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Abstract; The Three River Head-water Region (TRHR) is located in the hinterland of the Tibetan Plateau, is the source of

the Yangtze River, Yellow River and Lancang River. As an important water source and ecological function conservation area
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of China, accurate monitoring of the spatio-temporal variation in the grassland aboveground hiomass ( AGB) is important in
the TRHR. In this study, based on field observation, remote sensing, meteorological and topographical data, we estimated
the grassland AGB in the Three River Source National Park ( TRSNP) and analyzed its spatiotemporal change and response
to climatic factors. Four machine learning ( ML) models ( random forest ( RF), cubist, artificial neural network ( ANN)
and support vector regression ( SVR) models) were constructed and compared for AGB simulation. The AGB results
estimated with the four ML, models were then applied in the integrated analysis via Bayesian model averaging ( BMA) to
obtain more accurate and stable estimates (r=0.88; RMSE =71.60g/m"). The results showed that the spatial distribution
of grassland AGB in the TRSNP had obviously spatial heterogeneity, showing a decreasing trend from southeast to northwest.
The grassland AGB in the Yangize River Source National Park, Yellow River Source National Park and Lancang River
National Park were 82.96g/m’, 117.54g/m”, and 168.39g/m”, respectively. In the Yellow River and Yangize River Source
Parks, from 2000 to 2018 grassland AGB showed a non-significant increasing trend due to the influence of temperature
increase; in the Lancang River region, the interannual dynamics statistics showed a non-significant downward trend due to

the low annual precipitation in 2015 and 2016.

Key Words: the Three River Source National Park; grassland aboveground biomass; temporal and spatial variation;

precipitation sensitivity
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Fig.1 The location of the Three River Source National Park ( Yangtze River source Park, Yellow River source Park and Lancang River source

Park)
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Fig.2 Spatial distribution of the observed grassland AGB in the TRHR
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FCA T DU AR A [R] 1 BIL 4% 27 > 553 , £, 5 Bifi A1 2% K ( RF, random forest) HE D) - ] 05 4 cubist ) | 2 R 4%
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()4 0.67;GSN 5H M AGB FIAHICRECH 0.63, RIAMEHIS L ikl AGB HA BT RN . 7R85 3R 5
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Table 1 Correlation coefficients between the grassland AGB and the explanatory variables

SRR N eriERE AR ¥

. ;%]?ﬁ EREAE EREAE I Rkt Alﬁfﬁe ;ii Loi/;iride Lifh:
GSE GSN MAT MAP
H FAEYpi AGB 1
SRR R AR U 0.67 .
KEHMH GSE
.
AR EE MAT 0.26 0.41 0.42 1
AR MR K i MAP 0.58 0.73 0.71 0.36 1
R Altitude -0.07 -0.16 -0.20 -0.68 -0.12 1
Wi Slope 0.24 0.27 0.26 0.20 0.24 0.01 1
21 Longitude 0.33 0.45 0.47 0.39 0.45 -0.74 0.05 1
25 Latitude -0.38 -0.45 -0.42 -0.25 -0.51 -0.47 -0.26 0.31 1

AGB i A4 Aboveground biomass ; GSE . B3R B BEHE 504 K Z23MH Growing season Enhanced vegetation index; GSN : I3 — KA B8 504 K I ME Growing
season Normalized difference vegetation index; MAT ; AEF-YJ3 B Mean annual temperture ; MAP ; 4E -4 K i Mean annual precipitation
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Table 2 Performance of the grassland AGB estimation models

VIIE B¢ S RN €/ TS
pminl L INGS =y Training dataset Testing dataset

Model Input variable RMSE/ RMSE/
' (g/m?) ' (&/m?)

Bl 2 fE RF E PN 0.86 72.92 0.80 85.83
Machine learning model GSE, GSN Fll MAP 0.87 72.56 0.84 76.99
Cubist SR A 0.84 79.69 0.83 80.57

GSE, GSN, MAP FNfEdk 0.84 78.13 0.83 79.16

ANN SR A 0.81 83.53 0.78 90.27

GSE, MAP iR M2 0.83 82.92 0.78 90.34

SVR EREHA 0.81 89.05 0.77 93.24

GSE, GSN, MAP f4Ji 0.81 86.00 0.78 91.01
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Fig.4 Spatial distribution of the grassland AGB in the Three River Source National Park (2000—2018)
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Fig.6 Inter-annual variation of the grassland AGB in the Three River Source National Park ( Yangtze River source Park, Yellow River source

Park and Lancang River source Park) from 2000—2018
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Fig.7 The spatial distribution of the sensitivity of AGB interannual variability to MAT and MAP
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PESEVE . RIS C Ak 12 48 S 5 AGB MK ABR BRI 2 2% 3T 19 4 i, 80 Vi) L Pl X R 7T
RPE XA MAT BB 28 1 ETHE S (B 6) , ez nl R fedt TiZIX IR AGB Y3, 3o 3 i
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A R R DL AR R B R 20 R R A T v T RE RN O A A 1 P, O A A G AR R R
Piao 25 FEAR MR W, th TR A T, v e JE R A A AR K TN 1982 4 & 1999 4R [H] AR AR HE K 24 0.9
do AR A0 G AN LR o S0 A R AT, 8 PR Bl A R Y A, R T X A ) e A7 R K
BB T RRIK, KRR P2 AR ) 3 e A28 3 s 1t XA T R K B B R TR A T st T B g 14
oLyt K | A R AR A v i DX BB i P A

®3 ZITEREEM AGB GHELARILEK
Table 3 Comparison of the estimated grassland AGB in the TRHR

My EAY s ] B itk B AL AR EZ BTN

AGB/(g/m?) Period of time Methods Input variable Reference
. \ CSE, GSN, MAT, MAP, ¥ &, slope, N

158.29 2000—2018 ZRHLEEE S + IR AHT : ) 3R, slope ARG

longitude and latitude (250 m)

172.34 2001—2010 BP-ANN MODIS NDVI (1000 m) [23]

169.25 2005—2014 SR MODIS EVI ( 1000 m) [25]

127.22—173.95 2001—2016 BP-ANN MODIS NDVI (500 m) [26]

FEMRIEYTRE X AT 19 (A 5EH AGB FYGE 45 R LB AR B B ER F k%, X5 F g™ 5T 2000 4
% 2018 4Ef MODIS-NDVI A= K Z {8 ( 23 [6] 230 P13 250m ) B 19 58 1405 S 5L AR — 3, HAEBR 28k 14 23 6] 4%
S s =VLUR E S0 el X3, ND VI B A 52 B4 A 4 (R v VI el DX i) SR il DX el oA b 2 19 R % . VAR BR 3
BAAERE 2015 F 2016 4ET# VL ICH, AGB MHAK (& 6) , S E B N iy # ot 2 BT R, 5K
SR Y [ X P8 T B AR AR ARARL , 3T 19 AF (R 7R VTR el X MAT 2800 835 0 LTk # . [HYE 2015 451 2016
AR K B R AR MAP KT 500mm, [RIE 4 BR AR S 0 B0 20 A S, TR e VI U el X R AGB 4B
AR [ K e RRURRPE AR 1R AZ FRK S I R B AN XK, 7K A3 2544 T B2 38 2015 T 2016 43 78
VLR AGB iRy F2REK

4 g

BT =VLIRIX B AGB BFAMEAS S8t , TR VI UG MIE At PR B K00, A F 5 R T DU AL &%
7 2J 51 (RF  Cubist SVM A1 ANN) 4565 DU S8 s Ar i 75 20, SE B 1 v A B2 1) =V IR [ 5208 Pl 5 b AGB
23 (AR, WFCAS R R, VTR EI K B AGB 25 [a) 431 22 90 W S (4 1) 2 1 1) 0 1 gl 0 19 AL, F2 %2
S 52 3 DXt 2 AR K 2 [E) AR Ry RS20 5 3 19 AR ), = VLR B 50 bl Bt AGB #4422 e gh =0 THEa 3
RO YLIRFE X, 32 B B T2 B AGB S22 3 AE i 2 M ka3 AE IR Ve VLK 8, i T 2015
AEF 2016 AFEHYAEFEK B, 4R PRl ZS e R RN AR B MR TR, AGB 23 BN 45 R 1 &
AR B 0 P DI e A 5 ) R AT P AT R
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