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This document contains the responses to the referees’ comment on the manuscript version 3, followed by a
version 4 manuscript (starts in page 8). The reviewers’ comments and questions are in bold. For each comment /
question, the authors’ reply / answer is in black, and the corresponding modifications in the manuscript version
3 are marked in blue colour. The line index mentioned in the response correspond to the line number in

manuscript version 4 (without markups)

(1) Author’s response to Anonymous Referee #1
Thank you very much for your comments. The following are the responses to your specific comments.

Summary

This manuscript uses a case study to illustrate the derivation of the aerosol single scattering albedo (SSA) using
observations from the OMI sensor of a large biomass-burning event in south Chile in 2017.

UV remote sensing of aerosols has not received the same level of attention as other sensors (such as MODIS/VIIRS)
and studies like this one are a welcome addition to the general body of knowledge regarding the measurement of
aerosol absorption from space. The paper is well laid out and its novelty resides in the combination of sensors
utilized, its focus on single scattering albedo and aerosol height retrievals (as opposed to AOD and SSA) and its
application using OMI observations. Overall, I think this paper can be published in its present form after some
clarifications and corrections are included (mostly technicallso, I second the Editor’s comments that the Satheesh et
al and the Gasso and Torres papers should be consider in this analysis plus the lack of mentioning of the recent SSA
studies using OMI done by Jethva and Torres.

Thanks for your advice. We already have added the literatures you mentioned to the manuscript.

Satheesh et al. (2009) is referred at the following locations:

‘But this aerosol absorption over near-UV is highly sensitive to the assumption on aerosol layer height. Satheesh et al.
(2009) therefore used the T from MODerate-resolution Imaging Spectroradiometer (MODIS), which is independent of
acrosol layer height, to constrain the OMAERUYV retrieval.” (Line 44-46)

‘Besides, the MODIS retrieved 7 is free from the uncertainty triggered by assumed aerosol profile (Satheesh et al., 2009).
(Line 193-194)

Gasso and Torres (2016) is referred at the following locations:

“This OMI-MODIS joint retrieval was also evaluated by Gassé and Torres (2016). They found under less absorbing
condition, the hybrid method is sensitive to the variations in the input t, which is used to select the retrieved pair of aerosol
layer and wo.” (Line 48-50)

‘It is noted that the observed aerosol vertical distribution is limited for the Chile wildfires. Previous research suggested AAI
cannot be quantitatively used without T or Zaer information (Gass6 and Torres, 2016).” (Line 268-269)

Jethva and Torres (2011) is referred at the following locations:

‘We thus find a much weaker wavelength dependence than the value in Jethva and Torres (2011) study, where a 20%
difference between the two UV wavelengths was applied to OMAERUYV algorithm to achieve the result that 70% of the
retrieved wo differ less than +0.03 from the wo from the AERONET measurements.” (Line 329-331)

‘From the sensitivity study of Jethva and Torres (2011), a stronger spectral dependence of ni between 354 and 388 nm would
allow simulations to reach a higher AAI while keeping n; at a relatively low level. In our study, this means to retrieve a
higher wo at 550 nm.” (Line 338-340)

Details

L.325-326: the explanation provided does not make much sense to me. If there is little sensitivity to deltaZ , why the
claim that there is an amplification of absorption in the layer?. My interpretation is that if there is an amplification of
absorption, the AAI increases which means there is sensitivity to deltaZ. Please, revise the sentence.

Sorry for the misunderstanding. We just wanted to claim that Az has an effect on AAI value though it is very limited. We
have rephrased into: ‘The reason could be that a larger Az indicates the coming sunlight has a higher possibility to be
absorbed by aerosols, slightly enhancing the aerosol absorption. Although the sensitivity exists, the impact is only up to 5%,
which is negligible for practical purposes.” (Line 139-141)

Line 332-333: A similar conclusion was reached by Colarco et al (2017) when analyzing the sensitivity of OMI UVAI .
Colarco, P. R., Gassé, S., Ahn, C., Buchard, V., da Silva, A. M., and Torres, O.: Simulation of the Ozone Monitoring
Instrulment aerosol index using the NASA Goddard Earth Observing System aerosol reanalysis products, Atmos.
Meas. Tech., 10, 4121-4134, https://doi.org/10.5194/amt-10-4121-2017, 2017.
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Thank you for your advice. We have added to the manuscript: “As a result, the AAI decreases significantly due to smaller
AlL4, in agreement with a previous study (de Graaf et al., 2005; Colarco et al., 2017).” (Line 147-148)

Lines 343-347: It should be mentioned that while the sensitivity is exists, in this case, it is very small; color range in
the respective figure is from 0 to 1% which is negligible for practical purposes.

There might be a misunderstanding here. We assume you are referring to Fig.6. The figure shows the normalized parameter,
namely the value is divided by the maximum among all the cases in the comparison group. In terms of percentage, the
difference due to different measuring geometry can be up to 20% (i.e. (1 — 0.8) * 100%), which is not negligible. This
dependence on measuring geometry can also be explained from the view of AAT’s definition. AAI is directly calculated from
the measuring radiance, which is a parameter relies on the directions of incident lights and measuring angles. That is exactly
the reason we have to use the same measuring geometry as OMI satellite to simulate the AAIL

However, this suggestion can be applied to the sensitivity to the Az. As shown in Fig.4, the difference due to different Az is
only up to 5% (i.e. (1 — 0.95) * 100%).

Section 3.1.1 Include the time difference between GOME-2 and OMI overpasses the respective type of orbits
(ascending/descending)

We have added it to the manuscript: ‘“Note the GOME-2 and OMI have different equator crossing time (9:30 LT descending
node for GOME-2 and 13:45 LT ascending node for OMI) that may affect the inter-comparison of the two satellite
measurements.’ (Line 174-175)

Line 378: please remove this sentence unless you can make a more convincing case. The data set used in this study is
not good enough for making assessments of the MODIS SSA assumption (which certainly needs to be addressed). You
need at least well-collocated CALIPSO and Aeronet data. This does not mean that the comments regarding MODIS
biases should be removed. The results are suggestive at most and it should be included.

Thank you for your correction. We simply have rephrased into: ‘In addition, the t measured by OMI and AERONET are
compared with MODIS.” (Line 197)

Line 444: what is a “ ground pixel”? in this context it seems like the word pixel is enough.
We have changed accordingly. ‘It should be noted that for all pixels in the plume we assume the same aerosol microphysical
properties as well as the same aerosol layer height.” (Line 275-276)

Line 540: This method does not “retrieve an aerosol profile”, it retrieves an average aerosol height. Please correct this
case and other that are included in the paper.
Sorry for the misunderstanding. We have rephrased them into proper statements.

Figure 2: I see very little value in including a single-phase function in the figure. At reference to a paper should be
enough and publication charges will be saved. Alternatively, you may want include additional phase functions to
point out differences between aerosol models.

To your question, the phase function is actually range from 0 to 180 degree with 1degree resolution as the continuous line in
Fig.2, the marker just indicates the scattering angle we are interested.

Since in this study our focus is on how the AAI response to a specific phase function and the measuring geometry rather than
how the aerosol microphysical parameters determine the phase function, the discussion in the sensitivity studies is
exclusively on the default case. We prefer to mention other phase functions in the Appendix A as shown in Fig.A1 to A3
(also attached below).
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Figure.Al: Phase function p(®) at 354 nm of the parameterized Mie scattering aerosol in sensitivity analysis as a function of ry
(with n, = 1.5 and n; = 0.06). The markers in the plot correspond to values when ®=60°, 90°, 120°, 150°, 180°.
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Figure.A2: Phase function p(®) at 354 nm of the parameterized Mie scattering aerosol in sensitivity analysis as a function of n,
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Figure.A3: Phase function p(®) at 354 nm of the parameterized Mie scattering aerosol in sensitivity analysis as a function of n;
(with rg = 0.15 pm and n; = 1.5). The markers in the plot correspond to values when ©=60°, 90°, 120°, 150°, 180°.

Figure 5: a) and b) seem to be inverted
Thank you for the correction. We have changed accordingly.

Figure 6a: Put the same ticks in both x and y axis.
Thank you for the correction. We have changed accordingly.

Figure 6: caption does not include reference or explanation of figure 6b.

Thank you for the correction. We have changed the figure caption into: ‘Figure.6 AAI sensitivity to 0 and 0o at =180". The
black dashed contour in (a) indicates the ®=60°, 90°, 120°, 150°. The white dashed line in (a) indicates the cross sections,
with its corresponding normalized AAI, Al;; and IPS in (b).” (Line 657-658)

Figure 7: since the colorbar is not the standard colorbar used in the official CALIPSO quicklooks, can you clarify if
the dark red are cloud? The contrast between in smoke and cloud appears to be between orange and red but a
clarification will be appreciated.

We have clarified the caption accordingly: ‘Figure.7 CALIOP backscatter coefficient § at 532 nm. The solid and dashed line
indicate the retrieved z.er and Az, respectively. The red to black dots indicate clouds and the orange dots indicate aecrosol
layers, respectively.” (Line 676-677)

Figure 8 Caption: nowhere in the caption mentions the word AL Is this the parameter displayed?

We have added accordingly: ‘Figure.8 AAI from OMI observations (a—d) and DISAMAR simulations (e~h) of the Chile
wildfires on 26, 27, 29 and 30 January 2017. The black and red cross symbols are the AERONET station and the main fire
sources (Pichilemu W34.39" $72.00" and Consititucion S35.33", W72.42°), respectively. The grey dashed line indicates the
CALIOP paths in the region of interest, where the paths used to validate the plume height are marked by black dashed line.
The scatter plots (i-1) present the OMI observations against DISAMAR simulations for only qualified data (red dot) and all
data (blue dot), respectively.” (Line 687-691)

(2) Author’s response to Anonymous Referee #3

Thank you very much for your comments to our manuscript. The following are the responses to your specific comments.
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This manuscript presents a technique to retrieve aerosol SSA from satellite data by simulating near UV AAI and
constraining AOD. This is similar to and draws from the same philosophical lines as the study of Satheesh et al., 2009.
The authors have chosen to retrieve SSA at 550 nm by using MODIS-AOD at 550 nm from the simulated AAIL This
makes the UV-Vis spectral dependence of aerosols under investigation a key par ter. Since the simulation of AAI
is driven by aerosol microphysics, complex refractive index from the nearest AERONET site which determines this
spectral dependence. This raises a flag on its representativeness on the simulation and in-turn the retrieved
properties far away from the site (at least for the case presented here — smoke plume travels up to 3000 km away
from source fires and AERONET site). I think the authors should include some discussion in the manuscript about
this representativeness and reliability of technique for studying such long-range transport of aerosols.

Thank you for the advice. In the manuscript, we have put emphasis on the fact that the location of the AERONET site is not

in the source area, while little attention was paid on the spatial representativeness of the AERONET data. We only briefly
mentioned the location difference between AERONET and the plume detected by the satellite. Here we added discussion on

the spatial representativeness of the AERONET:

In section 4 Results and discussion:
‘Last but not least, the spatial representation of the in situ instrument also concerns. Santese et al. (2007) showed that the

selected AERONET aerosol parameters can be representative of a 300300 km? southeast Italy area. For the Chile wildfires
with the most remote pixel over 3000 km away from the continent, the measurements at AERONET cannot fully represent

the plume detected by satellites.” (Line 348-351)

In section 5 Conclusions:
‘the insufficient spatial representativeness of a single AERONET site;” (Line 395)

‘It is also reliable to retrieve aerosol absorption for each individual pixel with constraint of the acrosol layer height product.
The problem due to the poor spatial representativeness of in situ measurement can then be eased by comparing with the
nearby satellite pixels.” (Line 404-407)

Few general points (in no specific order) the author should take care of, before the paper is ready for a final

publication.
1) The purpose of the study mentioned in L 73 — 74, should also be presented in the abstract before they say “In the
first part of this study.......and later we present....” with the reference wavelength of the SSA retrieval.

‘We have added the purpose accordingly: ‘In this study, we attempt to quantify the aerosol absorption by retrieving the single

scattering albedo (wo) at 550 nm from the satellite measured AAI in near-UV channel.” (Line 10-11)

2) Line 17 : This sentence sounds like it is the instrument’s deficiency. It is not. Please make it clear. Something like
“The CALIOP overpasses over the region failed to capture the complete evolution....”
Thank you for the correction. We have rephrased into: ‘“The Cloud and Aerosol Lidar with Orthogonal Polarization

(CALIOP) overpasses failed to capture the complete evolution of the smoke plume over the research region, therefore the

aerosol profile is parameterized.” (Line 17-19)

3) Line 21 : replace ‘observations’ with ‘satellite observations’
Thank you for the correction. We have rephrased into: “The results show that the AAT simulated by DISAMAR is consistent

with satellite observations.’ (Line 21-22)

4) Line 69 — 71 : Poorly phrased. Please re-write it.
Sorry for the misunderstanding. We have rephrased into: “This study is inspired by previous research to quantify the acrosol

absorption from AAL We use the near-UV AAI provided by OMI on-board Aura, the successor of TOMS, to derive the
aerosol properties of the central Chile (Pichilemu 34.39°S, 72.00°'W and Consititucion 35.33°S, 72.42°W) wildfires in January
2017. The series of fires were triggered by a combination of long-term drought and high temperature, and was regarded as

the worst wildfire season in the national history (The Guardian, 2017).” (Line 68-72)

5) Line 108 :‘linearly’ should be ‘linear’.
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Thank you for the correction. We have rephrased into: “with only fine mode particles and weak linear wavelength

dependence of the complex refractive index (nr and n;).” (Line 109 -110)

6) Line 207 —209 : Poorly phrased. Please re-write it.
Sorry for the misunderstanding. We have rephrased into: “Note that the AERONET level 1.5 dataset is not quality-assured.

In addition, the location of this AERONET site is in downtown of Santiago City and close to major roads, where the

presence of scattering urban aerosols may bias the measurements of the plume.’(Line 213-215)

7) Line 234 — 235 : I am not sure what the authors are saying here. Firstly, the Santiago_Beauchef site has near-UV
AERONET measurements. Secondly, the aerosol complex refractive index is provided in their Inversion product that
is always only for 440, 675, 880 and 1020 nm. So, what does “site only covers the visible band” and “absence of
observations” mean there ?

Sorry for the misunderstanding. ‘only covers the visible band’ refers to that the site only has sky radiance measurements

since visible band. In other word, the inversion product of this site is only available in visible and longer wavelength range.
‘absence of observations’ therefore indicates the absence of observations of microphysical parameter in UV band. We have
rephrased into a clearer way: ‘The AERONET instrument at this site only cover the visible and infrared band (440 nm to
1020 nm) for sky radiance measurements, i.e. no aerosol inversion products at UV band. Due to the absence of observations,
assumptions have to be made on the spectral dependence of aerosol properties to obtain their values in the near-UV band.’

(Line 240-242)

8) Line 286 : Please mention the wavelength of SSA retrieval.
Thank you for the correction. We have added the wavelength at which the SSA is retrieved to the manuscript: ‘By applying

the methodology described in the previous section, we quantitatively retrieved the aerosol profile and wo at 550 nm of the

Chile 2017 wildfires by AAI simulation.” (Line 295-296)

9) Line 295 : What do mean by “may even fail to capture the elevated plume” ?
As shown in Fig.8(a), the CALIOP overpass we selected (the black dashed line) is on the east side of the plume, while the

elevated plume detected by OMI was blown away from the continent to the open ocean. From Fig.7(a), one can also see that
the CALIOP overpass only captures the smoke at the source (near surface rather than elevated into sky). We mentioned this
in order to emphasize that OMI and CALIOP did not always measure the same target due to spatial coverage and measuring
time difference. To make it clearer, we have rephrased it into: ‘It is noted that due to the spatial coverage and the measuring

time difference, CALIOP are not able to represent the entire plume captured by the OML.” (Line 303-304)

10) Line 305, 307 : It should be ‘... for 26 January ....".
Thank you for the correction. We have rephrased into:

‘Except for 26 January, the median of simulated AAT in other cases is in good agreement with the measurements, with
relative differences within £6%.” (Line 315-316)
“The majority of the simulated AAI for 26 January is negatively biased, which is reflected by the small slope without an

intercept correction in Fig.8 (i)’ (Line 317-318)

11) Line 306 : low RMSE ? Not really. For a quantity like AAI which is varying from 0 — 4, an RMSE of 0.5 or 0.6 is
not low. Further the measures RMSE and correlation alone cannot confirm an agreement or disagreement between
model and observations. Probably one could try using a T-test and say at what confidence level the agreement is
statistically significant, I am not sure if your sample size allows for it ?

Thank you for your correction. To some extent, a RMSE of 0.5 for AAI is not low but just acceptable, considering the
assumption of homogenous aerosol properties over the entire plume and the lack of aerosol profile information. The sample
size is provided in Table 2. The sample size for this event is indeed limited. But we appreciate your advice and may apply
statistical tests in future cases where more sample points available.

We have rephrased into: ‘The RMSE is only acceptable reflects that part of the plume cannot be fit by the assumptions in the
forward simulation.” (Line 316-317)

12) In Table 2, please also provide RMSE for the SSA to be consistent with the AAI report.
5
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As we assumed the homogeneous properties of the plume, i.e. all pixels in the plume have the same SSA. The retrieved SSA
is an average level for the entire plume and is compared to the AERONET measurement. In Table 2, we already have

provided the absolute and relative difference between retrieved and measured SSA, respectively.

13) Please provide the sample size (number of pixels) for which statistics are derived in the Table 2 and also in figure
8(@{-1.
Thank you for the reminding. We have added in Table.2.

14) Line 313 : Is this ‘accounting’ or ‘contributing’ ?
Thank you for the correction. We have rephrased into: “There are many sources contributing to this discrepancy in wo.” (Line

323)

15) Line 319 — 321 : I think, the authors should also report absolute difference in SSA with the AERONET before
drawing parallels with the study mentioned here. It is confusing to compare percent difference in ni and absolute
difference in SSA.

Sorry for the confusion. To be clear, the percent in this part is not the relative difference of imaginary refractive index, but

the difference of the imaginary refractive index between two wavelengths, i.e. 354 and 388 nm. This relative difference
between the two wavelength indicates the spectral dependence of the imaginary refractive index in the near-UV channel.
This dependence further determines the relation between the near-UV AAI and the visible SSA: the larger this spectral
dependence, the higher SSA can be retrieved at the same AAI level, and the other way around for weaker spectral
dependence. We have rephrased into: ‘This would also affect the spectral dependence of complex refractive index used to
constrain the radiative transfer calculation.” (Line 325-326).

The following part then discusses how this wavelength dependence affects the AAI simulation and SSA retrieval.

16) The spectral dependence retrieved in the study should also be compared with the in- situ measurements and
other studies on biomass burning in the literature and include in the discussion (L 320 — 330).

Thank you for the advice. We have added the following content in the discussion: “We thus find a much weaker wavelength
dependence than the value in Jethva and Torres (2011) study, where a 20% difference between the two UV wavelengths was
applied to OMAERUYV algorithm to achieve the result that 70% of the retrieved wo differ less than +0.03 from the wo from
the AERONET measurements. This 20% spectral dependence adopted in their work is associated with findings of Hoffer et
al. (2006). They conducted in situ measurements on humic-like substances (HULIS) of Amazonia biomass burning aerosols
and found that around 35% - 50% light absorption at 300 nm, whereas only around 15% at 400 nm. In terms of the absorbing
Angstrom exponent (AAE), a 20% increase at 354 nm with respect to the value at 388 nm is equivalent to an AAE value
between 2.5 and 3, depending on the aerosol models of OMAERUV. According to Kirchstetter et al. (2004), the AAE of
urban pollution is near unit and biomass burning aerosols ranges is approximately 2 between 300 nm to 1 um. Bergstrom et
al. (2007) also confirmed this conclusion from several field programs (SAFARI 2000, ACE Asia, PRIDE, TARFOX,
INTEX-A). From the sensitivity study of Jethva and Torres (2011), z stronger spectral dependence of ni between 354 and
388 nm would allow simulations to reach a higher AAI while keeping ni at a relatively low level. In our study, this means to
retrieve a higher wo at 550 nm.” (Line 329-340)

17) Line 374 : “The retrieved SSA is out of typical uncertainty....” this statement does not make sense and should be
removed or re-phrase appropriately. At least for the case presented here the authors did not come up with a
quantitative estimate of the uncertainty in SSA and clearly it is difficult if not impossible because of the multiple
error sources.

Thanks for the correction, we have removed this sentence.
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2 AAI sensitivity studies based on DISAMAR

In this section, we first introduce the near-UV AAL In the sensitivity analysis, we show that the AAI depends not only on
aerosol parameters, but also on the surface conditions and the observation geometry. The sensitivity analysis in this study is

only designed for biomass burning aerosols.

2.1 Near-UV AALI definition

The concept of the near-UV AAI was first conceived to detect UV-absorbing aerosols from the spectral contrast provided by

TOMS observations, known as the residue method (Herman et al., 1997), The basic idea of the residue method is thatjn a
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at Zaer-Az/2 and top at ZaertAz/2, Where zaer and Az are the geometric central height and the geometric thickness of the aerosol

layer, respectively. The whole sensitivity analysis is performed for cloud-free conditions. The wavelength pair of OMI (354
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Where the orand oc are the extinction cross section of the fine and coarse aerosols. The expansion coefficients of the mixed

aerosol is weighed by the wo of the fine and coarse aerosols (mo,r and wo,), respectively:
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The, AERONET instrument at _this _site_only cover the visible and infrared jband (440 nm to 1018 nm) for sky radiance

measurements, i.e. no aerosol inversion products at UV band, Due to the absence of observations, assumptions have to be

made on the spectral dependence of aerosol properties to obtain their values in the near-UV band. The properties of biomass

burning aerosol depend on the type of fuel, the procedure producing the smoke, the age of the smoke, and also the atmospheric

conditions (Reid et al., 2005). Using measurements to constrain the input aerosol refractive index can reduce the uncertainties

due to a-priori knowledge. Our treatment on the complex refractive index is as following: (1) take the complex refractive index

at visible band (440 to 675 nm) from AERONET measurements; (2) linearly extrapolate the complex refractive index to near-

UV band. The real part n, for radiative transfer calculation is obtained in this step. A slight wavelength dependence of n: is

found from the measurements (Fig.9 (a)); (3) for the imaginary part ni, we multiply it (for the entire wavelength from UV to

visible) with a scaling factor as we set, it as a free parameter. By varying the value of the scaling factor, both the magnitude
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linearly extrapolated using available data between 440 and 675 nm.
Finally, the AERONET retrieved o is also linearly interpolated toat
550 nm nm due to discrete sampling bands.

and the wavelength dependence of ni can change to meet the requirement of retrieval (Fig.9 (b)),
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3.1.4 CALIOP backscattering coefficient <

The CALIOP on-board CALIPSO, which was launched in 2006, provides high-resolution profiles of aerosols and clouds. It
has three channels with one measuring the backscattering intensity at 1064 nm and the rest measuring orthogonally polarized

components at 532 nm backscattering intensity (Winker and Omar, 2006), Due to the limited spatial coverage, CALIOP did
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not observe the Chile, wildfires plume for all the cases where,the, OMI observation available, We, only use the total attenuated -

backscatter at 532 nm from level 1B Version 4.10 Standard data to evaluate the parameterized aerosol profile

(https://eosweb.larc.nasa.gov/project/calipso),
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3.2 Methodology

In this study, we employ the radiative transfer model DISAMAR to simulate the near-UV AAI from OMI and to derive the
wo for a specific case, i.e. the Chile wildfires in January 2017. We select the period from 26 to 30 January 2017 (28 January
is excluded due to lack of data) when the AAI value reached its peak.

The forward simulation consists of two major steps. First, DISAMR calculates the Mie aerosol optical properties with

aerosol micro-physical information taken from AERONET measurements (1, nr and ni). As mentioned in Section 3.1.3, we

set the spectral-dependent imaginary part n; as a free parameter to vary wo. Then, DISAMAR operates radiative transfer

calculation with the calculated aerosol optical properties for the corresponding aerosol and environmental conditions of
OML.,
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It is noted that the observed aerosol vertical distribution,js limited for the Chile wildfires. Previous research suggested AAI

,,vvf(Formatted: Font: 10 pt, English (US)

cannot be quantitatively used without  or zaer information (Gassé and Torres, 2016). Instead, we implement the same

parameterization as in the sensitivity study to obtain the aerosol layer height, Since the AAI dependence,on Az is minor

(Fig.4 (c)), and to reduce the computational cost, Az is set a constant of 2 km based on the information from the CALIOP
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measurements of backscattering coefficient (B) at 532 nm (Fig.7). The Zaer, to which the AAT is highly sensitive, is treated as

an, unknown, variable to be retrieved together with wo.
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Consequently, with various combinations of zaer and wq, a lookup table (LUT) of the calculated AAI is constructed with

DISAMAR. It should be noted that for all pixels in the plume we assume the same aerosol microphysical properties as well

as the same acerosol layer height, Pixels outside the plume may have had significantly different properties and this will affect
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quite sensitive to geographical putliers that may cause the heterogeneous properties of the plume, [Consequently, we apply a

data quality control procedurg before retrieving wq, First, we manually remove the pixels that are geographically isolated
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from the main plume. Furthermore, we remove the potential outliers based on statistical tool. Wg filter the dataset using an
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outlier detection based on the interquartile range (IQR) of the AAI difference between DISAMAR simulations and OMI
measurements. According to Tukey’s fences (Tukey, 1977), an AAI difference falling outside range between Q1-1.5 IQR
and Q3+1.5 IQR may be regarded as an outlier and removed, where Q1 and Q3 are the first and third quartiles of the AAI
difference, and the IQR is the range between Q1 and Q3. Only the data passing the outlier detection criterion is used to
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calculate the cost function (Eq~(ﬂ3l)):
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Here AAL indicates the AAI for ith satellite pixel of the selected OMI data; subscripts DSM and OMI indicate DISAMAR
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simulation and OMI observation, respectively. The combination of Zer and wo that leads to the minimum residue is used to
simulate the AAL

Finally, the simulated AAI is compared with OMI observations. We also employ the independent data from GOME-2 as a
reference tojdentify the potential bias of OMI. Similarly, the t retrieved from OMI and AERONET serves as a reference to

that of MODIS. The estimated aerosol Jayer height and wo at 550 nm are evaluated with independent observations from
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CALIOP and AERONET, respectively.

4 Results and discussion,
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By applying the methodology described in the previous section, we quantitatively retrieved the aerosol Jayer height,and o at
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550 nm pof the Chile 2017 wildfires by AAI simulation. The OMI measurements of the plume are displayed in Fig.8 (a) — (d).
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The presented satellite, pixels are with AAI value larger than 1, and are free of.cloud contamination, sun-glint and row
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anomaly of the instrument. Fortunately, the remaining data is still able to capture the main plume features. It can be clearly

seen that from 26 to 30 January, the plume produced by wildfires in the central Chile was transported by the south-easterly
trade wind from the continent towards the lower latitude region of the Pacific Ocean. The plume travelled over a distance of
3000 km during the period.
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The vertical movement of the plume is given by CALIOP backscattering coefficient measurements (B) at 532 nm (Fig.7).
The CALIOP paths closest to the plume are marked by a black dashed line in Fig.7. It is noted that due to the spatial
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coverage and the measuring time difference, CALIOP are not able to represent the entire plume detected by OMI. ;The

Formatted

.. [284D
<

acerosol layer captured by CALIOP is distributed from 2 km to 6 km, with an average height at approximately 4-5 km. The

ascent of the plume was driven by the heat generated by the fires and sunlight absorption, as well as the atmospheric vertical

motions.

Fig.8 (e) — (h) show the AAI simulation selected by the data quality control mentioned in Section 3.2. The spatial
distribution of the simulated AAI shows similar patterns as the OMI observations. Some data points that are geographically
isolated from the plume, e.g. in case 26 and 30 January, differ strongly from what are observed inside the plume. Including

these outliers in the optimization could bias the retrieved aerosol properties. This can also be seen in Fig.8 (i) — (1), where the
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points passing the data quality control described in Section 3.2 are highlighted in red colar. By removing the outliers, the

average spatial correlation coefficient reaches 0.90.
Table 2 lists the statistics of the qualified AAI data, in terms of the median, relative difference and RMSE. The median of
measured AAI ranges from 2 to 4 during the research period. Except for 26 January, the median of simulated AAI in other
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cases,jis in good agreement with the measurements, with relative differences within +6%. .the RMSE is only acceptable

reflects that part of the plume cannot be fit by the assumptions in the forward simulation. The majority of the simulated AAI

for 26 January is negatively biased, which is reflected by the small slope without an intercept correction in Fig.8 (i). A

systematic bias in the inputs might cause this result. In terms of wo, both the AERONET measured and the AAI retrieved

aerosol absorption become weaker with time (Table 2), Although the simulated and observed AAT are in good agreement,

the difference in o is si can of the

ificant. The

(Deleted: for )
’ Formatted [294D
(Deleted:, )
) /(Deleted: low ...MSE is only acceptable reflects that part of _t_hF297D
/ CFormatted .. [295
CDeleted: T
. ‘CFormatted . [Z%D
CFormatted . [ZQBD
~ ( Deleted: of
»n.(Formatted . [299])
oo >
o (Formatted [3OOD

AERONET measurements with a mean value of 0.90.

Jhere are many sources contributing to, this discrepancy in wq First of all, the nearest site Santiago_Beauchef is not exactl

in the primary biomass burning regions as mentioned in section 3.1.3. The AERONET site is located in downtown, where

Jeflective urban or industrial aerosols may have been mixed with the smoke and enhanced the wo. This would also affect the

spectral dependence of complex refractive index used to constrain the radiative transfer calculation, According to Table 2

the retrieved ni reveals that the difference between 354 and 388 nm is less than 5%. This small spectral dependence of ni is
mainly determined by AERONET measurements in the visible band (dashed lines), whereas the effect of the scaling factor is
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minor in this case (Fig.9 (b)). We thus find a much weaker wavelength dependence than the value in Jethva and Torres

(2011) study, where a 20% difference between the two UV wavelengths was applied to OMAERUYV algorithm to achieve the

result that 70% of the retrieved wo differ; less than +0.03 from the wo from the AERONET measurements. This 20% spectral

dependence adopted in their work is associated with findings of Hoffer et al. (2006). They conducted in situ measurements

on humic-like substances (HULIS) of Amazonia biomass burning aerosols and found that around 35% - 50% light

absorption occurred at 300 nm, whereas only around 15% at 400 nm. In terms of the absorbing Angstrém exponent (AAE), a
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20% increase at 354 nm with respect to the value at 388 nm is equivalent to an AAE value between 2.5 and 3, depending on

the aerosol models of OMAERUV. According to Kirchstetter et al. (2004), the AAE of urban pollution is near unit and

biomass burning aerosols ranges is approximately 2 between 300 nm to 1 um. Bergstrom et al. (2007) also confirmed this
conclusion from several field programs (SAFARI 2000, ACE Asia, PRIDE, TARFOX, INTEX-A). From the sensitivity

study of Jethva and Torres (2011), g stronger spectral dependence of ni between 354 and 388 nm would allow simulations to

reach a higher AAI while keeping n; at a relatively low level. In our study, this means to,retrieve a higher wo at 550 nm. The
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presence of non-absorbing aerosols weakens the spectral dependencg (particularly in the UV spectral range) and the linear
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not error-free. The uncertainty of size distribution retrieval is minor for biomass burning aerosols (Dubovik et al., 2000), but

Linder optically thick circumstances, even when retrievals are quality-assured (i.e. level 2 data), the reported accuracy of
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AERONET tends to underestimate the absorption of biomass burning aerosols compared with in situ measurements

(Dubovik et al., 2002; Reid et al., 2004). The uncertainty of @ is 0.03 under high aerosol loading (t 440> 0.5),and 0.05-0.07
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under low aerosol loading (Dubovik et al., 2002; Holben et al., 2006). Last but not least, the spatial representation of the in

Situ instrument also concerns. Santese et al. (2007) showed that the selected AERONET aerosol parameters can be
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bright surfaces
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wo is defined as the ratio of the radiation scattered by aerosol particles to the total attenuation. Because aerosol
compositions and properties are highly variable in space and time, measuring the global distribution of wo relies on
remote sensing techniques. The POLarization and Directionality of the Earth’s Reflectances (POLDER) wo from a
combination of multi-angular, multi-spectral observations of the measures aerosol polarized phase function. This
provides information directly related to wo (Leroy et al., 1997). But However, there is no continuous temporal
coverage because the first two instruments encountered technical hitches that prematurely ended the missions ended
prematurely due to technical problems on the satellite level. The third POLDER instrument mission covered the

period 2004-2014.
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implementations have been done for ground-based network measurements (Dubovik et al., 1998; Eck et al., 2003;
Petters et al., 2003; Kassianov et al., 2005; Corr et al., 2009; Yin et al., 2015), while relatively fewer applications to
satellite instruments exist due to lack of validation (Lee et al., 2007; Ialongo et al., 2010; Eck et al., 2013).
Moreover, a majority of those methods heavily depend on the aerosol optical thickness (1), either in forward model
simulations or in validation procedures. This makes the derived wo subject to large uncertainties. The reason is that t
retrieval requires assumptions on aerosol types, and the commonly used 7 that is retrieved in the visible band where
the signal of bright surfaces is strong. Besides, the aerosol effect on radiance is inversely proportional to wavelength
(Kaufman, 1993), and the sensitivity to wois not significant for most T measurements in the visible and infrared band
(Kaufman et al., 1997).

The
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Empirical models were also developed to build connections between the AAI and parameters it depends on. Hsu et
al. (1999) found a linear relation between the TOMS retrieved AAI and Sun-photometer measured T over regions
with biomass burning and regions covered by African dust. Ginoux and Torres (2003) implemented an empirical
relation between the AAI retrieved from TOMS with 1, wo and surface pressure (Ps) to characterize the dust aerosols.
Although requiring less computational cost, applying these empirical models is either limited by specific conditions

or subject to large errors. Thus, these methods have not been widely used.
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The aerosol effect is assumed at A2 is negligible, so that the assumption of a Rayleigh atmosphere at this wavelength

is valid. This The way the longer wavelength A is treated as reference wavelength where the surface albedo (as) is

determined by fitting the observed radiance, i.e. Ifzay (ag) = I2P5. This as is also assumed used at A1 to compute Ifla Y.
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the difference between I7° and I fla normalized by the measured radiance

obs.
Iﬂ.l .
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As shown in Fig.3 (e) and (f), even with a decreasing wo and an increasing g, or alternatively a decreasing I7;°, the

AAI primarily follows the behaviour of Al;. The significant reduction in the spectral dependency of I overwhelms

the high reflectivity for small particles (rz=0.1pm).
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resulting in an increase in I/{’fs with ©. [Sj1]
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functions may not be the major error source in our case, but the refractive index is not, which
may bias the forward simulation. The SSA, as the parameter to validate, is also with uncertainty

of 0.03.
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