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1. INTRODUCTION

     The naval battlespace complexity necessitates the automated fusion of environmental information to maintain a consistent database of the Virtual Natural Environment (VNE).  The present battlegroup has limited means of sampling the environment, cannot efficiently fuse the available information, and lacks the ability to share a common and consistent representation of the VNE among its components.  Failed missions, missed targets, increased warfighter risk, and financial loss, are several outcomes that can occur in the absence of comprehensive weather intelligence. The Marine Meteorology Division of the Naval Research Lab (NRL) is currently developing a NOWCAST system for the Navy that effectively bridges observations and real-time mesoscale forecasts by producing “nowcasts” (0-2hr) that will enhance tactical decision-making within the battlegroup.  The Coupled Ocean/Atmosphere Mesoscale Prediction System – On Scene (COAMPS-OS®) provides the mesoscale data assimilation component of the total system and, when augmented with the NOWCAST capability, provides an enterprise-class network-centric data fusion system that allows the forward-deployed battlegroup to automatically and continuously blend meteorological data from available sources to characterize the battlespace VNE.  NOWCAST transmits updated products directly to end-users without interruption and allows grouping and tailoring of the products to specific war-fighting and decision-making requirements.  This integrated data assimilation/fusion system has been developed to deliver necessary environmental information directly to the battlegroup to mitigate the risk associated with the absence of integrated high-resolution data.

     NOWCAST is undergoing continual development and enhancement.  Backend features and organization are consistently being streamlined and upgraded to the latest available technology. New products have been designed in response to the acquisition and processing of NEXRAD Level II and III data, localized Supplemental Weather Radar (SWR) data, and commercial aircraft and Unmanned Aerial Systems (UAS) data reports. Capabilities have been added allowing users to supply feedback and to save product animations or static images onto their local hard drive.  “Light-weight” versions of NOWCAST are in development in an effort to accommodate users with system restrictions such as firewalls and limited network bandwidth.  Furthermore, a majority of the recent additions and enhancements have been designed in coordination with Naval Pacific Meteorology and Oceanography Detachment (NPMOD) at Naval Air Station (NAS) in Fallon, Nevada.

2. NOWCAST BACKGROUND

     Design of the system architecture and development of a prototype NOWCAST data assimilation/fusion capability commenced in 1998.  In 2002, an operational prototype was implemented in coordination with COAMPS-OS® at the Naval Pacific Meteorology and Oceanography Center – San Diego (NPMOC-SD), for use in Fleet Battle Experiment Juliet (FBE-J).  Since 2003, NPMOD at NAS Fallon has functioned as a beta test site for NOWCAST by immersing the application immediately into the Meteorology and Oceanography (METOC) community for Strike Warfare training support.  High-resolution NOWCAST products and COAMPS-OS® analyses and forecasts fill voids left by sparse, irregular, and unassimilated observations throughout the battlespace.  

     COAMPS-OS® provides background model fields and hourly analyses for the artificial intelligence (AI) and data fusion algorithms utilized in NOWCAST to blend first-guess fields with observations gathered from the battlegroup and beyond and to perform real-time verification.  The resulting database is rapidly updated and products are created for delivery to battlegroup end users via web-based client-server technology.  Products are derived from the fused data, and are adaptable to the needs of either warfighters or METOC personnel using the NOWCAST Java web interface.

     The original four-tier client-server framework of NOWCAST has been transitioned into a series of Simple Object Access Protocol (SOAP) based Web Services in order to enable enterprise interoperability with adaptable and flexible access to all available environmental information residing in a central database.  Figure 1 illustrates the design of the NOWCAST system architecture.  The user directly interfaces with a client web browser that can launch the Java applet through a login web page.  An OpenGIS Web Map Server has recently been integrated as an additional service requester, a capability that facilitates interaction with other applications.  The application server communicates with the service requesters to provide the user the desired information. The NOWCAST graphical product service uses a multiple entry point approach allowing all clients common, simple, and equal access to available environmental service holdings.  The web services provide the clients with environmental data that resides in a database that caches two hours of real-time information.  Raw data production and a master database repository for available environmental data are fused through various algorithms from which products are derived and pushed and persisted asynchronously, along with observational data, to the cache database to provide users the requested information on demand.  For a more thorough discussion of the history of the NOWCAST architecture, refer to Strahl 2003 (BACIMO).

3.  PRODUCT DEVELOPMENT

     Initial priorities for NOWCAST include support for strike warfare and carrier air operations.  Therefore, the application focuses on products with express value to aviation.  Products in full operation (undergoing enhancements and improvements when necessary) include: ceiling, visibility, flight category, visible and infrared satellite (with lightning activity overlay), radar base reflectivity (single station and composite), hourly radar precipitation totals (single station and composite), radar echo tops (composite), radar base radial velocity (single station), and 3-D winds. The following sections describe products that have recently been developed and are currently operational or will be in the near future.
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Fig. 1. NOWCAST enterprise system architecture (adapted from Cook et al., 2000).

3.1 Radar Advancements
     3.1.1 Three-dimensional Winds and Wind Profiles
     A three-and-half-dimensional variational (3.5dVar) algorithm is being implemented for the periodic retrieval of three-dimensional winds from radial velocity data observed by multiple radars.  COAMPS® forecasts are used as background fields and a simplified process is employed for dynamical constraint during retrieval to insure that retrieved winds satisfy model dynamics and that analysis and observation differences are minimized.  The retrieved three-dimensional winds are used in NOWCAST as a three-dimensional wind product and are also used to initialize the COAMPS® model to improve very-short-term predictions.  Sample output of the three-dimensional wind product is shown in Figure 2.  Additionally, the gradient velocity azimuth display (GVAD) method has been successfully applied to DoD radar data (Gao et al. 2004). GVAD computes VAD winds using the adjacent azimuthal differences of the radial velocity, thus, the accuracy of the GVAD wind profile is not affected by aliased radial velocity data.  The GVAD profiles are also used as a reference to de-alias the radial velocity data displayed on NOWCAST. GVAD is more suitable for DoD radars, which can exhibit a low Nyquist velocity.
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Fig. 2. VAD wind profiles for three coastal radars (Newport, NC, Wilmington, NC, and Charleston, SC) as Hurricane Ophelia skirts the coast 14 September, 2005.

3.1.2  SWR
     Real-time, full-volume, full-resolution data from the SWR owned by NAS Fallon have been processed and quality-controlled at NRL and merged with surrounding WSR-88D radar data to produce nowcast products, including VAD wind profiles, composite reflectivity, single radar reflectivity and radial velocity, and echo top heights. These radar products are overlaid on top of other sensor data, such as satellite and surface observations, and displayed by the NOWCAST applet to provide current weather conditions for the strike warfare pilot training at NAS Fallon. The Fallon SWR data are also fused with the data from the surrounding WSR-88D radars to form three-dimensional radar mosaics that will be used for providing real-time data for the NCAR TITAN (see Section 3.1.3), for radar reflectivity data assimilation, and for model forecast verification.

     3.1.3  TITAN
     The National Center for Atmospheric Research (NCAR) Thunderstorm Identification, Tracking, Analysis and Nowcasting (TITAN) algorithm predicts the propagation of storms identified in radar reflectivity by extrapolation.  Sufficiently high reflectivity values are traced out by polygons and vectors illustrate direction and speed of forecasted motion.  An NRL three-dimensional radar mosaic has been implemented to provide real-time three-dimensional radar reflectivity data for TITAN.  NRL is currently running the TITAN software on a local system and integrating the capability directly into NOWCAST.  A sample of TITAN output integrated into NOWCAST is shown in Figure 3.

     3.1.4  Radar Data Quality Control
     A comprehensive radar data quality control system has been initiated at NRL that combines technologies developed at NRL with those from universities and other government agencies to ensure radar data quality before applied to NOWCAST and other NRL data assimilation systems (Harasti et al. 2005). The algorithms from other agencies include the NCAR Radar Echo Classifier (REC), the MIT Lincoln Laboratory (MIT/LL) Data Quality Assurance (DQA) algorithm, and the NSSL Radar Quality Control system. With all the components included, the new system removes most non-meteorological signals from radar data commonly seen both over land and ocean and optimizes the quality of radar products.
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Fig. 3.  Polygons indicate 30 minute (white) and 60 minute (red) forecast propagation of thunderstorm activity southeast of Fallon, NV.
3.2  User Interface Enhancements
     As products progress and user needs change, the Graphical User Interface (GUI) evolves accordingly.  Several new features have been implemented to meet such demands.  A capability has been added to the GUI that allows the user to capture a “screen shot” (.png or .jpg formats) and even an animation (.avi format) of the products displayed in the tabs and save it to a local drive.  This allows the user to save particularly interesting data or weather situations and even acts as a troubleshooting tool.  If the user identifies a problem with a product, they may save a frame or animation and alert NRL, providing the saved product as documentation.

     As always with a developing application, user feedback is essential.  A link to a web-based user feedback form is available from the GUI.  The link takes the user to a webpage where a standard form may be filled out that expands/contracts according to user answers and choices.  The form also allows the opportunity for the user to provide feedback in an open-ended free format.  The completed form is saved onto a server at NRL for viewing and addressing by developers.

     To accommodate different system capabilities, NRL has developed several different flavors of the NOWCAST user interface.  For instances of no desired GUI, a predetermined set of products is produced and pushed to the end user with no user interaction other than viewing and downloading of the final product.  There is also a thin GUI version of NOWCAST that is available as a webpage developed in JavaScript and XHTML.  This version has been developed to allow access to the system for users with limited bandwidth or those equipped with no (or dated) Java.  It delivers to the user a majority of the main product suite and interface functionality.

3.3  Data Visualization
     3.3.1  Aircraft Reports

     Commercial aircraft reports are now available and can be displayed as an overlay on any graphical product.  The observations resemble a surface report and are color coded for quick reference of flight level (black: 0’-10,000’; navy blue: 11,000’-20,000’; royal blue 21,000’-30,000’; purple: 30,000’+).  Exact flight level is displayed in the lower-left corner of the report and ambient temperature in (F is displayed in the upper-left corner of the report.  Further details, such as flight number, latitude and longitude, observation time, and wind speed and direction can be gathered by right clicking on any report.  Example output for aircraft reports is shown in Figure 4.
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Fig. 4.  Aircraft reports near Chicago with accompanying metadata for a specific observation.

     3.3.2  Time Series

     Another newly implemented feature is time series.  This feature, like wind profiles, is available for any reporting surface station in the domain.  A variety of environmental variables are available for given stations so that the user may see how they are changing in time, with a history of 2 hours.  The available parameters include: temperature, dew point temperature, pressure, wind speed, wind direction, ceiling, visibility, and percentage cloud cover.  Often the vertical resolution may be too broad; therefore, the user may right click on any data point in the time line to gather more detailed information such as the station ID, the exact value of the data point, the time it was observed, and a ten minute history (valid only for stations that report at a frequency greater than ten minutes).  The user may also click on the vertical axis for finer data resolution.  Figure 5 illustrates example output for time series.
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Fig. 5.  Time Series for two northwest NV surface stations: Lovelock, NV (KLOL) which reports hourly and Fallon, NV (KNFL) which reports as often as every few minutes.

4.  BETA TEST SITE
     A prototype NOWCAST system has been fielded for NPMOD NAS Fallon.  NAS Fallon is home to Top Gun and the Naval Strike and Air Warfare Center (NSAWC) and it is therefore extremely important that reliable and accurate weather information be made available for aviation support.  NOWCAST, in conjunction with COAMPS-OS®, is available to NPMOD to complement and supplement forecasting tools already employed operationally.  NRL has received beneficial feedback on NOWCAST from the view of the METOC community.   Users appreciate how the products may be oriented toward mission specifics and that archiving is available through screen and animation capture.  Users also express ease of usability and access since the application is web-based.  Until the system becomes available over SIPRNET, however, the end user (i.e. strike pilot) will not be directly exposed to NOWCAST.  Efforts are being made to address this restriction.

     Working in coordination with NAS Fallon has allowed access to on-scene data sensors to help supplement the data void region.  As discussed in section 3.1.2, NRL is now receiving and processing SWR data.  NRL is also ingesting high frequency reports from the KNFL Automated Surface Observing Station (ASOS).  Furthermore, NRL has recently partnered with the Desert Research Institute (DRI) in developing a network of surface observing sensors at select locations throughout the NAS Fallon range.  Calibration and installation is currently underway and data transmission and retrieval will commence shortly.  The network consists of four sensor stations whose observations will provide increased data to the sparse area and information for verification efforts.

     A key component to verification extends beyond simply how the forecast fared against the observed weather.  In strike warfare it is also important to know how the forecast, and subsequent weather, impacted a planned exercise or mission.  NRL has teamed up with the Naval Postgraduate School (NPS) and key players at NPMOD and NSAWC in a verification program that focuses on both aspects.
5. FUTURE PLANS FOR NOWCAST

          NOWCAST, coupled with COAMPS-OS®, represent an integrated on-scene high-resolution data assimilation and fusion capability interfaced to an advanced Internet display system that includes GIS capabilities.  The integrated system is undergoing continual development and is being adapted to provide coupled air-ocean data assimilation and modeling.  Progress will be made to further implement the NCAR TITAN algorithm.  Planned products include aircraft icing, turbulence risk, wind shear and microburst risk, electromagnetic duct height, modified refractivity profiles, and illumination analyses.  Products that require a meteorological background for interpretation will be designed specifically for the METOC community; derived products of value in operations and decision-making will be provided to the warfighter community.

For more information on NOWCAST please refer to the project web site:

http://www.nrlmry.navy.mil/nowcast
NOWCAST is sponsored by the Office of Naval Research (Code 322MM), award N000145WX20413.
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