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Responses to reviewer&#8217;s interactive comments on &#8220;Effects of storms on
primary productivity and air-sea CO2 exchange in the subarctic western North Pacific:
a modeling study&#8221; by M. Fujii and Y. Yamanaka

First of all, the authors greatly appreciate the constructive review on our manuscript.
We have revised our manuscript, basically according to the reviewer&#8217;s com-
ments in such ways as described below.

Responses to major comments

Because the model used in this study is vertically one-dimensional, it does not re-
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produce effects of horizontal advection. The authors have excluded the data from
high-salinity (>33.2 psu) which are considered to be influenced by subtropical water
in our discussion for model-data comparison. This is the same procedure introduced
in Tsurushima et al. (2002). Using this procedure, the model results have demon-
strated better performance than before, in simulating the mixed layer, net community
production, NDIC and pCO2sea.

There are very limited data for column-integrated net community production in the west-
ern North Pacific. Although the modeled net community production is relatively higher
than the net community production by Imai et al. (2002), it is not relatively high when
comparing other observational data by Shiomoto et al. (1998) and Shiomoto (2000))
in the adjacent oceanic region. In the revised manuscript, the authors have added the
data by Shiomoto et al. (1998) and Shiomoto (2000) to the figure for reference, which
shows the net community production by total phytoplankton is as high as in spring.

The authors have estimated in situ pCO2air at Station KNOT from Tsurushima et al.
(2002). The data has been shown in Figure 2e in the revised manuscript for reference.
The data are very similar to those at Mauna Loa (Keeling et al., 1982; Conway et al.,
1994), and the authors have kept using the pCO2air data for calculation in this study.
Please see below and an attached figure for the similarity in the pCO2air in detail.

Responses to moderate comments

The authors have replaced Tsurushima (2002)&#8217;s raw data in the previous
manuscript with the data in Tsurushima et al. (2002). As a result, the number of
data has been consistent for NDIC and pCO2sea. The authors have also removed
the data which are considered to be influenced by the subtropical water, as described
above.

The authors have mixed up the meaning of &#8220;compartment&#8221; with that of
&#8220;state variable&#8221; in the previous manuscript. To avoid confusions, the
authors have clarified this by describing &#8220;16-compartment (16-state variable)
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marine ecosystem model&#8221; in Section 2 and Figure 1 caption in the revised
manuscript.

The works of Bates et al. (1998a) and Wanninkhof et al. (2007) have been discussed
in Section 3. Interestingly, the conclusion from the two works is quite opposite with
regards to the role of storms in interannual CO2 flux, and our conclusion is closer
to that of Bates et al. (1998a). The authors have also mentioned this as follows:
&#8220;Our model results also suggest that storm events could potentially have a large
effect on interannual air-sea CO2 flux variability globally, which is consistent with Bates
et al. (1998a). However, Wanninkhof et al. (2007) induced an opposite conclusion of
minimal influence of storms on annual CO2 flux. Therefore, long-term monitoring of
the air-sea CO2 flux is required in various oceanic regions to assess quantitatively the
role of storm events in the interannual air-sea CO2 flux.&#8221;

The authors have added ranges of the wind speeds and highest wind speeds during the
storm events to the beginning of Section 3, as follows. &#8220;Most of storm events
last for no more than one day, and there are no storm events that last for more than five
days (Table 2). All the storms have the wind speed of more than 10 (m s-1) with the
highest wind speed of 26.3 (m s-1) for the 19 years. However, the storm events which
has the wind speed of more than 25 (m s-1) are very limited (Table 3), which is differ-
ent from situations in the subtropical regions in which typhoons and hurricanes have
higher wind speeds more than 30 (m s-1) (e.g. Bates et al., 1998 a, b; D&#8217;Asaro
and McNeil, 2007; Wanninkhof et al., 2007).&#8221; To provide supplemental or more
detailed information, Tables 2 and 3 have also been added to the revised manuscript.
Following the reviewer&#8217;s useful comments, the authors have reviewed the sug-
gested three works of Ho et al. (2006), McNeil and D&#8217;Asaro (2007), and Fon-
gohr and Woolf (2007). Considering the range of wind speed in our study, Ho et al.
(2006) can be used for the wind with <20m s-1 and McNeil and D&#8217;Asaro (2007)
can be applied for the wind with >20m s-1. However, temporal resolution and the wind
used for simulation in our study is an hour, it is eligible for the modeling study to use
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continuous wind speed/gas exchange parameterization in calculating the air-sea CO2
flux with the wind speed of 26.3 m s-1at the highest. Considering that the gas transfer
velocity is similar between Wanninkhof et al. (1992) and Ho et al. (2007) for the range
of wind speed in our study (different by not more than 5-10%), the authors have de-
cided to keep using Wanninkhof et al (1992)&#8217;s parameterization in this study.
Modeling studies with various wind speed/gas exchange parameterizations, along with
using various wind data (such as QuickSCAT winds), are our ongoing works (Fujii et
al., in prep.).

Following the reviewer&#8217;s comment, the authors have compared pCO2air at
Mauna Loa, Hawaii (19.54◦N,155.58◦W), Shemya Island, Alaska (52.72◦N,174.10◦E),
Sand Island, Midway (28.21◦N, 177.38◦W), and POCN30 in the Pacific Ocean
(30.00◦N, 135.00◦W). The pCO2air for the four stations have also been compared
to the pCO2air by Tsurushima et al. (2002). The comparison result shows that the
pCO2air is similar among the stations (see an attached figure). Considering the similar-
ity, it seems okay to use the pCO2air at Mauna Loa for this study, and therefore, the au-
thors have continued to use that. Actually, we need pCO2air data after 1970&#8217;s
to calculate the air-sea CO2 flux, and Mauna Loa is the only station so far which can
provide the long-term data since 1970&#8217;s.

In the previous manuscript, the authors did not clarify to distinguish terms among
&#8220;net primary production&#8221;, &#8220;gross primary production&#8221;
and &#8220;net community production&#8221;. In the revised manuscript, the authors
have unified to the term &#8220;net community production&#8221;, following Fujii et
al. (2007).

As mentioned in the manuscript, the Reynolds weekly SST data were used to drive
the model (in Section 2), and the modeled SST decreased by 0.8&#8451; in the mid-
June, 1994 (in Section 3). Therefore, the Reynolds SST data could allow to pick up the
storm signal on temperature although the temporal resolution is not sufficient. Unfor-
tunately, there do not exist in situ or remote-sensing data that validate the decrease in
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temperature at Station KNOT before mid-1990&#8217;s.

The authors thank the reviewer for introducing a modeling study of Soetaert et al.
(2001). Along with this paper, the authors found several modeling studies which have
studied the effect of intraseasonal events on ambient nutrients and chlorophyll, and
have added them as references to the revised manuscript (e.g. Kawamiya and Oschlies
(2004), McCreary et al. (1996 and 2001), Large and Crawford (1995) and Ridderinkhof
(1992)).

The authors have mentioned about the discrepancy between this study and others
(Takahashi et al., 2002 and Tsurushima et al., 2002) with regards to extent of the
role of the subarctic western North Pacific as a source of CO2 to the atmosphere, in
Sections 3 and 4.

One of the authors used to engage in the VOS project with Dr. Nojiri, and actually used
the data as references in this study. The authors have added words to the revised
manuscript mentioning that the data were used as references in this study, as well as
the URL. Thank you for the comment.

Responses to minor comments

The term &#8220;TCO2&#8221; has been replaced with &#8220;DIC&#8221; in the
entire manuscript.

Page 66 Line 13 in the previous manuscript: &#8220;continuous observations&#8221;
&#61664; &#8220;continuous observations of the wind and CO2&#8220;

Page 66 Line 13 in the previous manuscript: &#8220;solar radiation&#8221; &#61664;
&#8221; incoming solar radiation&#8221;

Page 67 Line 3 in the previous manuscript: &#8220;In most such cases&#8221;
&#61664; &#8220;In most cases&#8221;

Page 67 Line 10 in the previous manuscript: &#8220;entrainment&#8221; &#61664;
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&#8220;horizontal advection&#8221;

Page 67 Line 20 in the previous manuscript: Sabine et al. (2004) have been referred
in the revised manuscript instead of Tsurushima et al. (2002).

Page 68 Line 14 in the previous manuscript: &#8220;shells&#8221; &#61664;
&#8220;liths&#8221;. Thank you for the useful comment.

Page 68 Line 23 in the previous manuscript: &#8220;at the sea surface&#8221;
&#61664; &#8220;at 10m height&#8221;

Page 69 Line 1 in the previous manuscript: The reviewer is correct in mentioning that
pCO2air is different from xCO2air. The atmospheric CO2 data are provided as a form
of xCO2air, and therefore, the xCO2air should be converted to pCO2air by the following
formula:

where P is the ambient sea level pressure and pH2O is the water vapor pressure at
100% humidity calculated from SST and salinity according to Weiss and Price (1980).
The authors have checked possible ranges of P and pH2O at Station KNOT and have
also referred to the VOS data which are mentioned above. The P can vary from ca.
0.94 to ca. 1.00, and the pH2O can change from ca. 0.006 to 0.014. Therefore, the
pCO2air can be lower than xCO2air by up to 6%. In the previous manuscript, the
pCO2air was not distinguished from the xCO2air. In the revised manuscript, the au-
thors have decided to continue to use the xCO2air for calculating air-sea CO2 flux.
The reason is as follows: Although the sea level pressure with higher frequency than
monthly can be obtained from the NCEP objectively analyzed data, the correspond-
ing continuous atmospheric CO2 data with higher frequency than monthly cannot be
obtained. Generally, the sea level pressure is low in late winter when the pCO2sea
is higher than the pCO2air in the subarctic western North Pacific. If the pCO2air is
used instead of xCO2air, &#9651;pCO2 (pCO2sea minus pCO2air) gets larger, and
therefore, the sea-to-air CO2 efflux should be higher as well. This is important and
presumably serves as a spur to our claim that previous studies overestimated role of
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the subarctic western North Pacific as a sink of CO2. This argument has been added
to Sections 3 and 4 in the revised manuscript. Thank you for the important comment.

Page 69 Line 18 in the previous manuscript: &#8220;well reproduces&#8221;
&#61664; &#8220;reproduces well&#8221;

Page 69 Line 23 in the previous manuscript: &#8220;pss&#8221; &#61664;
&#8220;psu&#8221;

Page 70 Lines 6-9 in the previous manuscript: As the reviewer points out, the
phrase &#8220;pCO2sea is the most sensitive biogeochemical parameter to the
storms&#8221; cannot be justified in this study, and the authors have removed the
phrase &#8220;that pCO2sea is the most sensitive biogeochemical parameter to the
storms, and therefore,&#8221; in the revised manuscript.

Page 70 Line 23 in the previous manuscript: &#8220;slihjtly&#8221; &#61664;
&#8220;slightly&#8221;

Page 71 Line 14 in the previous manuscript: flux values have been rounded (244.55
&#61664; 245, 160.60 &#61664; 161)

Page 71 Line 15 in the previous manuscript: In the revised manuscript, the authors
have referred to two previous studies (Takahashi et al., 2002; Tsurushima et al., 2002).

Page 71 Line 18 in the previous manuscript: &#8220;taking up oceanic CO2&#8221;
&#61664; &#8221; taking up atmospheric CO2&#8221;

Page 71 Lines 20 and 27 in the previous manuscript: The reviewer&#8217;s comments
&#8220;The enhancement of primary production in summer is less than 10%, this is
negligible&#8221; and &#8220;The reduction of net community production in winter
and spring is very low, this is even more negligible.&#8221; are right, but the model
result is for 19-year mean (1982-2000). Therefore, in some years the enhancement is
much higher than 10%. The authors have emphasized that the model results shown in
Figure 2 is for the 19-year mean in Table 2 and Figure 2 caption and in the main text in
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the revised manuscript.

Page 72 Line 7 in the previous manuscript: Even considering the authors&#8217; re-
sponse above, this seems an over-statement, so the authors have removed a word
&#8220;significantly&#8221; from the sentence in the revised manuscript.

Page 72 Lines 8-9 in the previous manuscript: The reviewer is right in mentioning
&#8220;the irradiance was not modeled&#8221; and &#8220;the results of nutrient
simulations were not shown&#8221; in this study. The authors have removed the terms
&#8220;the irradiance&#8221; and &#8220;nutrient concentrations&#8221; from the
revised manuscript. These modifications do not affect purport of this study.

Figure 1 caption: &#8220;schematic view&#8221; &#61664; &#8220;conceptual dia-
gram&#8221;

Figure 1: &#8220;remineralization&#8221; &#61664; &#8220;dissolution&#8221; for
the arrow between &#8220;CaCO3&#8221; and &#8220;Ca2+&#8221;

Figure 1: &#8220;Ca&#8221; &#61664; &#8221;Ca2+&#8221;

Figure 1: &#8220;shell formation&#8221; &#61664; &#8220;calcification&#8221; for
the arrow between &#8220;PS&#8221; and &#8220;Ca2+&#8221; (and also that be-
tween &#8220;ZS&#8221; and &#8220;Ca2+&#8221;)

Figure 1: &#8220;shell formation&#8221; &#61664; &#8220;frustule forma-
tion&#8221; for the arrow between &#8220;Si(OH)4&#8221; and &#8220;PL&#8221;

Figure 1: Both flows from PS and PL to NO3 were set to zero in this study, following
Fujii et al. (2007). Modeling diatom sinking is an ongoing study (e.g. Yoshie et al., in
prep.). The process seems important especially at the end of the diatom bloom, and
this is important because the process accelerates termination of the diatom bloom.
The process is partly represented by parameterizing the diatom mortality proportional
to the square of diatom abundance.
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Figure 2: Following the reviewer&#8217;s comment, Figure 2f has been modified to
have two segments.

Figure 3 plot b): The atmospheric CO2 (pCO2air) has the seasonality, as the reviewer
points out. The pCO2air in the previous manuscript is not correct and has been revised
in the revised manuscript. The seasonality was taken into account in calculating the
air-sea CO2 flux in the previous manuscript, and therefore, the model results do not
change.

Figure 3 plot c): The term &#8220;efflux&#8221; has been replaced with
&#8220;flux&#8221; in Figure 3(c) and the caption, and the main text which explains
this figure. The term &#8220;positive upward&#8221; has been removed from Table 2
caption because it is obvious as long as one uses the term &#8220;efflux&#8221;.

Other revisions

Table 1 in the previous manuscript included some errors in number, and therefore, the
numbers have been revised in the revised manuscript. The corresponding statements
in the main text have also been revised as well.

Tables 2 and 3 have been added to the revised manuscript. Most of storm events last
for no more than one day, and there are no storm events that last for more than five
days (Table 2). All the storms have the wind speed of more than 10 (m s-1). However,
the storm events which has the wind speed of more than 25 (m s-1) are very limited
(Table 3), which is different from situations in the subtropical regions in which typhoons
and hurricanes have higher wind speeds more than 30 (m s-1).

Along with references introduced by the reviewers, the authors have referred the fol-
lowing previous studies to the revised manuscript.

Bates, N. R.: Interannual variability in the global uptake of CO2, Geophys. Res. Lett.,
29(5), 10.1029/2001GL013571, 2002.

Chen, C. T., Liu, C., Chuang, W. et al.: Enhanced buoyancy and hence upwelling of
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subsurface Kuroshio waters after a typhoon in the southern East China Sea, J. Marine
Syst., 43, 65-79, 2003.

Cione, J., Black, P., and Houston, S.: Surface observations in the hurricane environ-
ment, Mon. Weather Rev., 128, 1550-1561, 2000.

Conway, T. J., Masarie, K. A., and Zhang, Ni: Evidence for interannual variability of
the carbon cycle from the National Oceanic and Atmospheric Administration/Climate
Monitoring and Diagnostics Laboratory Global Air Sampling Network, J Geophys. Res.,
99(D11), 22831-22855, 1994.

D&#8217;Asaro, E. D., and McNeil, C.: Air-sea gas exchange at extreme wind speeds
measured by autonomous oceanographic floats, J. Mar. Syst., 66, 92-109, 2007.

Davis, A., and Yan, X.-H.: Hurricane forcing on chlorophyll-a concentration
off the northeast coast of the U.S., Geophys. Res. Lett., 31, L17304,
doi:10.1029/2004GL020668, 2004.

Fogel, M. L., Aguilar, C., Cuhel, R., Hollander, D. J., Willey, J. D., and Paerl, H. W., Bi-
ological and isotopic changes in coastal waters induced by Hurricane Gordon, Limnol.
Oceanogr., 44(6), 1359-1369, 1999.

Iverson, R. I.: Mesoscale oceanic phytoplankton patchness caused by hurricane effects
on nutrient distribution in the Gulf of Mexico, In Andersen, N. R., and Zahuranec, B. J.
(eds.), Oceanic Sound Scattering Prediction, Plenum Press, New York, 767-776, 1977.

Kataoka, K.: Tracks of tropical cyclones in the mid-latitudes of the western North Pa-
cific, Tenki, 50(9), 705-714, 2003 (in Japanese with English abstract).

Kawamiya, M., and Oschlies, A.: Simulated impact of intraseasonal variations in sur-
face heat and momentum fluxes on the pelagic ecosystem of the Arabian Sea, J. Geo-
phys. Res. Oceans, 109, C03016, doi:10.1029/2003JC002107, 2004.

Kishi, M. J., Kashiwai, M., Ware, D. M., Megrey, B. A., Eslinger, D. L., Werner, F.
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E. et al.: NEMURO &#8211;a lower trophic level model for the North Pacific marine
ecosystem, Ecol. Modell., 202, 12-25, 2007.

Large, W. G., and Crawford, G. B.: Observation and simulations of upper-ocean re-
sponse to wind events during the ocean storms experiment, J. Phys. Oceanogr., 25,
2831-3852.

Lee, D., and Niller, P: Ocean responses to typhoon Rusa in the south sea of Korea and
in the East China Sea, J. Korean Soc. Oceanogr., 38(2), 60-67, 2003.

Lin, I., Liu, W. T., Wu, C.-C. et al.: New evidence as survibal alternatives in an unstable
environment, Oceanol. Acta, 1, 493-509, 1978.

McCreary, J. P., Kohler, K. E., Hood, and Olson, D. B.: A four-compartment ecosystem
model of biological activity in the Arabian Sea, Prog. Oceanogr., 37, 193-240, 1996.

McCreary, J. P., Kohler, K. E., Hood, R. R., Smith, S., Kindle, J., Fischer, A. S., and
Waller, R. A.: Influences of diurnal and intraseasonal forcing on mixed-layer and bio-
logical variability in the central Arabian Sea, J. Geophys. Res., 106, 7139-7155, 2001.

Platt, T., Bouman, H., Devred, E., Fuentes-Yaco, C., and Sathyendranath, S.: Physical
forcing and phytoplankton distributions, Sci. Mar., 69(1), 55-73, 2005.

Ridderinkhof, H.: On the effects of variability in meteorological forcing on the vertical
structure of a stratified water column, Cont. Shelf Res., 12, 25-36, 1992.

Rodriguez, J., Tintore, J., Allen, J. T. et al.: Mesoscale vertical motion and the size
structure of phytoplankton in the ocean, Nature, 410, 360-363, 2001.

Roebber, P. J.: Statistical analysis and updated climatology of explosive cyclones, Mon.
Wea. Rev., 112, 1577-1589.

Sanford, T. B., Black, P. G., Haustein, J. R. et al.: Ocean response to a hurricane, Part
I: observations, J. Phys. Oceanogr., 17, 2065-2083, 1987.
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Senjyu, T., and Wanatabe, T.: A sudden temperature decrease along the Sanin coast
induced by a typhoon, UmitoSora, 75, 1-8, 1999 (in Japanese with English abstract).

Shiomoto, A.: Chlorophyll-a and net community production during spring in the oceanic
region of the Oyashio Water, the north-western Pacific, J. Mar. Biol. Ass. U.K., 80, 343-
354, 2000.

Shiomoto, A., Ishida, Y., Tamaki, M., and Yamanaka Y.: Net community production and
chlorophyll a in the western Pacific Ocean in summer, J. Geophys. Res., 103(C11),
24651-24661.

Soetaert, K., Herman, P. M. J., Middelburg, J. J., Heip, C., Smith, C. L., Tett, P., and
Wild-Allen, K.: Numerical modeling of the shelf break ecosystem: reproducing benthic
and pelagic measurements, Deep-Sea Res. Part II, 48, 3141-3177, 2001.

Son, S., Platt, T., Bouman, H., Lee, D., and Sathyendranath, S.: Satellite observation
of chlorophyll and nutrients increase induced by Typhoon Megi in the Japan/East Sea,
Geophys. Res. Lett., 33, L05607, doi:10.1029/2005GL025065, 2006.

Son, S., Platt, T., Fuentes-Yaco, C., Bouman, H., Devred, E., Wu, Y., and Sathyen-
dranath, S.:Possible biogeochemical response to the passage of Hurricane Fabian ob-
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