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As mandated by a 1994 Presidential Directive, the United States Department of Commerce (DOC), Department of Defense (DoD), and the National Aeronautics and Space Administration (NASA) are working together in an Integrated Program Office (IPO).  The IPO is to develop and fly a new National Polar-orbiting Operational Environmental Satellite System (NPOESS).  NPOESS replaces two systems currently flying- the DOC Polar-orbiting Operational Satellite (POES) and the DoD Defense Meteorological Satellite Program (DMSP)- beginning about 2009 with full operational capability by 2013.  The converged system will conserve financial resources, and will be responsive to the diverse requirements of military and civilian users of meteorological, terrestrial, climatic, oceanographic, and solar-geophysical data.  In this talk, we will review one of the instruments on NPOESS, the Aerosol Polarimetry Sensor (APS).


NPOESS has introduced a new approach to the development of sensors which is expected to lead to a more efficient ad optimal sensor design.  Traditionally, a government agency released a sensor performance requirements package for contractors top bid against with the sensor as the principal deliverable.  In parallel with the sensor development and continuing afterwards, the user community developed specialized algorithms at their individual organizations.  These algorithms were designed to yield the operational and/or scientific data products for which the system was ultimately responsible.  In the NPOESS approach, a data product requirements package is released for contractors to bid against, with both the sensor and algorithms as deliverables.  This new approach allows the contractor to perform prioritized trade-offs between the sensor and algorithms, thereby arriving at an optimized, “best value” design solution for providing the required data products.


In September of 2000, IPO personnel, at the request of the NPOESS user community, participated in a workshop held at the NOAA Geophysical Fluid Dynamics Laboratory, to discuss the needs for remotely sensed data required to monitor global aerosol forcing of climate.  The workshop endeavored to not only identify what data was needed and a strategy for obtaining the data, but also investigated potential synergies with planned NPOESS instruments (such as the Visible Infrared Imager Radiometer Suite (VIIRS) and the Ozone Mapping and Profiling Suite).  Workshop participants recommended a multispectral, multiangle poalrimeter covering a range from 0.4 to 2.4 microns to best address the needs for aerosol monitoring.  They also recommended flying the instrument in the 0930 orbital plane to minimize the impact of clouds and to obtain better solar angles.


Following the workshop, the NPOESS users group took the recommendations of the workshop and began the process of working with the user community and the IPO to establish a series of requirements (known as Environmental Data Records (EDRs)) so that a sensor could be developed.  Once approved by the Senior Users Advisory Group (executive level approving agency), the requirements were entered into the NPOESS Integrated Operational Requirements Document and then further defined in the Technical Requirements Document (TRD), both of which are available on the NPOESS Electronic Library (http://npoesslib.ipo.noaa.gov).  Once this was completed, a Request For Information was sent to industry to determine the feasibility of building the sensor and to better understand the potential for competition in building the sensor.  This was followed in the fall of 2001 by a request for proposals to begin a Concept Exploration Phase for the APS, the phase in which the project currently resides.


APS has been assigned four major EDRs, two of which will provide enhancements to current EDRs assigned to the VIIRS instrument.  The four EDRs are Aerosol Optical Thickness; Aerosol Particle Size; Aerosol Refractive Index, Single-Scattering Albedo, and Shape; and Cloud Particle Size Distribution (the first two EDRs are computed in concert with VIIRS).  A brief if summary of each EDR follows.  Details of required attributes (such as cell size, accuracy, etc.) are provided in the APS Sensor Requirement Document which is available on the previously cited web page.


Aerosol Optical Thickness is defined as the extinction (scattering + absorption) vertical optical thickness of modes 1 (~0.1 m) and 2 (~ 1.0 m) of the bimodal aerosol distribution at multiple wavelengths within the 0.4 to 2.4 micron spectral range.  The APS contribution to the existing EDR adds accuracy over land and oceans.


Aerosol Particle Size denotes a measurement of the bimodal size distribution of the aerosol population in terms of effective radius and effective variance of each mode.  The effective radius is the ratio of the third moment of the aerosol size distribution to the second moment.  The effective variance characterizes the width of the size distribution.  Once again, the APS contribution is increased accuracy over land and oceans.  


The third EDR is a multiple product EDR, Aerosol Refractive Index, Single-Scattering Albedo, and Shape.  This entails the measurement of the real part of the refractive index and the single-scattering albedo of each mode of the bimodal aerosol size distribution at multiple wavelengths within the 0.4 to 2.4 micron spectral range.  Shape is a determination of sphericity or non-sphericity of the aerosol particles.  This is inferred from multi-angular measurements of the departure of scattered radiation from that expected from spherical aerosol particles.


Cloud Particle Size Distribution measures the effective radius and effective variance of a single mode particle size distribution.  The effective radius is the ratio of the third moment of the size distribution to the second moment.  The effective variance characterizes the width of the size distribution.  Measurements extend up to a height of 38 kilometers to include the possibility of detecting polar stratospheric clouds.


APS will provide scientists with an opportunity to obtain a long term series of measurements to better characterize the aerosol contribution to climate forcing in addition to enhancing current aerosol measurements.  This will lead to improvements in climate modeling and numerical weather prediction capabilities, as aerosols are better understood.  The IPO is taking an aggressive approach to acquire this sensor in time for the first NPOESS launch.

