We would like to thank the referees for their careful review and useful questions. In the revision
we have addressed all comments, in particular the remark of the second referee related to the
in-plume formation of formic acid. To verify the results, we have in addition to brightness
temperature derived retrievals, now also carried out independent (optimal estimation)
retrievals of formic acid. The retrieved columns with this alternative method are around a factor
two lower than the brightness temperature derived ones, clearly showing the difficulty in the
measuring accurate concentrations for this species. However, even in this case, the large
enhancement ratios point to secondary formation. As outlined below, we have expanded the
manuscript with a detailed discussion of these different retrieval approaches and estimated
uncertainties.

Please find our detailed answers below (in blue) to the referees’ questions and also to the

interactive comment of Yokelson et al. (in black).
Referee #1:

Comment 1:

Fig 2 (y-axis) presents the total columns of all 3 gases in molec cm2, but no explanation is given
why the authors choose to write an "X" before the label TC-max and TC-mean. Explain or correct

— X represents the corresponding species CO, NHz and HCOOH. We agree that the label is
unnecessary and confusing; we therefore removed it from figure 2.

Comment 2:

Large fires have repeatedly occurred in the past, but might have not been measured in such detail
as remote sensing techniques have not been available for such a long time. A reference to "typical
background values" is made in the abstract (17) and (p31565 119), does this refer to values outside
the plume or to other times or years observed within the same region and with the same
instrument? Please specify.

— We have clarified this in the text; which now reads: “The typical background values were
calculated as the mean of the daily minimum columns measured with IASI before the fire period
(from 1-26 July).”

Comment 3:
Where are the highest values on 2, 10 and 15 August to be seen?

— For NH3 the maximum columns have been observed close to the sources, at around 500 km
southeast of Moscow. For CO and HCOOH these were observed somewhat further, at around
1000 km southeast of Moscow. This has been added in the text.

Comment 4:

P31563 19, cite previous articles where "large spatial and temporal” studies of NH; and HCOOH
have been performed (Lieven 2009, Grutter 2010)

— The case study presented here focuses on a specific large scale fire event as opposed to the
two general global studies of Clarisse et al. (2009) and Grutter et al. (2010). These two papers
are, however, cited elsewhere in the text (at the end of Section 2 where we discuss seasonality).



Comment 5:
p31566 14, cite and compare qualitatively with the seasonal evolution observed by MIPAS in the UT.

— Grutter et al. (2010) reported a marked seasonality of formic acid at 8 km in the mid latitudes
of the Northern Hemisphere (20°-60°N), which was attributed to plant growth and
corresponding biogenic emissions; reaching a maximum in summer and decreasing by a factor 2
to 3 in early winter. This seasonality is also clearly seen in the IASI data (figure 2.b). Note
however, that the maximum in the summer is partly hidden by the strong fire emission. We
have added the reference to Grutter et al. (2010) in the discussion of the seasonality (end of
Section 2).

Comment 6:

P31567 19, can background or urban CO contribute to what is seen here? Was it removed from the
linear regression to avoid the offset?

— Following also the comment of the second referee, we found that most of the observations
with a large CO column, but a small NH3; column are the result of spectral fits with a large
residual. We have removed all such measurements from our calculations. (see our detailed reply
to the first comment of the second referee below). A few observations with a large CO column,
but a small NH3z column remain, but these have a negligible impact on the enhancement ratio.

Comment7:
P31570 110, “possibly coupled”? .. the authors should know.

— This word was confusing indeed. The point is that an atmospheric transport model was
applied in some studies (e.g. Krol et al 2012), but not all (e.g. Huijen et al 2012). We replaced the
word ‘possibly’ with ‘sometimes’.

Comment 8:
P31570 116. Specify if the adjustments are made with averaging kernels or something else.

— The adjustments in Yurganov et al. (2011) and Fokeeva et al. (2011) simply consisted in
adding a boundary layer offset as explained in the text. As far as we can tell averaging kernels
were not taken into account. We have clarified this in the text.

Comment 9:

P31572 112, please clarify if the enhancement ratios are not affected by the errors in the total
columns. Would the uncertainty in TC propagate all the way to the emission calculation? Please be
clear.

— Enhancement ratios are affected by errors in the total columns, however, the point we want
to make in the text is that errors due to limited boundary layer sensitivity partially cancel each
other out, as sensitivity of the different trace gases in the boundary layer will be similar. Other
sources of errors will not cancel out and therefore will propagate in the error of the
enhancement ratios. As for the emissions, systematic errors will propagate to the emission
calculation, but not random retrieval errors as these cancel each other out when we integrate
total columns over a large area. We have added this explanation now in the text (end of Section
5).



Referee #2:

Comment 1:

Pg. 31567, line 8. In Figure 3a, were the low ammonia points included in the slope determination? |
don’t think they should be because the low values look more like some sort of retrieval failure or at
least a very marginal result. Please clarify in the paper.

— Thank you for pointing this out. To investigate the effect of retrieval failures we have remade
Figure 3a (see below) but this time indicating the root mean square of the fit residual (RMS) of
NH;. It indeed turns out that most of the observations with a high CO and low NH3 value have a
large NHz-fit residual (>3 106 (W/(m2 sr m1)). In the revised manuscript, we have excluded
such retrievals from further processing and updated all affected figures and derived values. The
effect of removing these retrievals is however not very large. For instance for the 5t August, the
enhancement ratio changes from 31.6 10-3 to 32.2 10-3; while the correlation coefficient changes
from 0.73 to 0.76. The only exception is the enhancement ratio around the 20th August (two
days after the end of the fires) which is now close to zero (before it was around 25.0 10-3) and
now much more in line with what is expected for a species with a short lifetime.
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Comment 2:

Pg. 31567, near line 25. I find the values for the emission ratios of formic acid to be surprisingly
high. Although references to higher values are cited, there exist several un-cited references to lower
values including one by one of the co-authors (Coheur et al. ACP 7, 5437, 2007). The suggestion of
secondary production during aging is also not very convincing because there is a recent paper by
Tereszchuk et al. ACPD 12, 31629, 2012 (see also Tereszchuk et al. ACP 11, 12169, 2011) with
emission ratios for formic acid that decline as the fire plume ages. Furthermore, the calculation of
emission ratios from total columns is also somewhat dubious because CO, formic acid and ammonia
all have very different vertical profiles, and the averaging kernels of IASI therefore sample them in
different ways. I realize that the authors are well aware of these problems, but they should be
brought to the attention of the readers. In other words, I think the authors should point out
potential problems in the methodology and the values (at least for formic acid), even if they do not
provide solutions.

— We agree with the referee that the reported enhancement ratios of formic acid are large. To
investigate possible retrieval effects, we have performed independent optimal estimation
retrievals (OEM) for HCOOH. Since these are computationally heavy, these were carried out only



over a selected area (delimited by the black box indicated in the figure below) and only for a few
days (from July 27 to August 10 of 2010). Note that this area is not fully representative for the
large spatial extent of the fire plumes but allows to compare the columns retrieved using the
OEM with the retrieval scheme applied in the paper (which is based on BTDs).
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The OEM retrievals yield total columns which are on average a factor two smaller than the BTDs
retrievals (around 1.5 for columns higher than 5 1016 molec cm2 and 2.3 for columns lower than
5 1016 molec cm2). This analysis has been included in the third paragraph of section 2.

As an illustration all OEM retrievals (from July 27 to August 10 of 2010) are shown vs. the
corresponding CO retrievals in the figure below. The average enhancement ratio for these
observations equals 0.011 compared to an average of 0.025 for the same time period using the
BTD method. So also the resulting enhancement ratio’s are about a factor two lower.
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If we consider a factor two, the range of enhancement ratios would shift from (0.010-0.032) to
(0.005-0.016). This is still much higher than the tabulated emission ratios given by Akagi et al.
(2011), which are 2.73 103, 2.69 103 and 1.80 103 respectively for the typical Boreal,
Extratropical and Peat forests fire emissions. Therefore even in this scenario, there is evidence
of secondary formation of formic acid.
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The observed differences could point to limitations of the BTD approach for this specific event.
On the other hand also OEM retrievals are prone to errors (including the important smoothing
errors when the sensitivity is low). As far as we know, there have been no independent
measurements of formic acid in the Russian fires, so that we cannot resolve this uncertainty at
this stage. We discuss these now in details in the manuscript (in the formic acid discussion's
paragraph in section 3).

As for the comment on the smaller enhancement ratios reported in other studies. Firstly, formic
acid emissions are known to have a large dependency on VOCs co-emissions, so that it is not



unusual to find large variations between different events. Secondly, the rapid secondary
formation (in less than six hours, as reported in numerous studies, e.g. see the interactive
comment of Yokelson et al.), should not be confused with the gradually depletion of formic acid
(with an atmospheric lifetime of 3-4 days) observed in e.g. Tereszchuk et al. (2011, 2012). Also
note that we do not directly observe secondary formation (as the overpass of IASI does not allow
high temporal resolved measurements), but instead infer it from the elevated enhancement
ratios.

As for the comment of the estimation of the “emission ratios from total columns”, it is true that
there are differences both in vertical profile and in the vertical sensitivity of the different
species, which will impact the calculation of the enhancement ratios. We now bring this more
clearly to the attention of the readers (at the end of section 3).



Interactive comment of Yokelson et al.:

We would like to warmly thank B. Yokelson et al. for their important and enthusiastic comment
to the paper. The comments concern on one hand the use of reference spectroscopy for formic
acid (and the way it impacts on previous literature results) and on the other hand the formation
of formic acid in the downwind plumes. They point to previous studies where a secondary
production was clearly observed. The corresponding references have been included in our
revised manuscript. This is especially important given that the range of enhancement ratios
reported in these earlier studies is in very good agreement with our results, strengthening one
of the conclusions of this paper, which is the in-plume formation of HCOOH during the Russian
fires. There is obvious complementarity between field and satellite measurements of the
gaseous species released by fire, which hopefully will trigger further research and lead to
important new results.



List of other changes to the manuscript
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Other minor changes in the manuscript:

p31563 116: add a brief description of the BTD meaning: “based on brightness temperature
difference between a perturbed and a reference channel (BTD)”.

p31563 19: specify that this study corresponds to a fire case analysis.

p31565 114: modify to “a two month period”

p31567 14: “shows an example of the enhancement ratio's calculation” instead of “shows an
example of the calculation of the enhancement ratio”

p31569 17: add the unit of the emission fluxes “(in Tg day-1)”

p31571 12: modify to “have taken several possible effective lifetimes, as to obtain a range of

reasonable”.



