PAGE  
-2-

ΠΑΝΕΠΙΣΤΗΜΙΟ ΘΕΣΣΑΛΙΑΣ

ΣΧΟΛΗ ΘΕΤΙΚΩΝ ΕΠΙΣΤΗΜΩΝ

ΤΜΗΜΑ ΠΛΗΡΟΦΟΡΙΚΗΣ
ΠΜΣ: ΠΛΗΡΟΦΟΡΙΚΗ ΚΑΙ ΥΠΟΛΟΓΙΣΤΙΚΗ ΒΪΟΙΑΤΡΙΚΗ

(ΡΟΗ ΠΛΗΡΟΦΟΡΙΚΗΣ)

Μάθημα: Ναυτιλιακή πληροφορική 

Εργασία : Weather Routing 

[image: image1.jpg]FAQ  Abost  Tems  Donste

N : 4 y ! Wi U Windytv




[image: image2.png]2 8 8 O

Position

49 48.779 N
003 02.305 W

App & True Wind Angle
815.0

]
SOG 3.80 kts COG 126° Scale 74500 (0.70x)



[image: image3.png]#0000 ROGERS = 1:05 PM 36% @

GRIB Offshore ¥
N— :

10 48 20 25 30 35 4




[image: image4.png]


[image: image5.png]


ΥΠΕΥΘΥΝΟΣ ΚΑΘΗΓΗΤΗΣ: ΙΩΑΝΝΗΣ ΦΙΛΙΠΠΟΠΟΥΛΟΣ
ΓΟΝΑΛΑΚΗΣ ΑΝΤΩΝΙΟΣ
       ΙΑΝ 2018
Navigation software in relation to weather (Weather Routing)

1. 1.
INTRODUCTION


Background and definitions



Optimum ship routing is the art and science of developing the “best route” for a ship based on the existing weather forecasts, ship characteristics, ocean currents and special cargo requirements. For most transits this will mean the minimum transit time that avoids significant risk to the vessel, crew and cargo. Other routing considerations might include passenger comfort, fuel savings or schedule keeping. The goal is not to avoid all adverse weather but to find the best balance to minimize time of transit and fuel consumption without placing the vessel at risk to weather damage or crew injury.



History

Modern ship routing ideas began during the early stages of WWII when the US Navy established the “Naval Meteorology and Oceanography Center” at the Naval Air Station in Norfolk in 1958. “Optimum Track Ship Routing” (OTSR) was started to provide tailored safety and cost saving routing services to all ships utilized by the military for long duration open ocean voyages.
2.
WEATHER EVENT ANALYSIS
 
Wind



The effect of wind speed on ship performance is difficult to determine. In light winds (less than 20-knots), ships lose speed in headwinds and gain speed slightly in following winds. For higher wind speeds, ship speed is reduced in both head and following winds. This is due to the increased wave action, which even in following seas results in increased drag from steering corrections, and indicates the importance of sea conditions in determining ship performance. In dealing with wind, it is also necessary to know the ship’s sail area. High winds will have a greater adverse effect on a large, fully loaded container ship or car carrier than a fully loaded tanker of similar length. This effect is most noticeable when docking, but the effect of beam winds over several days at sea can also be considerable. For sailing vessels, the wind is critical and accurate forecasts are vital to a successful voyage.


Monsoons



Monsoons are known as strong seasonal winds that are created mainly in the Indian Ocean and the South China Sea (south-east Asia) as well as in other regions of the Earth. Their name comes from the Arabic word "monsoon", which means seasonal. Monsoons blowing from the Indian Ocean to the Asian continent and vice versa bring rain in southern and south-east Asia. The monsoons, depending on the season, are distinguished in winter and summer monsoons, with opposite directions. In the winter months, they flow from the continents to oceans and in the summer months vice versa, from the oceans to the continents. They are mainly due to the difference in air temperature and consequently the atmospheric pressure observed between the continents and the oceans, both in the winter and in the summer.



Indian summer monsoons are accompanied by torrential rains. These rains occur mainly on the coasts and on the continental zones of the south and south-east Asia and come from a sharp rise of wind either by impacting the mountainous coasts or by coastal mountainous volumes. They are very common on the coasts of India and South Asia, but limited in time.


Waves



Wave height is the major factor affecting ship performance. Wave action is responsible for ship motions which reduce propeller thrust and cause increased drag from steering corrections. The relationship of ship speed to wave direction and height is similar to that of wind. Head seas reduce ship speed, while following seas increase ship speed slightly to a certain point, beyond which they retard it. In heavy seas, exact performance may be difficult to predict because of the adjustments to course and speed for shiphandling and comfort. Although the effect of sea and swell is much greater for large commercial vessels than is wind speed and direction, it is difficult to separate the two in ship routing.

In an effort to provide a more detailed description of the actual and forecast sea state, the U.S. Navy Fleet Numerical Meteorology and Oceanography Center, Monterey, California, produces the Global Spectral Ocean Wave Model (GSOWM) for use by the U.S. Navy’s Optimum Track Ship Routing (OTSR) service. This model provides energy values from 12 different directions (30° sectors) and 15 frequency bands for wave periods from 6 to 26 seconds with the total wave energy propagated throughout the grid system as a function of direction and frequency. It is based on the analyzed and forecast planetary boundary layer model wind fields, and is produced for both the Northern and Southern Hemispheres out to 72 hours. For OTSR purposes, primary and secondary waves are derived from the spectral wave program, where the primary wave train has the principal energy (direction and frequency), and the secondary has to be 20 percent of the primary.


Oceania Currents



Ocean currents do not present a significant routing problem, but they can be a determining factor in route selection and diversion. This is especially true when the points of departure and destination are at relatively low latitudes. The important considerations to be evaluated are the difference in distance between a great-circle route and a route selected for optimum current, with the expected increase in SOA from the following current, and the decreased probability of a diversion for weather and seas at the lower latitude. For example, it has proven beneficial to remain equatorward of approximately 22° N for westbound passages between the Canal Zone and southwest Pacific ports. For eastbound passages, if the maximum latitude on a great circle track from the southwest Pacific to the Canal Zone is below 24° N, a route passing near the axis of the Equatorial Countercurrent is practical because the increased distance is offset by favorable current. Direction and speed of ocean currents are more predictable than wind and seas, but some variability can be expected. Major ocean currents can be disrupted for several days by very intense weather systems such as hurricanes and by global phenomena such as El Nino.


Fog



Fog, while not directly affecting ship performance, should be avoided as much as feasible, in order to maintain normal speed in safe conditions. Extensive areas of fog during summertime can be avoided by selecting a lower latitude route than one based solely upon wind and seas. Although the route may be longer, transit time may be less due to not having to reduce speed in reduced visibility. In addition, crew fatigue due to increased watchkeeping vigilance can be reduced.


Ice



The problem of ice is twofold: floating ice (icebergs) and deck ice. If possible, areas of icebergs or pack ice should be avoided because of the difficulty of detection and the potential for collision. Deck ice may be more difficult to contend with from a ship routing point of view because it is caused by freezing weather associated with a large weather system. While mostly a nuisance factor on large ships, it causes significant problems with the stability of small ships.


North Wall Effect



During the Northern Hemisphere fall and winter, the waters to the north of the Gulf Stream in the North Atlantic are at their coldest, while the Gulf Stream itself remains at a constant relatively warm temperature. After passage of a strong cold front or behind a developing coastal low pressure system, Arctic air is sometimes drawn off the Mid-Atlantic coast of the United States and out over the warm waters of the Gulf Stream by northerly winds. This cold air is warmed as it passes over the Gulf Stream, resulting in rapid and intense deepening of the low pressure system and higher than normal surface winds. Higher waves and confused seas result from these winds. When these winds oppose the northeast set of the current, the result is increased wave heights and a shortening of the wave period. If the opposing current is sufficiently strong, the waves will break.


    These phenomena are collectively called the “North Wall Effect,” referring to the region of most dramatic temperature change between the cold water to the north and the warm Gulf Stream water to the south. The most dangerous aspect of this phenomenon is that the strong winds and extremely high, steep waves occur in a limited area and may develop without warning. Thus, a ship that is laboring in near-gale force northerly winds and rough seas, proceeding on a northerly course, can suddenly encounter storm force winds and dangerously high breaking seas. Numerous ships have foundered off the North American coast in the approximate position of the Gulf Stream’s North Wall. A similar phenomenon occurs in the North Pacific near the Kuroshio Current and off the Southeast African coast near the Agulhas Current.


Latitude



Generally, the higher the latitude of a route, even in the summer, the greater are the problems with the environment. Certain operations should benefit from seasonal planning as well as optimum routing. For example, towing operations north of about 40° latitude should be avoided in non-summer months if possible.


Cyclones 



The main effects of cyclones include heavy rain, strong wind, large storm surges at landfall, and tornadoes. The destruction from a tropical cyclone depends mainly on its intensity, its size, and its location. Tropical cyclones act to remove forest canopy as well as change the landscape near coastal areas, by moving and reshaping sand dunes and causing extensive erosion along the coast.




Mariners have a way to safely navigate around tropical cyclones. They split tropical cyclones in two, based on their direction of motion, and maneuver to avoid the right segment of the cyclone in the Northern Hemisphere (the left in the Southern Hemisphere). Sailors term the right side the dangerous semicircle since the heaviest rain and strongest winds and seas were located in this half of the storm, as the cyclone's translation speed and its rotational wind are additive. The other half of the tropical cyclone is called the navigable semicircle since weather conditions are lessened (subtractive) in this portion of the storm (but are still potentially quite hazardous). The rules of thumb for ship travel when a tropical cyclone is in their vicinity are to avoid them if at all possible and do not cross their forecast path (crossing the T). Those traveling through the dangerous semicircle are advised to keep to the true wind on the starboard bow and make as much headway as possible. Ships moving through the navigable semicircle are advised to keep the true wind on the starboard quarter while making as much headway as possible.
2. OPTIMAL ROUTE PROBLEM APPROACH


Great Circle Sailing
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Great Circle Sailing is used for long ocean passages. For this purpose, the earth is considered a perfect spherical shape; therefore, the shortest distance between two points on its surface is the arc of the great circle containing two points. As the track is the circle, so the course is constantly changing, and the track must be broken down into a series of short rhumb lines at frequent intervals that can be used to sail on the Mercator chart. Doing this, the navigator would use the Gnomonic charts combined with the Mercator charts to draw the sailing track.
Rhumb line

A rhumb line is a steady course or line of bearing that appears as a straight line on a Mercator projection chart.  Except in special situations, such as when traveling due north or due south or when (at the Equator) traveling due east or due west, sailing a rhumb line is not the shortest distance between two points on the surface of the earth.  A more technical definition of the rhumb line is a line on the surface of the earth making the same oblique angle with all meridians.  Mathematically, it is referred to as a loxodrome, from the Greek term for running at an inclined angle.  The shortest distance between two points on the surface of a sphere such as the earth is a great circle.  The problem for navigation is that sailing a true great circle would require constant changes in the course steered.  In most cases, for voyages of short distance, the difference in length between a great circle route and a rhumb line route is minimal.  
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At high latitudes or for long voyages, the differences can be large.  In those cases, the navigator generally breaks the great circle route into a series of short rhumb line courses so that the helmsman can be given a fixed course to steer for several hours or so.  Interestingly, any rhumb line course other than due east or due west will eventually take the navigator to the pole (north or south, your choice) if practicalities such as fuel and land masses are discounted.  Rhumb Line is also a popular name for taverns in seaports.  


Best Routing



The approach to resolving the problem for finding Best Routing depends on the mathematical characteristics of the program to be used. There are several approaches to using different algorithms. The Dijkstra algorithm can be applied to a graph of feasible routes for finding the shortest route. The use of graph theory has the advantage of defining the shortest path in the variable field of space and the time required. Each edge of the graph represents a route of the ship in space and time so that the time field is enclosed in the optimization system directly. The edges and nodes were automatically created based on the position of the boat, the electronic data of the map the ability to maneuver the boat.

 

Also, based on a deterministic approach, the use of the Simplex algorithm with the algebraic iterative process on a finite number of steps will lead us to the best possible solution to the problem. Thus the path and speed are presented as a set of points along the ship's path. Shifting these points into a rectangular system creates free variables for optimization. With the iterative process of reducing selected factors, we end up in the shortest route
4.
OPTIMAL ROUTE PROGRAMS AND SERVICES


Time-based routing services are offered by many nations such as: Japan, Russia, the Netherlands, Germany, the United States. Also, many private companies provide routing services to customers in the shipping industry. There are various software applications that provide routing services. Various programs and services for the routing of ships are presented below.
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OpenCpn



OpenCPN (Open Chart Plotter Navigator) is a free software project to create a concise chart plotter and navigation software, for use underway or as a planning tool.
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 OpenCPN is developed by a team of active sailors using real world conditions for program testing and refinement. OpenCPN uses GPS input data to determine the ship's own position. It is designed to be used continuously at the helm station of an underway ship or boat, allowing the operator to easily track their position on accurate chart images.
 Additionally, OpenCPN can display tide and current predictions, as well as information on other suitably equipped vessels in the area. OpenCPN runs on a standard pc, or laptop. Its Open Source software, meaning among other things, that it's Free to Download and use. Escape the commercial paid upgrade treadmill.  Its "concise," meaning that the feature set is optimized for daily use, and excess features are not present. The application is thus smaller and faster, and will run acceptably on as little as a 300 mHz Pentium II Windows XP computer.
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Fastseas
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FastSeas is a weather routing and passage planning tool. It will calculate the fastest route to take you from point A to point B given the current NOAA GFS weather forecast, current oceanic currents, the performance of your vessel, and your comfort criteria.




Before FastSeas can calculate a route, you need to tell it where you are starting from and what your destination is. You can run weather routing calculations by clicking the Calculate Route button on the Routing tab. After the calculation is complete, the route will be displayed on the map. You can specify your comfort criteria on the Routing tab. You can enter the maximum wind speed in knots that you are willing to tolerate beating (forward of the beam), reaching (aft of the beam), and maximum gust conditions. Note that you can run multiple calculations, perhaps with different departure times, comfort criteria, or destinations, and have all of these routes displayed in the same map.
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PredictWind



PredictWind is weather and wind forecasting software with full GRIB file viewer and requester, weather routing, departure planning, and more.
 Available online and via Apple or Android smartphones (predictwind.com), PredictWind provides high-resolution hourly wind speed and direction forecasts for over 20,000 locations worldwide, as well as weather routing and trip planning tools.
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PredictWind’s forecast model takes local variables such as sea breezes and land masses into account, and then provides forecasts from both the Canadian Met Centre (CMC) and the Global Forecast System from NOAA (GFS) for comparison. Forecasts are generated twice a day in most regions around the world. 

To use the app, enter your city and country, then choose from a map of forecast locations. Tables displays forecast wind speed and direction, wave height and period, temperature, rainfall and cloud cover. Graphs shows the forecast data as speed and direction, rainfall and cloud cover, temperature and pressure, wave height, direction and period. Maps shows local, offshore and global forecast maps with colored arrows representing wind speed and direction. Other options include Observations, Alerts, Routing, Trip Planning and Tracking


Simply drag the start and end waypoints on the Google map, and the PredictWind server will calculate the fastest route or the most comfortable route for your boat using the high resolution 1km-8km or the global 50km resolution forecasts. The comfortable route allows you to avoid sailing upwind in strong winds.
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Squid



Squid is a marine weather software which enables its users to prepare the weather for a race or a cruise. It enables them to download a lot of meteorological information according to your subscription:
Observation data:

Satellite images (Visible, Infrared, Water vapor, colorized infrared, colorized Visible produced by Great-Circle) of the main active satellites
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Data of the main weather stations:

METAR

SYNOP

BUOY

Forecast data

Weather files (GRIB format : GRIB1 GRIB2) of major weather models

GFS: 'Global Forecast System', from US forecasting center (NOAA)

IFS: 'Integrate Forecast System', from European center (CEP or ECMWF)

GEM: 'Global Environement Model' from Canadian center

GEFS: Ensemble model from US center

The sea state  files (also in GRIB1 or GRIB2 format):

WW3: wave model developed by NOAA

WW3EU

The marine currents files
OFS: "Ocean Forecast System" from US center (NOAA)

MyOcean Mercator: Model Mercator from consortium MyOcean

MyOcean IBI: Tidal current model on Western Europe from MyOcean

Routing data

Routing: This tool  enables you to calculate a route based on the forecast weather
Routing management (create, add, insert and edit several waypoints).

Calculating distances between two points on the globe

Squid allows you to superimpose on the same map the majority of available data and even too superimpose two Grib files competing models. You can also make a meteogram to analyze the evolution of a weather variable over time.
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Weather4D

Weather4D is an application that uses the power of GPU to animate the weather like a video. 2D or 3D display is complemented by the continuous scrolling of time which allows to perfectly visualize the evolution of weather phenomena to come. The automatic scrolling can be accelerated or slowed manually by forward or backward in time by simply sliding a finger or by time increments through taps on icons "next / previous". 
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Weather data types: 
- Cloud cover 
- Precipitations (Rain, Snow) 
- Wind 10 m above mean sea level 
- Temperature 2 m above mean sea level 
- Pressure MSL 
- CAPE 
- Waves (Height, period & direction) 
- Ocean currents 
Data model: 
- Data from NOAA GFS, CMC GEM, COAMPS, FNMOC WW3, MyOcean
- Forecasts up to 8 day 
- Data steps : 3h, 12h, 24h 
- Worldwide Cover 
- Data updated 4 times a day (every 6 hours) 
The data are in the form of stacked layers that can be assembled at will. The fine tunings allow to adjust the readability according to the taste of user: modes display, level of transparency, types of symbols, etc.. A "full screen mode" allows you to use the entire screen area. 
Weather4D is a very user friendly application and easy to use. However, it relies on highly accurate forecasts developed for professional use worldwide. It is designed for demanding users.
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MaxSea Time Zero
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MaxSea TimeZero is a marine navigation app for coastal sailing, featuring easy-to-use functionalities with fast  and smoot chart display, as well as 3D data and weather information for an unparalleled experience. MaxSea TimeZero is powered by TimeZero technology, featuring a 2D/3D chart display, PhotoFusion and the most accurate marine charts thanks to MapMedia's unique Raster mm3d format.

 

BASIC FEATURES. Position on the raster chart. Course (COG) & speed (SOG). Routes and marks. Track recording. Real-time local weather and weather trends. Navigation in 2D or 3D Perspective. Tides and Currents database. Plot your position in real-time on the marine charts thanks to the built-in geolocation features of your iPad such as GPS and/or WiFi. The powerful 3D chart engine allows you to scroll, zoom and rotate the outstanding MapMedia Raster charts in no time. With the MaxSea TimeZero App, you can easily create waypoints and routes, overlay tidal information and satellite photos for a more complete display and configure your NavData panel to keep on screen the specific instrument readings that are most useful to you: COG, SOG, Pos, Accu. CTS, NEXT, TTG, DTW, XTE, VMC, ETA, TTA, DTA and Weather. Go from one waypoint to another (Go to tool), choose the course (Course up or North up), go back to your vessel (Center On vessel) and switch from 2D to a 3D full view in just one click. 
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Expedition
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Expedition was developed in the mid 1990’s and claims to be “simply the best tactical and navigation software available.” Expedition is targeted at serious racing enthusiasts and offers all the tools you may need in one integrated software package. Expedition includes an advanced chartplotter that supports charts from several sources, route planning and navigation tools, managing boat details including polars and multiple sail plans, weather route optimization, and real-time display of the boat’s instruments.



Where Expedition works beautifully is in the downloading and management of weather data, and optimizing the route. Weather data can be downloaded directly from SailDocs, NOAA direct, Ocens, PredictWind and others. To download a GRIB file, simply select the forecast source by marking a region on the chart and download. Multiple GRIB files can be compared and used in the optimization. Optimization settings have similar settings, including isochrones interval, optimal routing resolution, extending forecast in time, avoiding high winds and scaling the polar speeds by percentages.
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Bluewater Racing
Bluewater Racing is a free program for long-distance racing and cruising. Bluewater Racing combines tools for basic chart management, polar data management, managing and viewing GRIB files and route optimization. The key to using this program is the “Route Manager,” which ties together the route, the boat’s polars and the optimizer settings. The resulting optimized route is nearly identical to the other optimized [image: image23.png]


routes.

This is a no-frills weather routing application, but it still works very well. Bluewater Racing’s GRIB manager provides the most information about the data contained in the GRIB files. The program allows you to work with and combine multiple GRIB files for route optimization. One of its advantages is the ability to construct multiple routes and compare the time to sail, position, distance, ETA and wind at each point along the route. As with the GRIB details, all of the route segment details are readily visible. 
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qtVlm
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qtVlm is an open source program for managing virtual and real sailing that uses a boat’s polar data with GRIB weather data files to calculate the optimized route. The qtVlm program includes a GRIB download feature that downloads weather forecast data from zyGrib. One of its key features is the ability to recalculate an optimized route while underway. 


The program supports the common optimization options, including avoiding coasts and barriers, minimum and maximum wind speeds, maximum wave height and logarithmic convergence toward the finish.


The only disadvantage of qtVlm is that the documentation is mostly in French, with selected pages translated to English. It takes time to learn how to use this program, to set up marks, define the routing and convert the routing to a route. That said, the program is very intuitive and once a few basic concepts are mastered, it is easy to use.
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Nobeltec Timezero Trident 



Nobeltec Timezero Trident is an elaborate all-in-one planning and navigation program with a stunning 3D navigation console that can be integrated with the boat’s electronics. The Sailing Plus Pack ($250 add-on) adds weather routing.



The boat’s polars and corresponding sailsets are manually entered in the polar management screen. Weather data is easily downloaded using the system’s built-in “Weather Update Wizard” or by repeating the last weather request. The downloaded GRIB files include pressure, wind, wave and currents data in three-hour intervals. GRIB files from other sources can also be opened. Weather routing is easily calculated by selecting the start and end points, and launching the routing. Additional optimization parameters include maximum wind speed, scaling the polars by percent, including winds, currents, and areas to avoid.



SailGrib WR



SailGrib WR is originally a weather routing app used for racing or cruising. With the possibility to display Marine Charts and a navigation panel, plus a module to manage navigation aids and marks, it is now a navigation app. SailGrib WR is a weather routing app or software that offers atlases of tidal currents for the European coasts but the Baltic and the Med where they are not the primary currents. With SailGrib WR you will be able to: 

- Get weather forecast data through grib files 

- View tide forecast for the major harbors in the world 

- Optimize the sailing route to your next destination. 

- Sail and follow your bearing to your next waypoint 
To calculate the best route, you simply have to specify among other parameters: 

- The start and the destination points, 

- The departure date and time, 

- The speed polar file of your boat 
And eventually: 

- Waypoints along your route 

- Wind limits up and downwind 

- Efficiency parameters 

- Currents 
5. SUMMERY AND CONCLUSION


SUMMERY



The success of weather routing on ships depends on the validity of weather forecasts and on the ability of routing services to make appropriate better route recommendations. In this process, all the parameters of the ship, its capabilities and the transport needs of the personnel or the products transported must be calculated. It is also necessary to take into account all the meteorological elements and phenomena of the area. Developments in mathematical meteorology, combined with the continued use of computers in predictive models, will accelerate the process and accuracy of dynamic and statistical forecasts. In addition, a better understanding of the problems faced by the seaman and their impacts will help the routing service to produce appropriate recommendations. Still, technological advances in the field of satellite and automated communications and ship-to-ship response systems will increase the amount and type of information to and from the ship by reducing time delays. 



Seafarers will have a better quality meteorological information, and meteorologists will have a better understanding of the problems, limitations and priorities of masters. Being able to predict the ship's response to most weather and marine conditions will result in improved routing.


CONCLUSION



For a successful weather routing a good knowledge of meteorology, shipbuilding and planning is required. The aim of weather routing is to help secure, minimize costs and make shipping smarter to make it more profitable but also to reduce environmental problems. Different meteorological data have a predominant role in optimal route performance. Large companies providing weather routing provide a weather forecast of up to 16 days. Weather routing needs attention and evolution. However, despite the great progress that has been made in this area, weather routing remains an extremely difficult and persistent process.
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- http://eclass.uth.gr/eclass/




- https://www.sailmagazine.com/cruising/weather-routing-101-part-2



- http://www.squid-sailing.com/en/





- https://opencpn.org/



- https://www.fastseas.com/



- https://www.predictwind.com/



- http://www.squid-sailing.com/ 



- https://mytimezero.com/



- https://www.meltemus.com/index.php/en/



- http://www.bluewaterracing.com/




- http://www.expeditionmarine.com/about.htm




- https://www.sailgrib.com/



- https://www.weather4d.com/en/
7. ABBREVIATIONS - INITIALS 


AFC
: Area Forecast Center


BMS 
: Basic Meteorological Services


COAMPS 
: Coupl d Ocean/Atmosphere Mesoscale Prediction System


CMC
: Canadian Meteorological Centre


FNMOC 
: Fleet Numerical Meteorology and Oceanography Center


GEFS
: Ensemble model from US center


GEM 
: Global Environmental Multiscale Model


GFS 
: Global Forecast System


GRIB
: Gridded Binary Format


GSOWM
: Global Spectral Ocean Wave Model


IFS

: Integrate Forecast System


JMA
: Japan Meteorological Agency


MSL 
: Mean Sea Level 



MRB 
: Meteorological Research Branch


NAVGEM  : Navy Global Environmental


NESDIS 
: National Environmental Satellite Data and Information Service


NOAA 
: National Oceanic and Atmospheric Administration


OFS
: Ocean Forecast System 



OSPO
: Office of Satellite and Product Operations


OTSR
: Optimum Track Ship Routing
 

RPN 
: Recherche en Prévision Numérique


WPC 
: Weather Prediction Center


WW3
: Wave Model developed by NOAA

