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The author is grateful to all reviewers for their constructive comments. Below is a
detailed answer to the comments.

Comment 1: The title suggests that the manuscript primarily focuses on iron deposition.
However, only a short chapter at the end of the manuscript discusses iron deposition.
I understand that in order to get to iron deposition estimates many steps have to be
made. The present study is clearly outstanding in the respect that all these steps are
undertaken within one study, i.e. starting from the development of a biomass burning
emission inventory for the high latitudes of the Northern Hemisphere. However, major
conclusions of the manuscript are based on the simulated iron deposition, for which a
more detailed analysis would be desirable. For example:
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Response: In the revised paper, the descriptions of the aerosol model and discus-
sions on iron are added, while results of CO from previous Exp1, Exp2 and Exp4 are
removed. The standard simulation was conducted on a horizontal resolution of 2.0◦

× 2.5◦ with daily emissions according to MISR plume heights for CO (Exp1) and iron
aerosols (Exp3). The intense forest fire is often neglected in global chemistry-climate
models to calculate radiative forcing due to biomass burning (Ito et al., 2007a; Naik et
al., 2007). For the purpose of quantifying the effect of intense fires, sensitivity simula-
tions were performed with 5-year averaged monthly emissions for CO (Exp2) and iron
aerosols (Exp4). Below is a detailed answer to the comment 1.

Comment 1.1: - The deposition of iron onto the ocean surface depends besides the
biomass burning emission source largely on the simulated aerosol transport. While the
emission source if evaluated using MOPITT CO measurements, this does not allow
any conclusions about the quality of the simulated iron deposition. The authors state
that the comparison with observed AOD data is beyond the scope of this manuscript.
However, this would highly contribute to an understanding of how well the aerosol
processing is reproduced in the model.

Response: The aerosol model has been thoroughly evaluated in previous studies (Liu
et al., 2005; Feng and Penner, 2007; Ito and Feng, 2010). The simulated AOD has
been compared with observed AOD under the AEROCOM exercises (Kinne et al.,
2006; Koch et al., 2009; Huneeus et al., 2010). The explanations and the references
are added to the section 2.2.

Comment 1.2: - The simulations showed that iron from biomass burning significantly
contributes to the iron deposition in the western North Pacific and conclude that fire play
a role as a negative biosphere climate feedback, due to an increase of atmospheric
CO2 uptake by the ocean. This only holds when primary production in the western
north Pacific is limited by iron. The author should discuss more in detail (including
references) the role of iron for the western north pacific at present and possible future
changes.
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Response: The description of the role of iron for the western north pacific is expanded
to a paragraph in introduction, as follows:

The subarctic North Pacific Ocean is one of the major High Nitrate Low Chlorophyll
(HNLC) regions of the world (Harrison et al., 1999). Sediment-trap experiments sug-
gest that the biological pump in the western North Pacific works more efficiently to
enhance the uptake of atmospheric CO2 by the ocean than other regions (Honda et
al., 2002). Iron fertilization experiments suggest that the region is particularly sensitive
to iron input (Tsuda et al., 2003; de Baar et al., 2005). Observation data indicates high
correlations between Asian dust events and biological productivity (Yuan and Zhang,
2006). These results suggest that iron input from mineral aerosols stimulates biological
productivity in the western North Pacific.

Comment 1.3:- The authors argue that the supply of soluble iron from dust could be
reduced in the future, when SO2 emission are reduced. This is accounted for in the
model by eliminating atmospheric processing of dust by acidic species. I was wonder-
ing how realistic this is. It is likely that SO2 emission will be reduced in the future to
improve air quality. However, it is not likely that this will result in zero SO2 emissions.
Do one needs a large amount of SO2 emissions to make dust iron soluble?

Response: A large amount of SO2 emissions are needed because of buffering ability
of aerosols. The description of the acid mobilization of iron is added in introduction, as
follows:

Global atmospheric observations have shown that iron in the aerosol has solubility
ranging from 0.01% near the dust source regions to 80% over remote oceans (Ma-
howald et al., 2009). Atmospheric processing of mineral aerosols by anthropogenic
pollutants may transform insoluble iron into soluble forms (Zhu et al. 1992; Meskhidze
et al. 2003). The solution on the submicron particle surface may become highly acidic
due to atmospheric processing of iron-rich mineral aerosols by sulfuric acid (Sullivan
et al. 2007), while large dust particles (radius > 1 µm) do not generally acidify due
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to the alkaline buffer ability of carbonate minerals (McNaughton et al. 2008; Fairlie et
al. 2010). Global chemistry transport model implemented with an explicit iron dissolu-
tion scheme for dust aerosol (Meskhidze et al. 2005) suggests that the iron solubility
strongly depends on ambient concentration of acidic trace gases (Solmon et al. 2009;
Johnson et al. 2010). According to model calculations, iron dissolves significantly in
the fine dust aerosols due to the acid mobilization of the iron-containing minerals, but
does not dissolve in the coarse particles (Ito and Feng, 2010). In large portions of East
Asia, emissions of alkaline gas (i.e., ammonia) exceed the amount that is needed to
neutralize sulfate and nitrate (Tang et al., 2004). Consequently, a relatively high pH (>
3) over the ammonia source regions hinders the dissolution of iron-containing minerals
(Ito and Feng, 2010).

Comment 2: The basis of this study is the development of a biomass burning emis-
sion inventory for the northern high latitudes. The modeling approach for the biomass
burning emission model in partly difficult to follow:

Response: The descriptions of the biomass burning emission model are revised, as
follows.

Comment 2.1: Page1490/Line 20: “The aboveground (ground-layer) fires are assumed
to last 1 day (8days)”. Can you explain more how the length of the fire event enters
your calculation and how this then relates to the daily fire count data?

Response: Surface fires of aboveground fuels usually last for several days, but MODIS
may not capture all smoldering fires in part because of their low temperature. Thus the
aboveground (ground-layer) fuels are assumed to burn for 1 day (1–8 days) from the
initial date of the fire which is determined by the daily fire count data. The emission
rates per hour for each fire are evenly entered to the atmosphere on a horizontal grid
of the model.

Comment 2.2: Page 1491/Line 6: “For this study, the fire component embedded in
the model is not used for standreplacement disturbance”. Do you apply the satellite
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observed instead?

Response: For this study, the fire is not used as the stand-replacement disturbance.
Thus, the process-based model simulates potential vegetation with no fire.

Comment 2.3: Page 1491/Line16: It is not clear to me how the scaling of the combus-
tion factor is done in this study. Does this depend on the soil moisture index and the
size of the fire?

Response: The combustion factor for the organic soil carbon is based on literature
values (Soja et al., 2004; Kasischke et al., 2005), as a function of the fire severity
and fuel condition, ranging from 8% to 100% (Table 1). Fire severity is widely used to
describe the various impacts of a fire. In this paper, the fire severity is directly related
to the type and size of the fires. The fractional fuel consumption was assumed to be
higher for crown than for surface fires to reflect the higher energy state or intensity of
crown fires (Kasischke et al., 2005). Additionally, all fire events larger than 100 km2
month–1 were assumed to be a large and severe fire (Soja et al., 2004). It was also
assumed that the surface organic layer under drier condition results in deeper burning
(Kasischke et al., 2005). Therefore, the function relates the spatial (x, y) and temporal
(t) variability in combustion factor, CF (0–1), to soil moisture index, SMI (0–1), and fire
size index, FSI (0.5–1) and empirical parameters (A and B), which depend on the type
of fires, j.

[CF]xyt = Aj × exp (Bj × (1 – [SMI]xyt) × [FSIk]xyt (2)

The soil moisture index of the top soil layer is taken from 3-hour time-averaged assimi-
lated meteorological fields from the Goddard Earth Observation System (GEOS) of the
NASA Global Modeling and Assimilation Office (GMAO) (Bloom et al., 2005). The fire
size index for each land cover type, k, is derived from the areas affected by fires per
month within a 0.5◦ grid cell. The empirical parameters are determined from the values
in Table 1 (Kasischke et al., 2005).
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Comment 2.4: Page 1492/Line3: How do you distinguish between flaming and smol-
dering burning?

Response: Because of the differences in combustion between aboveground and
ground-layer biomass observed for boreal forests, we assumed: (1) 80% of the above-
ground biomass was consumed by flaming combustion, and 20% by smoldering com-
bustion; and (2) 20% of the soil organic layer was consumed by flaming combustion,
and 80% by smoldering combustion (Kasischke and Bruhwiller, 2002).

Comment 2.5: Page 1494/Line1: The fuel consumption model for the surface fires
considers ...” Is this not done with the SEIB-DGVM?

Response: This is done with our emission model. The fuel consumption model for
the surface fires considers herbaceous vegetation in grasslands/shrubs, croplands,
wetlands and forests (Ito and Penner, 2004, 2005, Ito et al., 2007b).

Comment 2.6: Page 1494/Line4: How do you derive EF and CF from NDVI?

Response: It would be more appropriate to cite the papers by Ward et al. (1996), Hoffa
et al, (1999), Korontzi (2005), and Ito et al. (2007b), all of which gave detailed explana-
tions on this matter. We used the relationship between the percentage of green grass
out of the total grass (PGREEN) and NDVI. Then, we used the relationship between
the combustion factors and the PGREEN. We also used the relationship between the
modified combustion efficiency (MCE) and the PGREEN. Then, we used the regres-
sion model between MCE and EF. In short, the combustion factors and emission factors
are modeled as functions of grass fuel moisture (Ward et al., 1996; Hoffa et al., 1999;
Korontzi, 2005; Ito et al., 2007b). The fuel moisture is derived from 1-km satellite
vegetation index time series (Huete et al., 2002).

Comment 3: Other remarks: Comment 3.1: Abstract: Page1484/Line24: “Without
the atmospheric processing by acidic species” This needs more explanation even in
the abstract. Why do you ignore atmospheric processing of dust particles by acidic
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species?

Response: Bioavailable iron is derived from atmospheric processing of relatively insol-
uble iron from desert sources by anthropogenic pollutants (mainly sulfuric acid formed
from oxidation of SO2) and from direct emissions of soluble iron from combustion
sources. Emission scenarios for IPCC AR5 report (Intergovernmental Panel on Cli-
mate Change; Fifth Assessment Report) suggest that SO2 emissions are suppressed
in the future to improve air quality.

Comment 3.2: Model approach: Page1489/Line 23: Point 4/5 are not an improvement
of the Seiler and Crutzen approach.

Response: These are improvements of our emission model (Ito and Penner, 2004,
2005, Ito et al., 2007b).

Comment 3.3: Page1490/Line 20: “The aboveground (ground-layer) fires are assumed
to last 1 day (8days)”. Can you explain more how the length of the fire enters your
calculation and how this then relates to the daily fire count data?

Response: Same as in response to Comment 2.1.

Comment 3.4: Page1495/Line19: “When a number of smoke plumes were observed
at different altitudes within the same model grid and for the same date, the relative
amounts of emissions were calculated by weighting the contribution from each plume
by its digitized area” Do you mean relative heights?

Response: When a number of smoke plumes were observed at different altitudes within
the same model grid and for the same date, the averaged injection heights and relative
amounts of emissions more than 2 km above terrain to total emissions were calculated
by weighting the contribution from each plume by its digitized area (Nelson et al., 2008).

Comment 3.5: Page1496/Line 14:” combusted-generated aerosols as described in Ito
and Feng (2010)”. Is this the same as the RETRO emissions mentioned earlier?
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Response: The particulate emissions estimates are obtained from Ito and Penner
(2005) and the emission factors are based on Luo et al. (2008). The conservative
values for iron fractions in biomass burning aerosols are used here for fine particles
(section 2.2.1).

Comment 3.6: Page 1502/Line23: “Compared to the delivery of soluble iron from dust
sourced without the atmospheric processing by acidic species....” Did you perform
another experiment were this is taken into account?

Response: The tracers of soluble iron from dust sources without the atmospheric pro-
cessing by acidic species are carried in the aerosol simulation. This is expressed as
“Exp5” for a comparison in the revised paper.
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