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Abstract
The total amount of methane  (CH4) that is emitted from wetlands worldwide is still uncertain. A major factor contribut-
ing to this uncertainty is ebullition, which is the emission of virtually pure methane gas bubbles from water bodies; these 
short, high-flux pulses are highly variable in space and time. Small, shallow lakes have been found to be prone to high  CH4 
emissions related to ebullition, and the fluxes from these ecosystems have been quantified using the eddy covariance (EC) 
method. However, this method was found to cause systematic biases during high-flux events. In this study, the EC method 
was used to quantify the  CH4 flux from a small, shallow lake in which an artificial ebullition event was conducted to analyze 
the EC method’s performance under such conditions. Results showed that the flux quality was not necessarily subject to 
flux biases during the ebullition event but was of sufficient quality to quantify the  CH4 emissions. The total emission flux 
of  CH4 from the small lake during the artificial ebullition event was of the same magnitude as the respective  CH4 flux over 
2.7 days during regular conditions.
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Introduction

As the second strongest driver of radiative-induced global 
warming after carbon dioxide  (CO2), methane  (CH4) has a 
huge impact on the global climate. Its atmospheric mixing 
ratio has increased since the preindustrial time by a factor of 
about 2.6 to 1857 ppb in 2018, and human activity accounts 
for about 60% of these emissions (Saunois et al. 2020). 
According to Saunois et al. (2020), global  CH4 emission 
estimates from bottom-up approaches suggest a yearly emis-
sion of 737 Tg  CH4  yr−1 (range 594–881), whereas top-down 
approaches suggest 576 Tg  CH4  yr−1 (range 550–594). This 
difference arises because bottom-up approaches give higher 
predicted emissions from wetlands, inland waters and other 
natural  CH4 sources compared to top-down approaches, 
likely due to overestimations from individual sources that 
contribute to the bottom-up estimates (Saunois et al. 2016, 
2020). Since inland waters still provide an uncertainty 
in global  CH4 budget estimations, Saunois et al. (2020) 

indicated that detailed research should be done on emission 
factors. This study focusses on one of the key mechanisms 
driving  CH4 emissions from wetlands.

In inland freshwater bodies,  CH4 is formed primarily in 
carbon-rich sediments under low oxygen or under anoxic 
conditions (Rudd and Hamilton 1978). The emission of  CH4 
from such lakes to the atmosphere happens through four 
main mechanisms: diffusion of  CH4 from the depth at which 
 CH4 is formed through the water body, ebullition, which is 
the ascent of pure  CH4 bubbles, storage flux, and plant-medi-
ated transport (Bastviken et al. 2004). Small, shallow lakes 
have been shown to be a greater source of water-derived  CH4 
than larger and deeper lakes due to, among others, their high 
perimeter-to-surface area ratio, which leads to an increased 
carbon content relative to their water volume (Holgerson 
and Raymond 2016). Further, (anoxic) sediment respiration 
can even affect the whole water column under well-mixed 
conditions in shallow lakes (Kortelainen et al. 2006), while 
in deep lakes, the oxidation of  CH4 in a still-oxygenated 
epilimnion will lead to a decrease of  CH4 emissions (Bast-
viken et al. 2002).

A previous study employing miniature flux chambers 
stated that ebullition at lake Heideweiher in NW Germany 
accounted for 65% of the lake’s  CH4 emissions in 2017 and 
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for 37% in 2018 (Schmiedeskamp et al. 2021). The eddy 
covariance (EC) method has been recommended for studies 
of the  CH4 release from inland waters, since it provides the 
ability to detect  CH4 from diffusive and ebullition fluxes 
(Schubert et al. 2012). However, uncertainty still exists 
about a potential underestimation of the flux by EC. Espe-
cially during high-flux events, systematic biases in EC data 
have been expected due to non-stationary conditions or an 
unfulfilled steady-state assumption, which have caused data 
losses that needed to be gap-filled in subsequent processing 
steps (Göckede et al. 2019; Schaller et al. 2019). In their 
approach, Schaller et al. (2019) used the wavelet technique 
to account for such losses, stating that the wavelet technique 
is an appropriate tool for flux correction when the steady-
state assumption is not fulfilled. However, this still needs to 
be systematically evaluated under real-world conditions in 
which the occurrence of ebullition can be confirmed.

Therefore, to address the uncertainty of  CH4 emission 
measurement from inland waters during ebullition events, 
we installed an EC tower at lake Heideweiher. At one point 
in time with perfect boundary conditions (see section Artifi-
cially created ebullition in the Material & Methods section 
below), an ebullition event was artificially created (hereafter 
referred to as “event”) to obtain high  CH4 emission fluxes. In 
further steps, the data was analyzed to identify factors that 
impact flux quality. Therefore, the eddy covariance inter-
vals (ECI) were calculated for integration time periods of 
5 (ECI5), 10 (ECI10), 15 (ECI15) and 30 (ECI30) minutes. 
The computed methane emission fluxes and the respective 
quality flags of the EC routine were quantified.

Material & Methods

Lake Heideweiher is a dystrophic mid-latitude lake (Barth 
and Pott 2000; Pott 2000) located in the nature reserve 
Heiliges Meer, NW Germany (52° 20′ 46.633'' N, 7° 37′ 
17.580'' E) at 45 m AMSL. It covers an area of 15,470  m2 
with a maximum depth of 83 cm (Schmiedeskamp et al. 
2021). According to Holgerson and Raymond (2016), lake 
Heideweiher can, therefore, be classified as a very small and 
shallow lake.

Lake Heideweiher’s sediment was formed in the Weich-
sel glaciation and consists of glacial sands as well as drift 
sands and peat. The lake’s center sediment contains a 
40-cm-thick iron-hydroxide layer that decreases in thick-
ness toward the shore. This layer attenuates the infiltration 
of rainwater, by which the lake is predominantly fed (Wein-
ert et al. 2000). Contact with the groundwater occurs at 
high water levels, while at low water levels, the lake feeds 
the aquifer (Schmiedeskamp et al. 2021). Following the 
observations of Schmiedeskamp et al. (2021) and accord-
ing to our own observations, the lake’s surface is widely 

covered by Nymphaea alba (L.) in summer, which provides 
a natural supply of organic matter to the sediment and is 
an indicator of the natural succession to a fen (Hagemann 
et al. 2000). During dry summers in 2018 and 2019, a shift 
from aquatic to terrestrial vegetation was reported from 
episodic observations. Terrestrial plant residues also cov-
ered the bottom of the lake in the beginning of this study, 
in March 2021.

The immediate surroundings of the lake consist of a for-
ested area in eastern, northern, and western directions as 
well as heathland and grassland areas in the southern direc-
tion. The further surroundings are influenced by various 
agricultural land use. During the warm and dry summers in 
2018 and 2019, the lake eventually dried out completely in 
late summer. Large emissions of  CH4 were reported from 
sporadic measurements during these periods.

In summer 2021, lake Heideweiher was continuously 
monitored by a micrometeorological station that was 
installed in the eastern riparian zone. The study period 
spanned from the  24th of March 2021, until the  11th of 
October, 2021. During the meteorological summer (JJA), 
the mean air temperature was 18.4 °C, while the water tem-
perature reached its maximum of 26.4 °C on the  19th of June. 
By the middle of October, the water level of lake Heidewei-
her had decreased by a total of 75 cm from the water level 
in the beginning of the study (Fig. 1a), which corresponds to 
a decrease of 35 cm beyond its long-term average of 40 cm 
(Schmiedeskamp et al. 2021). As a result, the shore areas, 
including the tower area, dried out, while about a third of 
the lake area remained underwater.

Experimental Setup

An eddy covariance (EC) tower was equipped with an omni-
directional (R3-50) ultrasonic anemometer (Gill Instruments 
Ltd., Lymington, Hampshire, UK) at a height of 2.8 m above 
the ground, which corresponded to a height of 2.2 m above 
the lake’s surface at the beginning of the study. An LI-7700 
open-path  CH4 gas analyzer and an LI-7200 enclosed  CO2/
H2O gas analyzer (LI-COR Biosciences, Lincoln, Nebraska, 
USA) were installed, using an intake tube with a 0.5 m 
length and 5.3 mm diameter for the enclosed measurement. 
All EC data was logged by an LI-7550 analyzer interface 
unit (LI-COR Biosciences, Lincoln, Nebraska, USA) at a 
frequency of 10 Hz.

A Levellogger Junior Edge (Solinst Canada Ltd., George-
town, Ontario, CA) was installed at a depth of 23 cm in the 
sediment to monitor changes in the water level as well as 
the water temperature. Air temperature, air pressure, soil 
temperature and downwelling short-wave radiation data 
were obtained from the meteorological station at Münster-
Osnabrück, which is operated by the Deutscher Wetterdienst 
(DWD), about 24 km south of the study site.
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Data Processing

The turbulent, vertical gas fluxes were computed using the 
EddyPro software v7.0.6 (LI-COR Biosciences, Lincoln, 
Nebraska, USA). Several correction procedures were carried 
out to obtain high-quality flux data. Following Fratini and 
Mauder (2014), the EddyPro processing routine included 
despiking (Vickers and Mahrt 1997), double coordinate 
rotation (Kaimal and Finnigan 1994), Reynolds decompo-
sition by block averaging, maximation of co-variances by 
cross-correlation, and spectral corrections for losses in the 
low (Moncrieff et al. 2004) and high (Fratini et al. 2012) 
frequency ranges.

Also, thresholds for the signal strength of LI-7200 (70%) 
and LI-7700 (15%) were set to exclude all data that might 
have been associated with instrument failures. Changes in 
the water level were accounted for by adjusting the measur-
ing height using a dynamic metadata file in EddyPro. The 
flux quality was flagged using the procedures proposed 
by Foken et al. (2004) with classes from “1” (best) to “9” 
(worst). The footprint was calculated using Tovi v2.8.1 (LI-
COR Biosciences, Lincoln, Nebraska, USA) following Kljun 
et al. (2004). Also, Tovi was used to sort out  CH4 and  CO2 
fluxes in the complete time series that derived from foot-
prints with a share of less than 80% within the lake area. 
Any gaps that remained or arose in the  CH4 data during 
this step were completed by gap-filling in R, using the REd-
dyProc package (Wutzler et al. 2018), while  CO2 data were 

processed in Tovi using the quality screening tool and the 
MDS gap-filling tool.

All other data analysis was conducted using R v4.0.0 (R 
Core Team 2020). For the analysis of annual  CH4 fluxes, the 
missing data were filled based on the monthly mean values 
from the year 2018 by Schmiedeskamp et al. (2021). The 
 CH4 flux of the time series was calculated for 30-min eddy 
covariance intervals, while sets of the event data were calcu-
lated for 5-, 10-, 15- and 30-min EC averaging intervals, to 
figure out differences in computed flux quantity and quality.

Artificially Created Ebullition

An experiment was conducted to test the influence of high 
 CH4 fluxes on the EC method. For this purpose, a group of 
eight participants coerced an “outburst” event by walking 
through the lake, triggering the release of the  CH4 bubbles 
from the sediment (Fig. 2). This was mainly expected to vio-
late the steady-state assumption while possibly also affecting 
turbulence development through participants’ disturbances 
in the wind field. The event was conducted over 30 min on 
the  30th of July, 2021, from 07:00 to 07:30 CET and included 
a live monitoring of the wind direction, wind speed and  CH4 
concentration to ensure that the intentional triggering of  CH4 
release from the lake occurred within the current footprint 
area of the eddy covariance station (Fig. 3). Note, that the 
shore zone of lake Heideweiher had fallen dry by approxi-
mately 1 m of the lake’s perimeter.

Fig. 1  Time series of lake 
Heideweiher from the  24th of 
March until the  11th of October, 
2021. Panel a: air tempera-
ture (red dashed lines), soil 
temperature at a 5-cm depth 
(black dashed lines) on a shared 
y-axis (soil temperature is used 
as an orientation for sediment 
temperature), water level (blue 
triangles); Panel b: wind speed; 
Panel c: carbon dioxide flux 
(black, with positive values 
exceeding the range marked 
orange and negative outliers 
marked blue, after gap-filling); 
Panel d: methane flux (after 
gap-filling, color coding like 
panel c)
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Results & Discussion

The Time Series

Methane Fluxes

During the study period, the predominant wind direction was 
SW (28%) and the median of the wind speed was 0.62 m  s−1 
(Fig.  1b). The highest  CH4 emission flux occurred in 
July (median 0.06 µmol  m−2  s−1, disregarding the event), 
while the lowest monthly median was found in April 
(0.01 µmol  m−2  s−1, Fig. 1d). For  CO2, the highest emis-
sions were found in June (median of 2.56 μmol  m−2  s−1), 
while the lowest monthly median fluxes occurred in May 
(1.09 μmol  m−2  s−1, Fig. 1c). Note, that the months from 

October through March were not used for monthly calcula-
tions, because our data for these months are incomplete. 
Concerning the study period, the  CH4 flux had a median of 
84.8 ± 1.56 (± S. E.) µmol  m−2  h−1, while the  CO2 flux had 
a median of 5.58 ± 0.28 (± S. E.) mmol  m−2  h−1.

Daytime and Nighttime Fluxes

The  CH4 fluxes were predominantly positive (emissions). 
Negative  CH4 fluxes were observed mainly at night. 
Between 20:00 and 08:00 h, 73% of negative  CH4 and 20% 
of negative  CO2 fluxes occurred. Negative fluxes were also 
flagged worse by the software than positive fluxes, with 
31% of the quality flags ≥ 7 for  CH4 and 34% of the quality 
flags ≥ 7 for  CO2.

Fig. 2  Artificially created ebul-
lition. The participants triggered 
the high release event (right 
side), while the EC tower (left 
side and upscaled picture) col-
lected the data. Large photo by 
H. Becker

Fig. 3  The footprint area during 
the event (07:00—08:00 CET). 
The percentages show the flux 
contributions from their associ-
ated areas. Sources: Mapdata 
from OpenStreetMap (CC-BY-
SA); Satellite Imagery from 
Mapbox; modified
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The violation of the steady-state condition was the main 
reason for bad quality flagging in this regard, accounting 
for 99% of all flags ≥ 7 for  CH4 and 96% of all flags ≥ 7 for 
 CO2. At daytime, the integral turbulence characteristic (ITC) 
value showed a slightly higher impact on flux quality than 
at night, accounting for 7% of the  CH4 fluxes and 6% of 
the  CO2 fluxes flagged ≥ 7. Still, the non-fulfillment of the 
steady-state condition remained the predominant cause for 
poor flux qualities. The  CO2 fluxes showed a typical diurnal 
pattern, while no daytime-dependent pattern was observed 
for  CH4.

Data Losses

During the study, 17.8% of the  CH4 data and 9.3% of the 
 CO2 data were lost or had to be omitted from the analysis. 
Thereof, 5.8% were lost due to electricity failure. In addi-
tion, 3.6% of the  CH4 data were excluded for insufficient 
signal quality and 1.0% were flagged as 9. For  CO2, 1.8% 
of the data were excluded for insufficient signal quality and 
1.7% were flagged as 9. Remaining percentages were sorted 
out during the data processing in EddyPro or manually in 
clearly unrealistic cases.

The Artificially Created Ebullition Event

Methane Fluxes

The  CH4 flux data indicate a clear impact of the event 
throughout the 30 min it was conducted, while the corre-
sponding footprint during this hour shows a flux contribution 
of 90% from the lake area (Fig. 3). Above-average fluxes 

appeared during the hour from 07:00 to 08:00 CET (Fig. 4). 
The emissions were thus enhanced until about 30 min after 
termination of the active triggering of ebullition by walking 
through the lake. Likely, ebullition from the deepest sec-
tion of the lake was activated toward the end of the event, 
leading to the largest release of gas bubbles. In the further 
analysis, we defined four intervals of EC averaging, namely 
ECI5, ECI10, ECI15 and ECI30, describing the EC inter-
val (ECI) with the attached digits (5, 10, 15, 30) indicat-
ing the averaging time in minutes. The highest flux value in 
ECI5 was 17.7 µmol  m−2  s−1 at 07:35 CET. The last above-
average  CH4 flux value during the event found in ECI5 was 
0.16 µmol  m−2  s−1 at 07:45 CET, which was followed by an 
average-ranged value of 0.07 µmol  m−2  s−1 at 07:50 CET. In 
total, during the event and the following 30 min, an amount 
of 15.1 mmol  m−2  h−1 of  CH4 (ECI30) was emitted, which 
corresponds to 2.7 days of natural  CH4 release from the lake 
in July or 24.1 days in April.

In contrast, the total  CH4 flux emitted during the event 
calculated for ECI5 was 15.9 mmol  m−2  h−1, which corre-
sponds to 2.8 days of natural  CH4 release in July or 25.4 days 
in April. Even though the event resulted in a massive ebul-
lition, there was no phase of “CH4 renewal” detected in 
the aftermath, in which low fluxes would have indicated a 
“depletion” of the stored gas.

Methane Flux Quality

According to Foken et al. (2004), the quality flags were clus-
tered into three quality flag classes, ranging from 1–3 (usa-
ble for fundamental research), 4–6 (general use), and 7–8 
(orientational use only), while a quality flag of 9 (unreliable 

Fig. 4  Eddy covariance fluxes 
for the  30th of July, 2021, as cal-
culated for the averaging inter-
vals of 5, 10, 15, and 30 min, 
including quality flags. The 
quality flag classes are only dis-
played in the ranges for which 
they occurred. The red vertical 
lines indicate the half hour in 
which the event was conducted. 
In the top-right corners of the 
graphs, the peak integral of the 
respective graph is given. Note 
that the y-axis changes in scale 
between certain ECIs and the 
calculation of the hourly  CH4 
fluxes refers to the entire 90-min 
interval displayed
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data) was never reached during the event. The worst quality 
flags were found in ECI5 at 07:05 (8), 07:10 (7) and 08:25 
(7) CET. Note that the last of these flags occurred outside of 
the event’s time span. The quality flags at 07:05 and 08:25 
CET were the result of bad steady-state conditions, while the 
flag at 07:10 CET derived from a bad ITC value. Apart from 
these three, the highest quality flag value found in all inter-
vals was 5; in these cases, the quality flag values were not 
better than 5 due to the ITC value. Regarding the average of 
the quality flags, ECI30 showed the best quality of 2.1, fol-
lowed by ECI15 with 2.2 and ECI10 and ECI5 with 3.1 each. 
Noticeably, the ITC value appeared to cause higher quality 
flag values during the event than in the usual daytime. The 
steady-state conditions were violated in at least in two 5-min 
time steps in ECI5 that showed a high discrepancy between 
the previous and the following flux values. Still, it can be 
stated, that the EC method performed well during the event, 
and no biases related to high fluxes occurred.

Differences between the Eddy Covariance Intervals

In ECI5 and ECI10, the maximum value was reached after 
the 30-min event, while ECI15 and ECI30 show the maxi-
mum value within the event time. This is a consequence 
of the chosen averaging intervals and illustrates how single 
ebullition “outbursts” are hardly visible in common 30-min 
EC intervals but are, nevertheless, accounted for within the 
computed flux data. Since the graphs of the different ECIs 
differ from each other in shape and scale, the peak integrals 
were used to test the impact of the interval length on the 
magnitude of the flux.

To ensure that the peak integral is comparable among 
the intervals, it was calculated for the time from 07:00 to 
08:30 CET. As Fig. 4 shows, the peak integral result over the 
displayed 90 min was 10.7 mmol  m−2  h−1 for ECI5, while 
it was 9.1 mmol  m−2  h−1 for ECI10, 9.5 mmol  m−2  h−1 for 
ECI15, and 10.1 mmol  m−2  h−1 for ECI30.

Note that the actual  CH4 flux of the hour between 07:00 
to 08:00 CET, in which the impact of the event was clearly 
visible, was 15.1 mmol  m−2  h−1 of  CH4 (ECI30), while the 
values displayed in Fig. 4 show the average hourly flux of 
the 90-min interval to account for the comparability of the 
EC intervals calculated using the peak integral approach.

Along with Heidbach (2019), who observed negligible 
divergences in  CH4 fluxes under non-outburst conditions 
between 10- and 30-min EC intervals in her study, we found 
no significant impact of the interval length on the  CH4 flux 
during the event. In contrast to the study by Göckede et al. 
(2019), the high fluxes during the event were neither flagged 
9, nor did they drop out during the data processing in Eddy-
Pro. This observation means that high fluxes within an EC 
interval of 30 min and shorter do not necessarily lead to flux 
biases even when the steady-state assumption is affected.

Comparison of the Annual  CH4 Flux

Holgerson and Raymond (2016) calculated the annual aver-
age  CH4 flux of lakes with a similar size to lake Heideweiher 
as 2.28 ± 0.51 (± S. E.) mmol C  m−2  d−1 with a sample size 
of 50 lakes in the corresponding category. In comparison, 
lake Heideweiher’s median daily  CH4 flux was quantified 
as 0.93 ± 0.12 (± S. E.) mmol C  m−2  d−1, meaning that it is 
at the lower end of the expected pattern of the lake’s size 
class. This is likely linked to the oxidation of  CH4 in the 
lake’s sediment in dried-out zones during seasonal changes 
in the water level. Winter fluxes are expected to be even 
much smaller, given the lower temperatures and potential 
ice coverage. Still, lake Heideweiher has a high emission 
potential regarding methanogenesis. Its rich organic sedi-
ment is refilled by terrestrial vegetation and by remains 
of macrophytes providing the source of  CH4 production. 
Moreover, its small size and its shallow depth of < 1 m 
allow a high carbon content relative to the water content 
at a high perimeter-to-surface area ratio (Holgerson and 
Raymond 2016) and facilitate the occurrence of well-mixed 
conditions at high water temperatures (Jacobs et al. 2008). 
In summer, the effect of the rising temperature on the  CH4 
emissions described in Schmiedeskamp et al. (2021) were 
also observed in this study.

Performance of the Eddy Covariance Method

The EC method was found to be capable of quantifying 
emissions from a lake and could be executed automatically 
with reasonable maintenance effort for long-term continu-
ous monitoring. In this study, an artificial ebullition event 
was conducted under stationary atmospheric conditions, 
forcing high ebullition  CH4 fluxes over a 30 min to 60 min 
time interval. This differs from intermittent natural ebulli-
tion events that may occur on shorter time scales. When-
ever EC is applied under natural conditions which may or 
may not include ebullition events, a quality screening of raw 
data needs to be performed. We show in this study that high 
flux events are not necessarily excluded from the data due 
to systematic biases even when the fluxes vary strongly in 
their magnitude during these events (Fig. 4), and that the 
standardized averaging interval of 30 min performed best 
regarding flux quality. Note that data losses may still occur 
e. g. through mesoscale meteorological effects or under less 
well-developed turbulence conditions. Lately, wavelet-based 
approaches from Schaller et al. (2019) enabled a precise 
gap-filling of EC flux biases due to mesoscale meteorologi-
cal effects, while Iwata et al. (2018) described methods to 
partition fluxes into ebullitive and diffusive fluxes, making 
ebullition events discernible in EC approaches. Difficulties 
in applying the EC method can yet be caused by the location 
of the measuring tower if it cannot be placed in the main 
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wind direction or if the wind field is massively affected by 
environmental obstacles in the surrounding area.

Conclusion

In this study, the median hourly  CH4 flux from lake Hei-
deweiher was quantified as 30.4 ± 1.65 (± S. E.) µmol 
 m−2   h−1. During the event, the EC method performed 
well. Concerning the standardized EC averaging interval 
of 30 min, the quality flag was 5 in the worst case, and, 
therefore, the results are of sufficient quality for ecological 
and biogeochemical interpretation. Regarding flux quality, 
the steady-state test was the key driver of bad flagging, 
which was especially observed during nighttime periods 
for  CH4 measurements. The choice of integration intervals 
during EC computation (5, 10, 15, 30 min) had a negli-
gible impact on the measured flux, although shorter flux 
intervals were flagged somewhat worse than longer inter-
vals. Based on our observations under stationary atmos-
pheric conditions and during continuous high  CH4 fluxes, 
the commonly used 30-min EC interval performed best 
regarding flux quality. In natural intermittent flux condi-
tions, a quality screening is important to account for data 
losses due to environmental or meteorological conditions. 
However, high flux events were not found to cause system-
atic biases in the  CH4 flux data. Therefore, the results of 
our study suggest the use of the common 30-min EC inter-
val in future studies. Further research on the performance 
on the EC method can help to improve the understand-
ing of its sensitivity towards impacting factors. This pilot 
study was meant to be a step into that direction.

Concerning other studies on  CH4 fluxes from lakes, lake 
Heideweiher, a small and shallow lake, is a below-average 
emitter of  CH4. This is likely related to the process of 
seasonal drying, followed by declining emissions in the 
winter, that lower the overall  CH4 emissions in an annual 
context. The magnitude of emitted  CH4 is highest in sum-
mer. Although small-scale measurements might not be 
suitable for flux estimations of all lakes, the techniques 
are relevant for identifying “hotspots” of gas production 
and their spatiotemporal variability, helping to understand 
the environmental and biogeochemical processes within a 
lake. Future bottom-up studies on  CH4 fluxes from wet-
lands should be encouraged to use the EC method, since 
it can be used successfully to quantify fluxes, including 
ebullition, and because it is straightforward to operate the 
method over long time periods.
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