
Reply to reviewer 1 

We sincerely thank the reviewer for their valuable and in-depth feedback, which has been 

instrumental in improving the clarity, rigor, and overall quality of the manuscript. Below, we provide 

a detailed point-by-point response to each comment, with our responses highlighted in blue. 

General comments 

The study investigates an important topic, GHG emissions and dynamics on shallow coastal areas. 
Every single study is important in gathering more experimental data and it is not necessary to have all 
aspects addresses in single study. I recommend publishing this study after addressing a few minor 
issues in the final version of the manuscript. 

We thank the reviewer for their positive feedback and input. 

Introduction 

The introduction is fluently written and covers the relevant literature. 

Observations 

The observations are done using suitable instrumentation. The study does not describe the calibration 
methods for the gas analysers or whether standard gases were measured during the experiments as 
a reference. Could be beneficial to add few words about the potential field calibrations. 

Thank you for this comment. We have now added detailed information on sensor calibration and 
instrument performance to the Methods section. The Picarro G2508 used in this study was factory-
calibrated by the manufacturer in 2022, and the field campaign presented here represents its first 
deployment after calibration. According to the manufacturer’s specifications, the 1-min precision is 
<300 ppb + 0.05 % of reading (typical 74 ppb) for CO₂, <7 ppb + 0.05 % (typical 0.1 ppb) for CH₄, and 
<10 ppb + 0.05 % (typical 1.1 ppb) for N₂O. These values are several orders of magnitude smaller than 
the concentration ranges measured in our study (CO₂: 300–1000 ppm; CH₄: up to 250 ppm; N₂O: 0.34–
0.36 ppm), ensuring that instrumental precision does not constrain the interpretation of our results. 

The G2508 operates using cavity-ring-down spectroscopy (CRDS), which exhibits negligible long-term 
drift according to the manufacturer’s documentation. Thus, the probability of significant drift between 
factory calibration and our field deployment is low. Furthermore, because our comparisons focus 
primarily on relative differences among bays measured with the same instrument under identical 
conditions, any potential systematic bias would not affect the observed spatial patterns. To further 
assess potential drift, we conducted a post-study calibration against certified standard gases (only for 
CO2 and CH4). We found that since the last calibration, the slope only changed by 0.2% for CO2 and -
0.5% for CH4 suggesting that spatial and temporal differences are not affected by potential sensor 
drift. Assuming monotonic drift, the offset applicable to the April and September measurements was 
estimated by linear interpolation and ranged from -0.4 ppm for CO2 and 0.03 ppm for CH4 for the April 
measurements to -1.2 ppm CO2 and 0.04 ppm CH4 for the September measurements, which is much 
smaller than the measured values in this study. This information was added to the manuscript section 
2.2. 

 

 



 

Results 

The study provides a short glance on GHG dynamics on a few coastal bays in Sweden, with high 
variability observed. The observations were done always around the noon. While this ensures 
possibility to compare the results between the locations, the study cannot provide any information 
on diurnal variation and impact of meteorological conditions (e.g. solar radiation) influencing 
significantly the biogeochemistry and sea-atmosphere fluxes, especially during the biologically active 
period. Please address these issues when generalizing the results. The study covers only two seasons, 
spring and autumn – what is the expected seasonal behavior of concentrations and fluxes? 

We thank the reviewer for the opportunity to clarify the scope and limitations of our study. We agree 
that GHG fluxes can vary considerably over the diel cycle, particularly during periods of high biological 
activity, and that conducting measurements only around noon constrains our ability to assess this 
diurnal variability and the influence of short-term meteorological. Regarding seasonality, we agree 
that covering only spring and autumn limits our ability to describe full annual dynamics. As such, our 
measurements represent snapshots of two transitional periods, which we already highlighted in the 
discussion. Based on previous annual studies from similar environments one can expect CO2 
undersaturation/ uptake during spring that can be related to phytoplankton and algae growth, and 
elevated CO2 and CH4 concentrations/ eflux in late summer/autumn due to decaying biomass, while 
N2O peaks in spring can be associated with decaying spring phytoplankton bloom. This agrees well 
with our observations. In winter, ecosystems are less biologically active, leading to decreasing 
concentrations in the seawater.  

We have now clarified these limitations in the revised manuscript (section 3.1.1, added text in bold): 
“However, our measurements represent only snapshots from two seasons and capture transitional 
states rather than peak or minimum seasonal conditions. In temperate coastal environments, growth 
of phytoplankton and algae in spring reduces pCO2 in the water column, while biomass decay in fall 
results in elevated pCO2. Recent studies by (Honkanen et al., 2021) and Pönisch et al. (2025) reported 
diurnal variability in surface-water pCO2 and CH4 in the Baltic Sea that could be linked to biological 
and physical drivers such as solar radiation, temperature or biological activity. We acknowledge that 
our measurements, which were always conducted around noon, do not capture these diurnal 
fluctuations and thus likely introduce a small but systematic bias relative to true daily mean conditions. 
While such measurements remain valuable, more extensive, long-term monitoring is required to 
identify the environmental parameters that drive these systems to function as CO2 sources or sinks 
across different temporal scales.” 

pCO2, pCH4 and pN2O has been measured for long period throughout the Baltic Sea on ICOS VOS line 
between Travemünde and Helsinki. Please compare the coastal concentrations with concentrations 
observed over the open sea and give a rough estimate how many percent of the shallow and bay areas 
cover the Baltic Sea. This will give an indication of the impact of shallow areas on total GHG budget of 
the Baltic Sea. 

We have added a comparison to the CO2 and CH4 data from the open Baltic Sea measured on the 
Finnmaid ferry. We could not find any long-term, processed N2O data. The following text was added 
to the respective sections: 

“Long-term measurements across the open Baltic Sea, that were conducted on the Finnmaid ferry 
between Travemünde and Helsinki (Bittig et al., 2023), reported values ranging between 18–1238 
µatm (mean 293±60 µatm) in April and 14–1198 µatm (mean 375±50 µatm) in September. Similar 



measurements by Schneider et al. (2014) yielded values of < 200 µatm in summer and ~400 µatm in 
September.” 

“The CH4 concentrations measured in our study are significantly higher than values reported from 
long-term measurements in the open Baltic Sea, ranging between 3.5-6 nmol L-1 (Schneider et al., 
2014), 2.8-18.6 nmol L−1 (Jacobs et al., 2020) and 3.2-22 nmol L-1 (Gülzow et al., 2013)” 

According to Roth et al. (2022) the area of shallow bays with depths under 5 m amounts up to 30,000 
km2 which equals around 7% of the total area of the Baltic Sea. This estimate is based on a digital 
bathymetric model (EMODnet) presented in Jakobsson et al. (2019). As this estimate also includes 
shallow areas that are not bays, the percentage coverage of sheltered, shallow bays such as those 
studied in this study, is likely even smaller. We have added the following sentence to the introduction: 
“Shallow areas with water depths < 5 m comprise up to about 30,000 km2, or roughly 7% of the Baltic 
Sea (Roth et al., 2022; Jakobsson et al., 2019), though the coverage of sheltered shallow bays, such as 
those investigated in this study, is likely smaller. Focusing only on the Stockholm and Uppsala 
archipelagos, Åland islands, and southwestern Finnish archipelago, these shallow, enclosed bays cover 
approximately 142 km2 (Gubri et al., 2025).” 

Furthermore, we now also use the area estimate of 30,000 km2 in section 3.3 to derive an upper 
estimate of the total CO2-equivalent fluxes from shallow areas in the Baltic Sea. The adjusted text now 
reads: “[…] to constrain potential regional contributions, we scaled our total CO2-equivalent fluxes 
using two area estimates: (1) the total area of shallow, enclosed bays in the archipelagos around 
Stockholm, Uppsala, Åland and southwestern Finland (142 km2, Gubri et al., 2025) as a lower estimate 
and (2) the total area shallower than 5 m in the Baltic Sea (∼ 30,000 km2, Jakobsson et al., 2019; Roth 
et al., 2022) as an upper estimate. The resulting total carbon fluxes ranged from -7.5 t C d−1 to 30.7 t 
C d−1 (median 5.1 t C d−1) for the lower limit and - 1596 t C d−1 to 6492 t C d−1 (median 1076 t C d−1) for 
the upper limit”. 

Specific comments 

Table 2 

Östra Lermaren, please check the values for pCO2 and correct. 

We have checked and corrected the values for pCO2. 

Please re-check the pCO2 saturation calculations 

We have re-checked the pCO2 saturation calculations and corrected the values in the table. 

There are a couple of typos (comma vs dot), please correct. 

We have corrected the typos pointed out by the reviewer. 

How sensitive are the results for the choice of selected wind speed (2 m/s) used in the study? Please 
calculate the fluxes using wind speeds of 1 m/s and 5 m/s and describe the impact of choosing 2 m/s 
on the results. 

Based on the reviewer’s suggestion we estimated the fluxes at different wind speeds (see Figure 1 
below). The differences in the mean fluxes for wind speeds between 1-5 m s-1 are relatively small 
(ΔFCO2=22 mg m-2 d-1, ΔFCH4=0.84 mg m-2 d-1, ΔFN2O=0.03 mg m-2 d-1), while the range between minimum 



and maximum values increased significantly at higher wind speeds. However, in response to 
comments from reviewer 2 and 3, we now use ICON-EU model wind speed data from the respective 
sampling days and locations for a revised version of the flux estimations. 

 

Figure 1 Wind dependent fluxes of (a) CO2, (b) CH4 and (c) N2O (averaged over all bays in September). The line represents the 
mean value at different wind speeds, while the shaded area represents the range between minimum and maximum value. 

In shallow waters, ebullition may be important for CH4 fluxes – please shortly address its potential 
importance on calculated methane fluxes in the paper. 

We agree that ebullition can be an important pathway for CH₄ emissions in shallow coastal systems, 
particularly in sheltered or organic-rich environments where sediment methane production is high. 
Due to the lack of isotope measurements, we cannot differentiate between contributions from 
diffusive exchange and ebullitive fluxes. While we did not observe visual signs of bubbling during 
sampling, we acknowledge that episodic ebullition events may have contributed to total CH₄ 
emissions. We have added the following text to section 3.1.2: “Another factor that can contribute 
substantially to CH4 emissions in shallow, organic rich sediments is ebullition (McGinnis et al., 2006; 
Hermans et al., 2024; Bisander et al., 2025). Recently, Bisander et al. (2025) showed that ebullition 
from sandy sediments can be substantial. The WEGAS system measures CH4 from both benthic 
diffusion and bubble dissolution. Consequently, the observed CH4 concentrations represent the 
combined effect of these pathways, and without isotopic information we cannot distinguish between 
diffusive transport and ebullition. Although no visible bubbling was observed during sampling, we 
cannot exclude the possibility that episodic ebullition events might have impacted our measurements. 
This measurement limitation should be considered when interpreting the relationships between CH4 
and the environmental parameters described above.” 

Data availability:  EGU journals require open data policy.  As the most important research contribution 
of this study is the dataset collected,  please submit the data to MEMENTO and SOCAT databases after 
the publication of the paper so that they will be available for the Baltic Sea GHG research community 
in the future. 

We are planning to make the data openly available through the MEMENTO and SOCAT databases once 
the manuscript revision has been finalized. 


