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General comments Völpel et al., present the first results of the implementation of oxy-
gen stable isotopes in the ocean general circulation model MITgcm. They compare
the results of an equilibrium simulation under pre-industrial conditions to observational
oxygen stable isotopes data and late Holocene data from planktonic foraminifera. They
discuss the accordance or discrepancy of this data-model comparison. I find always
very interesting the implementation of water stable isotopes in a climate model as it will
offer wide prospects for simulations of past climate. The manuscript reads well overall,
some figure captions or figures could be improved. I have several concerns that I would
like to see addressed before the publication of the manuscript. I therefore recommend
major revision of the present manuscript. Below are my specific comments.

Specific comments “Part2.1 Ocean model in lines 28-30” Can the authors explained in
more details the rescaling of the vertical coordinate?

“Part 2.2 in lines 27, Note that the prescribed atmospheric forcing fields obtained from
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the PI ocean state estimate by Kurahashi-Nakamura et al., (submitted) and the corre-
sponding isotopic fluxes are not entirely consistent and might introduce an error in our
model simulation”. The authors refer to unpublished results here. They should show
some results that indicate what could be the error and if the use of ratio of the isotopic
content indeed minimize the uncertainty.

“Part 2.3.1 in line 30”. The authors compare long-term mean monthly value with GISS
sample. This is indeed better than to compare with the annual mean isotope values.
However, in the rest of the text it is difficult to know when the comparison is based on
monthly value or annual. This is also not clear in the different figures and captions on
the manuscript.

“part 3.2 line21” The number of measurements for dD is rather small. According to
the GISS database there is more than 1000 data points in dD. This is indeed more
reduce than for the d18Osw but enough to realize a data-model comparison. Rather,
the authors can mentioned that they choose to focus on the d18O and will work on the
dD in the future.

“Figure 3” Is it the annual or monthly value that are plotted for the model? Is it the
surface data that are compared to the average 50m of the model or the data between
0 and 50 m? What could be the error associated if this is the surface data versus the
average 50m?

“part 3.2 lines 3-4, the subtropical gyres are less enriched. . ..” There is also a dis-
crepancy for the Mediterranean Sea. What is the reason for such discrepancy in the
subtropical gyres and Mediterranean region?

“Figures 7 and 8” What is the depth used in the model (50 m?), is it annual or monthly?

“Part 4.1 lines 20 to 30 and Figure 9” A zoom on the artic region would be very helpful
here. The isotopic values for rivers discussed in the text could eventually be added to
this figure of the artic region.
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“Part 4.3: Planktonic foraminiferal d18Oc” When reading part 4.3 it seems that the main
discrepancy between data and model results is because of the gametogenic calcifica-
tion of foraminifera and so that paleotemperature equations derived from plankton-tow
data are more appropriate to reconstruct surface water conditions that the commonly
used paleotemperature equations like Shackleton (1974) or Kim and O’Neil (1997).
This discussion is extremely interesting for paleoceanographic studies. Nonetheless I
find that all the potential factors that can affect the d18Oc and so the data-model com-
parison and mismatch are not developed enough. Indeed, the temperature bias in the
model (2◦C or more in some regions, see figure 1) can affect significantly the d18Oc re-
construction with the model. Similarly, the bias in d18Osw could contribute significantly
to this “biased towards lower values”. For example, the d18Osw is 0.4‰ too depleted
in the model in comparison to data in the tropics (see part 3.2) and 0.9‰ too enriched
in the Arctic Ocean (see part 3.2). These biases can affect the d18Ocalcite reconstruc-
tion and comparison. Also, it seems that the shift on figure 8a is more important for
tropical species than for polar species. The data-model agreement or disagreement
seems different depending the oceanic region (or species considered). So I recom-
mend to the authors to realize a data-model comparison for the d18Oc for the different
species of foraminifera separately. This analyze is important not only to try to discuss
the oceanic region separately but also because other factors can affect each species
of foraminifera in a different way. The seasonality is one of this important factor. Al-
though there is one sentence in the part 4.3 that mention that “seasonality could be
a problem and is not considered” it would be interesting to estimate how much bias
could be introduce by such inconsideration. One way to do that could be to calculate
the simulated seasonal amplitude for ocean calcite d18O in the model. It could be that
the “biased towards lower values” is partly or totally explained by a distortion of the
foraminifera flux towards a specific season or period than the annual mean. Similarly,
the effect of the vertical migration is not completely developed. The author discuss the
gametogenic calcification that is indeed related to this effect of vertical migration but
the different species that are grouped on Figure 8 have different depth habitats and
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this affect their d18Oc. They can also change their depth habitat (for example during
upwelling conditions). Again a data-model comparison for each species separately and
with a different mean depth habitat of calcification would be interesting. The data on
figure 8 are only presented for the first 50 m (although not clearly indicated in the text
or on the Figure 8 caption). Although it will be difficult to examine the results for the
very surface only (because of the grid of the model), the authors can investigate how
the integration of the results for deeper water depth affect the data-model comparison.

The authors also suggest that the more enriched d18Oc values obtained with the equa-
tion of Shackleton (1974) is because this equation is based on Uvigerina spp shells
that are relatively enriched in 18O. In fact, Shackleton (1974) proposed that Uvigerina
peregrina is in isotopic equilibrium with seawater contrary to Cibicides. On the contrary,
Bemis et al. (1998) (not cited in the discussion) suggested that Cibicides might also
calcify in isotopic equilibrium and that the heavier δ18O values of Uvigerina are due
to calcification at lower porewater pH. More recently, Marchitto et al., 2014 (also not
cited in the discussion) investigated this difference in more details. Their results agree
with Bemis et al. (1998) that Cibicidoides and Planulina appear to be closer to isotopic
equilibrium (as represented by the Kim and O’Neil (1997) inorganic precipitates, which
is also a matter of debate) than Uvigerina, although scatter in the measurements lim-
its their confidence in this statement. They also recommend that Uvigerina δ18O be
adjusted to the Cibicidoides scale by subtracting 0.47‰ and not 0.64‰Ṫhey were also
unable to discern an impact of bottom water pH on benthic foraminiferal δ18O, but they
speculate that Uvigerina’s deviation from equilibrium could be explained by admixture
of rapidly-precipitated non-equilibrium CaCO3 that would be subject to a pH influence.
So, to my knowledge, the question as to why the δ18O of Uvigerina and Cibicides are
different remains. The question of the pH influence is also not discussed for planktonic
foraminifera whereas it could also have a significant effect on the oxygen isotopic com-
position (Bijma et al., 1999; Zeebe 1999).This pH effect could be a primary mechanism
to explain the differences between the equations (Mulitza et al., 2004). Again, the pH
effect will be different with the latitudes and so it is important to discuss the species
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(that are associated to different oceanic regions) separately.

To resume, I like the discussion in part 4.3, this is of strong interest for paleoceano-
graphic studies and the gametogenic calcification is a factor that certainly need to be
considered. Nonetheless, the authors do not discuss in details all the factors and bi-
ases that can affect the d18Oc of their data-model comparison. For each foraminifera
specie, how the bias in d18Osw in the model, the depth use in the model to gener-
ate the d18Oc signal, the seasonality and vertical migration and the pH can affect the
d18Oc signal modelled and the comparison with data? At the end, if we consider all
these factors and potential biases for d18Oc and the data-model comparison, can the
authors really conclude that the differences between data and model is mainly linked to
gametogenic calcification? If the authors cannot confirm their hypothesis in a revised
version, they should also reformulate this conclusion from the abstract and conclusion
part.
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