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Abstract: [Objective] This study aimed to explore the variation characteristics of net ecosystem productivity (NEP) and its
environmental regulation in a typical artificial mixed coniferous and broad-leaved forest ecosystem in Beijing, clarify its carbon
sequestration function, and to support the goals of carbon peaking and carbon neutrality. [Method] An artificial mixed coniferous and
broad-leaved forest ecosystem located in Beijing was selected as the study site. Continuous in-situ observations of NEP were conducted
throughout 2023 using the eddy covariance (EC) technique. Simultaneously, environmental factors, including photosynthetically active
radiation (PAR), vapor pressure deficit (VPD), air temperature (7,), and soil water content (SWC), were monitored. The random forest
model was used to calculate the importance scores of these environmental factors and to quantify their impacts on NEP and carbon
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sequestration. [Result] The energy closure of the measurements was 0.72, The average daily and seasonal variations of NEP exhibited
unimodal trends, with NEP peaking at 11.95 umol-m™s™ in July during the growing season (March-November). The ecosystem acted
as a carbon sink during the growing season, with a net carbon sequestration of 384.83 g-m~, whereas it functioned as a carbon source
in the non-growing season, releasing 1.18 g-m™. The total annual net carbon sequestration was 383.65 g-m™. Seasonal variations in
NEP showed an initial increasing trend followed by a decrease, significantly influenced by PAR, SWC, VPD and 7, (P < 0.01). Among
these factors, PAR was the dominant environmental factor controlling NEP and carbon sequestration, with an importance score of 56.42
determined by the random forest model. The thresholds of environmental factors influencing NEP were 400 pmol-m™-s™ (PAR), 0.17 m*/m’
(SWCQ), 1.5 kPa (VPD), and 28 ‘C (7,). Additionally, when SWC was below 0.1 m*/m’, it initially increased with rising T, but after exceeding
10 °C , SWC decreased. The indirect regulatory threshold of 7, on NEP was thus identified as 10 °C. [ Conclusion] The studied artificial
mixed coniferous and broad-leaved forest exhibited moderate carbon sequestration capacity. PAR was the primary factor controlling
seasonal variations in carbon sequestration. The findings provide scientific support for managing carbon sink enhancement in artificial
mixed coniferous and broad-leaved forest ecosystems in Beijing. Additionally, the observational dataset constitutes an important

supplement for validating models used in forest carbon estimation.
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leaved mixed forest ecosystem in Daxing, Beijing in 2023
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ecosystem in Daxing, Beijing in 2023
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Fig. 3 The daily mean values of net ecosystem productivity in each month in a mixed coniferous and broad-leaved

forest in 2023 in Daxing, Beijing
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Table 2 The seasonal cumulative net carbon sequestration
of the mixed coniferous and broad-leaved forest
ecosystem in Daxing, Beijing in 2023

T4 [T

7 VER .
Carbon sequestration
Season Month . S
capacity /(g'm™)
.
i 3—11 H 384.83
Growing season
M K-
K LA 2A. 121 -1.18
Non-growing season

424 Annual 1—12 383.65

* 3 BENARMAREUEE IR

Table 3 Accuracy index of random forest model

Br iRz
P Root-mean-square
error /(umol'm'z-s'])

PEREfE bR 2
Performance metrics

Y1 4E Training set 0.87 < 0.01 0.58
WHREE Test set 0.88 < 0.01 0.73

24 ETHHIAMERNSESRGE~NEE
X

SHFER RGP I 6 FhIR RN 7 T, (%
RIRE) « SWC (H3EEI/KE) « VPD (MK

RIEZ) « P (FBKE) « PAR Ct&AMEEN) -
RH CHIXT %D HEAT B 200 2 VAT
T EVEBEHLARAR T 1 HE 4 0B 4 B, PAR
MG ESRAAET I REENHA T, HEE
P13 9> N 56.42, K& SWC. VPD. 7,. RH.
P, H E B 1554 0 R 44.25, 36.37. 32.57.
25.61. 9.27.

2.5 MEEFIEFESREE =N

Wi E S RE AT (NEP) Bl F 5F 55 K]
TR (0 H S E AT AR B 5 8, K g
EKE WRERIK A T BCE A A B A b, 15
FILLUF &5 R

HEA GRS (PAR) IR ES RS Er”
T E BRI F (K 4) , K PAR 5 NEP
BEAT AR AL RN A 23 B, Wil Sa s, 24 PAR <
100 umol'm™s™ i, NEP <0, ‘EHZRFEERIN
BRUE: 24 PAR > 100 pmol-m™-s™ I, NEP > 0 %
PUONBRIL, 24 PAR £ 400 pmol-m™-s™ A7, 1
IR DB e ) B o, B PAR i, T
TR S, BRI RE BT R
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PAR
SWC
VPD
1,
RH

0 10 20 30 40 50 60
IR ZEME NN % increase in MSE

PAR Fob & A MRS SWC R LS /K VPD FoRBRKITEZ
T, FnaURE: RH R AIRHRL; P RRBRK S, FoRIt A 7
££0.01 /KT E R
PAR indicates photosynthetically active radiation; SWC indicates soil water
content; VPD indicates vapor pressure deficit; 7, indicates air temperature;
RH indicates relative humidity; P indicates precipitation; ** indicates this
environmental factor is significant at the 0.01 level.
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Fig. 4 Environmental factor importance score
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Regression analysis of net ecosystem productivity and environmental factors of coniferous and broad-leaved mixed forest
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Table 4 Stepwise regression relationship between net ecosystem productivity and environmental factors in mixed
coniferous-broadleaf forest in Daxing, Beijing in 2023

AR 2L - ) PerE B ¥ R
H%R EE3 EIEpr e R
Dependent . . . Coefficient of
. Independent variable Regression equation L

variable determination

PAR NEP =0.005x PAR —0.197 0.364

PAR. SWC NEP =0.007 x PAR —0.408x SWC —0.290 0.389

NEP
PAR. SWC. VPD NEP =0.006 x PAR —0.486xSWC +0.011x VPD —0.290 0.395
PAR. SWC. VPD. T, NEP =0.005xPAR —0.935x SWC + 0.054x VPD —0.019x 7, +0.645 0.428

T NEP FRAEB RGAT1: PAR Rt G H RERN: SWC FoR BHES K&, VPD RRMWAKIAEZE: T, R
NEP indicates net ecosystem productivity; PAR indicates photosynthetically active radiation; SWC indicates soil water content; VPD indicates vapor pressure

deficit; 7, indicates air temperature.
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