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Steinhoff et al. (2012) present a method to calculate net community production (NCP) in 
upwelling systems using the gases CO2, O2 and N2O. The method consists of mapping of the 
spatial decrease of the N2O concentration in the upwelled water mass onto a time axis. The 
decrease of the N2O concentration as it is advected westwards is assumed to be entirely due to 
air-sea exchange. The same time axis is then mapped onto dissolved inorganic carbon (DIC) 
measurements collocated with the N2O data. Then, the observed change in DIC as a function 
of time is compared to the expected change based on CO2 air-sea exchange and any deviation 
is attributed to NCP on any given day. The daily NCP estimates are averaged temporally to 
obtain an NCP value that is taken to represent the upwelling period in the study area. 
 
The mathematical presentation of Steinhoff et al.'s approach appears to be unnecessarily cum-
bersome. I would like to suggest a more elegant, direct calculation method using the same as-
sumptions made in the paper. This method allows the calculation of NCP directly from the 
change in dissolved inorganic carbon (DIC) concentration relative to the change in N2O con-
centration, at any location. 
 
The temporally averaged flux as calculated by Steinhoff et al. should not be taken to represent 
a regional average of NCP for the upwelling area. It rather reflects average NCP from a La-
grangian point of view, focussed on the upwelled parcel. To calculate the regional average 
NCP, the daily NCP estimates would have to be mapped and averaged geographically.  
 
Finally, in addition to the points already made by the other three reviewers, I would also like 
to comment on the chosen gas exchange parameterisation and the neglect of bubbles in the 
calculation of the air-sea exchange flux. 
 
Direct calculation method of NCP in an upwelling system 
Assuming quasi-Lagrangian transport of upwelled water and neglecting diapycnal mixing and 
changes in mixed layer-depth the mass balance for N2O and DIC can be written as follows: 

 zmix
dc(N2O)

dt
= −k(N2O) c(N2O)− cequ (N2O)"# $% (1) 

 zmix
dc(DIC)

dt
= −N − k(CO2)K0 (CO2 ) p(CO2)− patm (CO2)[ ]  (2) 

where zmix is mixed layer-depth, c are mixed-layer concentrations of the corresponding spe-
cies and N is mixed-layer net community production. The other symbols are the same as in 
the paper. The symbols "N2O" and "DIC" used by Steinhoff et al. are not appropriate to repre-
sent the concentrations of the corresponding chemical species. 
Eqs. (1) and (2) are combined to give 

 N = k(N2O) c(N2O)− cequ (N2O)"# $%
dc(DIC)
dc(N2O)

− k(CO2)K0 (CO2 ) p(CO2)− patm (CO2)[ ]  (3) 

The gradient dc(DIC)/dc(N2O) can be determined from the local slope of a scatter plot of 
c(DIC) versus c(N2O) at any point in time and space. Individual measurements can be 
grouped where appropriate. It is not necessary to take the route via temporal mappings as cho-
sen by Steinhoff et al. N can then be calculated either by finding the corresponding cequ(N2O) 
and patm(CO2) values from the data time series, or by using the regression approach chosen by 
Steinhoff et al. (cf. their Table 2). I am not sure why "DICequ" is mentioned in the paper; CO2 
gas exchange needs to be formulated in terms of CO2 partial pressures (or concentrations), not 
DIC. In any case, "DICequ" should be named, more correctly, cequ(DIC). 



Even if the above direct calculation method was not used, more of the underlying data should 
be shown, including scatter plots to show the relationship between different gases. At the 
moment, the paper only presents p(CO2), c(N2O) and c(O2) data from one transect during 
cruise P320-1. It is not clear how representative this transect is for the correlation between the 
three gases and for NCP during that particular season. More data and NCP values derived 
from these data should be included. 
 
If Steinhoff et al.'s time mapping approach is chosen, the steps described under (A) on p. 4860 
can be avoided. Instead, Eq. (1) is integrated to give 
 c(N2O) = c0 (N2O)− cequ (N2O)"# $%e

−k (N2O)t/zmix + cequ (N2O)  (4) 
where c0 is the concentration at the point of upwelling. This can be rearranged to 

 t = − zmix
k(N2O)

ln
c(N2O)− cequ (N2O)
c0 (N2O)− cequ (N2O)

 (5) 

In other words the N2O concentration can be mapped directly onto a time axis if, as assumed 
by Steinhoff et al., mixed layer depth and gas exchange coefficient are constant. Furthermore, 
Steinhoff et al. chose to parameterise cequ(N2O) as a linear function of c(N2O), which may be 
represented by the equation 
 cequ (N2O) =mc(N2O)+ cequ,0 (N2O)  (6) 
The N2O concentration as a function of time is then given by 

 c(N2O) = c0 (N2O)−
cequ,0 (N2O)
1−m
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 (7) 

and the corresponding mapping of the N2O concentration onto the time axis is 

 t = − zmix
(1−m)k(N2O)

ln
(1−m)c(N2O)− cequ,0 (N2O)
(1−m)c0 (N2O)− cequ (N2O)

 (8) 

 
Temporal versus spatial averaging 
Steinhoff et al. average daily NCP estimates (which they designate DICtot

bio) over the period 
from upwelling until when NCP was <(2 mmol m–3 d–1 × zmix), where zmix is mixed layer 
depth. For example, for zmix = 20 m, the last day considered for the average NCP calculation 
would have NCP = 0.1 mmol m–2 d–1. This approach centres on changes of the DIC inventory 
in the upwelled water parcel, from a Lagrangian point of view. However, this temporal aver-
age does not necessarily represent the spatial average across the upwelling region. Depending 
on the horizontal velocity of the water parcel, the daily NCP estimates might represent differ-
ently sized parts of the study area. To obtain a regionally representative estimate of NCP, in-
dividual NCP estimates (obtained with Steinhoff et al.'s approach or using Eq. 3 above) would 
need to be mapped and averaged geographically. Temporal and regional averages would only 
match if the velocity of the water parcel were uniform. Whether or not this was the case can 
be determined from deriving advection rates using Eq. (8) and the corresponding locations of 
the water samples. 
 
Gas exchange parameterisation 
The choice of gas exchange parameterisation is critical for the NCP calculation. O2 is used to 
constrain the chosen parameterisation, but only in case of one of the three cruises (P320-1), 
with a stated O2 measurement accuracy of 3 µmol l–1. In case of the other two cruises (M68-3, 
P399-2), the measurement accuracy of 5 µmol l–1 was cited as too high to be able to calculate 
O2 air-sea exchange fluxes. However, even an accuracy of 5 µmol l–1 would represent less 
than 10 % of the O2 concentration gradient across the air-sea interface, based on Fig. 2 and 



Fig. 3 in Löscher et al. (2012). It should therefore be possible to calculate NCP for these two 
cruises, too. In any case, it would be good to see the NCP values based on O2 for all cruises 
included in Table 3, including their corresponding uncertainties. 
 
Since surfactant films are likely to break up at higher wind speeds, it is rather perplexing that 
the authors have chosen a gas exchange parameterisation that is taking surfactant films into 
account (Tsai and Liu, 2003) for cruises P320-1 and P399-2, which experience significantly 
higher wind speeds than cruise M68-3, for which the parameterisation of Wanninkhof (1992) 
was chosen. The stated reason is the lower productivity during M68-3, but it is not known un-
der what conditions the interplay between wind, waves and productivity lead to the estab-
lishment of surfactant films. If the same parameterisation was chosen for M68-3 as for the 
other cruises, the relationship between upwelling index and NCP in Fig. 4B would be signifi-
cantly different. In any case, the radiocarbon budget-based parameterisation of Wanninkhof 
(1992) has been updated by Sweeney et al. (2007) and the updated parameterisation should be 
used instead. Also, it would be good to list the actual equations used because there are several 
listed in the papers mentioned. For example, Wanninkhof (1992) has equations for short-term 
and long-term averaged winds as well as equations that include chemical CO2 enhancement 
effects. How were the Schmidt numbers calculated and which exponent was used for the 
Schmidt number and why?  
 
Lastly, the solubility of O2 is significantly different to that of N2O and CO2. Due to bubble in-
jection and bubble exchange, the atmospheric equilibrium concentration of O2 may not accu-
rately represent the diffusive air-sea exchange flux. Calculations of NCP based on O2 need to 
take this into account (Craig and Hayward, 1987; Emerson et al., 2008; Kaiser et al., 2005), 
but this does not appear to be done in the preesnt paper. 
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