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Abstract

Responding to immediate requests for additional satellite remote sensing product support during the Operation Enduring Freedom (OEF) and more recent Operation Iraq Freedom (OIF) campaigns, the Naval Research Laboratory (NRL) in Monterey accelerated the development and transition to operations of a new web-based satellite imagery interface.  The philosophy best describing the “Satellite Focus” web page is one of versatility, dynamicism, and timeliness; a wide variety of value-added products populate the website in near real-time over co-registered domains that can change on a moment’s notice.  One-stop shopping reduces the burden on users searching for necessary information across a myriad of independent resources having variable coverage, capability, quality, and timeliness.  A simple yet powerful data storage lattice forms the backbone of the user-friendly Satellite Focus web interface, including customizable animation, image mosaics, satellite pass prediction and on-line product tutorials.  This paper details that interface, a selection of applications it hosts, and their impact during Operation Iraqi Freedom.

1. The Advent of a Net-Centric War Fighting Apparatus

Globally deployed in regions where data is scarce or access-denied, the United States Navy relies on remote sensing to characterize the environment.  In particular, instruments aboard geostationary and polar-orbiting satellites provide a continuous stream of global information on atmospheric and surface conditions that impact all varieties of operations.  This information arrives at the Earth’s surface not as Navy-specific, ready-to-use metrics, but as a binary stream of raw data that requires re-packaging, calibration, and post-processing.  With the advent in recent years of very high spatial/spectral resolution instruments and requisite X-band telemetries, the computational expense of this processing sequence has grown exponentially. In the current era of restructuring wherein the Navy (and Department of Defense (DoD) in general) is refurbishing and streamlining itself into a leaner, quicker, agile, and presumably more lethal force better equipped to contend with asymmetric threats, the resources available to perform on-ship end-to-end processing will not likely keep pace with the expanding collective satellite dataset.  

Instead, we now look toward “net-centric” solutions, whereby remotely deployed assets are tied electronically into a greater infrastructure. The infrastructure entails facilities with access to these same (and additional) data resources that are capable of handling the growing bandwidth requirements while simultaneously enhancing product relevancy through resident expertise, with the latter ensuring that the full potential of the data in the context of Navy needs is realized.  In this framework, Navy Regional Centers and Central Facilities increase their levels of responsibility as stable hubs for satellite information processing and thereby reduce the Fleet’s baseline autonomy requirements.  To this end, these hubs must 1) gain access to the global constellation of satellite telemetries, 2) derive value-added products from them, and make these products available to the customer in a timeframe providing benefits commensurate with a direct-broadcast system, and 3) establish a means to serving this information to bandwidth-limited assets deployed in theaters worldwide.   

The daunting communications issues associated with (1) are becoming increasingly tractable as technology advances. For example, a goal of the National Polar Orbiting Environmental Satellite System (NPOESS) program is to deliver critical products to the weather Centrals (the National Oceanic and Atmospheric Administration’s (NOAA) National Environmental Satellite Data and Information Service (NESDIS)-Suitland MD, the Naval Oceanographic Office (NAVO)-Stennis MS, the Fleet Numerical Meteorology and Oceanography Center (FNMOC)-Monterey CA, and the Air Force Weather Agency (AFWA)-Omaha NE) in 15 minutes from initial data capture; Goldberg 2002).   Item (2) is best achieved through close partnership between operational and DoD research facilities.  Once the information is digested into a useable (METOC-relevant) form, linking to the customer (3) requires an intelligent presentation, compression and dissemination strategy—one that should be considered as an integral part of the aforementioned Fleet refurbishment.

Through coordination with NOAA, the National Aeronautic and Space Administration (NASA), and FNMOC, the Naval Research Laboratory (NRL) was afforded the opportunity to demonstrate an application of this new net-centric operating paradigm in its “Satellite Focus” Web Page (e.g., Miller et al. 2003).  Developed in the wake of September 11th, 2001, and catalyzed by the military campaigns in Afghanistan (Operation Enduring Freedom—OEF) and Iraq (Operation Iraqi Freedom—OIF), Satellite Focus offers a unique glimpse into the future while serving the warfighter today.  This paper outlines the structure of Satellite Focus, the sources for its near real-time database, and a subset of value-added products emerging from these data.  Its utility during OIF, as highlighted through examples and user feedback, provides powerful testimony to the potential of Satellite Focus and other applications like it in the burgeoning net-centric era. 

2. Dynamic and Generic Storage Architecture

At the heart of any dynamic system is an inherent generality that allows for movement and growth along any one of its degrees of freedom.  This requires clear sight of the “big picture” when honing in toward the particular details of interest.  In the context of satellite environmental remote sensing, the big picture is of course the Earth, and the details involve the weather conditions at a particular location.  Weather is well suited to this discussion, since it is best understood when viewed simultaneously at synoptic (scales of 100’s to 1000’s of kilometers (km)), meso (10’s to 100’s of km), and micro (0-10’s of km) scales.  For example, an advancing baroclinic system observed at the synoptic scale may be responsible for initiation of a pre-frontal squall line at the mesoscale, and the cold-pool outflow from these embedded storms may in certain parts of the world generate massive walls of dust (“Haboobs,” in the Middle East) on the microscale.  Today’s satellites enable us to collect a wealth of information at all these scales, thereby providing a better insight to the current situation and how these conditions will evolve in the short-term (sometimes referred to as “nowcasting”).
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Figure 1:  The “sector-centric” architecture of Satellite Focus, where the Earth is partitioned into an arbitrary number of nested domains with co-registered products residing therein.

The architecture of Satellite Focus follows this scale-based design, and is illustrated by way of simple diagram in Figure 1.  In the top three tiers of this structure the world is depicted as a collection of nested boxes enabling users to rapidly zoom into any available area.  Value-added satellite products (blue boxes) reside under the “sector” level of this architecture, and are expressed generically to allow for multiple contributions from the available satellite/sensor suite (pink boxes, i.e., sensors with a common ability to produce a certain variety of product).  These products emerge from algorithms designed by the NRL Satellite Meteorological Applications Section as part of its base research program, and are tailored specifically for the needs articulated by Navy Meteorology/Oceanography (METOC) officers both in post-deployment reports (and, in the case of OEF/OIF, direct correspondence between deployed ships and NRL scientists via secure e-mail). The dotted lines speak to the inherent dynamic nature of this construct, with an arbitrary number of domains (of arbitrary spatial scale) harboring any number of products and sensors contributing to those products.  The global coverage provided by the current constellation of satellites reaching NRL ensures that such architecture can be rapidly defined and populated for any location on the planet in near real-time (latencies inside of 3 hours, and most within 1.5 hours).  

3. Graphical Interface and Functionality

With a fully populated reservoir of satellite products to draw upon, the Satellite Focus web interface assumes the sundry tasks of presenting this myriad of information in an intuitive and useful way.  At the same time it must preserve a dynamic behavior tied intimately to its underlying product resource.  Finally, it must always leave allowance for point (3) of the net-centric discussion above, in considering the most efficient way to convey the maximum amount of information.
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Figure 2:  At left, multiple colored boxes denote various Satellite Focus Regions defined in the “Southwest Asia” Domain.  The actual web interface is shown at right, corresponding to the yellow-highlighted “OEF Middle East” Region.

Figure 2 illustrates the graphical user interface (GUI) component of Satellite Focus.  In this example, a Domain has been defined to encompass a portion of Southwest Asia, the Arabian Peninsula and northern Arabian Sea, Northeast Africa, and the Eastern Mediterranean Sea. Within this domain are several sectors, drawn here according to arbitrary bounds (i.e., defined by NRL scientists and not classified operational requests, although the latter is fully supported in this arrangement) and depicted as colored boxes.  In some cases, partial or even complete overlap of these Regional boxes occurs, but each may contain a different variety or nested resolution of satellite products.  As designed, the regional hubs have full control over the nature of this presentation.  The right side of Figure 2 presents the actual Satellite Focus GUI, and is composed of three primary elements: i) a set of navigation buttons, ii) a set of product-selection buttons, and iii) a product display area.  Site navigation buttons allow users to quickly drill through the top three ties of Figure 1 to their region of interest.  Upon selection of a Region, all available Sectors, including an “Overview Sector” within that Region are displayed. The GUI defaults upon first arrival to the Overview Sector, displaying the geographic coverage of all the other Sectors available to this Region (see colored boxes on the inset imagery of the “Display Area”), and a listing of available products specific to the current sector (e.g., a Sector defined over Afghanistan may include a cloud/snow enhancement not available to a Sector over the Northern Arabian Sea).  A tabular and graphical satellite pass predictor utility assists in estimating the arrival time and coverage-quality of new imagery for each Sector on the Satellite Focus website.

Upon selection of a product, a reduced-quality thumbnail appears first (to minimize download time) with options to i) view a higher-quality (larger) version, ii) loop a time series of this product via mpeg, animated-GIF, or customizable online animation utility, iii) create a customized mosaic of past imagery, or iv) learn more about the product via an online tutorial page. The last functionality is particularly useful to new users, since many of the items demonstrated on the Satellite Focus Web Page are cutting-edge beta-level applications emerging from new and ongoing research at NRL. All imagery on Satellite Focus appear first as reduced-quality thumbnails, with pre-generation of these thumbnails updated at regular intervals throughout the day (otherwise users would incur additional wait times while the server produced them on a per-request basis).  Once thumbnails have been produced, they are stored (cached) on the server for rapid subsequent access.  Additional options to pre-generate quasi-static pages at regular intervals to further increase access speed are in the works.

To more effectively reach the “pointy end of the spear” (assets deployed worldwide) in support of OEF/OIF, NRL’s Satellite Focus software was transitioned to FNMOC for hosting upon Secure Internet (SIPRNET) bandwidth.  Public bandwidth (NIPRNET) is generally low to nascent for most Navy customers, while the private SIPRNET is both secure and a much larger “pipe” for transferring the potentially large Satellite Focus product suite.  In light of the net-centric philosophy, this transition from NRL to FNMOC is a logical step toward realizing the full potential of Satellite Focus in terms of customized, 24/7 support to DoD users (and NRL stepping back into the pure research and development support role according to its charter).

4. Data Sources

Most popular among the many products currently populating Satellite Focus are the high-resolution, multi-spectral applications developed from the Moderate Resolution Imaging Spectroradiometer (MODIS; see King et al. 1992) instruments flying aboard the EOS Terra (1030 local equatorial crossing, descending node) and Aqua (1330 local equatorial crossing, ascending node) satellites.  MODIS provides 36 carefully selected narrow-band channels situated in the optical band (0.4-14 micrometer wavelength) of the electromagnetic spectrum. This spectral region offers a wealth of surface and atmospheric property information. The Terra and Aqua MODIS telemetries are received in near real-time via special arrangement between NOAA, NASA, and DoD agencies in direct support of the War on Terrorism.  
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Figure 3:  Schematic of EOS Terra/Aqua near real-time flow through DoD partnership with NOAA/NASA.  Final data streams arrive via Shared Processing Protocol (SPP) or the Defense Research Engineering Network (DREN).

Figure 3 depicts the flow of this data from raw sensor data to calibrated “Level-1B” radiances/brightness-temperatures.  In support of the near real-time effort, a duel TDRSS contact schedule was instated for Terra, resulting in latency reductions in some cases of nearly 50 minutes. Figure 4 shows data latency statistics collected for Terra during the active military phase of OIF. Average data latency now falls well within the 3-hour goal set out by the Near Real Time Processing Team (and based on requirements relayed from Navy METOC users). Latencies at the onset of the effort were 6-8 hours on average, and only for the Terra MODIS telemetry.  Ongoing hardware upgrades throughout the system have continued to shave minutes of these statistics.
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Figure 4: Example of data latency statistics for Terra MODIS over the period of the OIF conflict, showing average latencies less than 3 hours for quarter/half/one kilometer resolution (QKM/HKM/1KM) 5-minute granules.

Other telemetries received in near real-time during the OIF conflict were various sensors aboard Meteosat-5 (European Organization for the Exploitation of Meteorological Satellites—EUMETSAT, by way of FNMOC), the Polar Orbiting Environmental Satellites (POES—NOAA), the Defense Meteorological Satellite Program, (AFWA by way of FNMOC), the Tropical Rainfall Measurement Mission (TRMM-NASA), and the Orbview-2 (OrbImage, by way of NAVO—carrying the Sea-viewing Wide Field-of-view Sensor (SeaWiFS)).   From its geostationary orbit, Meteosat-5 provided the high temporal resolution (30-min) information needed to track evolving weather, which the constellation of polar orbiting satellites provided high spatial/spectral resolution “snap-shots” and adding valuable insight to the Meteosat-5 overview.  Additional information from the Navy numerical weather prediction global (Navy Operational Global Atmospheric Prediction System—NOGAPS) and mesoscale (Coupled Ocean/Atmosphere Mesoscale Prediction System—COAMPS™) models are incorporated into some of the NRL algorithms as ancillary information (e.g., model wind overlays upon dust-enhanced imagery).

5. Selected MODIS Product Examples

While Satellite Focus is a potentially powerful union of software-application and organizational-arrangement suitable for disseminating information in the net-centric warfare environment, clearly it is only as useful as the material it presents.   It is the interface between basic research, application development, and operations that defines the ultimate success of the current effort—providing a heretofore-unavailable conduit between cutting-edge satellite products and the user far in advance of conventional technology-transfer time frames.  The primary caveat is the understanding of what “beta-level” products are useful for, and here the onus is squarely on the product development team to provide a complete account of the limitations and any interpretive pitfalls of each product—by way of both online training and initial product design.  The composite imagery examples presented in this section take advantage of physical properties specific to the METOC environmental parameters of interest in an attempt to better characterize the complex scene.  The following examples, based on Terra and Aqua MODIS telemetries, represent a small but important subset of materials currently available on Satellite Focus in the context of analogous (and in concert, superior) observing system capabilities becoming available operationally during the NPOESS era.

a) True Color and Dust Enhancements

The high spectral resolution visible and infrared data provided by MODIS enables several enhanced capabilities beyond conventional broadband channels found on other contemporary radiometers (e.g., AVHRR carries only six channels in roughly the same spectral band as MODIS, which contains 36 channels).  “True color” imagery is produced by combining atmospherically corrected red, green, and blue light information together in forming a response a similar (or, to some extent “true”) to that of the human eye.  An example of true color imagery is presented in Figure 4, shown next to a conventional (single-channel) visible image with black/white color palette.  The additional information gained from this composite in terms of surface properties, ocean turbidity, and dust-over-water discrimination are significant, and true color imagery was preferred over conventional visible imagery across the board in surveys of Satellite Focus page users.  The only complaint was the poor temporal resolution (since currently true color capabilities exist only on a handful of polar orbiter sensors).

[image: image5.png]



Figure 4:  Comparison between conventional visible imagery (left) and true color (right) from MODIS.

By replacing the red channel of true color imagery with a specially tuned, physically based combination of 7 MODIS channels sensitive to dust, Miller (2003a,b) demonstrates a unique capability to enhance and thereby distinguish the dust component of a satellite image from other constituents of the scene.  The enhancement, based on physical principles involving differential optical properties in the visible and infrared combined with thermal contrast, is a unique technology afforded by the high spectral resolution of MODIS, and applies to significant dust concentrations (visible optical depths greater than about 0.5, corresponding very roughly to horizontal visibility reductions below 6 km) over both land (moderate to heavy aerosol loading situations) and water (light to heavy loading). An example of the enhancement is shown in Figure 5, as compared to the corresponding true color imagery where contrast and details are relatively reduced. This enhancement was used extensively and with great success during both OEF and OIF as Navy, Air Force and Coalition Forces contended with visibility reductions and other dust-related operational hazards on a continual basis throughout both campaigns.  It is now being used as the observational basis for the daily FNMOC Dust Discussion, and in a climatological sense by NRL modelers to identify sources of dust for the NRL Aerosol Analysis and Prediction System (NAAPS).
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Figure 5: This significant dust enhancement product provides additional information pertaining to the distribution of dust over land.

b) Contrail Detection

Condensation trails (contrails) form when moisture condenses upon the particulate by-products of jet fuel combustion. When introduced to a supersaturated environment conducive to supporting their formation and sustenance, these contrails can be long-lived and even grow into extensive cirrus cloud fields over a period of time.  From a military perspective, contrails represent both a source of intelligence regarding aircraft activity, and in other circumstances an undesired calling card in the sky.  Combining techniques for enhancing optically thin high clouds via the split window (11-12 micrometer difference, e.g., Inuoe 1985) with the fact that microphysical properties in of the contrails differ from ambient cirrus and liquid-phase clouds over the 8.5-12 micrometer band leads to a variation on the tri-spectral application (originally posed for cloud-phase determination, e.g., Strabala et al. 1994) that is useful in revealing any hidden contrails present in the scene.   
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Figure 6:  The contrail detection product reveals several aircraft patterns in a scene otherwise cloaked by cirrus clouds.

Figure 6 demonstrates the utility of the contrail enhancement for revealing potentially useful tactical information regarding aircraft activity in theater.  In this example over the Midwestern United States, several contrail features emerge from the laminar cirrus shield, including what appear to be “racetrack” patterns similar to those followed by military refueling tankers.   During the intense air campaign of OIF, the contrail enhancement observed extensive activity throughout Southwest Asia and particularly within Iraq.  Figure 7 presents one such example, with contrail patterns reminiscent of those highlighted in Figure 6.  Because it is a purely infrared technique, the contrail enhancement is applicable to both day and night observations.  An important consideration when interpreting the product is the realization that contrails drift with the ambient winds, and may be displaced considerably over time.  In the cases of wind sheer or favorable cirrus growth regimes, the appearance of the contrails may also become distorted significantly.  These points of consideration are raised in the associated Satellite Focus training.
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Figure 7: Contrail detection over Iraq during OIF, with similar flight patterns to those observed in Figure 6.

c) Nocturnal Low Clouds

An important METOC consideration for aircraft carrier operations is the presence of low clouds, with the primary hazard being obscured visibilities for pilots (particularly when the bases of these clouds reside near or below the carrier deck).  Reflection of sunlight combined with relatively warm cloud top temperatures makes identification of low cloud fields relatively simple during the daytime compared to at night, when these same warm cloud tops blend in with the comparable thermal background.  In general, spectral differences in the infrared allow for nighttime low cloud detection (e.g., Lee et al. 1997).  However, certain desert surfaces possess these same spectral properties and hence give rise to false positives in low cloud detection.  The low cloud enhancement (e.g., Lee and Miller 2003a) shown in Figure 8 attempts to alleviate this problem via a “false positive mask,” formed by compositing several hundred co-registered satellite passes.  Migratory clouds vanish from this composite, leaving behind only the steady-state problem areas, which are then masked as green/yellow and denoted “ambiguous.”
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Figure 8:  The low cloud detection product indicates the presence of a marine stratocumulus cloud field in the Northern Arabian Sea.

d) Deep Convection

The many hazards posed by deep convection (e.g., strong winds and wind sheer, extreme icing conditions, lightning, and hail damage) are enough to warrant their avoidance by all variety of military assets and at all costs.  Knowledge of cloud top altitudes is a useful metric for gauging the severity of storms, with deeper/colder cloud tops correlating with the more vigorous and dangerous convective cells.  NRL’s convective cloud top product incorporates infrared window (11.0 micron) information with model-derived (NOGAPS/COAMPS™) temperature profiles to estimate equivalent altimeter readings for deep convection.  The necessary assumption of cloud opacity (such that measured temperatures are representative of the cloud top temperature and not including a lower atmosphere/surface transmission component) is satisfied for convective clouds using a convective diagnostic outlined by Mosher (2003).  Figure 9 demonstrates the product applied to a line of convection entering the Arabian Gulf.  Aircraft carriers deployed in this region used the Satellite Focus convection products to navigate ships in avoiding the deepest cells.  Since the product requires only single-channel infrared imagery, half-hourly temporal resolution was available from the Metoesat-5 telemetry (albeit at reduced spatial resolution).  The 1km pixel resolution of MODIS enables fine details of the cloud top structure to be revealed (e.g., evident in Figure 9 is a gravity wave propagating outward from the core of the southern cell).
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Figure 9: Strong springtime thunderstorms enter the northern Arabian Gulf in advance of a heavy dust front (left). Cloud top heights (right) associated with the deepest storms exceed 60 Kft.

e) Cloud-Over-Snow

As a final example of multispectral satellite techniques developed and hosted on Satellite Focus, we consider the situation of a complex scene containing snow cover and various levels of cloud.  At visible channels, all constituents appear white, while the conventional infrared window (11.0 micrometers) channel may not detect strong thermal contrast between the low clouds and snow-covered surface, or optically thin higher clouds.  For targeting concerns, knowledge of clear line-of-sight and appropriate flight level routing both are brought into question.  By including additional snow/cloud discrimination in the shortwave infrared (1.6 micrometers) and cloud phase/height information (1.38, 1.6, 3.7, and 11.0 micrometers) in a false-color enhancement, Lee and Miller (2003b) demonstrate how snowfields are more readily decoupled from low and high clouds.  Figure 10 illustrates the benefit of the high/low cloud and snow enhancement over the complicated winter landscape of northeastern Afghanistan in comparison to conventional single-channel visible imagery.  This product was used to the same extent during OEF as the dust product was used in OIF.
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Fig 10:  The high/low cloud and snow enhancement decouples these various elements from a potentially complex scene, as this example over Afghanistan illustrates.

6. User Feedback

Testimonials from actual users of Satellite Focus and its products speak volumes to the impact the resource made during the OEF/OIF conflicts.  During this period, NRL scientists from the Satellite Applications Section assumed voluntary pseudo-operational (24/7) support for Satellite Focus and its required product telemetries. The following excerpts provide a flavor for the conversations between users and scientists as we attempted to gauge user needs and effectiveness of our response.  Clarifying text has been included in [brackets] where necessary.  


USS KITTY HAWK (CV-63)


“We check the website twice per day…thank you for the support, it has been helpful to us out here.”

“Dust has prevented the use of laser guided munitions, and I have been depicting [the dust products] in my slides to the embarked AirWing.”

“We use [the dust product] to monitor dust events over Iraq and the NAG and it is an awesome product.  Please advise as we would like to get more of these shots available.”

-AGC Cole


USS NIMITZ (CVN-68)


“Your [dust] product was invaluable—we were able to track the progression of dust through southern Iraq and Kuwait.  This enabled us to coordinate with AIROPS and move divert fields.”

“We used model data in conjunction with your [dust] product to nail down the forecast in regards to the possibility of dust being advected to the CVOA’s.”

“Have used your site extensively.”

-AG1 Glenn


USS ABRAHAM LINCOLN (CVN-72)


“[OEF]-We used the [Satellite Focus suite] products in 85% of strike briefs and 100% of forecasting. Strike plans were altered and set using some NRL products. I can not thank you folks enough for the products provided for this deployment.” 

“[3/25/2003-OIF] Navy ships are taking over all operations in support of ground troops and bomb runs.  The Air Force has stopped operations.  All ships are receiving aircraft from others as well.  We are currently using the [convective cloud and significant dust enhancement] products to determine the Abe’s track to safely support the mission.”

-AG2 Wade


SHAW AIR BASE (North Carolina)


“Your MODIS dust enhancement already beats everything else out there, the wind barbs are icing on the cake”

-Maj. Finta

The bias toward feedback primarily on the dust products reflects the significant and persistent METOC visibility challenges posed by dust throughout the Southwest Asia domain.  Additional feedback/requests from a wide variety of users including the USS Constellation, USS Belleau Wood, Prince Sultan Air Base (Saudi Arabia), and Ramstein Air Base (Germany) helped to further develop and optimize various products and the Satellite Focus web interface.  These interactions also resulted in the refinement of training modules, initiation of new Domain/Region/Sectors, development of new products in the Satellite Focus suite, and modification of existing products to better suit user needs.  In all, the rapport between NRL scientists and end-users during the OEF/OIF conflicts was a rewarding experience both from the perspective of its symbiotic benefits and through realization that the toils of research had come to tangible fruition. 

7. Summary and Outlook

Satellite Focus continues to develop along two main fronts: a password-protected research and development version serviced by NRL (http://www.nrlmry.navy.mil/focus-bin/focus.cgi) and an operational version run autonomously at FNMOC and hosted upon their SIPRNET website (http://www.fnmoc.navy.smil.mil).  Mature software applications (e.g., for the kinds of products demonstrated in Section 5) are ported to the FNMOC operational system for full-time support.  They remain “beta” products at this level until having passed the required calibration/validation/peer-review to become true operational products.  The idea of creating a publicly accessible Satellite Focus webpage showcasing a similar flavor of applications over the continental United States “Domain,” under the auspices of the NPOESS Integrated Program Office, is now under consideration.

Recent user feedback has indicated that the communications link to ships remains an issue, even in light on efforts to optimize page creation and image quality.  The Satellite Focus development team will continue to work closely with operations to explore additional methods of optimization and avenues for reaching the end-user as quickly as possible.  As a stopgap solution to MODIS data latencies of 1-3 hours, applications of highest value are forward deployed to the Naval Central Meteorology and Oceanography Command (NCMOC; Bahrain) and Naval European Meteorology and Oceanography Command (NEMOC; Rota, Spain), where SeaSpace X-band receiving stations were recently installed.  Other parts of the world, where the Navy does not currently deploy direct broadcast stations, still have recourse to the NOAA/NASA near real-time feed.

New satellite technologies scheduled to appear in the latter half of this decade, combined with an ever-growing resident expertise in maximizing the utility of these sensors in the context of Navy METOC requirements, bode potential for the continued evolution of Satellite Focus. As the United States military enters a paradigm where targets of opportunity are identified and engaged in only a matter of minutes (as was demonstrated first-hand on several occasions during OIF), we realize that the ability to “now-cast” based on a thorough characterization of the real-time weather situation has become of comparable METOC importance to the traditional mainstays of short/long-term forecasting.    In its ability to field in rapid fashion a large array of near real-time satellite-derived environmental information co-registered to specific areas of interest, anywhere in the world, Satellite Focus develops in harmony with the SeaPower 21 vision of a faster, more agile, and net-centric military.   
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