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Introduction 

The supporting information contains seven figures and supporting text. The supplement is based on 

the discussion between the authors and the reviewers during the review process of the manuscript. 

Figure S1 shows the distribution of the observed lag times between the vertical wind and the CH4 

mixing ratio. 

Figure S2 shows the distribution of the calculated roughness lengths. 

Figure S3 shows the time series of the total radiation and the underwater photosynthetically active 

radiation (PAR). Total radiation was measured at the platform and the weather station. PAR was 

measured at the platform. 

Figure S4 shows the observed quality-controlled sensible heat flux H against (Tw − Ta)U. 

Figure S5 shows the observed drag coefficient against the wind speed. 

Figure S6 shows the observed stability as a function of the time of the day. 

Figure S7 shows the quality-controlled CO2 fluxes as a function of the stability. 

  



Text S1: Lag time 

The time delay between the vertical wind and CH4 mixing ratio was constant throughout the campaign. 

A histogram of CH4 lag times is shown in Fig. S1. The distribution of lag times is centred around 70 

data points, i.e. 7.0 s. 

Text S2: Roughness length 

The roughness lengths were calculated from the two adjacent sonic anemometers on the southern side 

of the platform with the measurement heights z1 = 1.00 m and z2 = 1.82 m and wind speeds U1 and U2. 

From the logarithmic wind law, assuming neutral stability and that the measured friction velocities are 

equal – which they are at a sufficient accuracy –, we can solve 

𝑧0 = 𝑧2 [exp (
𝑈2

𝑈2−𝑈1
× log

𝑧2

𝑧1
)]

−1
.    (S1) 

The roughness lengths for cases with accepted fluxes and for the southern wind sector have a median 

of 0.0145 m and their distribution is shown in Fig. S2. 

Following Aubinet et al. (2012) who cite the work by Eugster et al. (2003), the roughness lengths z0 

over small water bodies can be larger than those measured over open ocean. This is caused by increased 

turbulence due to the vegetation and topography at the shores and that the atmospheric turbulence field 

over a small water body is not able to equilibrate fully with the water surface over short distances. 

Text S3: Radiation 

Fig. S3a shows the net radiation 

𝑟𝑎𝑑𝑛𝑒𝑡 = 𝑆𝑊𝑖𝑛 − 𝑆𝑊𝑜𝑢𝑡 + 𝐿𝑊𝑖𝑛 − 𝐿𝑊𝑜𝑢𝑡,    (S2) 

where SW and LW stand for shortwave and longwave radiation, respectively, and the subscripts in and 

out stand for incoming and outgoing radiation. The radiation was measured at the platform in the river 

with a CNR4 net radiometer (Kipp & Zonen B.V., Delft, the Netherlands) 0.5 m above the water 

surface and at the Tähtelä weather station with a CM11 pyranometer (Kipp & Zonen B.V.) 17.5 m 

above the ground. 

Fig. S3b shows the photosynthetically active radiation (PAR) in water at 0.3 m, 0.65 m and 1.00 m 

depth. The sensors at 0.30 m and 1.00 m were unidirectional underwater quantum sensors Li-192 (LI-

COR Environmental, Lincoln, Nebraska, USA). The sensor at 0.65 was the omnidirectional 

underwater quantum sensor Li-193 (LI-COR). 

Text S4: Turbulent exchange coefficients of heat and momentum 

In Fig. S4, the sensible heat flux H is shown against the wind speed multiplied with the temperature 

difference between the water surface and the atmosphere (Tw − Ta)U. The points sit on a straight line 

which indicates that the fluxes originate from the same surface, similarly as in the studies by Nordbo et 

al. (2011) and Mammarella et al. (2015). The turbulent heat transfer coefficient can be calculated from 

the slope of the line as 

𝐶𝐻 =  
𝐻

𝑐𝑎𝜌𝑎(𝑇𝑤−𝑇𝑎)𝑈
     (S3) 

where ca is the specific heat capacity of air and ρa is the atmospheric density. The turbulent heat transfer 

coefficient is in our case 1.5 × 10−3, which fits the theoretical value of CH ~ 10−3 for heat exchange over 

water (e.g. Wei et al. 2016). The slope of the fitted line is 1.87 which is close to those observed by 

Nordbo et al. (2011) and Mammarella et al. (2015), whose results were 2.23 and 1.97, respectively. 



The drag coefficient (the exchange coefficient of momentum) is calculated as 

𝐶𝐷 =  (
𝑢∗

𝑈
)

2
      (S4) 

where 𝑢∗ is the friction velocity and U is the mean 30-minute wind speed. The drag coefficients are 

shown as a function of U in Fig. S5 for the cases with accepted CO2 fluxes as well as for the cases where 

the fluxes were not accepted, i.e., when the wind was blowing from land sectors. We only used here the 

accepted cases from the southern sector because the platform caused additional turbulence to the 

measurements when the wind was from the north. The drag coefficient over open water is of the order 

of 10−3 (e.g. Guseva et al. 2023) which we also observe, albeit slightly larger than in open ocean. Still, 

the drag coefficients for the water sector were smaller than when the wind was coming from the land 

sectors. 

Text S5: Stability 

The measured stabilities 𝜁 = 𝑧/𝐿𝑀𝑂, where z is the height of measurements and 𝐿𝑀𝑂the Monin–

Obukhov length estimated from the eddy covariance measurements, are shown in Fig. S6 as a function 

of time of day for the cases with accepted fluxes. Stabilities during daytime were mostly between −0.1 

and +0.1, which is generally considered near-neutral. In addition, the accepted negative CO2 fluxes that 

occurred when the atmosphere above the river was stable accounted for less than 1 % of all the instances 

with accepted fluxes (Fig. S7). 

  



 

Fig. S1. The distribution of CH4 lag times in units of data points. The mode corresponds to a lag of 7.0 

s.



 

Fig. S2: Distribution of the calculated roughness lengths for cases with accepted fluxes and using 

only the southern wind sector. 

  



 

Figure S3. (a) Net radiation in W m-2 at the measurement platform (raft) and at the weather station 

(mast). (b) Photosynthetically active radiation in the water at the depths indicated in the legend in 

μmol m-2 s-1. 

  

 

   

   

   

   

 
 
  

  
 
  

  
 
 
  

 
  

  
 

        

                                   
 

   

   

   

   

 
 

 
  

  
  

 
  
 

  
  

  
 

                  

 
   

   



 

Fig. S4: Sensible heat flux against (Tw − Ta)U. 

  



 

Fig. S5: Drag coefficient against wind speed. Shown here are the drag coefficient from the land 

sectors (“not accepted”) and from the southern wind sector from cases with accepted fluxes. 

  



 

Fig. S6: Stability as a function of time of day for the cases with accepted fluxes. All cases that 

coincide with the accepted fluxes are plotted with circles. Hourly medians and the area between the 

25th and 75th percentiles are plotted with the solid line and shaded area, respectively. 

  



 

Fig. S7: CO2 fluxes as a function of stability in different months. 
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