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S1. Calculation of aerosol water uptake for simulated aerosol optical depth

S1.1 Description of the online water uptake calculation

In GLOMAP, the water uptake for each soluble aerosol component is calculated online
according to Zdanovskii-Stokes-Robinson (ZSR) theory, which estimates the liquid water
content as a function of solute molarity (Stokes and Robinson, 1966). For POM in the soluble
modes, we assigned an hygroscopicity consistent with a water uptake per mole at 65% of that
of SO4 (Mann et al., 2010). This is likely to be an upper estimate of aerosol hygroscopicity as
discussed in Reddington et al. (2016). When using ZSR to calculate water uptake in GLOMAP,
the model relative humidity (from ECMWF reanalyses) is restricted to between 10 and 90%. In
the calculation of aerosol optical depth (AOD), we used the resulting hourly mean aerosol wet
radii and refractive indices to calculate the hourly aerosol extinction.

S1.2 Description of the offline k-Kdhler water uptake calculation

To calculate the water uptake “offline” we used the k-Kdhler scheme, based upon the Kohler
equation with a single parameter, k, defining the water uptake for different chemical species
(Petters and Kreidenweis, 2007). The species-dependent hygroscopiticy parameter, K, is
defined through its effect upon the water activity of the solution as follows:

i=1+KV—S,
a

w w

where Vs is the volume of the dry aerosol and Vw is the volume of water. For the SO4 and sea
spray components in the model we used the mean values of k for ammonium sulphate and
sodium chloride for subsaturated air masses (0.53 and 1.12, respectively) from Petters and
Kreidenweis (2007). BC is considered entirely hydrophobic in this model when using this
scheme. We assume ak value for POM (0.1) based upon aerosol samples collected during the
2008 Amazonian Aerosol Characterization Experiment (AMAZE-08) (Gunthe et al., 2009).

Using Koéhler theory and the above equation, the relationship between the relative humidity and
the growth of the aerosol can be defined as follows (see Petters and Kreidenweis (2007) for

derivation):
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where S is the saturation ratio, Dd is the dry diameter, D is the wet diameter, « is the hygroscopic
parameter specific to the solute, os/ais the surface tension of the droplet, R is the universal gas
constant, T is the temperature and Mw and pw are the molecular mass and density of water,
respectively. In the model this equation is solved iteratively by incrementing D until the
saturation ratio is equal to the ambient relative humidity. The growth factor and volume of water
can be determined from this and used to calculate the refractive index of the wetted aerosol.

S2. Instrument description and measurement uncertainties
S2.1 Aircraft measurements
Submicron non-refactory aerosol composition was measured by a compact Time of Flight

Aerosol Mass Spectrometer (cToF-AMS; Aerodyne Research, USA). For operating principles
see Canagaratna et al., (2007) and Drewnick et al., (2005); for operation on the BAe-146 aircraft



see Morgan etal., (2009); and for calibrations and post processing undertaken for this work see
Allan et al., (2014). The combined measurement uncertainties are ~30% (Bahreini et al., 2009;
Middlebrook et al., 2012).

Refractory Black Carbon (rBC) mass concentrations were measured by a Single Particle Soot
Photometer (SP2; Droplet Measurement Technologies, USA). For operating principles see
Baumgardner et al., (2004) and Stephens et al., (2003); for operation on the BAe-146 aircraft
see McMeeking et al., (2010); and for calibrations and processing undertaken for this work see
Allan et al., (2014). Reported mass loadings have a measurement uncertainty of ~30%
(Schwarz et al., 2008; Shiraiwa et al., 2008).

Aerosol number-size distributions were measured across the 20 nm to 20 ym diameter range.
A Scanning Mobility Particle Sizer (SMPS, TSl-Inc; Wang and Flagan, (1990)) steps through
voltages equivalent to electrical mobility diameters between 20 and 350 nm, measuring aerosol
number at each with a TSI Inc. Water-based Condensation Particle Counter (WCPC, Model
3786-LP; Herring et al., 2005). As the SMPS voltage scan takes ~1 minute, distributions are
only valid for periods without rapid environmental change and hence unavailable for vertical
profile analysis. A GRIMM model 1.108 Optical Particle Counter (OPC; Heim et al., (2008)),
detects and discretises scattered light into time bins related to aerosol diameters between ~0.3
and 20 pm.

Aerosols are sampled into the BAe-146 aircraft through a Rosemount inlet. Whilst line losses
are possible at larger sizes, the transmission of submicron particles is considered adequate
(Trembath, 2013).

S2.2 Ground measurements

The aethalometer has been corrected for filter loading and multiple scattering according to
Arnott et al., (2005) and Schmid et al., (2006) using aerosol scattering measurements from a
nephelometer. The uncertainty of the instrument under those conditions (95% confidence level)
has been estimated at 20% (Schmid et al., 2006).

The Aerosol Chemical Speciation Monitor (ACSM) has been calibrated using NHsNOs
monodispersed aerosols following the procedure described by Ng et al., (2011). The associated
uncertainty for organics, which is the largest contributor to NR-PML1 (non-refractory particulate
matter with aerodynamic diameter < 1 ym) during the SAMBBA field campaign, has been
estimated at 15 %, whereas other minor species have estimated uncertainties ranging from 9
% to 36 % (Crenn et al., 2015).

Both instruments have shown excellent agreement (R2: 0.90, slope 0.99) with integrated
aerosol volume measured using an SMPS (Brito et al., 2014), providing confidence that the
operation and calibration of the instruments falls well within the conditions described in the
references aforementioned.

S2.3 Aerosol optical depth retrievals

Bias and uncertainty estimates for near-real-time AERONET AOD are computed by using the
difference of the pre-field calibration AOD minus the interpolated calibration AOD (Giles et al.,
2019). For AERONET version 3 data, the field instrument AOD 10 uncertainty is estimated to
be from 0.01 to 0.02 with the maximum representing the uncertainty only in the UV channels
(340 and 380 nm), and the bias is estimated to be up to +0.02 (Giles et al., 2019). For MODIS
Collection 5 AOD, the reported 10 uncertainty is £0.05+15% for the overland cases (Levy et al.,
2010).



Supplementary figures

(a) GFAS1.2 (SAMBBA) (b) FINN1.5 (SAMBBA) (c) GFED4 (SAMBBA)

24 20 16 12 B 4 0 4 8
ve- 0 ol c- & 0 ¥ 8

24 20 1612 8.4 0 4 B

OC (GgC campaign™)
[ ;

0.00 0.01 0.02 0.05 010 020 050 1.00 200 5.00 10.00 20.00

55 45

Figure S1. Estimated total organic carbon (OC) aerosol emissions from fire shown for the SAMBBA field
campaign (13 September to 3 October 2012). Emissions are shown for (a) GFAS wersion 1.2, (b) FINN
version 1.5 and (c) GFED wersion 4.1s. The eastern (43-50°W, 4.5-15°S) and western (54-68.5°W, 6-
12°S) domains are shown with black boxes. The GFAS, FINN and GFED OC emissions were re-gridded
onto a common grid of 0.5°%0.5° resolution for comparison.
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Figure S2. Total daily organic carbon (OC) aerosol emissions from fire for June — November 2012 ower
(@) the western Amazon (54-68.5°W, 6-12°S) and (b) the eastern Amazon (43-50°W, 4.5-15°S).
Emissions are shown for GFAS version 1.2 (blue), FINN version 1.5 (green) and GFED wersion 4.1s (red).
The SAMBBA campaign period (13 September — 3 October 2012) is shown in grey.
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Figure S3. Total daily organic carbon (OC) aerosol emissions from fire for the SAMBBA campaign (13
September — 3 October 2012) over (a) the western Amazon (54-68.5°W, 6-12°S) and (b) the eastern
Amazon (43-50°W, 4.5-15°S). Emissions are shown for GFAS wersion 1.2 (blue), FINN wersion 1.5
(green) and GFED wversion 4.1s (red).
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Figure S4. Total daily organic carbon (OC) aerosol emissions from fire in every 0.5°x0.5° grid cell the
western Amazon (54-68.5°W, 6-12°S) (red) and the eastern Amazon (43-50°W, 4.5-15°S) (blue), during
the SAMBBA campaign (13 September — 3 October 2012). Emissions are shown for GFAS version 1.2,
FINN ersion 1.5 and GFED wersion 4.1s.
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Figure S5. Spatial distribution of the dominant fire types for fire emissions of OC in the Amazon region
for (@) 2012 and (b) 2002-2012. Data is from GFED4 (van der Werf et al., 2010; 2017) re-gridded to 0.5°
x 0.5° resolution to be consistent with Fig. 1. Fires are characterised into six types: deforestation and
degradation fires (DEFO); peatland fires (PEAT); savanna, grassland, and shrubland fires (SAVA);
temperate forest fires (TEMF); agricultural waste burning (AGRI); and boreal forest fires (BORF). The

dominant fire type was derived by calculating the maximum GFED4 OC emissions flux for each fire type
in each 0.5°x0.5° grid cell over the periods 2002-2012 and 2012.
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Figure S6. Time series of aerosol mass concentration measurements at Porto Velho ground station

during the SAMBBA campaign. (a) Total aerosol mass concentration measured using gravimetric filter

analysis (“Grav. Filter”; for aerosol < 2.5 uym in diameter) and calculated as mass measured by the ACSM

plus equivalent black carbon (BCeq) measured by the aethelomter (“ACSM+Aeth.”; for aerosol in the 75 -

650 nm diameter range). (b) BCeq measured using gravimetric filter analysis (“Grav. Filter”; for aerosol <

2.5 um in diameter) and the aethelomter (“Aeth.”). The ACSM and aethelomter hourly data were averaged
owver the measurement duration of the gravimetric filter samples.
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Figure S7. Time series of hourly-mean observed (black) and simulated (colour) organic aerosol (OA; top
panel) and black carbon (BC; bottom panel) mass at Porto Velho ground station during the SAMBBA
campaign. OA mass concentration was measured using the ACSM instrument; BC mass concentration
was measured with the aethelometer. Simulated OA and BC mass concentrations are shown for the
model with FINN1.5 (green), GFAS1.2 (blue), GFED4 (red) emissions and with no biomass burning
emissions (NnoBBA; orange).
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Figure S8. Mean obsened ‘ertical profiles of (a) organic aerosol (OA), (b) black carbon (BC) and (c)
sulfate (SO4) during the SAMBBA aircraft campaign, sectioned into 400 m altitude bins. The numbers on
the right hand side give the number of valid observations (from either the AMS or SP2 instruments) per
altitude bin. Black data points show campaign-mean values; dashed black lines show the standard
deviation of the observed means; grey data points show all valid observed values. The observations are
split into western and eastern regions of the Amazon (Fig. 2 and Fig. S1) and by time (Phase 1:
13/09/2012 — 22/09/2012, Phase 2: 23/09/2012 - 03/10/2012) for the western region.
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Figure S9. Mean vertical profiles of observed and simulated fraction of aerosol mass column for (a)
organic aerosol (OA); (b) black carbon (BC); and (c) sulfate (SO4) during the SAMBBA aircraft campaign,
sectioned into 400 m altitude bins. Obsenations are shown by the black data points; simulated
concentrations are shown for the model with FINN1.5 (green), GFAS1.2 (blue), GFED4 (red) emissions
and with no biomass burning emissions (orange). The simulated data (linearly interpolated to the flight
track of the aircraft) and the observations are split into western and eastern regions of the Amazon (Fig.
2 and Fig. S1) and by time (Phase 1: 13/09/2012 - 22/09/2012, Phase 2: 23/09/2012 - 03/10/2012) for
the western region. The dashed and dotted lines indicate the fraction of observed aerosol mass below
2.4 km and 4 km altitude, respectively.
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Figure S10. Map of the September 2012 mean boundary layer height over northern South America. Data
is from the European Centre for Medium-Range Weather Forecasting (ECMWF) ERA-Interim reanalysis
dataset (https://www.ecmwf.int/en/forecasts/datasets/reanalysis-datasets/era-interim). The September
2012 mean boundary layer height was calculated from daily means; data is awailable here:

https://apps.ecmwf.int/datasets/data/interim-full-moda/levtype=sfc/. The eastern (43-50°W, 4.5-15°S)
and western (54-68°W, 6.5-12°S) domains are shown with black boxes.
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Figure S11. Mean observed and simulated vertical profiles of (a) organic aerosol (OA), (b) black carbon
(BC) and (c) sulfate (SO4) during the SAMBBA aircraft campaign, sectioned into 400 m altitude bins.
Observations are shown by the black data points; simulated concentrations are shown for the model with
no biomass burning emissions (noBBA; orange); with GFED4 emissions using AEROCOM-
recommended injection heights (GFED; blue); and with GFED4 emissions injected into the surface layer
of the model (GFED_surf; green). The simulated data (linearly interpolated to the flight track of the aircraft)
and the obsenations are splitinto western and eastern regions of the Amazon (Fig. 2) and by time (Phase
1: 13/09/2012 — 22/09/2012, Phase 2: 23/09/2012 - 03/10/2012) for the western region. Error bars show

the standard dewviation of the observed mean. Concentrations are reported at standard temperature and
pressure (STP) conditions (at 273.15 K and 1013.25 hPa).
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Figure S12. Mean obsened (black) and simulated (colour) aerosol number size distributions during the
SAMBBA aircraft campaign for two altitude bands: between the surface and 2 km (top panel) and between
2 and 4 km asl (bottom panel). The observed number size distribution was measured with Scanning
Mobility Particle Sizer (SMPS; black crosses) and a Grimm optical particle counter (OPC; black
diamonds). The simulated data (linearly interpolated to the flight track of the aircraft) and the observations
are split into western and eastern regions of the Amazon (Fig. 2) and by time (P1: 13/09/2012 -
22/09/2012, P2: 23/09/2012 - 03/10/2012) for the western region. Simulated concentrations are shown
for the model without biomass burning emissions (noBBA; orange line) and with GFED4 emissions
assuming three different emission size distributions for primary biomass burning carbonaceous aerosol:
1) count median diameter (CMD) = 150 nm, modal width (sigma (sg)) = 1.59 (red line); 2) CMD = 100
nm, sg = 1.8 (blue line); and 3) CMD = 100 nm, sg = 1.7 (green line).
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Figure S13. Summary of the normalised mean bias factor (NMBF) of simulated versus measured optical
properties for the sensitivity simulations described in Table 3. Simulation names listed in the figure
correspond to those listed in Table 3. NMBFs are calculated between simulated and satellite-retrieved

(MODIS) AODS550; and between simulated and aircraft-measured aerosol scattering and extinction
coefficients at 550 nm. Comparisons shown are for the SAMBBA campaign period (13 September — 3

October 2012) ower the western Amazon (54-68.5°W, 6-12°S) during Phase 1 (left panel); the western

Amazon during Phase 2 (middle panel); and the eastern Amazon (43-50°W, 4.5-15°S; right panel). For
the comparison between simulations “kK_RH”, “kK_RHmMax96” and “‘kK_RHmax99” (18, 19 and 20 in

Table 3) and MODIS AODS550; data points from simulation “kK_1” (simulation 13 in Table 3) are used on

days with no available aircraft measurements of RH. The dashed lines indicate NMBFs of -1 and -2

(equivalent to a factor 2 and a factor 3 model underestimation, respectively).
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Figure S14. Box and whisker plot summarising the percentage difference between simulated hourly
mean AOD550 from the control simulation (GFED emissions with k-Kohler water uptake scheme) and
sensitivity simulations 14 to 20 listed in Table 3. Simulation names and numbers in the figure correspond
to those listed in Table 3. Simulations are compared during the SAMBBA campaign period (13 September
— 3 October 2012) for the western region (54-68.5°W, 6-12°S; top panel) and the eastern region (43-
50°W, 4.5-15°S; bottom panel) separately. Simulations 18, 19 and 20 are compared to the control
simulation only on days with available aircraft measurements of RH. Circles show the mean values;

whiskers show the minimum and maximum values; boxes show the 25th and 75th percentiles; and
horizontal lines show the median values.
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Figure S15. Mean observed (black) and simulated (red) vertical profiles of relative humidity (RH) during
the SAMBBA aircraft campaign, sectioned into 400 m altitude bins. Upper panel: observed RH values are
shown by the grey data points; campaign-mean observed RH values are shown by the black circles;
campaign-mean GLOMAP RH values are shown by the red line; the observed simulated 5" and 95t
percentiles are shown by the dashed lines. Bottom panel: campaign-mean observed and GLOMAP RH
values are shown by the black circles and red line, respectively; the observed and GLOMAP standard
deviations are shown by the black error bars and red dashed line, respectively. GLOMAP RH fields are
from six-hourly ECMWF ERA-Interim reanalysis data, interpolated onto the model time-step. The
GLOMAP data (linearly interpolated to the flight track of the aircraft) and the observations are split into
western and eastern regions of the Amazon (Fig. 2 and Fig. S1) and by time (Phase 1: 13/09/2012 -
22/09/2012, Phase 2: 23/09/2012 - 03/10/2012) for the western region.
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