
ATMOSPHERIC ENVIRONMENT: X 12 (2021) 100143

Available online 20 November 2021
2590-1621/© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Vertical profiles of methane concentration above and within the canopy of 
a temperate Japanese cypress forest 

Kenshi Takahashi a,*, Ayaka Sakabe b,c, Akito Kanazawa c, Yoshiko Kosugi c 

a Research Institute for Sustainable Humanosphere, Kyoto University, Gokasyo, Uji, 611-0011, Japan 
b Kyoto University Hakubi Center, Yoshida-honmachi, Sakyo-ku, Kyoto, 606-8501, Japan 
c Graduate School of Agriculture, Kyoto University, Kitashirakawa Oiwake-cho, Sakyo-ku, Kyoto, 606-8502, Japan   

A R T I C L E  I N F O   

Keywords: 
Methane 
Vertical profiles 
Seasonal variations 
Forest ecosystem 
Continental outflow 

A B S T R A C T   

Methane (CH4) is one of the major greenhouse gases, and therefore its source identification and quantification 
are quite important. So far water-unsaturated soils of upland forests are usually recognized as sinks, but recent 
increasing evidence supports tree stems in certain environments can be a source of CH4, and thereby research on 
the dynamics of CH4 in forest ecosystems has entered a new phase. In this study, we measured vertical distri-
butions of CH4 concentrations within and above a forest canopy to examine how they are influenced by local 
ecological processes and synoptic-to local-scale atmospheric processes. Profile measurements were conducted 
using a meteorological tower in a temperate Japanese cypress forest with a 30-min time resolution. Time series 
data of CH4 concentrations above the canopy at our site showed occasional spikes relative to background levels, 
and these spikes corresponded with temporal variations in CO2 concentrations. Backward trajectory analyses 
showed that most of the air masses associated with the spikes in CH4 and CO2 concentrations had continental 
origins. Seasonal-mean diurnal properties in CH4 concentrations above and within the canopy were weaker than 
those for CO2 concentrations. It was considered likely that nighttime accumulation of CH4 in a stable surface 
layer and its convective diffusion into a mixed layer accounted for the diurnal properties in CH4, while ecological 
processes played a major role in the diurnal properties observed in CO2 levels. Vertical distributions in CH4 
concentration within the canopy showed a monotonic decrease from the canopy to the forest floor, with vari-
ations depending on the season. The profiles agreed with soil-atmosphere CH4 fluxes measured using a closed- 
chamber method at our site, indicating that the surface soil in upland areas plays a major role for deter-
mining the within-canopy distributions of CH4. Also, it was inferred that at least at our site, CH4 emissions from 
stems and leaves, which has become a hot topic over the recent years, was not significant for cypress trees in 
upland area enough to influence the within-canopy distributions of CH4 during the study period.   

1. Introduction 

Atmospheric methane (CH4) is an important greenhouse gas. Fluc-
tuations in atmospheric CH4 concentrations are largely determined by 
biogenic and abiotic emissions from the Earth’s surface, reduction by 
gas-phase OH reactions in the atmosphere, and microbial oxidation in 
aerobic soils (Reeburgh, 2006). Although large annual fluctuations in 
atmospheric CH4 concentrations have been reported (e.g., Bousquet 
et al., 2006; Rigby et al., 2008), the underlying mechanisms for these 
fluctuations remains controversial. Furthermore, although the major 
contributors to the global CH4 budget have generally been identified, the 
relative contribution of individual sources has not yet been accurately 

clarified. 
Our group has attempted to clarify the dynamics of CH4 in forest 

ecosystems. Specifically, we have been conducting long-term in-situ 
measurements of CH4 fluxes using closed-chamber systems (Itoh et al., 
2009; Takahashi et al., 2012; Sakabe et al., 2015, 2016) and a relaxed 
eddy accumulation system (Sakabe et al., 2012) at a Japanese cypress 
(Chamaecyparis obtusa Sieb. et Zucc) forest site in Japan. Our findings 
have shown that 1) the CH4 flux over the forest canopy clearly shows 
seasonal fluctuations with daily-scaled changes that are particularly 
sensitive to Asian monsoon rainfall; 2) CH4 exchange between the at-
mosphere and forest soils at the forest study site are heterogeneous at 
both temporal and spatial scales and show a complex response to 
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rainfall; and 3) no significant emission or uptake of CH4 by intact leaves 
or trunks of individuals occurs in amounts that are detectable with our 
experimental system occurs in any season. In this study, we report the 
results of continuous, in-situ, one-year measurements of vertical distri-
butions in CH4 concentration within and above the forest canopy at the 
same site. 

Measurements of the vertical distributions in CH4 concentrations in 
forests provide insights into the CH4 budget in these environments. 
Simpson et al. (1997) reported tower-based profile and micrometeoro-
logical flux measurements of CH4 in a boreal aspen forest over a 5-month 
period, based on in-situ quantification of CH4 concentrations with a 
lead-salt laser. In that study, although CH4 emission was recorded above 
the canopy, uptake was evaluated from footprints closer to the tower 
where the soil was drier. de Carmo et al. (2006) performed vertical 
profile and closed-chamber measurements for CH4 at three forest sites in 
Amazonia. A total of 75 profiles obtained on 19 dates by canister sam-
pling followed by laboratory analysis estimated that net CH4 emissions 
in upland forests ranged from 2 to 21 mg CH4 m− 2 d− 1 in both dry and 
wet seasons at three sites. Bowling et al. (2009) studied tower profiles 
for CH4 in a subalpine conifer forest in the Rocky Mountains. Their 
measurements were made at 2 h intervals over 6 weeks in summer and 
used in-situ quantification by a near-infrared diode laser spectrometer. 
They proposed that their CH4 profiles were rationalized by net uptake of 
CH4 by upland soils. Querino et al. (2011) undertook tower-based pro-
file and eddy flux measurements of CH4 in a tropical rainforest. Air was 
collected at different heights over a period of 6 h, and samples were 
analyzed in the laboratory. Their profiles reflected the net CH4 pro-
duction from the soil surface. Ueyama et al. (2014) inferred CH4 fluxes 
in an upland forest based on the vertical profiles of CH4 concentrations 
estimated using inverse multilayer models, in which tower-based ob-
servations were made in a Japanese larch forest in Yamanashi Prefec-
ture, Japan. Their results showed that the forest acted as a CH4 sink 
during the summer study period. 

On the other hand, it should be noted that in recent years unique 
phenomenon of CH4 release from tree trunks has attracted a great deal of 
attention as a potential impact for atmospheric CH4 (Barba et al., 2019, 
Covey and Megonigal, 2018). In addition, multiple processes have been 
recognized to contribute in promoting CH4 emission (Flanagan et al., 
2021), and some studies have shown that they weaken the role of CH4 
sinks in forest ecosystems (Shoemaker et al., 2014; Pitz and Megonigal, 
2017; Pitz et al., 2018; Ueyama et al., 2018), though it is well known 
that upland forests are generally CH4 sinks largely due to surface soil in 
an aerobic environment (Ishizuka et al., 2000; Le Mer and Roger, 2001; 
Sakabe et al., 2015; Yu et al., 2017). Within-canopy profiles would 
provide insight into those issues of whether soil uptake and stem emis-
sion offset one another. In our previous chamber flux study (Takahashi 
et al., 2012), we did not significantly detect CH4 emission from the stem 
of a single selected cypress tree, but it cannot be ruled out that some 
other cypress trees release CH4 from the stems depending upon the 
growing environment, since our site is characterized by hillslopes and 
the activity of methanogens and methanotrophs in soil is spatially 
heterogeneous. 

In this paper, we aimed to investigate how such plant ecophysio-
logical processes and microbial activity in soil determine the within- 
canopy vertical distributions of CH4 in a Japanese cypress forest and 
their seasonal properties. In order to accomplish the aim of this study, 
we conducted continuous one-year measurements of vertical distribu-
tions in CH4 concentration along a meteorological tower, using a near- 
infrared laser spectroscopic technique for in-situ CH4 detection. In 
addition, air-mass origin and the synoptic-scale weather systems may 
influence the CH4 concentrations observed at the tower, because reac-
tivity of hydroxyl (OH) radical toward CH4 is low (Atkinson et al., 2004), 
resulted in a long lifetime in the troposphere. Therefore, we also aimed 
to extract the impacts of synoptic scale transport of CH4 on the temporal 
variations in local CH4 concentrations on a several days scale at our 
forest site. 

2. Materials and methods 

2.1. Study site 

Vertical profiles of CH4 concentrations were measured in the Kiryu 
Experimental Watershed (KEW) at 34◦58′N, 136◦00′E in Shiga Prefec-
ture, central Japan, from August 2009 to August 2010. A detailed 
description of the site and a topographic map has been reported else-
where (Kosugi et al., 2007; Ohkubo et al., 2007; Sakabe et al., 2015). 
The watershed has an area of 5.99 ha (1 ha = 104 m2) and is mainly 
covered by Japanese cypress trees that were planted in 1959. The 
elevation range of the study site was 190–255 m. The canopy height was 
about 17 m. Our site also includes sparsely distributed Japanese red pine 
trees (Pinus densiflora) and several broadleaf tree species. Some wetlands 
are located in the riparian zones, which are either permanently or 
periodically submerged, along the streams within the watershed. The 
wetlands cover an area of approximately 0.2 ha (3.3% of the watershed). 
The meteorological tower was located in upland area. Air temperatures, 
which ranged from - 4.4 to 33.7 ◦C during the study period, were 
measured with a platinum thermometer (HMP45C, Vaisala, Helsinki, 
Finland) at a height of 29 m above the ground. Total precipitation was 
1982 mm during the study period, as measured by a tipping bucket rain 
gauge (RT-5, Ikeda Keiki, Tokyo, Japan). 

2.2. Experimental design 

The vertical profiles of CH4 and CO2 concentrations were measured 
at five heights: 0.3, 1, 10, 20 and 29.5 m. Air was drawn continuously 
from each of the inlets through a polyfluoroacrylate tube (inner diam-
eter: 4 mm) using a diaphragm pump at a flow rate of approximately 1.8 
L min− 1. To analyze the CH4 concentration of the sampled air, some of 
the main flow (0.7 L min− 1) was passed through a membrane dryer (PD- 
50T-48, Perma Pure, NJ, USA) to remove moisture before being diverted 
to a CO2/H2O analyzer (LI-840, LI-COR Biosciences, NE, USA) and a CH4 
analyzer (FMA-100, Los Gatos Research, CA, USA). Since the drying 
efficiency of such dryers has been reported to be dependent upon 
operating conditions (Leckrone and Hayes, 1997), we measured the 
residual water vapor exiting the membrane dryer using the LI-840 
analyzer, and the data were used to compensate for the observed CH4 
concentrations. The vertical CH4 and CO2 concentration profiles were 
measured for 15 min at 30-min intervals. The remaining 15 min was 
allotted to closed-chamber measurements (Takahashi et al., 2012). The 
sampling height switched in order of 28.5, 20, 10, 1 and 0.3 m, using 
program-controlled solenoid valves. Sampling duration for each height 
was 42, 36, 28, 22 and 22 s, respectively. This cycle worked 6 times 
during 15 min. At each height, CH4 and CO2 concentrations for 15 s just 
before switching to the next height were averaged, by taking air flushing 
time within the measurement system into account, then the obtained 
averages were used to calculate the 6-times measurement mean. Mea-
surements were conducted continuously from August 2009 to August 
2010; however, the concentration data at all heights in July 2010 and at 
20 m in August 2010 were not collected because of problems with the 
measurement system. 

The CH4 analyzer used in this study employed cavity-enhanced ab-
sorption spectroscopy with a diode laser at a wavelength of approxi-
mately 1.6 μm; the instrument permits interference-free real-time 
monitoring of CH4 concentration at atmospheric levels (Hendriks et al., 
2008; Smeets et al., 2009). Instrument performance was tested by using 
the Allan variance method (e.g., Eugster and Plüss, 2010). The mixing 
ratio of CH4 in a dry compressed air cylinder (Masuda Medical In-
struments, Kyoto, Japan) was measured over several hours with 1-Hz 
resolution, and resultant time series of the data providing 2496 ± 0.9 
ppb (mean ± SD) were subjected to Allan variance analysis. This 
assessment suggested that the Allan deviation for this analyzer was 0.7 
ppb with a 1-s integration time (i.e., ±0.03% against a background 
concentration of 2496 ppb), which is similar to that for a similar 
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instrument reported previously (Eugster and Plüss, 2010). The mea-
surement precision for CH4 in the profiling experiments was expected to 
be 0.24 ppb based on the Allan variance analysis, since our profiling 
schedule determined CH4 concentration in one run from 15-s acquisition 
as described above. In the same manner, the measurement precision for 
CO2 was expected to be 0.3 ppm at atmospheric concentrations. The 
span of our CH4 analyzer was calibrated against standard gas containing 
atmospheric levels of CH4 diluted in synthetic air (Kyoto Teisan, Kyoto, 
Japan). For the CO2/H2O analyzer, the CO2 span was calibrated using a 
standard gas cylinder and water vapor using a dew-point generator 
(LI-610, LI-COR Biosciences, NE, USA), and the zero offset was checked 
with pure nitrogen gas. 

3. Results and discussion 

3.1. CH4 concentration above the forest canopy 

Fig. 1 shows the time series of CH4 and CO2 concentrations at a 
height of 29.5 m from September 2009 to August 2010 together with the 
meteorological data recorded at KEW. The time series of the CH4 con-
centrations revealed the existence of several spikes that were super-
imposed on background measurements. Similar spikes were also 
observed in the time series obtained for the CO2 concentration, and most 
of the spikes in CH4 and CO2 concentrations occurred simultaneously. 
Detailed examination of the data obtained for January and May are 
expanded and shown in Figs. 2 and 3. In both months, temporal changes 
in CH4 and CO2 concentrations at KEW were very similar on the scale of 
several days, although in May diel changes in CO2 concentrations 
associated with biological processes were superimposed over long-term 
changes. For comparison, Figs. 2 and 3 include the CH4 data obtained at 
two environmental monitoring stations at Kusatsu (35.01◦N, 135.96◦E; 
6.2 km to the north-northwest of KEW) and at Higashiohmi (35.11◦N, 
136.20◦E; 24.8 km to the northeast of KEW). Both stations are located in 
an urban area and are utilized by the Atmospheric Environmental 
Regional Observation System in Japan, which records CH4 measure-
ments at hourly intervals using gas chromatography. Temporal changes 
in CH4 concentration at KEW are similar to those at Kusatsu. At Higa-
shiohmi, more pronounced diurnal changes were overlaid on the back-
ground fluctuations which were close to those observed at Kusatsu. 
Spatial similarities in the background distribution of CH4 concentrations 

among three sites are consistent with the long tropospheric lifetime of 
CH4 due to its low reactivity toward OH radicals (Atkinson et al., 2004). 
At Higashiohmi station, the CH4 concentrations often showed maxima 
just before or near sunrise, which will be ascribed to the nighttime 
accumulation in the surface boundary layer. There could be local 
emissions of CH4 near the station. Exploring the emission sources are, 
however, beyond the scope of this paper. 

We observed that the spikes in CH4 and CO2 concentrations were 
frequently observed synchronously with decreasing atmospheric pres-
sure and precipitation, particularly during the winter season (Fig. 2). 
Those observations indicate that low-pressure systems and/or low- 
pressure troughs pass over the site transporting continental outflows 
of anthropogenic emissions. Similar features were identified over Narita 
International Airport (35.8 N, 140.4 E) by Shirai et al. (2012) and at 
Minamitorishima (24.3 N, 154.0 E) by Wada et al. (2013). A detailed 
analysis of the mechanisms underlying the transport of surface emis-
sions from continental Asia by low-pressure systems was reported by Bey 
et al. (2001). The significance of continental outflows reflected by the 
spikes in CH4 and CO2 concentrations at our site was further corrobo-
rated by a five-day backward trajectory analysis using NOAA’s HYSPLIT 
model (Stein et al., 2015). For example, on May 21 (Fig. 3), a steep in-
crease followed by a gradual decrease in the CH4 concentration was 
observed, which was due to the transport of continental air masses (see 
Fig. A1 in the supplementary information). On 21–23 May, yellow sand 
(Kosa aerosol) was observed widely over Japan, which provides further 
evidence of a continental origin of transported air masses. We found 
that, including those days, air masses responsible for spiky CH4 and CO2 
concentrations were mostly attributable to continental origins. 

3.2. Vertical distribution of CH4 concentration within the forest canopy 

Fig. 4 shows the seasonal-mean diurnal variations of CH4 and CO2 
concentrations at all heights of the 29-m tall tower and the friction ve-
locities (u*). The seasonal mean concentrations of CH4 at all heights 
showed a peak in the morning, which was followed by a decrease during 
the day. Such a pattern could be explained by nighttime accumulation of 
CH4 in the stable boundary layer and its daytime diffusion into the 
mixed layer. Possible causes for the nighttime accumulation include 
anaerobic CH4 production in the riprian wetland area within the 
watershed (Sakabe et al., 2016) and transport of nearby urban 

Fig. 1. CH4 and CO2 concentrations measured at a height of 29.5 m, air temperature at a height of 29 m above the ground at KEW, and precipitation measured at an 
open-screen site near the tower. All the data were obtained with 30-min resolution, which are plotted here as they are without any averaging. 
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emissions. On the other hand, in the CO2 data, seasonally dependent 
diurnal changes are governed by forest ecological and micrometeoro-
logical processes, as discussed in detail by Ohkubo and Kosugi (2008). 
Fig. 4 also shows that, for all seasons, the CH4 concentrations were lower 
near the forest floor than above the canopy, implying that the forest 
floor around the tower is a net sink for CH4. The CO2 concentrations 
were higher near the forest floor than above the canopy because of the 
large CO2 efflux from soil (Ohkubo et al., 2007; Ohkubo and Kosugi, 
2008). To investigate the seasonality in the vertical profiles of CH4 
concentration, we plotted monthly concentration differences at four 
heights (20, 10, 1 and 0.3 m) relative to the concentration at 29.5 m, as 
shown in Fig. 5. Our results showed that, (i) negative differences in the 
CH4 concentrations were the largest at 0.3 m over the entire observation 
period, with maximum differences observed in summertime and mini-
mum differences in wintertime, and (ii) such a tendency was 

independent of day and night periods. This implies that soil oxidation 
acts as a sink in the canopy at KEW and that this process is seasonal. 
Around the observation tower, we measured CH4 fluxes between the 
upland soil surface and the atmosphere using a closed-chamber method. 
The findings showed that uptake was highest in summertime and lowest 
in wintertime with its large dependence on the soil water contents of the 
study plot (Sakabe et al., 2015). Furthermore, as reported by Sakabe 
et al. (2012), forest-scale CH4 fluxes measured by the relaxed eddy 
accumulation (REA) technique were negative (i.e., absorption from the 
atmosphere to the forest), with an increase in magnitude observed from 
April 2010 to June 2010. Their results corroborate the present profile 
data, which implies that microbial CH4 oxidation in the upland soil 
surface was highest in summertime and lowest in wintertime. 

Here, we assume that the soil CH4 uptake rate is consistent with the 
observed concentration distributions. If we assume a scalar similarity 

Fig. 2. CH4 and CO2 concentrations at a height of 29.5 m, air pressure, air temperature and precipitation measured at KEW, and CH4 concentrations at the two air- 
quality monitoring stations of Kusatsu and Higashiohmi in January 2010. CH4 concentrations at two air-quality monitoring stations were available with 1-h reso-
lution, which are plotted here as they are without any averaging. Asterisks indicate the spiky events (see text). 

Fig. 3. Same as Fig. 2, for data collected in May 2010.  
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between CO2 and CH4, then the gradients of each gas near the ground 
should be related to the respective fluxes by the same eddy diffusivity. 
This is the basis of the flux-gradient method for the estimation of fluxes 
(Baldocchi et al., 1988; Miyata et al., 2000; McMillan et al., 2007), and 
can be formalized as: 

FCO2 = − K
d[CO2]

dz
(1)  

FCH4 = − K
d[CH4]

dz
(2)  

FCH4 = −
FCO2
d[CO2 ]

dz

d[CH4]

dz
(3)  

where FCO2 and FCH4 represent the flux of each gas, d[CO2]/dz and d 
[CH4]/dz are the gradients of each gas near the ground, and K is the 
eddy diffusivity. Equation (3) allows us to estimate the flux of CH4 from 

Fig. 4. Diurnal properties of (a) CH4 and (b) CO2 
concentrations at five different heights along a 29 m- 
tall tower. Data were acquired in all four seasons: 
autumn (September 2009 to November 2009), winter 
(December 2009 to February 2010), spring (March 
2010 to May 2010) and summer (June and August 
2010). The data in July 2010 were not available due 
to trouble in the measurement system. Variabilities of 
the plotted data in panels (a) and (b) are numerically 
provided in Table A1. Panel (c) shows the diurnal 
properties in friction velocity (u*) during the same 
period.   
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a known CO2 flux and measured gradients of each trace gas. Ohkubo 
et al. (2007) reported that the soil CO2 efflux at KEW ranged from 
approximately 4 μmol m− 2 s− 1 in summer to approximately 0.6 μmol 
m− 2 s− 1 in winter. The d[CH4]/dz values that were calculated from the 
daytime and nighttime averages of CH4 concentrations at heights of 0.3 
and 1 m (Fig. 5) ranged from 3.0 nmol mol− 1 m− 1 during the summer-
time to 1.7 nmol mol− 1m− 1 during wintertime. Similarly, the d[CO2]/dz 
values were − 12.3 and − 2.2 μmol mol− 1 m− 1 during summertime and 
wintertime, respectively (Figure A2 in the supplementary information). 
Using these values with Eq. (3), we obtain the magnitude of the soil CH4 
uptake as 1 nmol m− 2 s− 1 in summer and 0.4 nmol m− 2 s− 1 in winter. 
Although the flux-gradient approach makes certain assumptions, such as 
horizontal homogeneity of the source and sink distributions of the target 
gases and the attainment of steady-state conditions, the calculated CH4 
uptake rates are in agreement with those obtained from the chamber 
flux measurements around the tower conducted in September 2009 to 
August 2010, and ranged between 0.38 and 2.16 nmol m− 2 s− 1 with a 
median of 0.54 nmol m− 2 s− 1 (Sakabe et al., 2015). As reported in 
Sakabe et al. (2015), the soil CH4 fluxes were measured by using three 
closed chambers which were distributed around the meteorological 
tower within a radius of 30 m (a topographical map is shown in their 
paper), accordingly the above referred range of the soil CH4 fluxes arose 
both from their seasonality and spatial heterogeneity. The seasonally 

dependent uptake of CH4 by the upland soil surface is directly related to 
the activity of methanotrophic bacteria, namely, with summer time 
maxima and winter time minima. 

While it has generally been considered that water-unsaturated soils 
of upland forests can act as sinks for CH4 (Le Mer and Roger 2001), 
recent studies support that tree stems in certain environments can emit 
CH4 (Barba et al., 2019; Covey and Megonigal, 2018). Stem CH4 emis-
sion may weaken the role of CH4 sinks in forest ecosystems (Shoemaker 
et al., 2014; Pitz and Megonigal, 2017; Pitz et al., 2018). Our present 
results of the within-canopy profiles for CH4 provided insight into the 
topic. At heights of 20 and 10 m, no significant differences from zero 
were mostly observed (Fig. 5), which implies that neither emission nor 
absorption of CH4 from the stems and leaves of cypress trees were sig-
nificant to influence the vertical CH4 distributions. We note that at the 
same site closed chamber experiments were conducted to investigate 
CH4 fluxes from the stem surface and intact leaves of a Japanese cypress 
tree from September 2009 to August 2010 (Takahashi et al., 2012), 
showing that no detectable amount of CH4 emission or absorption was 
observed. While a single cypress tree was selected for the chamber ex-
periments, it cannot be ruled out that some other cypress trees release 
CH4 from the stems depending upon the growing environment. Because 
our study site is characterized by hillslopes, and it is generally known 
that the activity of methanogens and methanotrophs in soil is spatially 

Fig. 5. Differences in average monthly CH4 concentrations at 20, 10, 1 and 0.3 m relative to that at 29.5 m; (a) daytime data (07:00–18:30 LT), (b) nighttime data 
(19:00–06:30 LT). Vertical dashed lines are the reference lines at 0 ppb-difference. Boxes enclose all values between the 25th and 75th percentiles, whereas whiskers 
encompass all values within the 5th to 95th percentile range. Solid vertical bars in the boxes indicate median values. “ns” indicates that concentration differences at 
each height are not significantly different from 0 (p > 0.01). The concentration differences at 0.3 and 1 m were significantly different from zero and from each other 
for both daytime and nighttime data of all months (p < 0.01). The data at 20 m in August 2010 and at all heights in July 2010 were not available due to trouble in the 
measurement system. 
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heterogeneous depending upon environmental parameters such as soil 
water content, temperature, and substrates (Le Mer and Roger, 2001). 
Indeed, a recent work examining CH4 fluxes from tree stems and soils 
along a natural moisture gradient has suggested that tree emissions 
gradually increase from upland forests to forested wetlands (Pitz et al., 
2018). At our study site, Sakabe et al. (2015) reported CH4 fluxes from 
the surface of upland soils exhibited a high-spatial variability which was 
largely regulated by soil water content. Nevertheless, from the presently 
conducted profiling experiments, we conclude that at least at our site, 
CH4 emissions from stems and leaves, which has recently been a hot 
topic, were not significant for cypress trees in upland area to influence 
the within-canopy distributions of CH4 during the study period. 

4. Conclusions 

We have presented the spatial and temporal dynamics of CH4 con-
centrations above and within a forest canopy. Background CH4 con-
centrations and their temporal variations observed above the canopy at 
our study site are similar to those at nearby Atmospheric Environmental 
Regional Observation System stations. Continental outflow frequently 
influences the background concentrations of both CH4 and CO2, and 
spikes in both gasses were observed over time. Within the forest canopy, 
the vertical profile of the CH4 concentrations showed a clear and sea-
sonal influence of soil microbial activity in the surface layer of upland 
soil. In addition, CH4 uptake rates estimated from the vertical gradients 
in CH4 concentration near the forest floor were consistent with previ-
ously reported results obtained by closed-chamber measurements of CH4 
flux between the upland soil surface and the atmosphere at the same 
study site. The negligible exchange of CH4 between the tree trunks and 
foliage of Japanese cypress trees was also inferred from the concentra-
tion profiles within the canopy, and the findings were also consistent 
with previously reported closed-chamber measurements. At our site, 
CH4 emissions from stems and leaves, which has become a hot topic over 
the recent years, was not significant for cypress trees in upland area to 
influence the within-canopy distributions of CH4 at least during the 
study period. 
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