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Summary and Purpose of the Document

This document contains information on USA NWS Upper-Air network changes, acquisitions, and test activities.
Action proposed

The meeting is invited to note the information contained in this document.
The United States National Oceanic and Atmospheric Administration’s National Weather Service Operations, System Deployments, Acquisitions, Testing, and Procurement Activities

1.
Introduction

The National Weather Service of the USA (NWS) supports 102 radiosonde sites located in the contiguous United States and Alaska, the Pacific Islands, and the Caribbean Cooperative Hurricane Upper-air Stations.  These sites transmit their radiosonde data over the Global Telecommunications System (GTS).  Seventeen sites are designated as Global Climate Observing System (GCOS) sites.  Seven of the GCOS sites are in the contiguous United States, one is in the Caribbean, three are in the Arctic region, and six tropical sites are in the Pacific Islands.

2.
Replacement and Legacy Radiosonde Ground Systems

The primary radiosonde ground system in the NWS network to day is the IMS 2000.  This tracker and its signal processing unit is the backbone of the NWS Radiosonde Replacement System and currently installed at 49 network sites.  It is a 1680 MHz antenna and receiver based system used for tracking GPS radiosondes.  The software for this system was developed and is maintained by the NWS.  The primary part of the legacy network is comprised of over 40-year old military systems (GMD-1s) and civil systems (WBRTs).  These 41 systems were refurbished with solid-state electronics in the 1980s.  In the late 1980s, they were upgraded to Microcomputer operation based on IBM-XT computers.  The radiosonde data processing software used with these systems was developed and is maintained by the NWS.  Ten sites in the Caribbean network have Radio-direction Finding System (RDF) IMS 1500 tracking systems from International Met Systems operating at 1680 MHz.  These systems are universal systems.  The software for this system is provided and maintained by the systems manufacturer.  Three VIZ W9000 Loran-C 403 MHz systems round out the current network.
3.
Radiosonde Vendors

The NWS uses radiosondes manufactured by Lockheed Martin Sippican, Inc., (formerly VIZ) and Vaisala, Inc.  Lockheed Martin Sippican is the sole provider of the Mark IIA GPS radiosonde for the Radiosonde Replacement System, provides the VIZ B2 radiosonde for 19 sites, and10 sites in the Caribbean network.  Vaisala provides RS80-57H radiosondes for 22 legacy sites in the network, and the remaining sites use the VIZ Mark II Loran-C radiosondes with three VIZ WL9000 systems.
4.
Radiosonde Qualification
The NWS qualified two vendors to provide 1680 MHz GPS radiosondes for network use.  Subsequently, one contract for the Sippican Mark IIA was awarded.  Currently, three radiosonde vendors have 1680 MHz GPS radiosondes in various phases of qualification.  These radiosondes have pressure sensors, incorporate capacitive type relative humidity sensors, and have fast response temperature sensors.  Factory qualification of these radiosondes as well as the signal processing interface between the NWS ground receiver and the workstation is required before Government testing can commence.  When qualification is complete at the factory, follow-on qualification will be carried out by the NWS over a four season testing cycle.  When qualified, the radiosonde models will be added to a qualified products list and will be eligible for contract consideration for network radiosondes.  The three radiosondes that are in various stages of qualification are the Lockheed Martin Sippican LMS6, the Vaisala RS92, and the International Meteorological Systems next generation GPS radiosonde, the iMet-1.

5.
Radiosonde Replacement Program Deployments

The NWS initiated activities to replace the existing radiosonde network with new GPS based ground systems operating within the 1680 MHz band.  The antenna/receiver generic generic in that it operates with any vendor provided radiosonde through a vendor provided signal processing system (SPS).  The SPS essentially converts un-altered engineering data to meteorological units.  The data from the SPS are processed in the workstation with government owned and maintained software.  Features of the new system include an ability to operate on a reduced frequency band width within the 1680 MHz meteorological aids band.  Furthermore provision of 1 to 2-second data can be given to the NCEP for use in regional models, and the use of latitude and longitude position data with the meteorological elements for three dimensional applications in models.

The Radiosonde Replacement System started with the replacement of ten IMS CV700s in the Caribbean network with IMS 1500 Radio Direction Finding trackers.  These ground systems were configured as a universal system which could be made compatible with any vendor radiosonde through a signal processing system.  In this case, the initial signal processing system was to support the CV700 with VIZ Mark II radiosondes.  With the replacement of the CV700 with the IMS 1500, the interface was changed to a signal processor that was compatible with the VIZ B2 radiosonde.  The data processing and coding software were provided by InterMet.  The IMS 1500 tracker is being used with RDF radiosondes.  The IMS 2000 tracking system used for tracking the 1680 MHZ GPS radiosondes is being installed in the NWS managed radiosonde network.  To date, 49 systems have been installed and are using the Lockheed Martin Sippican Signal Processing System and the Sippican Mark IIA GPS radiosonde.  The output from this system is interfaced in to the Radiosonde Work Station for data processing and message coding with NWS produced and maintained software.  This system is also deemed a universal system in that any radiosonde vendor can provide an interface system and radiosondes to work with the tracker.  Vaisala and InterMet also have Signal Processing Systems that can be interfaced.

An additional 44 sites will have the new equipment installed.  The new installations will take several years to complete.  The current installation rate is about two stations per month and is projected to go to 12 to 16 per year for the remainder of the sites.
6.
Operational Issues

Several issues have been encountered with initial deployments of the GPS radiosondes.  Some of the upper air sites encountered Radio frequency interference from FM radio stations which led to a loss of low-level winds.  The FM radio signals in combination with the radiosonde carrier frequency led to destructive harmonic frequencies which impacted the GPS L1 band.  Filtering techniques were employed which mitigated the destructive interference.  Start up and reacquisition lockup time of the GPS receiver was longer than allowed.  A change in the GPS chipset due do parts obsolescence did not allow for retention of almanac information.  Chipset memory enhancement mitigated the problem.  The third issue had to do with the low transmit power during radiosonde startup.  This was a function of the water activated batteries that required a load to fully activate the battery.

Initial installations of the Radiosonde Replacement System were deployed to upper air sites which had transponder systems to provide reliable winds during the winter months when high speed winds aloft were commonplace and caused the radiosonde tracker to encounter limiting angles.  The transponder systems had been phased out of service in the 1990s because of radiosonde costs and maintenance issues.  The discontinuation of the of the program led to the loss of high altitude winds as early as 40 minutes into a flight and often the winds were lost for the duration of the flight.  With the GPS winds from early installations being merged with Radio direction Finding based sites, the National Centers for Environmental Prediction found discrepancies in the winds and were initially deleting the GPS winds aloft because they were not consistent with first guess fields.  When it was realized that the winds were actually very accurate and far better than the winds from the legacy systems, the data were all retained.

The thermodynamic levels selection criteria for the purpose of entry into coded messages has nearly doubled the number of reported levels in the TTBB and TTCC parts of the WMO coded message.  
7.  Radiosonde Replacement Program Procurement Activities
The replacement of the ground systems will continue and will include 102 sites.  To date, 59 legacy sites have been replaced including 10 in the Caribbean network.  Although the current network with the new systems is being supported by one qualified radiosonde provider, qualification activities continue to enlarge the number of potential providers of the 1680 MHz GPS radiosonde.  Preparation is underway for a multiple award contract for radiosonde units.  The NWS is currently performing Engineering Testing of the Lockheed Martin Sippican LMS6 1680 MHz GPS radiosonde.  This radiosonde is envisioned to replace the Sippican Mark IIA radiosonde.  The LMS 6 will have a new capacitive type relative humidity sensor, a new battery, the removal of the duct in the radiosonde body for housing the relative humidity sensor and a new GPS chipset.  The Vaisala RS92 is currently undergoing NWS end to end engineering testing with the IMS2000 tracker and the output from the Signal processing System   The InterMet Imet-1 is in factory testing
8.  GCOS and Climate Continuity Requirements


Seventeen sites in the National Service network are GCOS sites.  These 17 sites with the exception of three sites in the Pacific Islands have been flying the VIZ B2 radiosonde with the large rod thermistor since the late 1950s.  The GCOS requirement for changes of radiosondes at GCOS sites should be accompanied by at least a one year overlapping study to determine measurement biases between old technology and newer technology.  While the NWS is committed to perform continuity studies, we have not included GCOS sites for replacement systems until a climate worthy radiosonde is qualified and procured.  The installation delays at the GCOS sites is to avoid the necessity to provide a second, expensive continuity study at selected sites and to minimize if possible a break in the data record.  From the Mauritius International Radiosonde Intercomparison of high quality radiosondes, two of the radiosondes were deemed generally suitable for climate related measurement activities.  This included an assessment of temperature, relative humidity, pressure (and or derived pressure) and winds.  The NWS has not yet qualified either of these radiosondes.  The radiosonde the NWS is using with replacement system still uses the old resistive carbon element technology with known biases at low relative humidity and cold temperature.  

