400 -
300
200

100

b= Hp R Aboveground biomass (g-m™)

0

e b AR )R A S A R
g
AW 5E FE T NDVI cam F1 ND VI gs 5} 18] FE 1) £ 48
SEABANE L BAEEFEN A, KO (1)
ND VI rs RE 8 50 1 1 4 £12 v F€ Bt b b AR ) 8 1) 2%
A, (HNDVIUEAE B ] 45 b 1 A= 1) B V8 AF et 1)
B (2) NDVlcanf BT s ZE R b A4 B2
ANASHIERASE, Q) TAN A I A LY F— i)
B AR AT O = T A A S
31 AMEREEB AR EEMENSTTHEIS
W R I, m PR HIND VI ps 5 FAE AR A
K= )5 S IUAR LA B AR A A =y . IX — 25 R SR
B3 b 2 JEEND VI BE 8% A 2008 42 /o T€ R Hb A e A=
MZETI A . FRATR I BRI R 7 A KAk R 5 3L

I

w

H £ Month
B4 ET VAN — (A R BN 18] 7 21 Bt A AR A [ B BU A (A) AN B — I (9 ) - (B) 7 Al A 520184 1y
FER AV RFTHEE.
Fig. 4 Seasonal dynamics of alpine grassland biomass estimated by the normalized difference of vegetation index measured by
NetCam time series and the models in different phases of growing season (A) and at a single time (September)(B) in 2018.
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Fig. 5 Estimation of alpine grassland aboveground biomass using models in different phases of growing season (A) and at a single

time (September)(B). The actual biomass is the averaged biomass for each measurement during the growing season of 2018 (n= 10).
The estimated biomass is calculated by the optimal model and normalized difference of vegetation index measured by NetCam.
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