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We thank the reviewer for their feedback and comments on our manuscript. 

Here are a few points we would like to respond to regarding the review. 

 

1. We have not argued that float data is useless and negative; on the contrary, 

we are well aware of and respect the outstanding contribution of float data 

to understanding the dynamics of carbon in the Southern Ocean. The 

coverage of floats fills many observational gaps and increases the possibility 

of understanding biogeochemical processes at high spatial and temporal 

precision. Our aim in this manuscript is based on the belief that the float data 

are very precious and valuable. For this reason, our comprehensive 

examination of float data accuracy is very useful for a proper understanding 

of carbon fluxes in the Southern Ocean. 

 

2. In our opinion, the point that "this bias is already well known" is debatable. 

A great deal of very recent work makes use of float pCO2 data but simply does 

not consider or discuss possible biases in it (Chen et al., 2022, Claustre et al., 

2020, Djeutchouang et al., 2022, Hauck et al., 2023, Keppler and Landschützer, 

2019, Landschützer et al., 2023, Menviel et al., 2023, Mo et al., 2023, Nevison 

et al., 2020, Prend et al., 2022a, Prend et al., 2022b, Swart et al., 2023, Yang 

et al., 2024, Huang et al., 2023)  

 

Even in studies that have considered the possible existence of float bias, there 

is no agreement on the magnitude of float bias and the distribution of floats 

with bias. Gray et al. (2018) considered the bias to be 3.6 μatm according to 

the crossover comparison between float data and SOCAT data. However, we 

verified that due to spatial and temporal limitations of the cross-comparisons, 

the float data used for the comparisons were only from the first three days of 

deployment, and that large amounts of data from later periods were not 

included in the cross-comparisons. Wu and Qi (2022) took the Drake passage 

as a case study and found the float-based pCO2 values are overall higher than 

ship-based values in winter, by 6 to 20 μatm (averaged 14 μatm), which can’t 

be fully explained by the upwelling. This study is limited to the Drake Passage 

region, rather than a basin-scale comparison across the Southern Ocean. 
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Bushinsky and Cerovečki (2023) compared the mean ΔpCO2 of SAMW at the 

time of formation between float, SOCAT and GLODAP data. They found the 

float based ΔpCO2 to be 17–20 μatm higher, of which 6 μatm can be explained 

by the “possible bias” and the remainder attributed to sampling bias. The 

data compared in this study include only the time and area of SAMW 

formation (ACC northern) and do not directly compare data for pCO2 across 

the Southern Ocean, particularly in the high-latitude ASZ region. It is 

unconvincing to claim that it is a more comprehensive comparison in terms 

of float pCO2 data examination. 

 

In summary, there is a large body of research that ignores the bias in float 

pCO2. The magnitude of float pCO2 bias is still unclear. Whether the pCO2 bias 

is prevalent in floats throughout the Southern Ocean or only in parts of it has 

not been determined. The cause and solution of the float pCO2 bias have not 

yet been determined. We further identify pCO2 discrepancies in the 

subsurface water measurements, which has not been a consensus from 

previous works. Therefore, this manuscript of basin-scale comparisons 

certainly can provide new insight into these questions. 

 

3. The key issue for air-sea CO2 fluxes is whether averaged float estimates of 

pCO2 are accurate rather than whether individual observations are precise 

(Bushinsky and Cerovečki, 2023). Uncertainty in the individual float data has 

little effect on the mean value of the bulk data. Williams et al. (2017) 

estimated the uncertainty of an individual float pCO2 value to be around ±11 

μatm when float pCO2 is 400 μatm; Gregor et al. (2019) estimated the 

uncertainty of GLODAP pCO2 to be 12 μatm at 400 μatm. In the figure below 

we show the probability density function of average float pCO2 and ship pCO2 

from 1000 Monte Carlo iterations as well as the difference. This figure was 

generated by the following procedure: (1) assuming float average pCO2 to be 

400 μatm and ship average pCO2 to be 390 μatm, (2) generating 30,000 

independent float pCO2 values, each equal to 400 + 𝐺(0,11) and 3,000 

independent ship pCO2 values  (according to  the amount of ship and float 

data used in the study), each equal to 390 + 𝐺(0,12) , where 𝐺(µ, 𝜎)  is a 

random number from a normal (Gaussian) distribution with mean of µ and 

standard deviation of σ, (3) calculate the average float pCO2, ship pCO2 and 

then the difference between ship and float average values, (4) repeat 1000 

times to obtain 1000 differences, (5) plot the frequency distribution of the 



differences. The effect of uncertainty in each single point of float or ship pCO2 

data on the difference in the final float mean is minor (Figure.1). 

 
Figure (1): Assessment of the impact of uncertainty in individual float pCO2 
and ship pCO2data on respective averages and the uncertainty in the overall 
value of (float pCO2 – ship pCO2), based on Monte Carlo calculations. 
 

This result is based on the assumption that errors are random and 

independent. It does not hold for systematic biases, but that of course is 

what we are investigating in our study. 
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