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Top Issue All Over the World
 Global Warming and Climate Changes 

(http://www.internet.hk)

(http://big5.chinanews.com)(http://www.cwb.gov.tw)

Drought

Flood
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The key drivers 

Earth Radiance Budget Processes
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IPCC AR5, 2013
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(IPCC AR5, 2013)

Earth Radiance Budget Processes
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Background
 Aerosol Radiative

Forcing:
 Large fluctuation
 Complex components (size, 

shape, material, …) ~ type 
issue

 Aerosol mixture ~ Mixing 
effect

(Stocker et al., 2013)A1-大氣監測與分析 105 CWB Taipei 6



Aerosol Loading (AOD, July 2008) Particle Size Distribution
(AE, July 2008 )

Surface Shortwave Flux Down – Clear sky (W/m2)

 Effect of Aerosol Types on Radiative forcing

Coarse mode
Fine mode

Direct
effect!
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Spatial Distribution of Global Aerosols
(Simulated by NASA & NOAA)

white-surfate; green-smoke; brown-dust; blue-sea saltFrom NASA (2011)

Mixed Aerosols

Loading

Type

Mixing 
status

Mapping the 
fluctuation
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Focal Points of Remote Sensing
 Aerosol categorization – mineral dust(DS), 

biomass burning(BB) and anthropogenic 
pollutant(AP)

 Mixing status determination – AOD fractions of 
dominated aerosols

 Comprehensive information – by means of 
satellite observations
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Discrimination of aerosol type
 Data collection ~ In situ & Satellite
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AERONET
(Surface)

Dusts
(DS)

Biomass Burning
(BB)

Anthropogenic
Pollutants (AP)

Ångström exponent 
(AE)     440_675nm

(Particle Size)

0.066 ± 0.055
(Coarse )

1.499 ± 0.096
(Fine mode)

1.105± 0.269
(Fine mode)

Single scattering 
albedo (SSA) 675nm

(Absorption; 
Scattering)

0.958 ± 0.002 0.903 ± 0.024
(absorptive)

0.940 ± 0.031
(scattered)

MODIS
(Satellite)

Dusts
(DS)

Biomass Burning
(BB)

Anthropogenic
Pollutants (AP)

Ångström exponent 
(AE)     440_675nm 0.523±0.1833 1.3395±0.286 1.158±0.492

Single scattering 
albedo (SSA) 675nm 0.9311±0.0286 No information No information

 Optical properties of aerosols ~ In situ & Satellite
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SSA AOD

 Spectral variations of optical properties
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Approach
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Ångström empirical formula:

Loading dependent

Measurement from AERONET
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AOD gradient normalization to eliminate the effect of 
aerosol loading;

BA
ref

×−=∇ )1(/),( 21

α
λλλ ττ

A novel index, Normalized Gradient Aerosol Index (NGAI), 
is defined for aerosol categorization
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;

AOD fraction of mixed aerosols
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 Validation of NGAI AOD fraction ~ CALIPSO
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=

 Validation of NGAI AOD fraction ~ the reference 

CALIPSO aerosol products

A1-大氣監測與分析 105 CWB Taipei 17



Application to MODIS AOD products

MODIS
Multi-spectral AODs Systemic Calibration
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Results from MODIS 
Pure type AOD fraction
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 Validations with AERONET
Aerosol Category -- Compare to AERONET 

158 Cases
AERONET

Dust

AERONET

BB

AERONET

AP

MODIS

Dust
0.64±0.19

(2.53%)

1.50±0.09 

(1.27%)

1.29±0.13

(1.27%)
MODIS

BB
0.87 

(0.63%)

1.49±0.13 

(86.08%)

1.16±0.05 

(1.90%)
MODIS

AP
0.65

(0.63%)

1.37 

(0.63%)

1.08±0.11  

(5.06%)
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 Validations with COLIPSO
Aerosol Category --

Compare to CALIPSO
(pure column)

AOD Fraction --
Compare to CALIPSO 

(BB)

(AP)

(DS)

AE0.47-0.66μm

(Percentage 

of Cases)

CALIPSO

Dust

CALIPSO

BB

CALIPSO

AP

MODIS 

Dust

0.59±0.04

(13%)

0.59±0.04

(11%)

0.57±0.03

(7%)

MODIS BB
1.70±0.11

(3%)

1.71±0.03

(35%)

1.70±0.03

(7%)

MODIS AP
1.01±0.13

(1%)

1.20±0.16

(10%)

1.02±0.17

(14%)
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Potential of NGAI for ARF assessment

Aerosol Radiative Forcing Aerosol Radiative Forcing Efficiency
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Potential of NGAI for ARFE assessment
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 Discussions 
A new data product (NGAI) of satellite was proposed to 
categorize aerosols and determine AOD fraction for mixed 
aerosols
Biomass burning aerosol can be discriminated from 
anthropogenic source using NGAI
NGAI facilitates the evaluation of aerosol radiative forcing 
with satellite data
NGAI also can be applied to geostationary satellite 
observations, such as Himawari-8, for the continuous monitor 
during the daytime.

Investigation of aerosol retrievals with 
Himawari-8 data
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Greater Taipei Region
SPOT 5 true color, 2009/05/08

Satellite Image
AOD

Properties
&

type

{
PM

AOD

PM2.5 

(µg/m3)

Relationship
Vertical distribution
Aerosol type
Water vapor

 Application of PM2.5 Monitoring 

Aerosol 
retrievals
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