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Aerosol optical depth (AOD) from Visible Infrared 
Imaging Radiometer Suite (VIIRS) sensor onboard the 
Suomi National Polar Orbiting (SNPP) satellite

Satellite observations have been used to improve aerosol products
 Routine monitoring of model performance
 Near-real-time biomass burning emissions from satellite observations
 Data assimilation of satellite aerosol observations

Lessons learn from my global aerosol modeling work at EMC: 
The utilization of satellite data to improve aerosol forecasting 

Dust off Africa, observed by the Moderate 
Resolution Imaging Spectroradiometer (MODIS) 
onboard NASA’s Aqua satellite 

https://earthobservatory.nasa.gov https://www.star.nesdis.noaa.gov
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A new era for satellite observations of aerosols has begun.
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Satellite observations make critical 
contributions for regional applications



IDEA-NYS Configuration
IDEA-NYS IDEA-NYS HR

Domain Lon: 126W to 69W
Lat: 24N to 56N

Lon: 96W to 64W
Lat: 34N to 51N

Met input GFS 0.5°, 3-hourly, out to 60hr NAM 3 km, hourly, out to 36 hr

AOT VIIRS EDR 6 km (5x5) ~ 30 km VIIRS EPS 750m (8x8) ~ 6km

Clouds VIIRS using CLAVR-x cloud retrievals

Input Met: 3.3G
Satellite: CLAVR-x (7.9G), VIIRS (80M)

Met: 46G
Satellite: CLAVR-x (7.9G), VIIRS (1.9G)

Output 42 M 632 M

Run Time 20 min 120 min (> 80min downloading data)

7

Real-time aerosol forecast and analysis system for New York State, resulting from the 
adoption of IDEA-I (Infusing satellite Data Environmental Applications - International) air 
quality forecasting system from NOAA/NESDIS/STAR (Pierce and Kondragunta)
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The dual resolution system
provides detailed information
on aerosol loading in the NYS
region as well as information on
long-range aerosol transport
reaching the NY area.

Sample trajectory forecast for high VIIRS AOD,
with VIIRS AOD (in color contours), VIIRS cloud
optical thickness (in gray contours), 850 mb
winds (white arrows), and animated 60-hour
trajectory forecast (in magenta-white colors).
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The dual resolution system
provides detailed information
on aerosol loading in the NYS
region as well as information on
long-range aerosol transport
reaching the NY area.

Sample trajectory forecast for high VIIRS AOD,
with VIIRS AOD (in color contours), VIIRS cloud
optical thickness (in gray contours), 850 mb
winds (white arrows), and animated 36-hour
trajectory forecast (in magenta-white colors).
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Linear Mixed-Effect (LME) Model
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The model consists of two parts: fixed effects and random effects.
The model structure is expressed as follows:

Wang, W., Mao, F., Du, L., Pan, Z., Gong, W., & Fang, S. (2017). Deriving Hourly PM2.5 Concentrations
from Himawari-8 AODs over Beijing–Tianjin–Hebei in China. Remote Sensing, 9(8), 858.
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Dataset Variable(s) Spatial Resolution Temporal Resolution Source

HRRR
PBLH, RH2, T2, PRES 
(sfc pres), U10, V10

3 km hourly NOAA/ESRL

GOES-16 AOD 2 km 5 min for CONUS NOAA/STAR

AirNow PM2.5 Site hourly EPA

Land
DEM 1 km Static USGS

MODIS NDVI 1 km 16-day NASA
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10-fold cross-validation of estimated 
PM2.5 concentrations based on 
GOES-AOD during June 1- Aug 31 
contrasts with measured PM2.5

Cross-validation



12km WRF-CMAQ Configuration

12km domain:
(472x312 cells) covering the CONUS
(172x172 cells) covering CMAQ domain
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Model version CMAQ v5.2.1

Domain N.E. US; 12km
Meteorological Model WRF v3.7.1
Anthropogenic Emissions ARL (NEI 2011 v2 using GMU scheme)
Biogenic Emissions BEIS v3.6.1 with BELD b4
Wind-blown Dust No
OMI Data Yes (column ozone)
Photolysis Inline
AERO Version AERO6
Chemical Mechanism CB6r3
Boundary Conditions ARL (CMAQ 5.2.1 para run)
Gravitational Setting Yes



GOES estimated and CMAQ simulated PM2.5 vs AirNow observations
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GOES estimated and CMAQ simulated PM2.5 vs AirNow observations
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AIRS CO (850-500 mb)

OMI UV Aerosol Index (2017-09-05) CATS aerosol subtype

 Limitation in AOD products: chemical composition and vertical structure
 Solution: AOD observations are used in conjunction with aerosol 

model/reanalysis, surface network, and other satellite retrievals 

Space-borne aerosol lidar
measuring backscatter

Ratio of measured backscattered UV 
radiation versus calculated Rayleigh 
scattering 
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AOD from GEOS-16
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HRRR – surface 

HRRR - column ICAP-MME - 00ZHYSPLIT – 06Z

AIRS - Total column CO 

Aug 20, 2018



Profiler observations 
(Aug 18-20, 2018)
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Concluding Remarks

 Critical contributions by VIIRS and GOES-16 aerosol products for air 
quality applications over NYS
 Synergistic activities -- AOD observations in conjunction with aerosol 

model/reanalysis, surface network, and other satellite retrievals 
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Thanks.

Questions or comments?
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