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Abstract

This study utilizes 2012 CO2 flux and meteorological data from the Dinghushan
subtropical evergreen broad-leaved forest flux observation station, a typical for-
est vegetation ecosystem in the Pearl River Delta, to analyze the variation
characteristics of CO2 flux, net ecosystem CO2 exchange (NEE), and CO2 con-
centration, as well as their relationships with meteorological factors, providing
a reference basis for the evaluation and research of carbon sources/sinks and
carbon cycling in the Pearl River Delta region. The results show that: (1) The
diurnal variation of CO2 concentration exhibits a “one-peak-one-valley” pattern,
with maximum values occurring at night or around sunrise and minimum val-
ues in the afternoon; the diurnal variation of CO2 flux shows a “single-valley”
curve, reaching its minimum value (negative) around midday during daytime,
and being relatively high (positive) at night and in the morning. (2) The sea-
sonal average values of CO2 flux follow the order of spring > summer > winter
> autumn, while the seasonal average values of CO2 concentration follow the
order of winter > spring > autumn > summer, i.e., higher in the non-growing
season than in the growing season, which may be related to changes in CO2
source/sink intensity caused by seasonal variations in plant phenology. (3) In
2012, the annual average CO2 concentration of the Dinghushan forest ecosystem
was 664.7 mg + m-3, the annual average CO2 flux was -0.079 mg - m-2 - s-1, and
the NEE was -611 gC - m-2 - a-1, indicating that the Dinghushan coniferous and
broad-leaved mixed forest has been in a rapid growth phase in recent years and
possesses a strong carbon sink function. (4) Both CO2 flux and concentration
show significant negative correlations with air temperature and vapor pressure
deficit, with the correlation between CO2 concentration and air temperature be-
ing the strongest, followed by that with vapor pressure deficit, indicating that
air temperature and vapor pressure deficit are key meteorological factors affect-
ing CO2 concentration and flux. Influenced by human activities and climate

chinarxiv.org/items/chinaxiv-201805.00138 Machine Translation


https://chinarxiv.org/items/chinaxiv-201805.00138
https://chinarxiv.org/items/chinaxiv-201805.00138

ChinaRxiv [$X]

change, this study finds that the carbon sink function of the Dinghushan forest
ecosystem has been enhanced in recent years.
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Abstract

This study analyzes the variation characteristics of CO2 flux, net ecosystem
CO2 exchange (NEE), and CO2 concentration, along with their relationships
with meteorological factors, using CO2 flux and meteorological data from 2012
collected at the Dinghu Mountain flux observation station in a typical forest
vegetation ecosystem of the Pearl River Delta. The results provide a reference
for evaluating carbon sources, sinks, and cycling in the Pearl River Delta re-
gion. The findings indicate: (1) Diurnal variation of CO2 concentration follows
a “single-peak, single-valley” pattern, with maximum values occurring at night
or around sunrise and minimum values in the afternoon. CO2 flux exhibits a
“single-valley” curve, reaching minimum values (negative) around midday and
higher values (positive) at night and in the morning. (2) The seasonal average
of CO2 flux follows the order: spring > summer > winter > autumn, while the
seasonal average of CO2 concentration follows: winter > spring > autumn >
summer, indicating higher concentrations in the non-growing season than in the
growing season, likely related to seasonal changes in CO2 source-sink intensity
caused by plant phenology. (3) In 2012, the annual mean CO2 concentration
in the Dinghu Mountain forest ecosystem was 664.7 mg - m 3, the annual mean
CO2 flux was -0.079 mg-m 2-s !, and NEE was -611 gC+m 2-a !, demonstrat-
ing that the mixed conifer-broadleaf forest at Dinghu Mountain has been in
a rapid growth phase in recent years with strong carbon sink function. (4)
Both CO2 flux and concentration show significant negative correlations with air
temperature and vapor pressure deficit, with temperature showing the highest
correlation, followed by vapor pressure deficit, indicating these are key mete-
orological factors affecting CO2 concentration and flux. Influenced by human
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activities and climate change, this study finds that the carbon sink function of
the Dinghu Mountain forest ecosystem has been enhanced in recent years.

Keywords: mixed conifer-broadleaf forest, CO2 flux, eddy covariance method,
Dinghu Mountain

Introduction

Carbon dioxide (CO2) is the most important greenhouse gas in the global atmo-
sphere, with its concentration increasing at an average rate of 2 ppm per year
and contributing up to 60% of global warming (Nisbet & Myers et al., 2007;
Prentice et al., 2011; Diao et al., 2015). Forests cover approximately 40% of the
land surface and represent the most extensive and complex terrestrial ecosys-
tems. With their unique ecological structure and function, forests exchange CO2
frequently with the atmosphere, accounting for over 90% of terrestrial ecosystem
carbon exchange and storing approximately three times the amount of carbon
found in the atmosphere (Rollinger et al., 1998). Plants absorb atmospheric
CO2 through photosynthesis and store it long-term in the ecosystem, while si-
multaneously releasing CO2 through respiration, soil microbial respiration, and
decomposition of litter (Nisbet & Myers et al., 2007; Wofsy et al., 1993; Wu
et al., 2003). Understanding the variation characteristics of CO2 flux and con-
centration in forest ecosystems is therefore crucial for assessing forest carbon
cycling, carbon source-sink characteristics, and climate change.

In recent years, numerous studies on CO2 concentration and flux have been
conducted in China, with the eddy covariance system being widely applied to
investigate CO2 variation patterns (Zhang et al., 2010). Zhang et al. (2012)
studied the characteristics and influencing factors of net ecosystem CO2 flux in
grasslands, finding that NEE during the growing season is primarily affected
by temperature. Chen et al. (2016) used seven-layer CO2 observations and
eddy covariance systems to conduct long-term observations and research on
CO2 concentration and flux in a subtropical bamboo forest in Anji during the
growing season. Xu et al. (2016) investigated the seasonal variation character-
istics of CO2 flux and related environmental factors in Haizhu Lake Wetland
Park in Guangzhou using static chamber-gas chromatography methods. Peng et
al. (2017) and Xu et al. (2018) used the eddy covariance method to observe CO2
flux during the growing season in a typical poplar forest in the Dajiuhu Peat
Wetland and Hongze Lake Wetland, respectively, comparing variation charac-
teristics and influencing factors between growing and non-growing seasons, and
found that water level changes in Hongze Lake Wetland could alter carbon
sink function by affecting soil moisture. Additionally, with the development of
remote sensing technology, satellite-based methods can be used to study the
spatiotemporal variation characteristics of CO2 concentration and flux in forest
ecosystems, and combined with ground-based observations, can further improve
the accuracy of CO2 source-sink assessments (Saeki et al., 2009; Bu et al., 2015;
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Bu et al., 2015).

The Pearl River Delta (PRD) region features a diverse, comprehensive, and com-
plex ecosystem (Mai et al., 2014) that includes South Asian subtropical forests,
green spaces, grasslands, and farmland. As one of China’ s most economically
developed regions, the PRD has experienced rapid increases in greenhouse gas
emissions with distinct regional characteristics due to rapid industrialization and
urbanization (Deng et al., 2006). In recent years, research on CO2 flux in differ-
ent ecosystems of the PRD has gradually expanded, yielding some preliminary
results that reveal inconsistent patterns of CO2 concentration and flux varia-
tion and their responses to meteorological factors across different regions and
vegetation types (Zhang et al., 2002; Yan et al., 2003; Zhou et al., 2004; Wang
et al., 2006, 2007). Influenced by urban development and climate change, CO2
concentration, flux, and carbon sequestration benefits of forest ecosystems also
change. However, research on CO2 flux in forest ecosystems, especially South
Asian subtropical forest ecosystems, and their relationships with meteorological
factors has been relatively limited in recent years. South Asian subtropical for-
est ecosystems possess rich species diversity and complex community structures,
playing an important regulatory role in regional ecosystem carbon balance (Zhou
et al., 2003), making carbon source-sink assessment of these forests a research
hotspot. The mixed conifer-broadleaf forest at Dinghu Mountain represents a
typical South Asian subtropical evergreen broad-leaved forest in the PRD region
and is one of the most characteristic and valuable research areas in the South
Asian subtropical zone (Zhang et al., 2002).

This study uses data from 2012 collected at the Dinghu Mountain flux observa-
tion station in the PRD forest ecosystem to analyze variation characteristics of
CO2 flux and concentration, compare with previous research findings, and iden-
tify key meteorological factors influencing these variations, providing a reference
for carbon source-sink and carbon cycling research in the PRD region.

1.1 Study Area Overview

The Dinghu Mountain Nature Reserve is located in Zhaoqing City, Guang-
dong Province (112°30 -112°33 E, 23°09 -23°11 N), characterized by hills and
low mountains with elevations ranging from 14 to 1,000 m. The vegetation
represents relatively rich South Asian subtropical zonal vegetation along the
Tropic of Cancer, typical of South Asian subtropical evergreen broad-leaved
forests dominated by Castanopsis chinensis, Schima superba, and Cryptocarya
chinensis communities (Wang et al., 2006). The soil in the monsoon evergreen
broad-leaved forest sample plot is lateritic red soil with a pH of 3.86, thickness
of 60-90 cm, ground litter layer thickness of 1-3 cm, and coverage of 80%-90%.
The climate is classified as South Asian subtropical monsoon humid type, with
a dry season from October to March and a wet season from April to September.
The area enjoys abundant climatic resources of light, heat, and water: annual
solar radiation of approximately 4,665 MJ - m 2-a !, mean annual sunshine du-
ration of 1,433 h, mean annual temperature of 21.0 °C (minimum of 12.0 °C in
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January and maximum of 28.0 °C in July), mean annual relative humidity of
82%, and mean annual precipitation of 1,956 mm, with 76% of rainfall concen-
trated in April-September (Wang et al., 2007).

1.2 Data Observation and Processing

The Dinghu Mountain South Asian subtropical evergreen broad-leaved forest
flux observation station is installed in a mixed conifer-broadleaf forest at an
altitude of 240 m in the core area of the Dinghu Mountain Nature Reserve and
is a member of the Chinese Academy of Sciences Flux Network (ChinaFLUX).
The eddy covariance observation system is installed on the fifth platform of
the flux observation tower at a height of 27 m, consisting primarily of a three-
dimensional ultrasonic anemometer-thermometer (CSAT3, Campbell Inc., USA)
and an open-path CO /H O analyzer (Li-7500, Li-Cor Inc., USA). The data log-
ger (CR3000, Campbell Inc., USA) has an original sampling frequency of 10 Hz
and calculates and stores 30-minute average CO flux (Fc) and friction velocity
(u*) data online according to the eddy covariance method. During online calcula-
tion, the software automatically applies corrections for virtual temperature and
air density variations (Webb et al., 1980; Schotanus et al., 1983). Conventional
meteorological observations including air temperature, wind speed, precipita-
tion, and relative humidity are collected and recorded as 30-minute averages
by a CR10X-TD data logger. The observation period for this study is 2012,
during which the flux equipment underwent zero and span calibration. Due to
equipment failure, conventional meteorological data were missing for March-
April, and flux data were missing for November.

The 30-minute average flux and meteorological data from 2012 were matched
for temporal consistency. Additionally, data quality control was required to
exclude abnormal and missing data caused by equipment failure, rainfall, and
atmospheric motion. Thirty-minute records meeting any of the following con-
ditions were rejected: (1) simultaneous rainfall occurrence; (2) insufficient at-
mospheric turbulence with friction velocity u* below 0.2 m-s'; (3) CO flux
outside the valid range of —2.0 to 2.0 mg-m ?-s !, CO concentration outside
500-800 mg - m 3, or water vapor concentration outside 0-40 g+ m ? (Sun et al.,
2012); (4) obviously anomalous outliers.

1.3 Research Methods

The eddy covariance method is a technique for directly calculating turbulent
transport quantities (turbulent fluxes) from pulsation observations, also known
as the turbulent pulsation method (Baldocchi et al., 1988). The CO flux calcu-
lation formula can be expressed as:

[Equation would appear here]

where w represents the instantaneous deviation (perturbation) of vertical wind
speed from its mean value, c is the instantaneous perturbation of CO density
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in air, and is the covariance of instantaneous vertical wind speed and CO den-
sity (Jia et al., 2010; He et al., 2006). The eddy covariance method is the most
direct measurement technique, capable of stably monitoring pulsation values at
10 Hz and online calculation of their covariances (He, 2006), and has become
the primary observation technique for the international flux observation network
(FLUXNET) (Baldocchi & Vogel, 1996). Application of this formula requires
several assumptions (Wang et al., 2007): (1) quasi-steady atmospheric turbu-
lence; (2) horizontally uniform mixing (advection negligible); (3) existence of a
constant flux layer near the surface; (4) all eddies affecting fluxes are measured;
(5) the flux measured by the equipment represents the flux from the underlying
surface at the observation location.

Vapor Pressure Deficit (VPD) refers to the difference between saturated vapor
pressure and actual vapor pressure at a given air temperature (Rogers et al.,
1996) and is one of the important driving factors of vegetation evapotranspira-
tion and one of the most important climatic factors for simulating plant water
and carbon fluxes in ecological models (Zhang et al., 2014). VPD affects the
closure of plant leaf stomata, thereby controlling physiological processes such as
plant transpiration and photosynthesis (Jarvis et al., 1976), which in turn influ-
ence plant growth and development. VPD can be estimated from atmospheric
relative humidity (RH) and air temperature (T) (Richard et al., 1998). The
calculation formula is:

[Equation would appear here]

Net Ecosystem Exchange (NEE) represents changes in ecosystem carbon storage
caused by ecosystem photosynthesis, biological and non-biological respiration,
or consumption of atmospheric CO (Garratt, 1975). NEE can be described by
the following equation:

[Equation would appear here]

where Fc is the observed CO flux and Fs is the CO storage below the obser-
vation height. When u* is low, indicating weak atmospheric turbulence in the
vertical direction, most CO is stored in the air, resulting in larger Fs; when
u* is high, indicating vigorous vertical atmospheric turbulence, the exchange
capacity between plants and atmospheric CO increases, resulting in larger Fc
(Sun et al., 2012). In NEE calculations, it is assumed that vertical atmospheric
turbulence is sufficient and that advective flux and horizontal turbulent flux are
negligible (Wofsy et al., 1993; Law et al., 1999).

Typically, Fs can be estimated using either multi-layer CO concentration
changes or single-layer CO concentration change methods (Hollinger et al.,
1994; Griffis et al., 2003). According to previous research, results calculated
using the single-layer CO concentration change method are basically consistent
with those measured using multi-layer methods (Aubinet et al., 2001; Yan et al.,
2003; Sun et al., 2012), with minimal impact on annual NEE. Since this study
only has single-layer observation data, Fs was estimated using the single-layer
CO concentration change method according to Hollinger et al. (1994):
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[Equation would appear here]

where Az is the distance from the flux equipment to the ground (taken as 27
m), AC(z) is the change in CO concentration between two observations |[CO |t
- CO |, and At is the time interval between two observations (taken as 1,800 s).
Considering that the selected data are under conditions of sufficient turbulence
(u* > 0.2 m - s ), further quality control was applied to exclude data meeting
the following conditions: Fs > 0.3 mg-m2-s 1, [[CO ]t - CO | > 20 mg-m 3, to
reduce anomalous outliers (Sun et al., 2012).

In statistical analysis, daily, monthly, and annual means in this study are arith-
metic averages of data within the corresponding time periods, and correlations
between data are represented using Pearson correlation coefficients.

2.1 Annual Variation Characteristics of Meteorological El-
ements

The annual variation of meteorological elements at Dinghu Mountain in 2012
is shown in Figure 1 [Figure 1: see original paper]. The mean annual air tem-
perature (T) was 19.9 °C, 1.1 °C lower than the historical average (Wang et al.,
2016), with daily mean T ranging from 2.5 to 30 °C, peaking in August during
summer and reaching minimum in January during winter. The mean annual
relative humidity (RH) was 85%, 3% higher than the historical average (Yan et
al., 2003), with daily mean RH ranging from 50 to 100%, remaining relatively
humid throughout the year and reaching minimum in October during autumn.
The mean annual VPD was 0.4 kPa, with daily mean VPD ranging from 0 to
1.4 kPa, maximum in August during summer, higher in spring and summer, and
lower in autumn and winter. According to long-term statistics, the subtropical
evergreen coniferous-broadleaf mixed forest at Dinghu Mountain has a rainy
season from April to September and a dry season from October to March. In
2012, due to higher temperatures and vigorous vegetation growth during April-
October, water consumption was greater, resulting in higher VPD during these
months compared to the dry season. The mean annual wind speed (V) was 1.7
m-s ', with daily mean V ranging from 0 to 5.8 m+s !, maximum in July during
summer. Influenced by topography, the prevailing wind directions throughout
the year are northeasterly and southwesterly.

2.2 Overall Characteristics of Daily Variation in CO2 Flux
and Concentration

Figure 2 [Figure 2: see original paper| shows the daily average variations of CO2
concentration, Fc, Fs, and NEE at Dinghu Mountain in 2012, where the upper
“T” indicates daily maximum values, the lower “T” indicates daily minimum
values, the middle solid black line represents daily averages, and vertical dashed
lines are connecting lines. The results show that the daily mean Fc at the Dinghu
Mountain forest ecosystem in 2012 ranged from —0.516 to 0.373 mg-m 2-.s!,
with an annual mean of —0.079 mg-m 2-s!; Fs ranged from —0.082 to 0.222
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mg-+m ?-s ! with an annual mean of —0.004 mg-m 2-s'; CO concentration
ranged from 608.21 to 768.7 mg+m 3, with an annual mean of 664.7 mg-m 3; and
NEE ranged from —1.183 to 0.368 mg-m 2-s !, with an annual mean of —0.063
mg-m 2+s . Both annual mean Fc and NEE were negative, indicating that the
forest ecosystem absorbed CO and functioned as a carbon sink throughout the
year.

2.3 Diurnal Variation Characteristics of CO2 Concentration
and Flux

Data from typical months in the four seasons of 2012 were selected for Fc,
Fs, NEE, and CO concentration, and 30-minute data were averaged to obtain
mean diurnal variations for different seasonal representative months, as shown
in Figure 3 [Figure 3: see original paper]. The diurnal variation characteristics
of Fc, Fs, and NEE in the representative months of the four seasons show clear
and consistent patterns.

Fc, Fs, and NEE generally exhibit a “single-valley” curve, being higher and pos-
itive in the morning, evening, and nighttime with smaller variation amplitudes,
and negative during daytime with larger variation amplitudes. The transition
from positive to negative occurs between 7:00-9:00 in the morning, and from
negative to positive between 17:00-19:00 in the evening (Figure 3). From 9:00
to 17:00 during daytime, values remain negative, reaching minimum (most neg-
ative) around 13:00 at noon. NEE is clearly controlled by photosynthetically
active radiation; plants absorb CO through photosynthesis, and CO is trans-
ported downward from the atmosphere above the canopy through turbulent
exchange, causing canopy CO concentration to decrease. Canopy Fc, Fs, and
NEE are basically negative, and the ecosystem functions as a carbon sink, with
larger variation amplitudes in autumn and winter and smaller amplitudes in
spring and summer. From 18:00 to 08:00 the next day at night, values are ba-
sically positive. Influenced by turbulence, flux is negative during some periods.
Additionally, due to weakened photosynthetically active radiation, plants cease
photosynthesis and switch to respiration, releasing CO , while soil respiration
also releases CO . Coupled with the stable temperature inversion that often
occurs near the ground at night, CO gradually accumulates within the canopy
and rises above the atmospheric CO concentration above the canopy. CO is
slowly transported upward through atmospheric turbulent exchange, making
Fc, Fs, and NEE predominantly positive. At night, with photosynthetically ac-
tive radiation at zero, NEE equals total ecosystem respiration (Reco), and the
ecosystem overall functions as a carbon source.

CO concentration diurnal variation generally follows a “single-peak, single-
valley” pattern. The South Asian subtropical evergreen coniferous-broadleaf
mixed forest at Dinghu Mountain shows maximum CO concentration at 7:00-
8:00 in the morning, gradually decreasing after sunrise, reaching minimum at
16:00, and then gradually increasing again. This differs from the “single-peak”
pattern of temperate deciduous broad-leaved forests (Jiao et al., 2011) and the
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“double-peak” pattern of Xishuangbanna tropical seasonal rainforests (Tan et
al., 2008), indicating that diurnal variation characteristics of CO concentration
differ among forests in different regions. Comparing different months, the diur-
nal variation characteristics of CO concentration in July show good consistency
with Fc, with Fc decreasing as CO concentration decreases and increasing as
CO concentration increases. In other months, CO concentration diurnal varia-
tion shows the opposite pattern to Fc, with CO concentration increasing when
Fc decreases and decreasing when Fc increases.

The maximum daily downward Fc transport occurs around noon. In 2012, the
average maximum Fc at Dinghu Mountain ranged from —0.5 to —0.68 mg-m 2-
s . Compared with previous studies (Table 1 ), this is lower than northern
poplar forests (Black et al., 1996), temperate deciduous broad-leaved forests
(Baldocchi & Vogel, 1996), and temperate black spruce forests (Michael et al.,
1997) during their growing seasons, but higher than northern pine forests (Bal-
docchi & Vogel, 1996) during their growing season, and similar to the evergreen
coniferous-broadleaf mixed forest at Dinghu Mountain in 2003 (Wang et al.,
2006) and subtropical artificial coniferous forests (Liu et al., 2004).

2.4 Seasonal Variation Characteristics of CO2 Flux and
Concentration

The monthly average time series of Fe is shown in Figure 4 [Figure 4: see origi-
nal paper]. Annual monthly mean Fec ranged from —0.15 to 0.017 mg-m?2-s?
(Figure 4a), with maximum monthly mean in April during spring and minimum
in October during autumn. Most monthly Fc values at Dinghu Mountain forest
ecosystem were below zero, except for April which showed a positive mean of
0.007 mg+m 2-s!. Among monthly variations, September showed the largest
amplitude and March the smallest. Seasonal mean Fc values were all negative,
following the order: spring > summer > winter > autumn. The positive mean
Fc in April may be related to the onset of the rainy season in South China,
as precipitation statistics from the nearby Sihui National Basic Meteorological
Station (20 km away) show April cumulative precipitation reached 379.5 mm,
the maximum monthly value, and abundant precipitation may reduce photosyn-
thetic efficiency.

The monthly average time series of Fs is shown in Figure 4b. Monthly mean
Fs ranged from —0.011 to 0.003 mg-m 2-s !, with maximum in July and mini-
mum (largest negative) in October. Except for February and July which showed
positive values, all other months were negative. Fs is not zero at the monthly
scale, indicating that advective or drainage effects influence monthly Fs. Febru-
ary Fs of 0.0005 mg-m 2-s! was closest to zero, indicating minimal influence
from advection or drainage. The largest positive value in July and largest neg-
ative value in October may be due to strong vertical convection and horizontal
wind speeds during these months, making the ecosystem prone to advective
or drainage effects under strong turbulent exchange conditions. Therefore, Fs
should be considered when estimating NEE at monthly time scales for forest

chinarxiv.org/items/chinaxiv-201805.00138 Machine Translation


https://chinarxiv.org/items/chinaxiv-201805.00138

ChinaRxiv [$X]

ecosystems.

The monthly average time series of CO concentration is shown in Figure 4c.
Annual monthly mean CO concentration ranged from 632.1 to 721.4 mg + m 3,
with maximum monthly mean in January during winter, followed by Decem-
ber, and minimum in August during summer. Among monthly variations, April
showed the largest amplitude and March the smallest. CO concentration in
the non-growing season was higher than in the growing season, related to plant
growth seasons. With vigorous plant growth in summer, more atmospheric
CO is absorbed, resulting in lower CO concentration in August. Higher CO
concentration in winter may be related to reduced light and low temperatures
inhibiting plant growth and weakening photosynthetic consumption of CO . Ad-
ditionally, higher winter CO concentration may be influenced by combustion
and pollution emissions from surrounding urban areas.

The monthly average time series of NEE is shown in Figure 4d. Monthly NEE
ranged from —0.192 to —0.009 mg - m 2 -s !, with negative values in all months,
indicating strongest carbon sequestration in September, October, and January,
and weakest in April, demonstrating that the forest ecosystem is a strong car-
bon sink. The annual mean NEE at Dinghu Mountain in 2012 was —0.063 mg -
m 2+ s ! which converts to —611 gC-m 2+ a! for comparison purposes. Table
4 compiles annual mean NEE values for typical ecosystems worldwide, showing
that Dinghu Mountain’ s annual mean NEE is higher than all reported for-
est ecosystems except for the artificial coniferous forest at Qianyanzhou (—645
gC-m?2-al) (Liu et al., 2004), and significantly higher than northern Chinese
forests and North American forests, generally following the universal pattern of
decreasing NEE with increasing latitude (Falge et al., 2001).

2.5 Meteorological Factors Influencing CO2 Concentration
and Flux

Correlation analysis between Fc, Fs, NEE, CO concentration and meteorological
elements across seasons is shown in Table 3 . Fc, Fs, NEE, and CO concentra-
tion are negatively correlated with air temperature and vapor pressure deficit,
and positively correlated with relative humidity and horizontal wind speed. In
summer, correlations of Fc, Fs, NEE, and CO concentration with temperature
and vapor pressure deficit are higher than those with relative humidity and hor-
izontal wind speed, indicating that temperature and vapor pressure deficit have
greater influence on Fc, Fs; NEE, and CO concentration. Higher temperatures
and larger vapor pressure deficits result in smaller Fc, Fs; and NEE values and
stronger plant CO exchange.

The correlation between NEE and temperature is higher in summer and autumn
than in winter and spring, indicating that during the summer half-year when
photosynthesis is stronger, temperature has a greater effect on plant photosyn-
thesis than on respiration, with higher temperatures enhancing photosynthesis.
During the winter half-year when photosynthesis is weaker, temperature has a
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greater effect on plant respiration than on photosynthesis, with higher tempera-
tures enhancing respiration. The correlation coefficient between NEE and VPD
is negative throughout the year (—0.137), indicating that VPD has a greater
impact on photosynthesis than on respiration, primarily because higher VPD
increases plant stomatal conductance, making CO exchange between plants and
the atmosphere more active (Sun et al., 2012).

CO concentration shows the highest correlation with temperature, with an
annual correlation coefficient of —0.907, indicating that temperature is the key
meteorological factor affecting CO concentration in South Asian subtropical
evergreen broad-leaved forests. Increased temperature accelerates metabolism in
plants and microorganisms, and when plant photosynthesis exceeds respiration,
the forest ecosystem functions as a carbon sink, thereby reducing atmospheric
CO concentration (Figure 5 [Figure 5: see original paper]).

3 Conclusions and Discussion

(1) CO concentration and Fc show clear diurnal variation characteristics. Fe,
Fs, and NEE generally follow a “single-valley” curve, reaching minimum
values (negative) around midday and higher values (positive) at night and
in the morning. CO concentration follows a “single-peak, single-valley”
pattern, with maximum values at night or around sunrise, decreasing af-
ter sunrise, reaching minimum in the afternoon, and gradually increasing
again after sunset. Related studies indicate that under ideal conditions,
ecosystems have no advective or drainage effects, and Fs during periods of
weak nighttime turbulence would be balanced by plant photosynthesis af-
ter sunrise, so Fs should be zero at daily and longer timescales (Aubinet et
al., 1999). Therefore, Fs can be ignored when calculating NEE at medium
to long timescales (Lee, 1998; Wu et al., 2005). However, this study found
that Fs is not zero at daily or annual timescales, indicating that advective
or drainage effects exist in the Dinghu Mountain forest ecosystem at night,
preventing the CO reduced during daytime from balancing the CO stored
at night in the canopy layer (Zhang et al., 2010), resulting in non-zero Fs.
Therefore, canopy Fs has important impacts on ecosystem NEE for tall
vegetation such as forests (Hollinger et al., 1994; Zhang et al., 2010) and
cannot be ignored in carbon source-sink assessments.

(2) CO flux and concentration show clear seasonal variation characteristics.
The annual mean CO flux was —0.079 mg+m 2-s ! and the annual mean
CO concentration was 664.7 mg-m 3. CO concentration in the non-
growing season was higher than in the growing season, primarily controlled
by seasonal changes in CO source-sink intensity caused by plant phenol-
ogy, and also influenced by regional CO source emissions in the PRD
region.

(3) This study estimated the annual mean NEE of the Dinghu Mountain forest
ecosystem in 2012 as —611 gC-m 2-a !, which is higher than the 2003 flux
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observation results from Dinghu Mountain and subtropical artificial conif-
erous forests, and significantly higher than northern Chinese and North
American forests, following the universal pattern of decreasing NEE with
increasing latitude. This indicates that the mixed conifer-broadleaf forest
at Dinghu Mountain has been growing rapidly in recent years, enhancing
its carbon sink function. This may be related to Dinghu Mountain’ s
location on the western side of the PRD, where it is significantly influ-
enced by human activities including high population density, rapid urban-
ization, and rapid economic growth in the PRD region, causing annual
increases in regional CO concentration since 2003. Satellite remote sens-
ing data show that the annual growth rates of tropospheric CO column
concentration in western Guangdong and the PRD region from 2003 to
2009 were 1.82x10 /a and 1.65x10 /a, respectively, both higher than the
global average during the same period (Mai et al., 2014). Additionally,
Dinghu Mountain has abundant light, temperature, and water resources
that facilitate rapid growth of forest vegetation toward zonal communities,
promoting CO absorption and strengthening its carbon sink function.

(4) CO flux, NEE, and CO concentration are significantly negatively corre-
lated with air temperature and vapor pressure deficit (VPD), and signif-
icantly positively correlated with relative humidity and horizontal wind
speed. Air temperature and VPD are the key meteorological factors af-
fecting CO concentration and flux.

Furthermore, forest ecosystem carbon budgets are also related to photosynthesis
and respiration of understory vegetation and soil respiration. Previous studies
have shown that understory respiration and soil respiration play important roles
in the carbon source-sink function of mixed forest ecosystems, with intensities
accounting for 30%-80% of total ecosystem respiration (Davidson et al., 2006;
Zheng et al., 2009). Due to the lack of radiation and soil temperature observa-
tions in this study, ecosystem total respiration (Reco) could not be calculated,
potentially leading to larger errors in NEE estimation.
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