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Detection and Classification of Major Aerosol Type Using
the Himawari-8/AHI Observation Data
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Abstract

Due to high spatio-temporal variability of amount and optical/microphysical properties of atmospheric aerosols,
satellite-based observations have been demanded for spatiotemporal monitoring the major aerosols. Observations
of the heavy aerosol episodes and determination on the dominant aerosol types from a geostationary satellite can
provide a chance to prepare in advance for harmful aerosol episodes as it can repeatedly monitor the temporal
evolution. A new geostationary observation sensor, namely the Advanced Himawari Imager (AHI), onboard the
Himawari-8 platform, has been observing high spatial and temporal images at sixteen wavelengths from 2016. Using
observed spectral visible reflectance and infrared brightness temperature (BT), the algorithm to find major aerosol
type such as volcanic ash (VA), desert dust (DD), polluted aerosol (PA), and clean aerosol (CA), was developed.
RGB color composite image shows dusty, hazy, and cloudy area then it can be applied for comparing aerosol
detection product (ADP). The CALIPSO level 2 vertical feature mask (VFM) data and MODIS level 2 aerosol
product are used to be compared with the Himawari-8/AHI ADP. The VEM products can deliver nearly coincident
dataset, but not many match-ups can be returned due to presence of clouds and very narrow swath. From the case
study, the percent correct (PC) values acquired from this comparisons are 0.76 for DD, 0.99 for PA, 0.87 for CA,
respectively. The MODIS L2 Aerosol products can deliver nearly coincident dataset with many collocated locations
over ocean and land. Increased accuracy values were acquired in Asian region as POD =0.96 over land and 0.69 over

ocean, which were comparable to full disc region as POD =0.93 over land and 0.48 over ocean. The Himawari-8/
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AHI ADP algorithm is going to be improved continuously as well as the validation efforts will be processed by

comparing the larger number of collocation data with another satellite or ground based observation data.
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Fig. 1. Spectral response function of Himawari-8/AHI (black solid line) and COMS/MI (gray shade).
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Table 1. Definition of the aerosol detection product determined from the Himawary-8/AHI data.

Variable name Definition Method
. Ash emitted from volcanic eruption Visible bands
Vol h (VA .
olcanic ash (VA) Detected day and night IR bands
Large dust particles in air Visible bands
D DD
esert dust (DD) Detected day and night IR bands
Relativel 11 polluti icl itted fi sti lysi -
Polluted aerosols (PA) elatively smfl pollution particles emitted from combustion and pyrolysis Visible bands
Detected daytime only
Undefined mixed or sole particles except for ash/dust/smoke .. .
. L . Remaining pixels after
Clean aerosols (CA) Relatively low aerosol loading in the air .
. ash/dust/smoke detection
Detected daytime only
Main-calculation
AnCiIIaI’y data AHI L1B data (t, A) Sub-calculation

Longitude,
Latitude

Calibration
table

iG

|

B

Sun position(t,8y,9,) |

Satellite

|

position vector

Radiance, Reflectance,
Brightness temperature

l

Clear sky detection
(Cloudy pixel removal)

l

View angles
(60:90)

Rayleigh

DEM

Rayleigh scattering correction

scattering
phase function

Aerosol type classification
(ash, dust, smoke, etc)

Fig. 2. Data process of the aerosol detection product (ADP) algorithm for the Himawari-8/AHI.
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Fig. 3. Calculated geometry data for Himawari-8 AHI sensor’s viewing area. (a), (d) Satellite view angles, (b), (d) azi-
muth angles, (c), (f) digital elevation map (DEM) for AHI looking areas of full disc and north east Asia, respec-

tively.
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Fig. 4. (a) AHI RGB color composite (red =0.64 um, green=0.51 ym, blue =0.46 pm) image on 5 March 2016, UTC03:00,
(b) standard deviation of 3 by 3 pixels of band 2, (c) BT at 13.3um, (d) BTD at 11 pm and 4 pm, (e) BTD at 11 pm

and 8 um, (f) BTD at 11 ym and 12 uym, respectively.
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Fig. 8. Himawari-8/AHI aerosol detection cases for dust storm on 5 May 2016 (left), haze on 25 April 2016 (middle), and
mixed aerosols on 8 April 2016 (right).

Fig. 9. Himawari-8/AHI (above) RGB color composite images and (below) volcanic ash detection results for the
Kambalny volcano from 00:00 UTC to 04:00 UTC. The volcano locates in far southern Kamchatka, Russia erupt-
ed around 21:20 UTC on 24 March 2017.
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Table 2. Skill scores acquired from comparison between
Himawari-8/AHI aerosol detection data and
MODIS level 2 aerosol products. Collocated data-
sets were 2 May 2017 ~ 9 May 2017.

Area Full disc Asia

Skill score PC POD FAR PC POD FAR
Land 0.78 0.93 0.72 0.73 0.96 0.66
Ocean 0.89 048 0.13 0.88 0.69 0.16
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