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Abstract.  Biomass burning (BB) aerosols emitted over Southern Africa (SAF) and South America (SA) represent a major 20 

seasonal perturbation to the usually pristine atmosphere of the South-West Indian Ocean (SWIO) but remain understudied in 21 

this remote region. Following a multi-instrumental approach, we characterize BB plumes reaching Reunion Island (21°S, 55°E) 22 

during September 2017, combining ground-based measurements (sun-photometer, lidars, Fourier Transform Infrared 23 

spectrometer), spaceborne observations, CAMS EAC4 reanalysis, and the Lagrangian transport model FLEXPART. Aerosol 24 

optical depth at 550 nm over Reunion reached unusually high values (0.16-0.42) during the second half of September, with 25 

organic matter contributing up to 60 %. MODIS imagery revealed two large-scale smoke plumes originating from SAF and 26 

SA transported toward the SWIO, and CALIOP profiles showed smoke layers extending from 4 to 9 km of altitude above 27 

Madagascar. On September 19th, a single layer was identified over Reunion between 2.8 and 4.7 km with an Ångström 28 

exponent (Å₃₅₅/₅₃₂) of 1.32 ± 0.23, consistent with moderately aged BB particles essentially originating from SAF. On 29 

September 25th, two vertically decoupled layers were identified: a lower layer (3.3-5 km, Å= 1.45 ± 0.12) associated with 30 

mixed aged aerosols of SAF and SA origin, and an upper, drier layer (5-9 km, Å= 1.60 ± 0.06) of potentially fresher SAF 31 

smoke, consistent with rapid convective uplift into the mid-troposphere. This study offers new insights concerning the 32 
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dynamical processes that govern aerosol variability over Reunion Island and highlights its value as a strategic long-term 33 

observational site in the SWIO. 34 

1 Introduction 35 

The Southern Hemisphere (SH) tropospheric aerosol content is characterized by a strong disparity between widespread near-36 

pristine marine regions and seasonally polluted continental outflows. Over the oceans, background conditions are essentially 37 

made of marine aerosols such as sea salt and organic aerosols, responsible for low aerosol optical depth (AOD) values as 38 

measured over the South-West Indian Ocean (SWIO) (Mascaut et al., 2022). Over land, certain continental regions, such as 39 

Southern Africa and South America are the main seasonal sources of biomass burning (BB) aerosols (Van Der Werf et al., 40 

2017). During the BB season (May - October, (Edwards et al., 2006)), the dry season in the tropics, massive fires emit large 41 

quantities of carbonaceous particles such as black carbon (BC) and organic matter (OM). These emissions create elevated 42 

smoke layers in the free troposphere (at typically 3, 5 and 8 km for African fires, (Edwards et al., 2006; Garstang et al., 1996; 43 

Ranaivombola et al., 2023)). These layers can follow long-range transport routes across the Atlantic and Indian Oceans 44 

(Edwards et al., 2006; Garstang et al., 1996; Thompson et al., 1996), leading to seasonal peaks in AOD (Ranaivombola et al., 45 

2023), and inducing radiative effects related to absorption and aerosol-cloud interaction (Lu et al., 2018). Therefore, the SH 46 

troposphere could be represented as a two-regime system, with an aerosol background content made of clean marine aerosols, 47 

seasonally affected by short- and long-range transported BB aerosols.  48 

Our understanding of this system has and is still being improved thanks to several major multi-instrumental international field 49 

campaigns that provided observations leading to key findings in terms of aerosol emissions, transport, and radiative effect. 50 

The SAFARI (Southern African Regional Science Initiative) 2000 campaign (Swap et al., 2003) was one of the first large-51 

scale observational campaign designed to study BB aerosols over Southern Africa. It showed that BB is the main source of 52 

aerosols and trace gases in this region, and datasets from this campaign became benchmarks for global fire emission inventories 53 

(GFED, Global Fire Emission Database). It also revealed the existence of extensive regional smoke layers above Southern 54 

Africa and introduced the concept of “river of smoke” corresponding to a large-scale smoke plume transported from Southern 55 

Africa toward the Indian Ocean, highlighting the efficiency of continental to ocean aerosol export (Schmid et al., 2003). The 56 

INDOEX campaign (Ramanathan et al., 2001) focused on anthropogenic pollution from South-East Asia spreading over the 57 

Indian Ocean and showed that continental outflow from South-East Asia strongly perturbs the radiative balance of otherwise 58 

pristine marine environments, sometimes thousands of kilometers away. These effects can influence large-scale systems such 59 

as the South Asian Monsoon. More recently, the AEROCLO-sA campaign (Formenti et al., 2019) focused on BB aerosols 60 

over Southern Africa and the southeast Atlantic. It followed a multi-instrumental coordinated approach by using aircraft, 61 

ground-based, and satellite observations to investigate aerosol vertical distribution, aerosol-cloud overlap, and radiative effects. 62 

This campaign confirmed the persistence of elevated smoke layers, highlighting the role of dynamical transport in shaping 63 

aerosol stratification, and demonstrated how absorbing aerosols can modify atmospheric stability and cloud development. It 64 
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led to understand that aerosol transport along the Namibian coast is highly variable and vertically structured, with multiple 65 

layers of smoke from Angola and dust from South America extending through the lower and mid-troposphere under the 66 

influence of changing synoptic circulations such as coastal flows, jets, and cut-off lows (Chazette et al., 2019). With the help 67 

of global and mesoscale numerical simulations, another study (Flamant et al., 2022) focused on a coherent, fast-moving “river 68 

of smoke”, travelling for thousands of kilometers from Southern Africa toward the southeast Atlantic and Indian Ocean, and 69 

transporting BB aerosols. It showed that this long-range transport is driven by coupled synoptic-scale systems (tropical easterly 70 

disturbances, midlatitude westerly waves, and cut-off lows forming tropical-temperate troughs) which efficiently lift smoke 71 

into the mid- and upper troposphere (sometimes up to 8 km) and channel it along well-defined atmospheric pathways. More 72 

recently, (Ranaivombola et al., 2025) documented “river of smoke” events over the SWIO during the BB Aerosol Campaign 73 

(BiBAC) at Skukuza (South Africa), but under different synoptic conditions from those previously described. This work 74 

highlighted the diversity of large-scale dynamical pathways capable of channeling BB aerosols from Southern Africa toward 75 

the SWIO. These organized transport corridors are key for exporting aerosols far from their sources and strongly influence 76 

their radiative and cloud impacts downstream. 77 

All of these campaigns demonstrate that the observed aerosol climatology in the SH strongly depend on organized, multi-scale 78 

processes involving emission, uplift, and long-range transport. Despite the progress already achieved, significant uncertainties 79 

remain in the quantification of aerosol radiative forcing in remote marine environments such as the SWIO, both through direct 80 

radiative effects and indirect effects on cloud microphysics. Reducting these uncertainties is a challenge compounded by the 81 

relative scarcity of long-term, high-resolution observational datasets in this region. This challenge is also amplified by the 82 

intensification of wildfire activity in the SH. In fact, recent analyses show that fire numbers and cumulated intensities across 83 

South America have been rising significantly over the past two decades (Groenen et al., 2026). 84 

In this context, Reunion Island (21°S, 55°E) emerges as a unique strategic observational site in the SH. Located in the SWIO, 85 

it hosts the Observatory of Atmospheric Physics of La Reunion (OPAR), and lies at the crossing of major atmospheric transport 86 

pathways linking Southern Africa, South America, Southern and Southeast Asia (Duflot et al., 2022). This location enables 87 

the island to observe both (i) clean marine background conditions dominated by marine aerosols under the influence of trade-88 

winds (Mascaut et al., 2022), and (ii) seasonal perturbations associated with long-range transported biomass burning plumes 89 

(Duflot et al., 2022). The high-altitude Maïdo Observatory (2160 m asl, (Baray et al., 2013)) provides direct access to the free 90 

troposphere. It hosts several ground-based instruments that can help study tropospheric aerosol content, validate satellite 91 

retrievals, and evaluate transport models. These instruments include sun-photometers to measure total aerosol optical depth 92 

(AOD), multiwavelength UV and visible lidars to retrieve vertical profiles of aerosol optical properties, and Fourier Transform 93 

Infra-red (FTIR) spectrometers to measure partial columns of Carbon Monoxide (CO) related to BB emissions.  94 

In this work, we aim to identify the vertical structure, optical properties, and origins of BB aerosol layers reaching Reunion 95 

Island, and to assess whether a multi-instrumental approach can help reduce uncertainties in aerosol radiative forcing 96 

assessments in this understudied region of the SH. To that end, we combine ground-based measurements at Maïdo Observatory 97 

with satellite observations and transport modelling to provide a multi-instrumental approach, focusing on specific episodes of 98 
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seasonal BB plumes transport above Reunion Island in September 2017. We characterize the structure and optical properties 99 

of these plumes for the first time with a high vertical resolution. A Lagrangian model is then used to identify the aerosols 100 

origins and follow their transport. 101 

2 Data and method 102 

2.1 Instruments 103 

2.1.1 CIMEL Sun-photometer 104 

The total AOD500 and the Ångström exponent between 440 and 675 nm (Ä440-675) were retrieved from a CIMEL sun-photometer 105 

(Cimel Electronique, Paris - France) located on a rooftop at the University of La Réunion in the city of Saint-Denis (80 m asl, 106 

20.90°S, 55.45°E). This instrument is in the SNO PHOTON/AERONET network (Service National d’Observation 107 

PHOTONS/AErosol RObotic NETwork) (Holben et al., 1998), part of ACTRIS-ERIC (Aerosol, Clouds, Trace Gases 108 

European Research Infrastructure Consortium). The data retrieved corresponded to direct sun version 3 level 2.0 (Giles et al., 109 

2019; Smirnov et al., 2000) and was downloaded from AERONET website (https://aeronet.gsfc.nasa.gov/cgi-110 

bin/webtool_aod_v3, last access: April 28th, 2025). AOD level 2.0 product from the CIMEL Sun-photometer was accessed for 111 

measurements from December 2003 until December 2024. The AOD500 wavelength was converted into AOD550 wavelength 112 

and into AOD532 wavelength using Ä440-675 in order to facilitate comparisons with similar variables from model reanalysis or 113 

lidar measurements at 532 nm. 114 

2.1.2 Spaceborne instruments 115 

2.1.2.1 MODIS 116 

The Moderate Resolution Imaging Spectroradiometers (MODIS) are spaceborne instruments onboard the synchronous polar-117 

orbiting platforms Terra and Aqua (King et al., 1992; Salomonson et al., 1989). Both platforms provide a quasi-complete 118 

coverage of the Earth with a vertical resolution between 250 and 1000m at ground level depending on the spectral band. In 119 

this study, we use the Terra and Aqua AOT at 550 nm from the MODIS aerosol product level 2 data (http://aqua.nasa.gov, last 120 

access: 03 Avril 2026) with a spatial resolution at nadir of 10 * 10 km2. We also use the radiance-based Fire Radiative Power 121 

(FRP), derived from MODIS measurements on the Aqua platform. The uncertainty on the AOT is ±0.15 ±0.05 AOT over the 122 

land and ±0.05 ±0.03 AOT over the ocean (Chu et al., 2002). 123 

2.1.2.2 CALIOP 124 

 In this study, we also use vertical profiles of aerosol optical products from the Cloud-Aerosol LIdar with Orthogonal 125 

Polarization (CALIOP) aboard Cloud-Aerosol Lidar and Infrared Pathfinder Satellite Observations (CALIPSO, http://www-126 

calipso.larc.nasa.gov, last access: 10 April 2026). Details on this instrument and the methodology for data processing can be 127 
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found in (Winker et al., 2007). In this work, we use CALIOP level-2 data version 4.10 (Tackett et al., 2023). The inversion 128 

method is described in (Young and Vaughan, 2009); and the aerosol classification method can be found in (Kim et al., 2018) 129 

with updates in (Tackett et al., 2023). 130 

2.1.3 Ground-based lidars 131 

Two Maido lidars are used to retrieve vertical profiles of aerosol optical properties in the troposphere. The Li1200 provides 132 

Rayleigh-Mie scattering profiles at 355 nm, Raman N2 scattering profiles at 387 nm, and Raman H2O scattering profiles at 407 133 

nm. The LiO3T provides elastic scattering profiles at 532 nm with polarization information, elastic scattering profiles at 1064 134 

nm, and Raman N2 scattering profiles at 607 nm. Technical specifications for both instruments can be found in a dedicated 135 

data paper (Gantois et al., 2024). Data can be accessed at https://doi.org/10.26171/rwcm-q370 (last access April 28th, 2025). 136 

These lidars are routinely operated twice per week and only measured during nighttime to ensure a good signal to noise ratio 137 

(SNR).  138 

The datasets consist of 1-minute integrated profiles for the Li1200 and 2-minutes integrated profiles for the LiO3T. An overlap 139 

factor correction was applied for the very low 355 nm elastic channel of the Li1200, as well as the polarized 532 nm elastic 140 

channels of the LiO3T. Up to now, it has never been physically possible to perform horizontal measurements with Maïdo 141 

lidars. Therefore, an experimental approach using vertical measurements (instead of horizontal) in aerosol-free conditions was 142 

performed. Specifics about the equation used as well as the corresponding uncertainty analysis can be found in(Gantois et al., 143 

2024). Concerning the retrieval of aerosol optical products, a two-component Klett inversion was applied to the time-series, 144 

initially using a constant LR value of 50 sr (Klett, 1985). The corresponding equations and uncertainties can be found in 145 

(Gantois et al., 2024). A Raman inversion was then performed for the Li1200 using the average signal for each time-series to 146 

improve the SNR for the 387 nm channel. The corresponding equations used to compute the aerosol extinction and backscatter 147 

coefficients as well as the lidar ratio (LR) profile can be found in (Ansmann et al., 1992). The mean value of this lidar ratio 148 

profile was used to perform a new Klett inversion on the lidar signal time-series. An Ångström exponent (Ä) was also derived 149 

from the aerosol backscatter at 355 nm and 532 nm. 150 

Vertical profiles of Water vapor mixing ratio (WVMR) were retrieved from the 387 nm and 407 nm channels of the Li1200 151 

using the methodology described in (Vérèmes et al., 2019). Time-series of WVMR vertical profiles were computed, using 152 

integrated 5-minute signals from the Li1200 as described in Eq. (5) (Whiteman et al., 2006): 153 

𝑊𝑉𝑀𝑅(𝑧) = 𝐶 ∗ 𝑂(𝑧) ∗ 𝛤(𝑧) ∗  
𝑃𝐻2𝑂(𝑧)−𝑆𝐵𝐻2𝑂(𝑧)

𝑃𝑁2
(𝑧)−𝑆𝐵𝑁2

(𝑧)
∆𝜏,        (1) 154 

where 𝐶 is the calibration coefficient, 𝑂(𝑧) is the overlap function, 𝛤(𝑧) is the temperature-dependent Raman cross-sections, 155 

𝑃𝐻2𝑂 and 𝑃𝑁2
 are respectively the power received at the 407 nm and 387 nm wavelengths, 𝑆𝐵𝐻2𝑂 and 𝑆𝐵𝑁2

are respectively the 156 

sky background at the 407 nm and 387 nm wavelengths, and ∆𝜏 is the differential term due to the atmosphere. The calibration 157 

constant was retrieved using the GNSS (Global Navigation Satellite System) methodology described in (Vérèmes et al., 2019). 158 
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2.1.4 FTIR 159 

A Bruker IFS 125HR Fourier Transform Infra-red (FTIR) spectrometer has been continuously measuring at Maïdo observatory 160 

since March 2013 (Baray et al., 2013). This instrument is equipped with two detectors: InSb and MCT, and with a KBr 161 

beamsplitter. It covers the spectral range from 600 to 4500 cm−1 (2.2 to 16 μm). with a maximum optical path difference of 162 

257 cm. To obtain one spectrum, the instrument must provide one forward and one backward scan in less than 3 minutes. 163 

Usually, two or three scans must be averaged to increase the SNR. Vertical profiles of volume mixing ratios of CO were 164 

derived using the Optimal Estimation Method, implemented in SFIT4 (SFIT4:V0.9.4.4, 165 

https://wiki.ucar.edu/display/sfit4/Infrared+Working+Group+Retrieval+Code%2C+SFIT, (Hannigan et al., 2024)). Details on 166 

the CO retrieval settings can be found in (Zhou et al., 2018), including the fitted spectral windows, interfering species, and 167 

averaging kernels description. Concerning ancillary data, a priori temperature and pressure profiles were derived from 6-hourly 168 

NCEP analyses from the surface up to 1 mbar altitude, and WACCM monthly means above. A priori profiles of CO volume 169 

mixing ratio were taken from the WACCM v6 model. Vertical profiles of volume mixing ratios of CO were weighted by the 170 

airmasses in each retrieval layer and integrated to give the total or profiles of partial columns in molecules.cm-2. The uncertainty 171 

budget was based on the methodology of Rogers (Rodgers, 2000). The total uncertainty has been determined by adding all 172 

components in quadrature. In our study, we chose to extract the uncertainty profiles from the diagonal of the covariance 173 

matrices. The risk is to underestimate the uncertainty by not taking into account the potential correlation with the non-diagonal 174 

elements. The most important contributions to the random and systematic uncertainty budget are the measurement noise and 175 

the spectroscopic parameters, respectively (Senten et al., 2008). Mean random and systematic uncertainties on CO total 176 

columns are 1.2% and 2.5%, respectively. In addition to total columns, FTIR can provide low-vertical resolution CO profiles. 177 

The mean degrees-of-freedom for signal (DOFS, trace of the averaging kernel matrix) is 2.25, meaning that at least 2 178 

independent pieces of information can be retrieved from the FTIR spectra. In the altitude used in the present study, the mean 179 

DOFS is 0.62 for the ground to 5 km range, and 1.15 for the 5 to 15 km range. The FTIR data sets can be accessed at the 180 

NDACC repository (https://ndacc.larc.nasa.gov/index.php/instruments/ftir-spectrometer/profile-multiple-species-ftir-181 

spectrometer-bruker-125hr-reunion, last access April 29th, 2025). 182 

A climatology using FTIR data from 2013 to 2019 was performed to derive background values of CO. 183 

2.2 Numerical modelling 184 

2.2.1 Copernicus CAMS EAC4 185 

Total, black carbon (BC), organic matter (OM), dust (DU), sulfate (SU), and sea salt (SS) AOD550 were retrieved from the 186 

Copernicus Atmosphere Monitoring Service (CAMS) European Centre for Medium-range Weather Forecast (ECMWF) 187 

Atmospheric Composition Reanalysis 4 (EAC4) (Benedetti et al., 2009; Mangold et al., 2011; Morcrette et al., 2009). CAMS 188 

was selected for this study given its demonstrated ability to accurately reproduce AOD across various aerosol types (Chazette, 189 

2026). Data can be downloaded from the official DOI: (Copernicus Atmosphere Monitoring Service, 2020, 190 
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https://ads.atmosphere.copernicus.eu/datasets/cams-global-reanalysis-eac4?tab=download, last access April 29th, 2025). 191 

Concerning the naturally emitted aerosols (dust and sea-salt), their sources are linked to prognostic and diagnostic model 192 

variables on the surface and near-surface. However, sources of anthropogenic aerosols (organic matter, black carbon and 193 

sulfate) originate from the MACCity anthropogenic emission inventory (based on the ACCMIP historical emissions extended 194 

to 2020 following RCP 8.5), while biomass burning emissions of BC and OM are provided by the Global Fire Assimilation 195 

System version 1.2 (GFASv1.2) (Inness et al., 2019). We extracted one month of data produced by CAMS EAC4 from 196 

September 1st, 2017, until October 1st, 2017, with a spatial resolution of 0.75°x0.75°, and a temporal resolution of 3h. We 197 

averaged the data around Reunion Island using a 1° radius box centered on Reunion Island. 198 

2.2.3 ECMWF ERA5 199 

ERA5 reanalysis is the fifth generation of ECMWF global reanalysis. This widely used product is comprehensively presented 200 

by Hersbach et al., 2020. In this work, the hourly pressure level outputs (37 levels) are used to plot synoptic maps with 0.25° 201 

x 0.25 ° resolution. The data can be accessed via the climate data store portal hosted by Copernicus 202 

(https://cds.climate.copernicus.eu/). Synoptic maps highlight the underlying atmospheric dynamics enabling long-range 203 

transport of aerosol.  204 

2.2.2 FLEXPART 205 

The long-range transport of wildfire CO from SA and Africa was simulated with the Lagrangian particle dispersion model 206 

FLEXPART version 10.4 (Pisso et al., 2019) in forward mode. The input emissions of CO into the model were adopted from 207 

the Copernicus Global Fire Assimilated System (GFAS) (Kaiser et al., 2012). In addition to emission fluxes of CO (and other 208 

pollutants), the product also provides estimates of the injection height of the wildfire plume, a feature that is crucial for accurate 209 

simulation of smoke dispersion. The model is driven by hourly reanalysis meteorological fields (ERA5) from ECMWF with 210 

137 vertical levels (up to approximately 80 km) and a horizontal resolution of 0.5°×0.5° (Hersbach et al., 2020). FLEXPART, 211 

turbulence unresolved mesoscale motions (Stohl et al., 2005), and deep convection (Forster et al., 2007). The model output 212 

consists of 4-dimensional modelled concentrations extending from the surface up to 15 km height, wet and dry deposition 213 

variables. The FTIR a priori profiles and averaging kernel matrices were used to smooth CO vertical profiles over Reunion 214 

Island provided by FLEXPART using the following equation (Rodgers and Connor, 2003): 215 

𝐶𝑂𝐹𝑙𝑒𝑥_𝑠𝑚𝑜𝑜𝑡ℎ = 𝐹𝑇𝐼𝑅𝑎𝑝𝑟𝑖𝑜𝑟𝑖 + 𝐴𝑘 ∗ (𝐶𝑂𝐹𝑙𝑒𝑥 − 𝐹𝑇𝐼𝑅𝑎𝑝𝑟𝑖𝑜𝑟𝑖),        (4) 216 

where 𝐶𝑂𝐹𝑙𝑒𝑥_𝑠𝑚𝑜𝑜𝑡ℎ  is the smoothed CO vertical profile from FLEXPART outputs,  𝐶𝑂𝐹𝑙𝑒𝑥 is the raw CO vertical profile 217 

provided by FLEXPART, 𝐹𝑇𝐼𝑅𝑎𝑝𝑟𝑖𝑜𝑟𝑖  is the a priori profile from the FTIR, and 𝐴𝑘 is the averaging kernel from the FTIR. 218 

Background values of CO derived from the FTIR 2013-2019 climatology were added to FLEXPART output profiles. The 219 

FTIR partial columns were compared to FLEXPART partial columns derived from vertical profiles to validate the injection 220 

height of wildfire plumes parametrized in the model. 221 
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3 Results 222 

The results of this paper follow a multi-instrumental approach.  223 

- The first step is to identify aerosol plumes by spotting high values of AOD over Reunion Island based on photometric 224 

measurements during the BB season. CAMS reanalyzes are then compared to our sun-photometer. Should this 225 

comparison prove consistent, CAMS aerosol chemical compound products can be used to identify the main specie 226 

responsible for these high values of AOD.  227 

- The second step is to analyze the horizontal dispersion of AOD over the SWIO and the Southern Hemisphere using 228 

spaceborne observations from MODIS. CALIPSO is also exploited to identify aerosol layers and the species 229 

responsible in the vicinity of Reunion Island. 230 

- Next, we identify aerosol plumes above Reunion Island during two episodes of high AOD values using ground-based 231 

lidars and assess their vertical distribution and optical characteristics. Specific characteristics of these plumes such as 232 

water vapor content are also studied. 233 

- The last step is to assess the origin of these plumes and describe their preferred transportation routes based on 234 

FLEXPART modelling with CO as an air mass tracer. Comparison with ground based FTIR observations is performed 235 

to assess the validity of FLEXPART outputs. 236 

3.1 Aerosol optical depths during September 2017 237 

High AOD values were observed and modelled in September 2017 above Reunion Island. Figure 1 shows the AOD550 measured 238 

by the sun-photometer, as well as the total AOD550 and the contribution of various aerosol chemical compounds derived from 239 

CAMS EAC4 reanalysis. 240 

 241 
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 242 

Figure 1: Daily total Aerosol optical depth AOD550 measured by a CIMEL sun-photometer (AERONET network) above Saint-Denis 243 
(red curve) during September 2017. Total and specific AOD550 produced with a 3h temporal resolution by CAMS EAC4: total 244 
AOD550 (black curve - CAMS total), AOD550 from black carbon (grey bars - CAMS BC), AOD550 from dust (yellow bars - CAMS 245 
Dust), AOD550 from sulfates (blue bars - CAMS Sulfates), AOD550 from organic matter (purple bars - CAMS OM), and AOD550 from 246 
sea-salt (green bars - CAMS other). Vertical areas in grey indicate two days of high AOD with concomitant lidar measurements: 247 
September 19th and 25th, 2017. 248 

The usual AOD550 value from a monthly climatology encountered above Reunion Island in September is 0.09 ± 0.03 (Appendix 249 

A1, updated from(Duflot et al., 2022)). AOD550 from AERONET was particularly strong between September 16th and 23rd, 250 

2017 (0.16-0.42), and between September 24th and 28th, 2017 (0.16-0.23). For those two periods, we selected concomitant lidar 251 

measurements (grey areas) on the 19th and 25th of September 2017. The high values observed in September 2017 are probably 252 

linked to the presence of BB plumes. In fact, a previous AOD440 climatology, variability and trend study from the same sun-253 

photometer highlighted that sea-salt aerosols could be considered responsible for the AOD440 baseline, and BB plumes were 254 

responsible for the seasonal increase of AOD440 values during the BB season (Duflot et al., 2022). A good agreement can be 255 

observed between AERONET AOD550 and total AOD550 provided by CAMS, with a Spearman correlation coefficient of 0.901 256 

± 0.003 between the 11th and 28th of September 2017. One may observe increased differences between CAMS model and 257 

AERONET values between the 1st and the 11th of September. These differences could be due to the matrix averaging of CAMS 258 

values in a 1° radius box centered around Reunion Island. In fact, Reunion Island is surrounded by the Indian Ocean emitting 259 

sea-salt aerosols. Should the emissions of sea-salt be stronger above the ocean in this 1° radius box and during this specific 260 
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period, it would explain the bias between CAMS AOD and the Sun-photometer AOD. Concerning the different species 261 

contributing to the total AOD, organic matter (OM) contributes between 50 and 60 % to the high AOD550 values observed for 262 

the two periods previously described. Black carbon (BC), sulfates (SU) and sea-salt (SS) also contribute, but much less than 263 

OM (between 5 and 25%). Dust (DU) has a negligible contribution (less than 5%). Biomass burning emits many elements such 264 

as volatile and gaseous carbonaceous compounds (among which the carbon monoxide - CO), BC, and OC essentially made of 265 

degradation products from natural cellulose (Simoneit, 2002). The simultaneous rise in OM over Réunion Island, together with 266 

elevated AOD values, indicates a strong likelihood that BB smoke plumes are present above the site. 267 

3.2.1 Passive remote sensing observations of AOD in the Southern Hemisphere 268 

To assess the horizontal dispersion of these increased AOD values over Reunion Island, we used MODIS observations from 269 

AQUA and TERRA and compared average values of AOD from the first two weeks of September 2017 (Fig.2b), and the last 270 

two weeks of September 2017 (Fig.2c). We also added the cumulated FRP for the first two weeks of September 2017 (Fig.2a). 271 

During the first two weeks of September 2017, the cumulated FRP was particularly high above South America and Southern 272 

Africa, meaning that the BB activity was strong during this period. For the same period, strong AOD values were observed 273 

above Brazil, Namibia and Botswana (AOD >=1). The slight mismatch between the high FRP values and the high AOD values 274 

already highlights a dynamical transport occurring just after BB aerosol injection in the troposphere.  275 

Two rivers of smoke could be described on figures 2b and 2c. One of them originated from Brazil, extended to the southeast 276 

over Bolivia, Argentina and Uruguay, before travelling over the Atlantic Ocean eastward, following a zonal route towards the 277 

western south African coast and the SWIO (Edwards et al., 2006; Flamant et al., 2022). The second one originated from 278 

Southern Africa, travelled to the Atlantic Namibian coastline, and extended from the northwest to the southeast over the 279 

Atlantic, before crossing South Africa and reaching the SWIO (Garstang et al., 1996; Swap et al., 2003). These dynamical 280 

processes are illustrated by the ERA5 horizontal wind average values at 600hPa (Fig.2b-c). Comparison between the two 281 

periods (Fig.2b-c) showed that higher values of AOD were observed over the SWIO for the second part of September. During 282 

this period, BB aerosol layers were suspected to travel above Reunion Island. BB aerosols were probably emitted by South 283 

America and Southern Africa between September 1st and 15th and followed one or the two rivers described previously before 284 

reaching the SWIO and Reunion Island between September 16th and 30th. 285 
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286 

287 

 288 

Figure 2: Cumulated FRP from MODIS AQUA (1° horizontal resolution) between September 1st and 15th (top). Averaged total 289 
Aerosol optical depth AOD550 derived from MODIS AQUA + TERRA between September 1st and 15th (middle), and between 290 
September 16th and 30th (low). The mean ERA5 wind fields at 600 hPa for each period have been added in black (middle-low). 291 
Reunion Island is represented by the blue star. 292 
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3.2.1 Active remote sensing observations of aerosol extinction in the Southern Hemisphere 293 

Satellite products from CALIOP provided further information about the aerosol composition of the free troposphere in the 294 

SWIO (Fig. 3a-b). The two overpasses corresponded to the high AOD values observed by MODIS during the second half of 295 

September. They both showed vast smoke layers above the east coast of Southern Africa and Madagascar (Fig.3a). These 296 

expanded from 0 to -35 ° of latitude, and from 0 up to 9 km asl. Above the east coast of Southern Africa and Madagascar, the 297 

main aerosols identified were aerosols from continental pollution mixed with smoke and elevated smoke (Fig.3b). Above the 298 

ocean around Madagascar, two layers could be identified: the lowest were made of marine aerosols (0 up to 2 km asl), and the 299 

highest were made of elevated smoke (4 up to 9 km asl). These results enabled us to assess the vertical dispersion of aerosols 300 

in the vicinity of the SWIO.  301 

 302 

Figure 3: (a) Aerosol extinction coefficient at 532 nm derived from the space-borne lidar CALIOP. (b) Same as (a) but for CALIOP-303 
derived aerosol typing. Four nighttime orbits appear in these plots: (i) two of them on September 24th, 2017, between 23:04 and 304 
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23:31 UTC over the east coast of Southern Africa, (ii) and two of them on September 25th, 2017, between 21:55 and 22:35 UTC over 305 
Madagascar. 306 

These findings indicate that the elevated AOD values recorded by MODIS over the SWIO during the latter half of September 307 

were primarily driven by BB smoke, often combined with continental pollution and, in some cases, marine aerosols. 308 

3.3 Vertical profiles of aerosol optical properties  309 

Vertical profiles of aerosol extinction coefficient at 355 (𝛼355) and 532 nm (𝛼532), as well as the Ångström exponent (Ä355/532) 310 

were derived from lidar measurements on the 19th and 25th of September 2017. 311 

On September 19th, 2017, the total AOD values at 355 and 532 nm measured by sun-photometer were respectively 0.34 and 312 

0.21. The ground based lidars captured an aerosol plume in the low troposphere between 2.8 and 4.7 km asl (Fig.4). The AOD 313 

values at 355 and 532 nm of this plume derived from the lidar measurements were respectively 0.19 and 0.14, lower than the 314 

sun-photometer AOD values. The discrepancies observed between lidar and sun-photometer AOD values can be explained by 315 

the optical geometry of our lidar instruments (overlap factors, see (Gantois et al., 2024)), the difference in elevation between 316 

the sun-photometer site (80 m asl) and the lidars site (2160 m asl), and the presence of aerosols in the boundary layer. Based 317 

on lidars measurements, the September 19th plume was characterized by an Ä355/532 of 1.32 ± 0.23. The usual values of Ä for 318 

BB aerosols can vary between 2.2 for fresh plumes and 1.2 for aged plumes (Reid et al., 1998) and sometimes even reach very 319 

low values for very old plumes (0.06, (Wandinger, et al., 2002)). In fact, it has been described that particles grow in size during 320 

the ageing of BB plumes (Fiebig et al., 2003). The Raman signals bellow 5 km were too poor for the two wavelengths, which 321 

prevented us from determining an LR profile for this plume. 322 
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 323 

Figure 4: [left] Aerosol extinction time-height cross-section over Maïdo facility (Reunion Island) on September 19th, 2017. [center] 324 
Mean vertical profile of aerosol extinction from Klett inversion at 355 nm (blue curve: Li1200, LR = 75 sr) and corresponding 325 
standard deviation (shaded blue), 532nm (green curve: LiO3T, LR = 75 sr), and from Raman inversion at 387 nm (black dotted 326 
curve: Li1200). AOD between 2 and 10 km (blue) is obtained from the Li1200 retrieval, and total AOD (black) from AERONET sun 327 
photometer. [right] Ångström exponent (black dotted line) vertical profile. 328 

On September 25th, 2017, the total AOD values at 355 and 532 nm measured by sun-photometer were respectively 0.37 and 329 

0.23. Ground based lidars captured two aerosol plumes in the low troposphere between 3.3 and 5 km asl, and in the middle 330 

troposphere between 5 and 9 km (Fig.5). The specific AOD values at 355 and 532 nm for both plumes derived from lidar 331 

measurements were respectively 0.12 and 0.07 for the lowest, and 0.17 and 0.09 for the highest. Again, the sum of these AODs 332 

(0.29 and 0.16) is lower than the total AOD measured by AERONET, most probably due to the overlap factors of our 333 

instruments and the presence of aerosols in the 0-2.5km layer. A mean LR of 75 ± 9 sr at 355 nm was determined from Raman 334 

inversion for the highest plume, consistent with BB aerosols (Wandinger, et al., 2002). This LR value was used to reprocess 335 

data for both days of measurements to increase comparability, and for both wavelengths, as this value of LR for 532 nm is 336 

consistent with previously published studies (Haarig et al., 2018). The highest plume was characterized with higher values of 337 

Ä355/532 than the lowest plume (1.60 ± 0.06 vs 1.45 ± 0.12, respectively). This is consistent with, but does not uniquely 338 

demonstrate, the presence of a distinct aerosol population potentially associated with fresher smoke (Fiebig et al., 2003). 339 
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 340 

Figure 5: [left] Aerosol extinction time-height cross-section over Maïdo facility (Reunion Island) on September 25th, 2017. [center] 341 
Mean vertical profile of aerosol extinction from Klett inversion at 355 nm (blue curve: Li1200, LR = 75 sr) and corresponding 342 
standard deviation (shaded blue), 532nm (green curve: LiO3T, LR = 75 sr), and from Raman inversion at 387 nm (black dotted 343 
curve: Li1200). AOD between 2 and 10 km (blue) is obtained from the Li1200 retrieval, and total AOD (black) from AERONET sun 344 
photometer. [right] Ångström exponent (black dotted line). Corresponding mean values are given for each aerosol layer. 345 

3.4 Water vapor content  346 

Vertical profiles of WVMR were retrieved from the 387 nm and 407 nm channels of the Li1200. On September 19 th, 2017, 347 

time-series of WVMR vertical profiles (Fig.6) showed high quantities of water vapor inside the aerosol layer (2.08 ± 0.21 g.kg-348 

1). A high uncertainty (1.54 g.kg-1) in the WVMR measurement precision concerning this aerosol layer was estimated (almost 349 

74% of the mean WVMR). This layer was also characterized by high precipitable water values with lower values during the 350 

first hour of measurement (2.75 ± 0.04 mm), and higher values for the rest of the night (3.00 ± 0.08 mm). This would suggest 351 

that the layer content was variable over time. In fact, AOD values slowly increased during the night which could be consistent 352 

with aerosol advection in this layer. However, there was little scattering of WVMR around the mean, as supported by the low 353 

standard deviation value (less than 10% of the mean WVMR).  354 
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 355 

Figure 6: [Bottom left] Water Vapor Mixing Ratio (WVMR) vertical profiles over Maïdo facility (Reunion Island) on September 356 
19th, 2017. [Top left] Precipitable Water (PW) values (blue curve), and AOD values (black curve) between 3 and 5 km over Maïdo 357 
facility (Reunion Island) on September 19th, 2017. [Bottom right] Mean WVMR vertical profile over Maïdo facility (Reunion Island) 358 
on September 19th, 2017, with uncertainty in shaded blue. 359 

The scatter plot between WVMR and aerosol extinction values (Fig.7) highlighted the structure of this layer with a bottom 360 

layer enriched with water vapor and slowly drying up with the altitude, a mid-layer with stable values of WVMR, and a top 361 

layer quickly drying up with the altitude. In the bottom layer, the extinction values were stable, but the WVMR decreased 362 

quickly, which means that the aerosol content and the WVMR are decoupled. In the middle layer, both the aerosol content and 363 

the WVMR were stable. In the top layer, the extinction and the WVMR values decreased, similarly. 364 
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 365 

Figure 7: Scatter plot of Aerosol extinction and WVMR as a function of altitude derived from lidar measurements over Maïdo 366 
facility (Reunion Island) on September 19th, 2017. 367 

On September 25th, 2017, time-series of WVMR vertical profiles (Fig.8) showed differences in water vapor content between 368 

the highest and the lowest aerosol layers. The highest layer was the driest (0.09 ± 0.04 g.kg-1), when the lowest layer had the 369 

largest quantities of water vapor (1.27 ± 0.22 g.kg-1). A high uncertainty (0.94 g.kg-1) in the WVMR measurement precision 370 

concerning the lowest aerosol layer was estimated (almost 74% of the mean WVMR). This layer was also characterized by 371 

slowly decreasing, yet high precipitable water values with higher values during the first two hours of measurement (2.72 ± 372 

0.06 mm), and lower values for the rest of the night (2.39 ± 0.15 mm). Again, this suggests that the layer content is variable 373 

over time. However, there was little scattering of WVMR around the mean, as supported by the low standard deviation value 374 

(almost 17% of the mean WVMR). AOD values remained rather stable during the night (0.12 ± 0.006) which is not in favor 375 

of any advection or loss of aerosols over time. 376 
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 377 

Figure 8: [Bottom left] Water Vapor Mixing Ratio (WVMR) vertical profiles over Maïdo facility (Reunion Island) on September 378 
25th, 2017. [Top left] Precipitable Water (PW) values (blue curve), and AOD values (black curve) between 3 and 5 km over Maïdo 379 
facility (Reunion Island) on September 25th, 2017. [Bottom right] Mean WVMR vertical profile over Maïdo facility (Reunion Island) 380 
on September 25th, 2017, with uncertainty in shaded blue. 381 

The scatter plot between WVMR and aerosol extinction values (Fig.9) revealed different structures: (i) between 3 and 3.5km 382 

the atmosphere was wet but aerosol-free, (ii) the lowest aerosol layer between 3.5 and 5 km was wet and its water vapor content 383 

increased up to 4 km and then decreased exponentially, and (iii) the highest aerosol layer between 5.5 and 8.5km was dry. A 384 

simultaneous monotonic increase of the particle backscatter coefficient and the RH was observed between 4 and 4.5 km. The 385 

variations of WVMR and potential temperature were respectively 1.36 g.kg-1 and 1.88 K between those two layers. 386 
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 387 

Figure 9: Scatter plot of Aerosol extinction and WVMR as a function of altitude derived from lidar measurements over Maïdo 388 
facility (Reunion Island) on September 25th, 2017. 389 

3.5 Source regions  390 

To investigate the origin of the observed plumes and explain the dynamical processes involved we used FLEXPART modelling 391 

products. CO as a passive air mass tracer was simulated forward from the biomass burning source. FLEXPART simulations 392 

were quantitatively validated using FTIR measurements performed at Maïdo.  393 

Time-series of CO concentration vertical profile and CO total column in 2017 measured by Maïdo FTIR (Fig. 10) showed an 394 

increase of CO with a mean value of (1.34 ± 0.26) *1018 molecules.cm2 between July and November (BB season) and between 395 

2.5 and 12.3 km (essentially middle and low troposphere). This value is higher than the corresponding climatology value of 396 

(1.15 ± 0.18) *1018 molecules.cm2 computed from FTIR measurements between 2013 and 2019. This is consistent with the 397 

presence of BB plumes during this period (Duflot et al., 2010).  398 

Both the CO total column time-series derived from FTIR measurements and the AOD values recorded by AERONET indicate 399 

that the BB season starts in July. The discrepancies observed between January and May can be attributed to the difference in 400 

instrument elevation: the FTIR site is located at 2160 m asl, placing it above the boundary layer at night, while the sun-401 

photometer operates at 80 m asl, where it is influenced by the urban pollution within the boundary layer. 402 
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 403 

Figure 10: [Bottom] Time-series of CO partial columns bounded by the altitude on the vertical axis between 2.5 and 15 km measured 404 
by the FTIR over Maïdo observatory during year 2017. [Top] Time-series of CO partial column between 2.5 and 15 km measured 405 
by the FTIR (black stars), and total AOD values from AERONET (red stars) during year 2017 with their respective 15-days moving 406 
average (plain lines).  407 

The comparison between FLEXPART simulation outputs and FTIR measurements for CO partial columns between 2 and 15 408 

km from August the 1st, 2017 to November the 1st, 2017 is represented in Figure 11. A smoothing was applied to each 409 

FEXPART profiles, using the FTIR averaging kernels and the a priori profiles as described in the methodology section. CO 410 

concentration varied between 9.8*1017 and 1.8*1018 molecules.cm-2 for FLEXPART output and the FTIR with a mean of 411 

9.5*1017 and 1.9*1018 molecules.cm-2, respectively. The correlation coefficient between the measured and simulated CO partial 412 

columns between 2 and 12 km was 0.82. 413 
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 414 

Figure 11: Comparison between FLEXPART simulation outputs smoothed by FTIR averaging kernels and FTIR measurements for 415 
daily averaged CO partial columns between 2.16 and 15 km. The red line represents the theoretical linear regression. Background 416 
climatology values of CO partial columns from the FTIR were added to FLEXPART partial columns. 417 

The only concomitant measurement between the FTIR and FEXPART for our case study was on September 25 th, 2017. The 418 

corresponding FLEXPART and FTIR vertical profiles of CO concentration are visualized on Figure 12. A smoothing was 419 

applied to the FLEXPART profile, using the FTIR averaging kernel and the a priori profile as described in the methodology 420 

section. After adding the background value of CO derived from the FTIR climatology to the FLEXPART partial columns, we 421 

found matching values between the FLEXPART and FTIR partial columns from 2.16 to 5 km (6.16*1017 vs 6.11*1017 422 

molecules.m-2, respectively), 5 to 15 km (1.15*1018 vs 1.02*1018 molecules.m-2, respectively), and 2.16 to 15 km (1.62*1017 vs 423 

1.49*1017 molecules.m-2, respectively). 424 

The good agreement between simulated and measured CO profiles gives confidence in our simulations. Comparison between 425 

FLEXPART CO partial columns (Fig. 12) and lidar aerosol extinction profiles (Fig. 4 and 5) shows a very good agreement in 426 

terms of aerosol layer altitudes. On September 19th, the single aerosol plume detected by lidar instruments between 2.8 and 4.7 427 

km asl corresponds well to the CO-enriched layer simulated by FLEXPART in terms of altitude range. On September 25th, the 428 

two distinct aerosol layers identified by lidar instruments (between 3.3 and 5 km and between 5 and 9 km asl) are also 429 

consistently simulated by FLEXPART. This agreement in layer altitude between these two approaches provides a qualitative 430 

validation of the FLEXPART simulations by lidar observations and confirms that the transport model correctly reproduces the 431 

vertical structure of the BB plumes reaching Reunion Island. 432 
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 433 

Figure 12: Vertical profile of CO partial columns over Maïdo observatory on September 25th, 2017, from FLEXPART forward mode 434 
before (Blue curve) and after (Red curve) smoothing using the FTIR averaging kernel and a priori profile (Black curve). Vertical 435 
profile of CO partial columns over Maïdo observatory on September 25th, 2017, from FTIR measurement (green curve) with the 436 
associated uncertainty in shaded green. FLEXPART vertical profile of CO partial columns over Maïdo observatory on September 437 
19th, 2017, without smoothing (no FTIR data available). 438 

To better understand the dynamical processes involved and visualize the atmospheric transport patterns, FLEXPART was run 439 

in forward mode with CO from BB as a tracer, emitted from South America and Southern Africa during two different 440 

simulations. Results can be visualized in the supplementary video (Gantois, 2026) showing the concentration of CO emitted 441 

by wildfires from each continent and integrated along the altitude vector, as well as the corresponding vertical profile of CO 442 

concentration over Reunion Island between September 16th and 26th, 2017. 443 

The transport regimes identified with FLEXPART simulations (Fig.13 and 14) are coherent with the aerosol optical properties 444 

profiles retrieved from lidar measurements and align with the dynamical processes described in several studies (Flamant et al., 445 

2022; Ranaivombola et al., 2023), such as the importance of vertical injection, stratified transport, and recirculation of Southern 446 

African BB plumes over the SWIO. 447 

On September 19th, 2017 (Fig.13), FLEXPART indicates that the plume observed between 2.8 and 4.7 km is largely dominated 448 

by Southern African BB emissions (>88 %). The Ångström exponent derived from lidar measurements (Ä355/532 = 1.32 ± 449 

0.23) is characteristic of moderately aged BB aerosol, indicating that the plume could have undergone some microphysical 450 
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evolution during transport. The vertical coherence of the extinction profiles and the limited variability of the Ångström 451 

exponent within this layer suggest low mixing, consistent with transport within a stratified lower tropospheric flow. This 452 

behavior matches observations from AEROCLO-sA (Flamant et al., 2022), who showed that Southern African smoke can 453 

remain confined within well-defined lower tropospheric layers during export, especially under the influence of anticyclonic 454 

circulation. This recirculation mechanism has also been highlighted by (Ranaivombola et al., 2025), who demonstrated that 455 

BB aerosols can accumulate over South Africa before being advected eastward towards the SWIO and Reunion Island. 456 

FLEXPART results for this case are therefore in accordance with a regional recirculation, followed by a direct export route.  457 

 458 

Figure 13: FLEXPART partial column CO emitted from biomass burning in South America [left] and Southern Africa [right] 459 
integrated between 0 and 15 km [top], and vertical profiles at the latitude of 21.1°S Maido observatory, the longitude location of the 460 
Maido observatory shown as a black line[bottom] on September 19th, 2017, at 18h UTC. 461 

On September 25th, 2017 (Fig.14), FLEXPART reveals two vertically separated plumes with distinct source contributions and 462 

optical signatures, suggesting different dynamical processes. 463 

The upper plume (between 5 and 9 km) is dominated by Southern African emissions (> 70%) and shows a higher Ångström 464 

exponent (Ä355/532 = 1.60 ± 0.06). This is consistent with, but does not uniquely demonstrate, the presence of a distinct aerosol 465 

population potentially associated with fresher smoke. This supports the hypothesis of rapid vertical injection up to the middle 466 

troposphere, potentially associated with convective uplift over Southern Africa. Such elevated and vertically decoupled smoke 467 

layers are consistent with observations reported by (Flamant et al., 2022), who documented the frequent presence of BB aerosol 468 

above 5 km and emphasized the role of large scale uplift and convective processes in their formation and long-range transport. 469 
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In contrast, the lowest plume (between 3.3 and 5 km) is characterized by a lower Ångström exponent (Ä355/532 = 1.45 ± 0.12), 470 

indicating more aged and/or mixed aerosols. FLEXPART attributes this layer to combined contributions from Southern Africa 471 

and South America, which is consistent with large scale circulation patterns described in the literature. Long-range transport 472 

of South American BB emissions across the Atlantic has been widely documented (Duflot et al., 2010; Edwards et al., 2006), 473 

with air masses interacting with Southern African outflow before reaching the SWIO. This type of intercontinental mixing in 474 

the lower troposphere is consistent with previous studies showing that aerosol variability over Reunion Island is influenced by 475 

both regional BB and long-range transport processes (Duflot et al., 2010; Ranaivombola et al., 2023, 2025). This complexity 476 

reflects the influence of multiple transport pathways and synoptic scale circulations, leading to vertically structured aerosol 477 

layers with distinct content compositions (Flamant et al., 2022). This interpretation is further supported by AEROCLO-sA 478 

observations over the Namibian coast, which highlight strong variability and mixing of air masses in the lower troposphere 479 

driven by mesoscale and large scale processes (Chazette et al., 2019). 480 

The quantitative difference in Ångström exponent between the two plumes confirms that they correspond to distinct aerosol 481 

populations with different aging states and transport histories, rather than a single vertically continuous plume. This vertical 482 

decoupling reflects the coexistence of: (i) a freshly uplifted Southern African smoke plume in the middle troposphere, driven 483 

by convective injection processes, and (ii) a mixed aged smoke plume in the lower troposphere, resulting from both long-range 484 

transport and recirculation. 485 

486 
Figure 14: same as Fig 13, but for September 25th, 2017, at 18h UTC. 487 
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These results support the fact that the SWIO atmosphere is under the influence of a multi-source transport system where the 488 

vertical distribution of aerosol optical properties depends on vertical injection mechanisms and large-scale circulations. 489 

4 Discussion and summary 490 

This study investigated BB aerosol transport over Reunion Island during September 2017 using a multi-instrumental approach 491 

combining ground-based observations, satellite products, and numerical modelling. AOD550 over Reunion Island from 492 

AERONET measurements was unusually high (0.16-0.42) during the second half of September, well above the monthly 493 

climatological value of 0.09 ± 0.03. Chemical apportionment from CAMS EAC4 reanalysis (validated against AERONET, r 494 

= 0.90) indicated that organic matter was the dominant contributor (50-60 %), supporting attribution to BB emissions. Satellite 495 

observations revealed extensive smoke export from Southern Africa and South America towards the SWIO, resulting in 496 

vertically stratified elevated smoke layers in the low and middle troposphere of the basin’s western region. Ground-based lidar 497 

observations in Reunion provided high-resolution vertically resolved aerosol optical properties on two specific days. 498 

FLEXPART simulations, validated using FTIR CO observations (r = 0.82), reproduced the observed variability and identified 499 

source regions and transport pathways. On September 19th, a single aerosol layer of Southern African origin was observed 500 

between 2.8 and 4.7 km, with an Ångström exponent of 1.32 ± 0.23, consistent with moderately aged BB particles. On 501 

September 25th, two vertically decoupled layers were identified: a lower layer (3.3-5 km, Å = 1.45 ± 0.12) with mixed aged 502 

aerosols from Southern Africa and South America, and an upper, drier layer (5-9 km, Å = 1.60 ± 0.06) dominated by fresher 503 

Southern African emissions consistent with rapid convective uplift into the mid-troposphere. Water vapor profiles confirmed 504 

the vertical decoupling, with moist conditions in the lower layer and very dry conditions in the upper one. 505 

 506 

These vertically resolved observations reveal that aerosol variability over Reunion Island during the BB season cannot be fully 507 

understood through column-integrated measurements alone. The coexistence of two vertically decoupled layers on September 508 

25th with distinct optical properties, moisture content, and origins, reveals that the SWIO free troposphere acts as a convergence 509 

zone for aerosol transport pathways operating at different vertical levels and timescales. The lower layer, relatively older and 510 

more humid layer results from mixing of BB aerosols from recirculating Southern African plumes and South American 511 

outflows through intercontinental transport in the lower troposphere. The upper layer, relatively fresher and drier, is consistent 512 

with rapid convective uplift of BB aerosols over Southern Africa into the mid-troposphere followed by fast zonal export. These 513 

findings highlight the role of synoptic-scale processes, including uplift, recirculation, and long-range transport, in producing 514 

vertically structured aerosol layers over the SWIO. 515 

 516 

Our results are consistent with the current literature. The lidar ratio retrieved from Raman inversion for the upper layer on 517 

September 25th (75 ± 9 sr at 355 nm) and the observed Ångström exponents (1.32-1.60) are both consistent with values 518 

established for moderately aged BB smoke in the DeLiAn reference dataset (Floutsi et al., 2023). The ORACLES airborne 519 
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campaign (Redemann et al., 2021) over the southeast Atlantic documented vertically structured smoke layers from Southern 520 

Africa, with multi-layered plumes exhibiting vertical variability in optical properties linked to aerosol ageing, notably a loss 521 

of organic aerosols relative to black carbon during transport increasing absorption with age (Das et al., 2024). Our observations 522 

effectively capture plumes of similar origin at a further stage of ageing and vertical decoupling, approximately 5000 km 523 

downstream of the ORACLES measurement region. Layer altitudes (3-9 km) are also consistent with elevated smoke layers 524 

(3-8 km) documented during SAFARI-2000 (Abel et al., 2003; Haywood et al., 2003) and the "river of smoke" corridors 525 

characterized over the western SWIO (Flamant et al., 2022; Ranaivombola et al., 2025). The contribution of South American 526 

emissions to the lower tropospheric layer on September 25th is consistent with intercontinental transport routes documented by 527 

(Edwards et al., 2006) and (Duflot et al., 2010). The main advance of this study lies in providing, for the first time, vertically 528 

resolved optical characterization of BB plumes reaching Reunion Island through combined multiwavelength Raman lidar, sun-529 

photometry, and transport modelling, extending the geographical reach of these major campaigns into the eastern SWIO. Our 530 

results demonstrate that aerosol layers arriving in the SWIO can retain distinct vertical structures and source signatures after 531 

transport over several thousand kilometers. 532 

 533 

Several limitations should be acknowledged. First, the Ångström exponent differences between layers provides only a 534 

qualitative indication of relative aerosol ageing, as Å is influenced by particle size, mixing state, and hygroscopic growth in 535 

addition to transport history (Fiebig et al., 2003; Hänel, 1976; Reid et al., 1998; Zieger et al., 2013). In the present study, 536 

relative humidity within the aerosol layers remained sufficiently low for hygroscopic swelling to be considered a negligible 537 

contributor, and the moderate Å values (1.32-1.60) suggest the plumes had not yet entered the extreme aging regime where 538 

backscatter- and extinction-related Å diverge significantly (Haarig et al., 2018; Ohneiser et al., 2020). Second, the spatial 539 

averaging box used for CAMS validation incorporates surrounding ocean, which can inflate sea-salt contributions and 540 

introduce model–observation discrepancies. Regarding FLEXPART validation by FTIR, the limited vertical resolution of 541 

FTIR retrievals means this comparison primarily validates the overall vertical distribution of transported CO rather than the 542 

detailed structure of individual aerosol layers. Finally, this study focuses on a single month and two representative case studies; 543 

longer observational records will be required to quantify the climatological frequency and variability of the transport regimes 544 

identified. 545 

 546 

Despite these limitations, our results highlight the importance of the SWIO as a receptor region for major long-range smoke 547 

export corridors from multiple continents. They also demonstrate the value of Reunion Island as a strategic observatory capable 548 

of documenting the full vertical structure and evolution of transported BB smoke plumes in the under sampled region of the 549 

SWIO. From a radiative forcing perspective, because absorbing BB aerosol layers were observed between 3 and 9 km altitude, 550 

such transport events are likely to influence regional radiative forcing, atmospheric stability, and potentially cloud development 551 

over the SWIO.  Continued vertically resolved observations, combined with modelling, will be essential for constraining 552 
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aerosol-radiation interactions and improving the representation of long-range BB aerosol transport in regional and global 553 

climate models, especially in light of recent evidence for increasing fire activity in South America (Groenen et al., 2026). 554 

Appendix A 555 

 556 

Figure A1: Mean (blue diamonds) and standard deviation (red lines) of AOD550 monthly climatology CIMEL sun-photometer 557 
measurements (AERONET network) above Saint-Denis between December 2003 and December 2024.  558 

Video supplement. 559 

An animated sequence of FLEXPART forward dispersion of CO emitted from South America and Southern Africa between 560 

September 16th and 26th, 2017 in terms of partial columns between 0 and 15 km, and vertical profiles at the latitude of 21.1° 561 

Maïdo observatory is available at https://doi.org/10.5446/73218 (Gantois, 2026).  562 
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