Description of GOES-R Simulated ABI Aerosol Products

Scheduled to launch in 2015, GOES-R is the first in the next generation of NOAA geostationary satellites.  The Advanced Baseline Imager (ABI) on GOES-R will provide new satellite products with higher accuracy and more frequent measurements.  To prepare the air quality user community for the unprecedented volume of data from GOES-R, NOAA has established the Air Quality Proving Ground (AQPG).  The AQPG is providing training and outreach to air quality forecasters, modelers, and analysts on GOES-R capabilities and products.  

In order to approximate the process of actual ABI observations that will occur once GOES-R launches, the AQPG team is generating case studies of simulated ABI aerosol products.  For the July 4, 2012 case study, the AQPG team generated hourly simulated ABI imagery for 12:00-23:00 UTC over the continental U.S. (CONUS).  This case study is designed to give the user community an idea of the products that will be available from GOES-R and allow for feedback to the AQPG team on product development.

Process for Generating Simulated ABI Aerosol Products
Figure 1 shows the main steps involved in generating the simulated ABI aerosol products for the July 4, 2012 case study.
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Figure 1. Process for Generating GOES-R Simulated ABI Aerosol Imagery
The simulated ABI products are based on 00:00 UTC runs of the Weather Research and Forecasting (WRF)-Community Multi-scale Air Quality (CMAQ) model, provided by Dr. Pius Lee of NOAA’s Air Resources Laboratory (ARL).  The NOAA ARL WRF-CMAQ configuration has 12 × 12 km horizontal resolution over a CONUS domain (Figure 2).  The model incorporates the Carbon Bond 5 module and Blue Sky fire emissions.  Dust emissions are not simulated in the model.
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Figure 2. CONUS Domain of 12 km Resolution WRF-CMAQ Model (larger area enclosed by red outline).  The smaller red box is the domain of a nested 4 km resolution model, which was not used for this project.


A subset of 6 simulated ABI spectral band radiances (0.468 m, 0.633m, 0.860m, 1.38m, 1.61m, and 2.25 m) were generated by running WRF-CMAQ model output through the Community Radiative Transfer Model (CRTM).  Subsequently, these simulated radiances were used as input into the GOES-R ABI aerosol algorithm, which produced the simulated ABI aerosol products.  The simulated ABI aerosol data products were post-processed to produce image files, which were uploaded to an interactive web page.  

Simulated ABI Aerosol Products
ABI products for air quality applications will include Aerosol Optical Depth (AOD) and Suspended Matter.  AOD is a measure of the scattering and absorption of visible light by particles in a vertical column of the atmosphere.  AOD is related to particulate matter (e.g., PM2.5) concentrations in the atmosphere; higher values of AOD correspond to higher concentrations of particles.  AOD is a unitless measurement and is represented on a color-coded scale ranging from 0 to 1 in the simulated imagery.  Clouds block AOD retrievals, so there are no AOD data for cloud-covered areas.  AOD is useful for identifying and tracking areas of high particulate concentrations that correspond to an air quality event, such as a wildfire, dust storm, or haze episode.  

Suspended Matter, which indicates Aerosol Type (AT) and concentration, is a new product from GOES-R that will help users distinguish between smoke and dust aerosol observations.  AT is derived from the minimization of the difference between observed and calculated radiances at different wavelengths using four aerosol models: dust, smoke, urban, and mixed.  

Natural Color Imagery (NCI) will also be available from GOES-R as a decision aid.  NCI serves as a complement to AOD measurements by providing visible information about areas of smoke, haze, or dust.  Clouds appear as bright white features in NCI, while smoke is solid grey and haze is a diffuse grey feature.  NCI is typically generated from a combination of the visible spectral bands of a satellite instrument.  The ABI will not have a green (0.55 m) band, however, so it will be approximated from a look-up table based on the ABI blue (0.47 m), red (0.64m), and near-infrared (0.865 m) band radiances once GOES-R is operational.  For the July 4, 2012 case study, the AQPG team generated simulated ABI NCI by deriving a synthetic ABI green band based on the relationship between the red, green, and blue bands of NASA’s MODerate resolution Imaging Spectroradiometer (MODIS).

An overlay of fire hotspots is provided by the GOES Wildfire Automated Biomass Burning Algorithm (WF-ABBA).  

Spatial and Temporal Resolution of Simulated ABI Products
The simulated ABI NCI and AOD images were interpolated from the 12 km spatial resolution of the WRF-CMAQ model to 2 km resolution in order to match the spatial resolution that actual ABI products will have.  As a result of the spatial downscaling, some pixilation exists in the simulated images; this is an artifact of the spatial resolution of the model data and will not be present in actual ABI images once GOES-R launches.  Similarly, the simulated ABI images have a temporal resolution of 1 hour, set by the WRF-CMAQ model runs, but actual ABI products will have a temporal resolution of 5-15 minutes.

Simulated ABI 3-Hr Composite AOD
Simulated ABI 3-hr composite AOD images are generated by combining hourly simulated ABI AOD at each location in the CONUS in 3 hour increments.  Composite AOD images are available at 14:00, 17:00, 20:00, and 23:00 UTC.  They are useful for visualizing changes in AOD in locations where AOD may be periodically missing due to interference from clouds or bright surfaces.

48-Hour Aerosol Forward Trajectory, with Model Winds and Precipitation
This product is an animated aerosol forward trajectory, forecast 48 hours into the future, in 3 hour increments.  The trajectories are initialized at 15:00 UTC on July 4 for areas of high simulated ABI AOD (AOD > 0.4).  The trajectories are initialized at 50 mb, 100 mb, 150 mb, and 200 mb above surface level, with a maximum number of 100 trajectories per swath.  The air parcel trajectories are run using 12:00 UTC NOAA NCEP NAM (North American Mesoscale Model) forecast data.  The pressure levels of the trajectories are plotted in mb and colored with a magenta-white scale (shown in the color bar at the bottom right of the image).  850 mb wind field vectors are plotted to show wind direction and speed, and the locations of 3 hour accumulated precipitation are plotted in yellow.

The forward trajectory animation illustrates the potential vertical movement of high aerosol loads in the troposphere.  The darker colors on the trajectory pressure scale are limited to the 1000-800 mb pressure levels to help distinguish trajectories moving within the boundary layer.  As the forecast trajectories progress in time, darker color trajectories indicate a flow of air (and presumably aerosols) towards the surface.  In contrast white color trajectories indicate an upward movement of air and aerosols.

PM2.5 Estimates and Suspended Matter
Surface PM2.5 concentrations (g/m3) are estimated from the average daily simulated ABI AOD values for the CONUS using the linear regression relationships between MODIS AOD and surface PM2.5 concentrations over ten EPA-defined regions and four seasons derived by Zhang et al. (2009).  Suspended matter (g/cm2) is the simulated column measurement of aerosols in the atmosphere, between the top of the atmosphere and the Earth’s surface.

An overlay of in situ daily observed 24-hr average PM2.5 concentrations (g/m3) from State and Local Air Monitoring Stations (SLAMS) and National Ambient Monitoring Stations (NAMS) are represented by colored circles. The color of the circles corresponds to the daily PM2.5 concentration (g/m3), shown in the color bar at the bottom of the image, and is related to U.S. EPA Air Quality Index (AQI) color scale.


Reference
Zhang, H., Hoff, R.M., Engel-Cox, J.A. 2009: The relation between Moderate Resolution Imaging Spectroradiometer (MODIS) aerosol optical depth and PM2.5 over the United States: a geographical comparison by EPA regions, J. Air Waste Manage. Assoc., 59, 1358-1369.


GOES-R Simulated ABI Aerosol Products Description	Page 1

image1.jpeg
3.CRTM Run on NOAA STAR
computer orbit0061 with

1. Hourly outputs of 2 min 2. Re-formatting X
aerosol and met fields  [UCGUGE of WRF-cMAQ  [REIORuTI
from 48-hour
WRF-CMAQ forecast
run at 12-km resolution

outputs to A 1268 memory and 16 CPUS.
Code based on FORTRAN,

prepare for

CRTM run IDL, and shell scripts

5.ABI AOD
36 min algorithm run on

— orbit006! for

daytime scenes

7. Post-processing
of simulated ABI
aerosol products 1 min
using IDL and
ImageMagic to
generate display
imagery files

30 min

9. Web display





image2.jpeg
-120° -100° -80°

-140°





