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Yield of formic and acetic acids from the from the oxidation
of glycolaldehyde and hydroxyacetone by OH

FA is formed from the photooxidation of glycolaldehyde (Butkovskaya et al.,
2006a). The yield of FA decreases while the yield of CH2O increases as temper-
ature increases. This is likely related to the channel CO + HCOOH + OH (2)
since the increased production of FA is accompanied by an increased production
of OH. To simplify the representation of this reaction, we divide the oxidation
of glycolaldehyde by OH into two di�erent pathways

GLYC+OH → 0.732 CH2O+ 0.505 CO + 0.1340 HCOOH+ (1)

0.1340 C2H2O2 + 0.361 CO2 + 0.773 HO2+

0.223 OH

→ HCOOH+OH+CO (2)

The branching ratio between the pathways (1) and (2) is calculated using
the measured yield of CH2O and HCOOH at di�erent temperatures : Y1 =
1− 5.01× 10−6 × exp( 2612T ).

FA and AA are also formed in the photooxidation of hydroxyacetone (Butkovskaya
et al., 2006b). The yields of FA and AA are obtained by assuming YFA = YAA

and YFA + YAA + YC3H4O2
= 1 which yields YFA + YAA = 2.63 × 10−3 ×

exp(1206/T ).
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Retrieval of FA by ground FTS

Method

For all stations but Thule and La Réunion, FA is retrieved from spectra us-
ing GFIT (Wunch et al., 2010). For Thule (Hannigan et al., 2009) and La
Réunion (Senten et al., 2008), FA is retrieved using SFIT2 (Rinsland et al.,
1998). Both retrieval method consist of a �forward model�, which computes an
atmospheric transmittance spectrum for a prescribed set of conditions, and an
�inverse method� which compares each measured spectrum with the calculation,
and decides how best to modify the a priori pro�le to achieve a better match.
GFIT scales the a priori pro�le via a non-linear least-squares spectral �tting
algorithm. SFIT2 enables to retrieve a vertical pro�le by the use of the optimal
estimation method (Rodgers, 2000). However, in the case of FA, the degree of
freedom of the signal is very close to one, so that no additional independent
piece of information can be obtained besides the total column, as for GFIT.

The a priori altitude, pressure, temperature and speci�c humidity pro�les
used in GFIT and SFIT2 are from NCEP/NCAR analysis product (Kalnay
et al., 1996) with the exception of the cruises in the Atlantic ocean. The window
used to retrieve FA is centered at 1106.32 cm−1 with a width of 6.75 cm−1. For
La Réunion, a smaller window (1102.75 - 1106.4 cm−1) is used to avoid the
strong water band at 1106.7 cm−1.

Interfering gases are H2O, O3, HDO, CH4, NH3, CCl2F2 and CHClF2 (+
H18

2 O, H17
2 O, 16O16O18O for La Réunion). For La Réunion, the pro�le of H2O,

O3, HDO, CCl2F2 and CHClF2 is �rst retrieved using dedicated windows for
each target molecule. Their pro�les are then used to retrieve FA.

The FA retrieval is especially sensitive to the H2O and O3 pro�les. We �nd
that small modi�cations of the water spectroscopy in the FA window reduces
the residuals. These modi�cations are :

• increase in the pressure shift from -0.0175 to -0.0210 cm−1/atm

• increase in the width from 0.061 to 0.062 cm−1/atm

• increase in the temperature dependence of the width from 0.29 to 0.45.

These modi�cations were applied in the retrieval at Barcroft, Bremen, Para-
maribo and Wollongong as well as for the cruises.

For the cruises, we use measured H2O and O3 vertical pro�les over the ship
by balloon-borne radio and ozone sonde.

For Paramaribo, the O3 pro�le is inferred from Shadoz measurements at
the Paramaribo station (Thompson et al., 2003) combined with an ACE-FTS
climatology.

For Thule, H2O is retrieved by scaling H2O a priori pro�le. O3 and HCOOH
are retrieved simultaneously.

For Wollongong, O3 pro�les are derived from monthly mean HALOE data
(Russell et al., 1993).
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Error Analysis

Error in the spectroscopy

The FA Q branch line intensity has an uncertainty of ∼7% (Vander Auwera
et al., 2007) which translates into a ∼7% error in the retrieved FA total column.
Fig. S1 illustrates the dependence of the retrieved FA at Paramaribo on the
window used to retrieve FA (Table S1). The choice of the window used to
retrieve FA could result in a systematic bias in the FA total column as large as
∼ ±2.7× 1015 molec/cm2.

Error in FA pro�le

Fig. S2 illustrates the e�ect of the a priori FA vertical pro�le (Fig. S3) on the
retrieved FA total column at Paramaribo. FA retrieval at Barcroft, Bremen,
Paramaribo and Wollongong as well as the Atlantic cruises use the FA vertical
pro�le from the ATMOS mission as a priori. This pro�le assumes most FA
is located in the boundary layer, i.e., that FA total column is driven by local
sources. In contrast, the FA a priori vertical pro�le used in La Réunion (from
PEM-tropics A (Hoell et al., 1999) and ACE-FTS (Gonzàlez Abad et al., 2009))
assumes that most FA peaks in the free troposphere, i.e., that FA total column
is driven by transport. At Paramaribo, the modeled FA vertical pro�le shows
evidence of both transport and local sources. The choice of a priori pro�le
results in an uncertainty of ∼17% in the retrieved FA pro�le.

The overall uncertainty is thus ∼ 19% with a systematic bias up to ±2.7×
1015 molec/cm2.
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Fig. S1: In�uence of the window on the retrieved FA total column at Para-
maribo.
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Fig. S3: A priori vertical pro�les of FA used to retrieve FA total column.
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Fig. S4: An example of FA retrieval at Paramaribo using GFIT using the Q
window. Top panel represent the �t residuals (computed - measured
spectrum). Bottom panel represents the computed spectrum (black
line), measured spectrum (black crosses) as well as the contribution of
the di�erent gases in the window used to retrieve FA. The weakness of
FA absorption and the strong interference of H2O in the region make
the retrieval of FA challenging. For this spectrum, the retrieved FA
total column is 1.02× 1016 molec/cm2.



10

2004 2005 2006 2007
0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

Year

m
ol

ec
/c

m
2    

(x
10

18
)

Fig. S5: Same as Fig. 3a for CO (Wollongong). Note the anomalously high CO
at the end of 2007, re�ecting intense biomass burning in the region.
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Fig. S6: Same as Fig. 4 for CO at Bremen
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Fig. S7: Relationship between FA and CH2O at Barcroft (FA ' 2.3 × CH2O,
R2 = 0.77)
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Fig. S8: Same as Fig. 4 for CH2O at Barcroft
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Fig. S9: Same as Fig. 4 for CO at Barcroft
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Fig. S10: Relationship between CO and FA total columns (molec/cm2) mea-
sured during cruises in the Atlantic Ocean.
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Fig. S11: Averaged modeled deposition velocity of FA from June to August.
Crosses indicate deposition velocity measurements. Ha: Hartmann
et al. (1991), H: Helas et al. (1992), K: Kuhn et al. (2002).
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Fig. S12: E�ect of a di�use source of FA associated with aerosol aging on FA
total column over the Atlantic (scenario R3). Color code same as Fig.
5.
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Fig. S13: Same as Fig. S10 for Bremen. Color code same as Fig. 4b.
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