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Abstract 

 The purpose of this discussion is to demonstrate how a formula used by Zhai et al. (2018) 

can be utilized to estimate the air-sea fluxes of biogenic gases based on wind statistics. Results are 

exemplified using long-term mean wind speed statistics from the northern North Sea. 
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1. Discussion 

 The paper by Zhai et al. (2018) (hereafter referred to as Z18) presented a comprehensive 

review of the literature on the distribution and sea-air fluxes of biogenic gases and relationships 

with phytoplankton and nutrients in the ocean. The review also included formulae used for 

saturation and sea-air flux calculations. In section 2.5 of Z18, the authors presented the following 

simplified equation for calculating the instantaneous sea – to – air fluxes F (mass area-1 time-1) 
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Here U (length time-1) is the in situ mean wind speed at 10 m elevation above the sea surface,  

Cw 
1( )mass volume  is the concentration of the trace gases in the surface seawater, and Sc  

(dimensionless) is the Schmidt number, i.e. the kinematic viscosity of water divided by the 

diffusion coefficient of trace gases  in water. It should be noted that alternative formulations of F 

exist in the literature (see the references in Z18 as well as in Wanninkhof (2014)). For given values 

of wC   and ,Sc F   will only depend on U. Thus, F can be obtained from known statistics of U for 

a study ocean area. 

 Wind statistics are often available as parametric models of the cumulative distribution 

function (cdf) (or the probability density function (pdf)) of U ; a review is provided by Bitner-

Gregersen (2015).  The results in the present note are exemplified by adopting the Johannessen et 

al. (2001) cdf of U, which is based on  hourly values of  U  from wind measurements in the northern 



3 

 

North Sea covering a 25 year period from 1973-1999. This cdf  of  U  is given by the following 

two-parameter Weibull model 

 ( ) 1 exp ( ) ; 0
U

P U U
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 with the Weibull parameters 18.426ms    and 1.708  .  

 Long-term statistical properties of F can now be obtained based on Eqs. (1) to (3). Here the 

basic statistical quantities are considered, i.e. the expected (mean) value of  F,  [ ]E F , and the 

variance of F, [ ]Var F , which are proportional to [ ]E f   and [ ]Var f , respectively, given by (Bury, 

1975) 
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   Thus, [ ]nE U   for a Weibull distributed variable is required, and is given by Bury (1975), 

 [ ] (1 )n n n
E U 


     (6) 

where     is the gamma function. 

 Then, according to Eqs. (2) to (6), the results are 

 1[ ] 19.58msE f    (7) 

 2 2[ ] 463.10m sVar f    (8) 
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Thus, for this example, the standard deviation of 0.5( ( [ ]) )F Var F   is 110% of [ ]E F , which 

reflects the large scatter in these wind speed data. 

 If [ ]E U   is known, an alternative to the stochastic method used here, would be to use the 

approximate method of estimating F by replacing U with [ ]E U   in Eqs. (1) and (2). For this 

example [ ] 7.52E U  ms-1, which substituted in Eq. (2) gives 15.04f  ms-1. Thus, the 

approximate to stochastic method ratio of F is 15.04/19.58 = 0.77. Overall, the stochastic method 

should be used as the stochastic method features are taken into account consistently when compared 

to what the approximate method does.    

            A similar method as described in this note was presented in Myrhaug (2016, 2018). 

Myrhaug (2016) commented on the work of Iida et al. (2015) (who used a bulk formula similar to 

Eq. (1) for estimating the sea-air CO2 flux, but as a function of U2 ) using cdfs of U based on two 

data sets, where one was the same as used here for the northern North Sea. Myrhaug (2018) 

extended the 2016 work by including cdfs of U based on ten additional data sets. For these twelve 

data sets the standard deviation to mean value ratios of the sea-air CO2 flux were in the range 0.32 

to 1.18, and the approximate to stochastic method ratios were in the range 0.73 to 0.97. 

            Overall, the present method should be useful for estimating and assessing the air-sea fluxes 

of biogenic gases based on mean wind speed statistics for an ocean area. 
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