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Spatial and temporal characteristics of the alpine meadow carbon budget in
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Abstract: Meadow ecosystems serve as significant carbon sinks, playing a crucial role in the global carbon cycle. Precise
simulation of carbon fluxes in regional-scale meadow ecosystems can provide a theoretical basis for understanding the
feedback mechanisms of meadow carbon cycling to global changes. Ecological process models are essential for analyzing and
predicting regional carbon balance budget. This study focused on the alpine meadow ecosystem in Gannan Prefecture and
utilized the parameter-optimized Biome-BGC model to simulate the gross primary productivity ( GPP) and net ecosystem
productivity (NEP) from 1979 to 2018, characterizing the spatiotemporal distribution characteristics of carbon budget in
this region. With the benchmark of 40 years of observed meteorological data and considering three Shared Socio-economic
Pathways ( SSPs) from the Coupled Model Intercomparison Project phase 6 ( CMIP6), scenario simulations of meadow

carbon balance budget in Gannan Prefecture from 2019 to 2100 were conducted. The results indicated that: the parameter-
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optimized Biome-BGC model performed well in simulating GPP and NEP of alpine grasslands in Gannan Prefecture, with a
better performance in GPP simulation compared to NEP; (2) Alpine meadows in Gannan Prefecture behaved as a carbon
sink throughout the study period, with GPP and NEP fluctuating between 600 ¢ C m™ a™' and 1100 g C m™ a™', and
between 150 g C m™ a™' and 300 g C m™ a”', respectively. GPP showed a significant increase, while NEP exhibited a
fluctuating upward trend. Under future warmer and wetter scenarios, the carbon balance of alpine grasslands fluctuates
greatly annually, with a trajectory that is first rising and then downward, with a very tiny NEP around 2060, and an average
yearly increase of roughly 2.02 ¢ C m™ a™', the carbon balance influenced jointly by temperature, precipitation and
atmospheric CO, concentration in this region; (3) At the seasonal scale, the winter and spring seasons act as carbon
sources, while the summer and autumn seasons act as carbon sinks, with carbon sequestration during the vegetation growth

“«

season enhanced. both GPP and NEP exhibit a reverse “ U” -shaped trend throughout the year, with July and August serving
as the peaks., low temperatures and ongoing warming have an inhibitory effect on carbon sequestration, while the amount of
precipitation during the growing season is positively correlated with vegetation productivity; (4) Significant regional
variations may be seen in the spatial distribution of carbon sinks and sources throughout time, with the development rate of

carbon sinks generally decreasing from the southwest to the northeast.

Key Words: alpine meadow; carbon budget; spatial and temporal pattern; Biome-BGC model ; parameter optimization
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Fig.1 Overview of the study area
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Table 1 Data related to model runs

Bl P ] GIHER Fe
Data Time Resolution Source
AL S 2020 . .

Administrative boundaries

I 7 o8 SR 2 il o

Hf i & HEfRil & HFEKE https : //data.tpdc.ac.cn/

Daily maximum temperature& minimum temperature ~ 1979—2018 10000m e X Jsf i 1 2 22 3R Sh 4 42 ( CMFD ) (2]

& precipitation http ://data. tpde. ac. en/zh — hans/data/8028h944 —
daaa-4511-8769-965612652c¢49/

G & i & WK . 90m b 202 R R

Longitude & Latitude & Elevation http : //www.gscloud.cn/

Rd e _ 1000m THS A SEHAR I (HWSDV2.0)

Soil texture https : // gaez.fao.org/pages/hwsd
FEEWRENE T RLE

— AR (Mauna Loa Observatory)

Carbon Dioxide (CO,) 1979—2018 — http ://co2 now.org

: A BRAEST- 4 4k B UL DN 25085 4E hittp -/ www. estl. noaa.

gov/ gmd/ obop/mlo

FA) AR 2R R G A K . 1000m T E A S RGP S A S e R B

Meadow ecosystem distribution data http : //www.ecosystem.csdb.cn
[ R DR R L VDR 2 e o

AV R EP A€ 2014—2015 http ://www.nede.ac.cn

Eddy related data 7R 3 e T Hh A 2 2R G 5 s 3l L 3 i 2l
K 2

A - CMIP6 HLFIMR & B A%
ARG ALY e .
Simulation of fut limat . — — https : // esgf-node.lInl. gov/ search/ cmip6/
imulation of future climate scenarios PPN

TR R

CMIP6 SR A S S A8 A Kt

Data on future temperature changes under CMIP6

— — e 4122

CMIP6; 2575 IR EPrAlA #2314 Coupled Model Intercomparison Project phase 6
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Table 2 Optimization results of some physiological and ecological parameters in alpine meadows

T cpp 1y T NEP 1y
2R W {E AL LA eAelE AL E
Parameters Initial value Range of values Units Optimized values Optimized values
based on GPP based on NEP
AL
Annual whole-plant mortality fraction 0.1 (0.08, 0.12) Va 0-098 0.096
N V=T . 1
SHIE K D . 0.5 (0.4, 0.6) — 0.505 0.513
Current growth proportion
S /N i B 22
TR KT R 0.021 (0.0168, 0.0252) — 0.0168 0.0188

Canopy water interception coefficient
Je )2 L T AR
Canopy average specific leaf area ( projected 45 (36, 54) m?/kgC 43.418 42.213

area basis)

FH A= - 55 B AR - L T BR L 451

2 1.6, 2.4 — 2.4 2.4
Ratio of shaded SLA ;sunlit SLA (1.6, )
Rubisco B & =
) 0.15 0.12, 0.18 — 0.1501 0.1498
Fraction of leaf N in Rubisco ( ’ )
=S (0.000008
0.00001 ’ /s 0.000008 0.000012
Cuticular conductance ( projected area basis) 0.000012) ms
AL AT B I 7k 3
Leaf water potential ; start of -0.6 (-0.72, -0.48) MPa -0.48 -0.72
conductance reduction
AL G R I oK 3
Leaf water potential ; complete -2.3 (-2.76, —1.84) MPa -2.76 -2.76

conductance reduction

AL B IR AN R IR S 22
Vapor pressure deficit; start 930 (744, 1116) Pa 933.877 903.228

of conductance reduction

GPP. @AW" 7] Gross primary productivity; NEP; /25 R G047 71 Net ecosystem productivity

R3 AkBEREH

Table 3 Future scenario modeling

R

Shard socioeconomic o - REEAL T/°C F%ﬂ("y‘lﬂﬁ b GO, mOl./mOI)
pathways Year Temperature change Precipitation change CO, concentration
SSP126 2019—2040 0.07—0.11 0—4 540
2041—2070 1.09—1.54 4—6 510
2071—2100 1.17—1.66 4—8 490
SSP245 2019—2040 0.24—0.32 0—2 560
2041—2070 1.33—1.93 4—8 650
2071—2100 2.12—2.96 4—8 660
SSP585 2019—2040 0.55—0.75 0—4 640
2041—2070 1.75—2.58 6—10 960
2071—2100 4.19—5.94 15—20 1370

1.6 ARK#EF I
K HI Theil-Sen M 353 B 77 15 o8 H R M 25 € B fa) NEP S8 M6 5 0EAT I [R) A2 4k 3543 7, OF i 2o

http ; //www.ecologica.cn



13 441 TRELE A H R SE R R BRI 2 SR B B A 5547

Mann-Kendall 3% #5475 B ZER . 248K S KT 0,127 5% ETHES S /NT 0 B 52 R Ry bR
{8 Z MZERHE R TAFF 1.65,1.96 F12.58 B 156 B 32 B[] 77 31 43 13 3k T & 15 7KF 90% ,95% Fl 9% 1 it 3
PEREHS . A SO NEP 28 fb#a# 0 5 28 AN E WD (S<0, P>0.1) AN ERN (S>0,P>0.1) , {38 i
(8>0,0.05<P<0.1) , BEHAN (5>0,0.01<P<0.05) , # N (S>0,P<0.01)

2 ER59H
2.1 ARADREEE G IR

iz HHZBUAL G 1Y Biome-BGC #5181 £33 1979—2018 4F H 7 =5 ZE&i fa) GPP NEP ¢ H N %l . Kt
PZE R 5 2R 26 e FE N M ST ol F U 3 2013—2015 4F3% H 18 3 A S50 24 A7 A DGR 4 BT B B 25
K, R HUCE REC (R?) RS (RMSE) LU BCE 4 xR 2 (MAE ) X BHLZE FoRG 174N . 45 R0
(B 2), 228 MAL/5 1Y Biome-BGC HEAIAEAE — & FEEE AL IE GPP Fll NEP (5 (B XA AL LA B AR AE X = 4k 1)
TR IS , T B 4DL(E 5 S (B 22 (] ) 2R P LS RPR R T 101 2k, S8 GPP 1 R 0.79,
RMSE 4 0.64;NEP Y R*>4 0.73, RMSE 4 1.35, H. MAE A HI R RN, e ol W, S804k 5 Rk 4 45
K BE (S BERSE , H GPP X)L NEP BESRCR T 4T,

o ZYARALRTGPP

o BHIRALRGPP

o BEMALRINEP o SE{ib/ENEP

y=0.59x+0.56 y=0.86x+0.36 y=0.79x +0.50 y=0.86x-0.49
R>=0.60 R*=0.79 R>=0.65 R*=0.73
P<0.01 P<0.01 P<0.01 P<0.01
RMSE = 1.69 RMSE =1.33 RMSE =2.14 RMSE = 1.96
MAE =0.99 MAE = 0.64 MAE =1.61 MAE = 1.35
10 ¢
° oo 8r Q0°®
o8t o 00 = 6r ° e o
o ° =l °
‘?'E % ° R ‘T‘E 4+ ° o 0 %o [ c(,: S .
° o 2
AO 6 oS aQ 2l eo o %88 A
52 0oo EZ o¢ Sp3 ey
& = L 0 &P o o .
=5 880 BB OF ”% “"g,ﬁ;;;%@a%go
B D BS ol erms Bl T80, °
g ° gbo % 4 ° 08(’) goe% Poce °
E 2T é g @o o% o o® go g °
N wn —6 ' % ° © °
0r g °
0 2 4 6 8 10 -8 -6 -4 -2 0 2 4 6 8
A EERE R I GPP i BEAH R JEMNEP

Observed GPP based on eddy-covariance/(gC m™2 d™")

Observed NEP based on eddy-covariance/(gC m™2 d™")

B2 2013—2015 £SH LA Biome-BGC A M H GPP NEP 5 2 LR EXT tb
Fig.2 Daily GPP, NEP simulated by Biome-BGC model before and after parameter optimization compared to measured values at the site,
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WE 3 FroR, A iF5E H BE w28 B ) it 25 40 4F DLRCE 2100 485 Wi S B st 8] 28 b # AR SORE 1979—
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Fig.3 Trends in annual average changes of GPP and NEP in alpine meadows of Gannan from 1979 to 2100
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Fig.6 Trends of annual average NEP in Gannan alpine meadows under different climate scenarios in the future from 2020 to 2100
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Table 4 Comparison of the results of GPP, NEP and other studies in Gannan alpine meadows
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