CHAPTER 3

NUMERICAL WEATHER PREDICTIONS
OBJECTIVE


Given appropriate weather data, determine the accuracy of military numerical weather prediction products during preparation of operational forecasts.

INTRODUCTION


Up to this point, you have reviewed analysis and forecasting techniques useful for determining an accurate forecast for a specific operation area.  The Navy also uses a wide variety of computer models with which to forecast surface and upper level features.  As a forecaster, it is important to know which models work well for areas of interest.  During this chapter, we will look at the current forecast models available and the strengths and weaknesses of each.

INFORMATION


Numerical Modeling

Numerical weather predictions are derived from large scale computer programs.  These programs mathematically solve a set of equations to forecast different weather parameters.  The first model used in Navy forecasting uses seven equations to predict future values of seven variables.  This program is often called the Primitive Equations or PE model.  The seven parameters forecasted by this computer model include temperature, North to South wind component, East to West wind components, vertical wind component, density, pressure, and water vapor.  


The steps involving computer forecasts begins with global data collection.  The computer then prepares an automated analysis of the data for the numerical model to use as a base for the forecast,  The data file is then run through the forecast model to produce a forecast for the variables.  The computer model then prepares forecast data and prognostic charts from the model and broadcasts them to the user.


Types of data collected and total number of reports used during a normal forecast run include:  AirReps/METAR 28,000, RAOB/PIBAL 3,050, Ship Obs 3,000, Land Observations 48,000, Drifting Buoy reports 1,200, Satellite SST’s 120,000, Satellite Soundings 22,300, Satellite Vector winds 10,200.

(Note:  In regions with a lack of upstream data or remote areas, the data provided by satellite is the mainstay for the model.  The user must use caution applying numerical products in these areas)


It is imperative that the forecaster know the performance characteristics of the forecast model being used.  Numerical predictions become a greater asset and tool as the forcaster’s familiarity with each model increases.  Anticipating situations when model performance is weak will enhance forecasting accuracy.  On these occasions the forecaster must take extra steps during forecast development or look closer at particular synoptic situations.  Each model has specific strengths and development or look closer at particular synoptic situations.  These characteristics can vary with type of data available. i.e. measured or observed data compared to remotely sensed data satellite, amount of data available, region, or synoptic situation.


Model Generalities.  Accuracy decreases as forecast time increases.  One and two day forecasts are considerably more accurate than longer range forecasts.  Some levels are more accurate than others. i.e. The 500mb level is typically the most accurate.  The FNMOC global forecast model is most accurate for the 700/850mb levels followed by the SFC and 500mb.  Forecasts for larger scale synoptic fields of pressure, height or temperature are much better than the forecasts for precipitation, moisture and clouds.

Model Terrain.  Many models do not have computerized terrain and obviously can not consider effects of friction, orographic lift, funneling, obstruction to flow.  Some models do have a computerized terrain, however, models have problems by including a smooth transitions from sea level to peaks, broad mountain ranges, and indistinct gaps and valleys.
Common Numerical Models
Navy Models


Navy Operational Global Analysis and Prediction System (NOGAPS) 3.4  NOGAPS 3.4 is a Global Model with a boundary layer process that accounts for limited terrain features.  This model has a Horizontal Resolution 0.75 degrees and Vertical Resolution for 18 levels from surface to 1mb.  Forecasts are available out to 120 hours.  The model uses the previous 6 and 12 hour data sets to create  a “first guess” analysis (based on a 6 and 12 hour forecast from the previous ops run) which is merged with actual data for the current synoptic time to make a 5-day forecast of the atmosphere from the surface to 10mb.  This forecast is prepared twice daily from data gathered at 0000 and 1200 UTC.  This model under analyzes developing surface lows and this tendency is very apparent during rapid or explosive deepening events.


NOGAPS 3.4 performs best in the lower troposphere with decreasing skill as height and forecasts time increases.  It is least skillful when forecasting winds at the 250mb jet-stream level and typically under forecasts 6 to 7 m/s (12 to 14 kts) at the 36 to 48 hour forecast.  The model is slow to fill deepening lows after the low reaches maximum intensity.  Mature lows are usually biased to the right of analysis track in strong zonal flow and to the left of the track toward the upper level cold air in meridional flow or broad zonal flow.

Note: In these situations, the model tends to reject valid ship reports in the path of the explosive low.  The most likely reason of the rejected reports is that the previous NOGAPS forecast run probably under forecast the rapid deepener.  This in turn produces a weal first guess analysis for the current operational run even though the rejected report provided an accurate depiction of the cyclone.


Navy Operational Regional Analysis and Prediction System (NORAPS 6.0)  NORAPS 6.0 is a Regional Model that considers terrain features.  This forecast model has higher resolution the NOGAPS, (horizontal and vertical).  It is used to make forecasts for a limited time period (usually 36 to 48 hours) since the advantage of high resolution is offset by errors introduced by the model’s boundary as the forecast length increases.  Typical areas that are modeled include the Middle East, Western Atlantic, Western Pacific, and Mediterranean.  This model provides a good depiction of cyclogenesis, and depicts complex surface lows better than NOGAPS.  The system shows a slight depiction of oragraphically induced sub-synoptic scale systems.  Surface winds tend to be 5 to 8 kts weak at surface by 36 hours.


Wave Analysis Model (WAM 4.0).  WAM is used for analysis and forecast of significant wave heights (Highest 1/3 of ocean waves).  This model exhibits a minor tendency to over forecast for seas below 2.5 m and underforecast for seas above 2.5m.

NWS Models

National Center for  Environmental Prediction (NCEP) Spectral Forecast Model.  The National Weather Service (NWS) has a major NWP center which runs both global and regional models similar to FNMOC.  The Global Spectral Model is run twice daily and is used to produce the Aviation Run (AVN) and Medium Range Forecast (MRF) models at NCEP.  The AVN is run twice daily out to 72 hours and the MRF is run once a day to 240 hours.  These models include surface pressure, 1000-500 thickness, 500mb, Vorticity, and 300/250mb heights with isotachs.  This model is most accurate for short range forecasts between 1 and 3 days.


NCEP Nested Grid Model (NGM)  The Nested Grid Model is a National Weather Service regional model used for 48 hour forecasts.  The model uses 16 levels vertically and provides high resolution short range forecasts for the United States.  The typical display for the NGM is a 4 panel chart including sea-level pressure, 1000-500mb thickness, 500mb height contours and vorticity, and 700mb height contours with relative humidity and precipitation and 850mb heights and temperatures.  Forecasts are produced for 12, 24,36, and 48 hours.


NCEP has published the following rules for forecasters using the NGM and MRF models to forecast cyclone positions and intensity changes.


The NGM overdevelops cyclones and is slow to fill filling cyclones.  The NGM is also slow to deepen developing lows and sometimes deepens filling cyclones.  The MRF tends to underdevelop surface cyclones and is slow to deepen developing cyclones, especially in the first hour period.  MRF forecasts filling cyclones better than NGM


The NGM forecast the 1000-500mb thickness too high (warm) over surface cyclones.  The MRF forecasts the 1000-500mb thickness too low (cold) over surface cyclones.  The MRF shows smaller position errors than NGM for surface cyclones in general.  The NGM has its smallest position errors for surface cyclones which were deepening and forecast to continue to deepen.


NCEP  ETA Forecast Model.  The NMC ETA forecast model was introduced to improve forecasting of mesoscale systems.  The ultimate goal is to improve mesoscale forecast capability in precipitation.  This model provides short range (48 hour) forecasts.

NWP PRODUCTS & Weather Element Forecasting

Numerical predictions do not explicitly forecast the many sensible weather elements required in aviation and military meteorology.  Some examples are visibility, clouds, cloud ceilings, precipitation (probability and type), maximum/minimum temperatures and fog.  Current models do not have the resolutions and physical parameterization to forecast these elements.  The solution to the problem of element forecasting is determining the statistical relationship between a weather element of interest and the numerous synoptic scale forecast variables available from the models (e.g. RH, thickness, vertical motion, etc.).


Model Output Statistics (MOS) is a statistical prediction equation developed to forecast elements of interest by associating numerical information (moisture content over a specific region) with the synoptic situation and climatological statistics for the season to generate a forecast of overcast conditions with rain.  MOS products come in either a message format or in a graphic display.  The following are MOS forecast variables:  Max/Min temperatures, probability of precipitation, precipitation type, cloud amount, surface winds, probability of thunderstorms, and the most likely category of visibility and ceiling.

Other Major NWP Models


The most accurate forecast model is run by the European Center for Medium-Range Weather Forecasting.  It is a high resolution (vertically and horizontally) model that makes skillful forecasts in the medium range (3 to 7 days).  The Japanese Meteorological Agency and UKMET in Great Britain also have skillful models.

Summary

A good forecast starts with a good analysis.  As a forecaster, it is important to know and understand which models will work well for your areas of interest.  Remember that each model  available, will have their own strengths and weaknesses.  It is imperative that you know characteristics of each forecast model.  Keeping abreast on model publications, model upgrades, and limitations will enhance your forecasting abilities for your area.
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