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FORECAST MODELS

(Weather Station Operations)

Model Initialization.  Your LAFP will outline procedures for model initialization and verification.  Time management is vital to successfully completing all the required tasks associated with analysis and forecast production in the limited time available.  As a result, the LAFP procedures will ensure model initialization and verification is performed as soon as possible after the data receipt.  Forecasters do not have to receive the complete model run before initializing the products received at the beginning of the run.  Initialize and verify specific parameters such as relative humidity, circulation centers, and vorticity using METSAT imagery.  Other items like thickness values, wind direction/speed, heights/pressures, and temperatures can be initialized/verified by overlaying Formatted Binary Data (FBD).  In addition, include in the procedures a requirement to initialize the 12 HR forecast from the previous model run with the current run’s 00 HR forecast to assess trends in the model forecast.  Procedures must ensure forecasters analyze model output for significant features such as fronts, trough, etc. and adjust the model guidance when deemed appropriate.

Operational forecast models (NMC Description) 

Today, forecasters use many computer models. Models are classified into three main classes.

The first is global models, which focus on the entire northern hemisphere.

The second is national models, which focus on the USA.

The third class of models is relocatable models, which do not focus on any permanent geographical location. Relocatable models are very limited on the size of the geographical area for which they can forecast, but these models have very high resolutions, or very small forecast grid boxes.

Below are some common examples of the operational models that are in now use at the National Weather Service's National Centers for Environmental Predictions. (NCEP). 

Global models

European Models. Forecasters use two European models to forecast in the medium range time period. One of models, known as the UKMET model, was developed in the United Kingdom. The other model, known as the ECMWF, is based in the European Meteorological Center. Both the UKMET and the ECMWF have a resolution of 75 kilometers, which is better than the MRF resolution of 150 km. Both models also give forecasts for the entire northern hemisphere like the MRF. 

Medium Range Forecast Model (MRF). The MRF is one of the main models forecasters use for the medium range time period beyond 48 hours into the future. The MRF model forecasts for the entire northern hemisphere, unlike the national models, which only forecast for North America. The resolution of the MRF model is about 150 km, which is far less than the national models. The MRF is primarily used for the medium range time period from 60 to 240 hours into the future. A newer version of the MRF became operational during the fall of 1995, but it is way too early to tell if the new version performs better than the old one. The MRF, like the previous models, has its own set of Model Output Statistics (MOS) equations known as MRF MOS. 

It is still way too early to tell which of the medium range models performs the best. Each of the medium range models has its own strengths and weaknesses. However, the higher resolution of the European models may lead to a better long term performance record. 

National Models

Aviation Model (AVN). One of the oldest operational models used by forecasters today is the Aviation Model, or AVN. The AVN model was developed primarily to aid in forecasting for aviation. The AVN gives short range forecasts like the NGM and ETA models do, but it also forecasts well into the medium range with forecasts up to 72 hours into the future. The resolution of the AVN model is about 100 km, which is not as good as the NGM or ETA models, but it still provides valuable insight into the future state of the atmosphere. The AVN also tends to perform better than the other models in certain National Models

Aviation Model (AVN). One of the oldest operational models used by forecasters today is the Aviation Model, or AVN. The AVN model was developed primarily to aid in forecasting for aviation. The AVN gives short range forecasts like the NGM and ETA models do, but it also forecasts well into the medium range with forecasts up to 72 hours into the future. The resolution of the AVN model is about 100 km, which is not as good as the NGM or ETA models, but it still provides valuable insight into the future state of the atmosphere. The AVN also tends to perform better than the other models in certain weather situations, such as a strong low pressure area near the East Coast of the USA. The AVN also has its own set of statistical equations that use the AVN model output. The output from the AVN statistical equations is known as AVN MOS. 

ETA. The ETA model is a newer model, which is very similar to the NGM model and forecasts the same atmospheric variables. The main difference is the ETA model now has a resolution of 29 kilometers. In other words, the grid box is much smaller than in the NGM. This allows the ETA to give a more detailed forecast over the USA. The ETA model was named after the ETA coordinate system, which is a mathematical coordinate system that takes into account topographical features such as mountains. As a result of using this coordinate system and the higher resolution, the ETA model has a much more accurate picture of the terrain across the USA. MOS equations have also been developed for the ETA model output. The output from these equations is known as ETA MOS. It is still too soon to determine whether or not the ETA model gives a more accurate forecast than the NGM model for all the forecast variables, but according to Dr. Ronald McPherson, Director of NCEP, the ETA model has outperformed all the other models in forecasting amounts of precipitation. This noted improvement is very important and useful for many applications such as hydrology and flood forecasts. By the way, the name, ETA is the seventh letter of the Greek alphabet. 

Model Output Statistics (MOS). Model Output Statistics are a set of statistical equations that use model output to forecast the probability of precipitation, high and low temperature, cloud cover, and precipitation amount for many cities across the USA. The statistical equations were specifically tailored for each location, taking into account factors such as each location's climate. 

Nested Grid Model (NGM). The NGM is a short range model that forecasts variables such as temperature at various levels of the atmosphere, amount of precipitation, position of upper level toughs and ridges, and the position of surface high and low pressure areas. In the nested grid model and others like it, the atmosphere is divided into squares, or a grid, for various levels of the atmosphere. Grids with smaller squares are "nested" inside larger ones for areas forecasters are particularly interested in, such as North America. The smaller the grids, the more calculations that have to be made and the bigger the computer needed. The resolution of the NGM is about 80 kilometers. The NGM produces forecasts every 6 hours from 0 hours to 48 hours into the future. 

Relocatable models

Hurricane model. The Geophysical and Fluid Dynamics Laboratory(GFDL) developed the hurricane model in order to improve hurricane landfall forecasts. The hurricane model is centered on the eye of the hurricane for each run of the model. Since hurricanes do not always form over the same locations, the geographical location of the model's forecast varies from run to run. The model does not forecast for large distances away from the hurricane because its main focus is the development and the movement of the hurricane. As a result of forecasting for small horizontal distances, the resolution of the hurricane model is 10 kilometers. The model got a very good test of its skill during its first year of operation in the hurricane season of 1995, which was one of the most active hurricane seasons in history. The results show a 20% improvement in hurricane landfall forecasts 48 to 72 hours in advance. This improvement gives people living in the regions expected to be hit by a hurricane more time to prepare or evacuate. 

Model Bias

NATIONAL WEATHER SERVICE

NESTED GRID MODEL (NGM) PERFORMANCE

The numerical weather prediction (NWP) model performance information given below comes from observations made over the past couple of years by forecasters at the National Weather Service's (NWS) Hydrometeorological Prediction Center (HPC). The HPC, located in Camp Springs, Maryland, is part of the National Centers for Environmental Prediction (NCEP). Note, in 1990, the NWS "froze" the NGM. This means that NCEP will make no further changes to the NGM.
The Nested Grid Model (NGM) . . . 

Is too far north and too strong with systems coming out of the Rocky Mountains (fails to consider upstream shortwave and associated jet streak (west side of trough)). 

In general, overdeepens cyclones over land. 

In general, underdevelops cyclones over oceans. 

Is too far south and west with systems coming up the east coast of the United States. 

Grossly underforecasts rains over the south during the cool season (return flow too westerly). 

Overforecasts upslope precipitation over the central and southern Rocky Mountains. 

Underforecasts precipitation amounts along the west coast with a blocking ridge over the Gulf of Alaska. 

Is too slow with arctic air masses plunging southward into the Plains. 
NATIONAL WEATHER SERVICE

AVIATION (AVN) MODEL PERFORMANCE

The numerical weather prediction (NWP) model performance information given below comes from observations made over the past couple of years by forecasters at the National Weather Service's (NWS) Hydrometeorological Prediction Center (HPC). The HPC, located in Camp Springs, Maryland, is part of the National Centers for Environmental Prediction (NCEP).
The Aviation (AVN) Model . . .

Is superior to the NGM and Eta Model in forecasting the position of surface lows. 

Is best at predicting filling lows but too slow with deepening lows. 

Often overdevelops surface lows, especially over oceans. 

Generally, temperatures are too cold. 

Is too far north and too strong with systems coming out of the Rocky Mountains. 

Overforecasts upslope precipitation over the central and southern Rocky Mountains. 

Is too slow with arctic air masses plunging southward into the Plains. 

Underforecasts convective precipitation during the warm season. 

NATIONAL WEATHER SERVICE

ETA MODEL PERFORMANCE

The numerical weather prediction (NWP) model performance information given below comes from observations made over the past couple of years by forecasters at the National Weather Service's (NWS) Hydrometeorological Prediction Center (HPC). The HPC, located in Camp Springs, Maryland, is part of the National Centers for Environmental Prediction (NCEP).
The Eta Model . . . 

Is superior to the AVN and NGM at forecasting convection. 

Sometimes overdevelops the low-level jet. 

Is superior to the AVN and NGM in forecasting precipitation in the lee of the Cascade and Sierra Nevada Mountains (less spill over). 

Is too slow and too far west with cyclones coming up the east coast of the United States. 

Best at forecasting arctic air masses plunging southward into the Plains. 

NATIONAL WEATHER SERVICE

MEDIUM RANGE FORECAST (MRF)

MODEL PERFORMANCE

The numerical weather prediction (NWP) model performance information given below comes from observations made over the past couple of years by forecasters at the National Weather Service's (NWS) Hydrometeorological Prediction Center (HPC). The HPC, located in Camp Springs, Maryland, is part of the National Centers for Environmental Prediction (NCEP).
The Medium Range Forecast (MRF) Model . . . 

Is too slow with southward movement of low-level cold air east of the Rocky and Appalachian Mountains. 

Is too fast with southern stream closed lows, especially during an El Nino event. 

Is too strong with height falls moving downstream into a mean ridge position over western North America. 

Is often too amplified with eastern North America upper-level troughs. 

Is too cold and too far south with the cold air over eastern North America, especially with a strong southern stream. 

Tends to overforecast precipitation over northern Idaho and western Colorado during strong onshore flow over the Pacific Northwest. 

Underforecasts warm season convection, especially in the Plains. 

Is often too quick to break down highly amplified flow. 

NAVY OPERATIONAL GLOBAL 

ATMOSPHERIC PREDICTION SYSTEM (NOGAPS)

FORECAST MODEL PERFORMANCE

The numerical weather prediction (NWP) model performance information given below originally appeared in the quarterly performance summaries prepared by the U.S. Navy's Fleet Numerical Meteorology and Oceanography Center in Monterey, California. Each of these summaries contained a NOGAPS model tendency review from which the following information was extracted.
Summary of NOGAPS Version 3.4 Forecast Tendencies: 

Surface lows are slow to deepen and slow to fill after “bottoming out” 

Multiple low pressure centers in close proximity are merged into one deep system 

Surface lows north of the polar jet are too deep 

Surface lows south of the polar jet are slow to deepen 

Explosive lows are too shallow 

Surface lows associated with upper-level cutoff lows in the cool season are too deep and slow to fill after “bottoming out” 

Lows in the Mediterranean in the cool season deepen too rapidly 

Tropical cyclone development/intensification rate is overforecast 

Developing and mature tropical cyclones are slow to move 

Number of tropical cyclones is overforecast 

Sea level pressure is unreliable over high terrain (Greenland, the Himalayas, Antarctica) 

Surface pressure highs are slightly too strong 

Peak surface winds are at least 5 knots weak by 24 hours 

Surface temperatures are slightly cool over land 

Moisture forecasts are too wet over land 

Upper-level troughs are too shallow 

Upper-level lows north of the polar jet are slightly too deep 

Upper-level highs south of the polar jet are slightly too strong 

Wind speeds in the jet-stream region can vary by plus or minus 10 to 15 kt 

Temperatures in the mid-troposphere and lower stratosphere are slightly cool 

Temperatures in the upper stratosphere are slightly warm 

EUROPEAN CENTRE FOR

MEDIUM RANGE WEATHER FORECASTS

(ECMWF) MODEL PERFORMANCE

The numerical weather prediction (NWP) model performance information given below comes from observations made over the past couple of years by forecasters at the National Weather Service's (NWS) Hydrometeorological Prediction Center (HPC). The HPC, located in Camp Springs, Maryland, is part of the National Centers for Environmental Prediction (NCEP).
The ECMWF Model . . . 

Is the best of the meduim-range models in forecasting shallow, cold air situations. 

Tends to overdeepen mid- and upper-tropospheric cyclones across the southwestern United States and just off the coast of California. 

Sometimes is too slow to move systems out of the southwestern desserts of the United States. 

Has a slight tendency to overforecast mid- and upper-tropospheric heights (resulting thicknesses are too great). 

Sometimes will forecast too many closed centers during the warm season. 

THE METEOROLOGICAL OFFICE

(UNITED KINGDOM) 

UKMET MODEL PERFORMANCE

The numerical weather prediction (NWP) model performance information given below comes from observations made over the past couple of years by forecasters at the National Weather Service's (NWS) Hydrometeorological Prediction Center (HPC). The HPC, located in Camp Springs, Maryland, is part of the National Centers for Environmental Prediction (NCEP). Note, The Meteorological Office runs their NWP model for three domains: global, regional, and mesoscale. It is the global version, referred to as the "global model" or "main model" by The Meteorological Office and the "UKMET Model" in the United States, whose performance is described here.
The UKMET Model . . . 

Has problems in forecasting shallow, cold air situations. 

Tends to be too zonal, especially after the third day. 

Forecasts the westerlies to be too far south. 

Often lowers sea-level pressure too much and too far south (resulting synoptic-scale fronts are implied to be too far south). 

Rarely develops mid- and upper-tropospheric closed cyclones and anticyclones. 

Introduction to Computer Models (Modified AFWA QTP)
The most significant technological breakthrough in the field of meteorology has been the digital computer.  Even today, the continuing improvements in the performance of computers and workstations enhance our ability to extend our applications of numerical methods for predicting the weather.  The name given to this procedure used to forecast the weather by computer is Numerical Weather Prediction (NWP).  NWP draws information from a broad range of disciplines.  The most important is dynamic meteorology, which provides us the set of equations we use to simulate the atmosphere.  Although we can trace the history of NWP back to the 1920s, it was indeed the development of the computer in the late 1940s that allowed full development of computer modeling.  Today, more sophisticated models have been developed, but the complexity of the atmosphere requires several types of models, each of which serves a different purpose and must be interpreted differently.

NWP Processes

The behavior of the atmosphere is governed by a set of physical laws that can be expressed as mathematical equations.  These equations take into account how atmospheric variables or fields (temperature, pressure, etc.) will change from their values at the present time.  If we can solve these equations exactly, we will have a description of the future state of the atmosphere (a forecast) derived from the current state (observations or initial conditions).  In turn, we then interpret the solutions to these equations in terms of weather--precipitation, temperature, cloud cover, pressure, and winds.  Since these equations are complex, non-linear equations, there is no exact solution that can give us the future values.  Instead, numerical modeling techniques are employed to provide approximate solutions.

In these numerical models, the fields are represented by a finite set of numbers.  By using forms of the equations that have been adapted for numerical methods, we can calculate the future values of the fields using computers.  The first step in NWP is to represent fields with numerical values in a process called "discretization."  It is so named because we are representing a continuous field with a finite number of discrete values.  Discretization emphasizes the limits of the numerical approach.  The smaller the set of numbers, the coarser the discretization, and the less detail about the future state of the atmosphere.  The larger the set of numbers, the finer the discretization.  For example, we try to represent surface temperature over the entire CONUS with just the observations taken at several thousand recording sites.  If we had several millions recording sites, then we would have a finer resolution of the temperature field. 

The initial state for NWP is obtained by measuring all relevant variables in an observation network covering the whole globe.  The data obtained from a large number of sensor platforms, e.g., ground stations, ships, buoys, radiosondes, satellites, aircraft, etc., in the meteorological observing system are exchanged between the many international meteorological services.  With the aid of an assimilation scheme known as “objective analysis,” the irregularly spaced observation data are processed and transformed to the forecast model grid.  This interpolation introduces some uncertainty or error in the initial conditions of the model, i.e., the model is not initialized with exact data.  An example: we record temperature at both Scott AFB and St Louis-Lambert International Airport--these stations are separated by about 40 nm.  Let’s say that the model needs to know the temperature at a grid point that is geographically located somewhere in between these stations.  The interpolation scheme will estimate the temperature at the grid point.  Will this estimate be exact?  No, but it will most likely be close to the actual temperature.  Thus, a very fine resolution observing system would increase the accuracy of our numerical models by reducing the uncertainty in our interpolation of the initial conditions.  However, we would then be faced with other limitations.

The demand for a global model with a high-resolution grid is impeded by the restricting factor of the finite capacity of today’s computers.  With a finer model grid, we face the additional burdens of needing more computer memory and solving an increased number of equations.  Our current models only require a few hours of computing time to complete a forecast for a period covering several days.  Increasing the grid resolution would result in an increased model running time.  A forecast model that takes 24 hours to produce a 24-hour forecast would not be useful.  Thus, the number of the model grid points has to be chosen in accordance with the capacity of the existing computing facilities.

Our current models solve the high resolution/computer capacity conflict by the concept of “model nesting.”  We typically nest a higher resolution (or regional) model within a global model.  Each of the fine-scale models receives its boundary conditions of the atmospheric variables from the coarser-scale model.  For instance, when we run a higher resolution model in a window that covers the United States, we must first run and make use of the forecast fields generated by a global or hemispheric model.  The values of the forecast fields that lie along the boundary of the high-resolution model window are used to drive the equations for this fine-scale model.  We can also nest finer-scaled models within the fine-scale model, i.e., “windows within windows.”

Another important reason for running fine-scale models is because the direct simulation of all the important atmospheric processes is not yet computationally feasible on the global scale.  Even on the finer scale, certain processes cannot be resolved within this grid structure, e.g., Turbulence or formation and evolution of cloud and precipitation particles.  These processes must be described by parameterization schemes.  Think of these parameterization schemes as mathematical shortcuts.  They improve the general quality of nwp because we can include more of these shortcuts in a regional model rather than a global model.  Some of the more important schemes describe energy conversion in the atmosphere (release of latent heat, radiation processes, etc.), Which has a decisive influence on the convection process.  A number of forecast quantities, e.g., Precipitation, cloud cover, near-surface temperature, etc. Are products obtained directly from the parameterization schemes or are influenced strongly by them. Do increasingly more accurate computer models eliminate the need for human forecasters?  No, computer models make human efforts more efficient and productive.  There is no such entity as a "perfect" model to rely upon.  It is important to remember that forecast models are not perfect for the following reasons:
We still have an incomplete understanding of the atmosphere.

Scientists have not been able to describe all atmospheric processes mathematically.
The mathematical equations that describe atmospheric motions do not have analytic (exact) solutions and must be approximated using numerical methods.
Observations are geographically scattered, and in some areas they are nonexistent. Information for data-sparse areas must be interpolated from surrounding grid points or estimated from previous model runs; initial conditions for the model are inexact
The resolution of a regional model is finer than the resolution of the global model from which it obtains its boundary conditions.  Interpolation of the coarser grid to the finer grid may introduce errors in the model data.
Types of Models

In numerical weather prediction, the word “model” is used in two different ways.  A mathematical model is a system of equations that apply to a particular problem.  A numerical model is the scheme used to gain the solution to the mathematical model.  Numerical weather prediction models are traditionally categorized according to the mathematical model used and the numerical model employed to solve the mathematical model.  The two commonly used types of numerical models are grid-point (or finite difference) models and spectral models.

Grid-Point Models
As the name implies, grid-point models assign values for the atmospheric variables at series of grid points in space and time.  Grid-point models use u-v wind components to represent the vector value of the wind at each grid point.  Wind is a vector that includes both speed and direction.  Wind vectors can be resolved into eastward (u) and northward (v) components.  Analysis and forecasts models resolve wind vectors into west-to-east (+u) and south-to-north (+v) components.  Temperature, pressure, and humidity are calculated on grid points, but the two horizontal wind components (u, v) can be calculated either in the center of the grid boxes or directly between two adjacent grid points.

The grid-point model begins with an analysis field, which is derived by smoothing the initial conditions and, in many cases, incorporating forecast conditions that were obtained from a previous forecast.  This is important because the variables in the analysis field must be relatively smooth for the equations of motion to be solved in the model.  The complex, non-linear equations are replaced with simpler algebraic equations, which are solved by stepping forward in time to produce the forecast fields.  A long time step is preferred because the model solves fewer equations, and it can produce a 24-hour forecast sooner.  However, the purpose of NWP is to be able to solve the equations of motion, and if the time steps are small, even the nonlinear behavior of the atmosphere can be treated as solvable, linear steps.  The analogy is a hexagon looks more like a circle than a square; an octagon looks more like a circle than a hexagon, and so on.  If the segments are too long, then we do a poor job at depicting the curved line.  Similarly, if our time steps in the model are too long, then we do a poor job at forecasting atmospheric conditions.  This is also why the analysis field must be relatively smooth.  If there is a sharp contrast in one of the variables over a small distance, the numerical solution of representing the non-linear behavior of the atmosphere with small linear steps will fail.

The length of time between steps is determined by the grid resolution.  When AFWA’s MM5 model is run with a 36 km grid, the time steps are on the order of about 90 seconds.  (Thus the model solves all of the equations of motion for the atmosphere at all grid points and you could, if inclined to do so, produce forecast maps that differ in time by a minute and a half.)  When the MM5 model is run with a 12 km grid the time steps are about 30 seconds, and with a 4 km grid the time steps are about 10 seconds.

Spectral Models

In a spectral model, the values of the different fields (temperature, pressure, etc.) are represented as waves.  A simple analogy is for you to picture the height lines on a 500 mb chart as the sum of a series of sine waves.  In this analogy, the frequency and the amplitude of the sine waves depict the spacing and the amplitude of the troughs and ridges that you would see on the chart.  You may hear a spectral model described as a “126-wave” model.  This refers to the number of waves the model uses to represent the atmosphere.  It is important to know that each wave in the model is different.  Each successive wave has a higher frequency or smaller wavelength.  In other words the 44th wave has better resolution than the 43rd wave.  Increasing the number of waves in a spectral model is similar to having a finer grid scale in a grid-point model.

In the spectral method, the equations of the mathematical model are rewritten to express dependent variables as the time-dependent amplitudes of these waves.  The equations are solved to find the time rate of change of the amplitudes of these waves, i.e. produce the forecast fields for the atmospheric variables.  The spectral method offers many advantages over the finite different method.  However, it is difficult to apply when a boundary (edge of a forecast window) exists.  Thus, most global models are now spectral models.  Regional models (running within a limited region or window) are primarily grid-point models.

Types of Computer Model Grids

A grid is a group of regularly spaced points that represent the intersections of specifically defined lines (see Figure 1-1).  The grid exists in the vertical and horizontal directions giving us a 3-dimensional representation of the atmosphere.  The distance between the grid points, also referred to as the grid size, is a major factor in what weather features can be seen.  Why is grid size important?  First, the spacing of the grids affects the resolution of the models.  If the resolution is too coarse, then the accuracy of the forecast may be questionable because some smaller, but significant, weather features may not have been resolved and incorporated into the analysis field.  The second important element involves the vertical structure of the grids.  Computer algorithms are used to interpret the vertical motions in the atmosphere.  Finer resolutions will tend to produce more accurate forecast fields.
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Example of Grid Superimposed on a Map

Grid Resolution

Atmospheric features that are smaller than the grid in use cannot be represented correctly because the size of the feature must be equal or greater than twice the distance between two adjacent grid points.  In simple terms, if a model's grid points were 200 km apart, the feature would need to be at least 400 km in size to be taken into account by the model.  Additionally, the feature is generally handled poorly if its size is less than four grid points wide.

You may hear of a global model’s grid spacing referred to by its mesh size.  The standard and lowest resolution grid size used at Air Force Weather Agency (AFWA) is the whole-mesh grid.  As originally defined, whole-mesh represents grid points that are 200 km apart at 60° N relative to the earth’s surface.  Because of the Earth’s curvature, resolution decreases toward the poles and increases toward the Equator.  Grids with finer resolution include the half-mesh, quarter-mesh, eighth-mesh, and 64th-mesh grids (100 km, 50 km, 25 km, and etc. resolution).  As we transition to regional models the grid resolutions will more than likely referred to in terms of distance.

One thing to remember about model resolution is that the models cannot directly resolve any features of the terrain or atmosphere smaller than the grid size.  However, certain aspects such as the small-scale roughness of the land surface, and the sub-grid scale distribution of thunderstorms are represented indirectly by using parameterization schemes.  Thus, these models may not be good at forecasting localized weather as might be associated with things like mountainous terrain or sea breezes.
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Example of Grids Relationships

Model Grid Types and Structure

In NWP, the earth's globe can be gridded according to a variety of schemes.  For the grid-point models, many of these grids are the same as the familiar map projections on which the final products are superimposed.  The main grid types in use at AFWA are the polar stereographic (PST) grid and the Mercator grid.  The global grid uses variable spacing similar to latitude-longitude lines.  Grids can be projected onto maps for display.
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Global Model Grids (Examples of Japanese GSM and Canadian GEM-GBL Grids)

Polar Stereographic (PST) Grid

The PST grid has fixed, non-variable grid spacing.  The Northern (or Southern) Hemispheric Whole-Mesh Reference Grid (sometimes called the Northern Hemispheric Whole-Mesh Super Grid) is a whole-mesh grid based on a PST map.  The domain for all PST grids is centered on the hemisphere (Northern or Southern) and includes the entire hemisphere.  The borders of the grids partially extend into the opposite hemisphere, but data in these overlap areas are usually ignored.  PST grids are available in the half-, quarter-, eighth-, and 64th-mesh resolutions.  They are used extensively at AFWA for various weather support functions.
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Polar Stereographic (PST) Grid

Mercator Grid

These grids cover an area from 50° N to 50° S for tropical meteorological needs .  They are based on a Mercator map projection.  The conventional tropical grid is used for conventional meteorological elements such as temperature, height, and wind.  The satellite global database tropical grid is used for processing satellite imagery.
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types of forecast models

Air Force Weather Agency (AFWA) Models

AFWA operates its analysis and prognosis production system in four cycles of 6 hours each.  In each of these cycles, numerical analysis models produce automated analyses; numerical prognosis models (initialized by the analyses) produce forecast fields; and first-guess models generate short-range, 6-hour projections to be used as a first guess for analyses run during the following cycle.  In each of these processes (analysis, prognosis, and first guess), human-machine interaction is used to the extent feasible to control error and assure quality.

 Mesoscale Model Version 5 (MM5)

The Mesoscale Model Version 5 (MM5) is the Air Force’s newest fine-scale meteorological model.  At AFWA, MM5 was declared operational in late October 1997 and officially replaced the Relocatable Window Model (RWM) in mid-September 1998.  Among nations that are also using the MM5 are Mexico, Peru, Taiwan (Central Weather Bureau - CWB), and China/Hong Kong.  Model resolutions vary, but the most common are outer nests of 45 or 54 km with inner nests of 15 or 18 km.  AFWA uses a 36 km outer nest and a 12 km inner nest.   
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Sample Various MM5 Model CONUS Nesting

The MM5 is a numerical weather prediction model, generally similar to RWM, ETA, NGM, and other regional-scale models.  Like other meteorological models, MM5 is merely a tool.  It must be used in conjunction with other meteorological data such as satellite imagery, surface observations, radar imagery, and upper air soundings.  MM5 runs at finer resolutions than many of the above mentioned models.  Because of the increased resolution, output from MM5 will depict mesoscale features that may not be seen in either global scale models (AVN and NOGAPS) or larger scale regional models (NGM and RWM).  Table shows a comparison of the spatial and temporal resolutions of some CONUS regional models.

	Regional Model
	Grid Spacing(km)
	Number of Vertical Levels

	Mesoscale Model, Version 5 (MM5)
	Various, but set to36 km or less at AFWA
	33 (present), 40 (planned)

	ETA
	32
	38

	Meso-ETA
	29
	54

	Relocatable Window Model (RWM)
	92.3
	16

	Nested Grid Model (NGM)
	80
	16


Comparison of Forecast Regional Models

The run-time configuration of MM5 at AFWA is likely to be different from the run-time configuration of MM5 used by others.  The physics packages, which determine how the model treats things like convective precipitation, solar radiation, boundary layer structure, and cloud moisture phase changes, in MM5 are redefinable (by the modelers at AFWA) with as many as seven choices available.  For example, the physics packages implemented in the AFWA MM5 forecast for the Alaska region may differ from the physics packages in the MM5 forecast generated by the University of Alaska for the same region.  In fact, AFWA’s MM5 forecasts for one region may include different physics packages than AFWA’s MM5 forecasts for another region, e.g., tropical vs. mid-latitude regions. 

MM5 Strengths and Weaknesses

Due to the choices available for MM5 configurations, it is difficult to make "blanket" statements about MM5’s ability to forecast various parameters, e.g., the speed of fronts, the development of lee cyclogenesis, the intensity of convection, the amount of precipitation, or the accuracy of the forecast low temperatures.  Currently at AFWA, MM5 is initialized from the previous run of another larger-scale model, the AVN (described later in this module).  That means there are no observations that are directly analyzed for the AFWA MM5 initial state.  The initial conditions for MM5 largely reflect the "goodness" of the 6-hour or 12-hour larger-scale model forecast from the previous cycle, with very little "correction" to the "current" state of the atmosphere.  If the larger-scale model is handling the state of the atmosphere well, it will be reflected in the MM5 forecast, and vice-versa.  AFWA is pursuing various methods of initialization to include surface and upper air observations, wind profilers, and satellite data.  The first step will be to use observations to make the MM5 initial conditions more representative of the "current" state of the atmosphere.  The next step will be to expand the observations to include satellite-derived information, pilot reports, wind profilers, radar, and other observations that are stored in the database at AFWA. 

One present drawback of the MM5 is that the MM5 00-hour cloud moisture fields are initialized to zero (no moisture).  Hence, MM5 does not have any clouds at the beginning of the forecast, which is a standard procedure for static initialization of many regional models.  Like other regional models, MM5 needs time to "spin-up" the clouds.  For this reason, early forecasts of clouds, i.e., before 12 hours, will depict fewer clouds than the satellite imagery.  AFWA is currently testing modifications to the modeling system to improve the early-hour cloud forecasts. 

At AFWA, objective and subjective verification of MM5 occurs on a daily basis.  So far, there are indications that cloud forecasts associated with weather systems and convection tend to be good.  Forecasts of low stratus and stratocumulus have verified nicely, while forecasts of fair weather clouds are generally not as good.  Other areas of strength have been the temperature forecasts, the winds, and sea-level pressure verification.  Along with general model characteristics, specific strengths and weaknesses have been identified with each AFWA MM5 window. 

European Window - Bosnia Nest 

This window (see Figure 2-2) has a horizontal resolution of 36 km, and the Bosnia nest has a resolution of 12 km.  The vertical resolution within the window is 33 layers.  The model is run twice per day using the 12Z and 00Z databases.  Products in the European window are available from 0-48 hours while products within the Bosnia nest are available from 0-36 hours.

Known Strengths

Fronts are easy to find using surface temperatures and surface winds.  Frontal movement and associated weather is forecast well.

The model forecasts long and short waves well.  The best way to visualize them is to display height fields overlaid with wind vectors.  Subtle wind shifts match well with satellite imagery depicting upper level short waves.

Models forecasted precipitation amounts are accurate when associated with large-sale precipitation events.

Known Weaknesses

The model tends to move closed lows south of the Alps too fast.

The model tends to overforecast precipitation in areas of upslope flow.
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European Window - Bosnia Nest

Southwest Asia Window - Iraq Nest

This window (see Figure 2-3) has a horizontal resolution of 36 km while the Iraq nest has a resolution of 12 km.  It has a vertical resolution of 33 layers.  The model is run twice a day using the 12Z and 00Z data bases.  Products in the Southwest Asia window are available from 0-48 hours while products in the Iraq nest are available from 0-36 hours.

Known Strengths

The forecast of upper level troughs is very accurate.

The position and movement of jets is forecast well.

The model forecasts temperatures very well at all levels.

Known Weaknesses

Relative humidity is slightly overforecast below 700 mb.

Winds are slightly overforecast at all levels, especially 500 mb.

Heights are slightly overforecast at all levels.
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Southwest Asia Window - Iraq Nest

 CONUS Window

This window has a horizontal resolution of 36 km and 12 km nested areas in the window (see Figure 2-4).  The 12 km inner nests are movable, i.e., "put 'em where the weather's at."  It has a vertical resolution of 33 layers.  The model is run twice a day using the 12Z and 00Z databases.  Products are available from 0-48 hours for the window (outer nest) and 0-36 hours for the inner nests.

Known Strengths

Surface frontal systems are easily found using wind barbs and temperature.

Wind barbs indicate developing lows along frontal boundaries very well.

Strong cold air advection is forecast accurately behind major cold fronts moving out of Canada into the Central United States.

Diurnal temperature trends are forecast well.

Wind barbs can be used to locate areas of possible small-scale convective development, as well as major frontal systems.

Precipitation areas and amounts associated with major frontal systems verify very well through the model cycle.  Precipitation amounts also verify very well in areas of minor convection.

Relative humidity verifies well at 700 mb.  Dry air intrusions associated with major frontal systems are accurately depicted.

The 500 mb long wave pattern is forecast well.  500 mb short waves are best identified using wind barbs and temperature, although heights can also be used.

Known Weaknesses

The model is slightly too cold forecasting diurnal warming during both cycles.  This leads to a slight cold bias for the afternoon hours of the model run.

Precipitation areas and amounts of precipitation are overforecast when associated with upslope conditions.
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CONUS Window - Regional (Movable) Nests

Alaska Window 

This window (see Figure) has a horizontal resolution of 36 km and a 12 km nested area (centered to cover most DoD locations in Alaska) in the window.  It has a vertical resolution of 33 layers.  The model is run twice a day using the 12Z and 00Z databases.  Products are available from 0-48 hours for the window (outer nest) and 0-36 hours for the inner nest.  Known strengths and weaknesses have not been compiled to date.
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Alaska Window

Central America Window 

This window (see Figure 2-6) has a horizontal resolution of 36 km and 12 km nested area (centered over Honduras) in the window.  It has a vertical resolution of 33 layers.  The model is run twice a day using the 12Z and 00Z databases.  Products are available from 0-48 hours for the window (outer nest) and 0-36 hours for the inner nest.  Known strengths and weaknesses have not been compiled to date.
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Central America Window 

East Asia Window - Korea Nest 

This window (see Figur) has a horizontal resolution of 36 km and 12 km nested area (centered over Korea) in the window.  It has a vertical resolution of 33 layers.  The model is run twice a day using the 12Z and 00Z databases.  Products are available from 0-48 hours for the window (outer nest) and 0-36 hours for the inner nest.  Known strengths and weaknesses have not been compiled to date.
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East Asia Window - Korea Nest

Southeast Asia-Indian Ocean Window

This window has a horizontal resolution of 36 km and no nested areas at present (see Figure).  It has a vertical resolution of 33 layers.  The model is run twice a day using the 12Z and 00Z databases.  Products are available from 0-48 hours for the window.  Known strengths and weaknesses have not been compiled to date.
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Southeast Asia-Indian Ocean Wind

MM5 Strengths and Weaknesses Identified by Other Users

Since there are other users of the MM5, some known strengths and weaknesses/deficiencies have been compiled.  The National Center for Atmospheric Research (NCAR) listed them for the United States.

Known Strengths of the MM5: 

MM5 has shown a remarkably good ability to capture the location and strength of lee troughs and cyclones in eastern Colorado. 

Forecasts of supercell tornadoes have been surprisingly good using the VGP and CELL products. 

Prediction of wave clouds by MM5 during the cool season has been good. 

Upper-level waves, jet streaks, and PVA anomalies have been well forecast. 

Forecasts of the areal coverage of precipitation have generally been good, but snowfall amounts have been underforecast.

Known Weaknesses of the MM5: 

The motion of cold fronts through the High Plains is often too slow.  This is a problem also common to other North American operational models.

Some upslope precipitation events have been underpredicted by the model. 

Weakly-forced convection can be poorly forecast. 

Minimum temperatures are too warm, particularly over the plains when winds are present. The model fails to produce an adequate inversion in these cases, so the model winds never die down. 

Convective Available Potential Energy (CAPE) forecasts (severe weather indicators) seem much too low.

AFWA MM5 Products Available

The Tables list most of the AFWA MM5 products now available (via AFWIN/SAFWIN).  

	Product
	Product Description

	2D Clouds
	Cloud tops surface to 60 kft (MSL) colored at 5,000 ft intervals from 10 kft to 60 kft (MSL).  From surface to 10 kft (MSL)--two thresholds: surface to 3 kft and 3 kft to 10 kft.

	3D Clouds
	Same as 2D clouds except viewing angle is tilted to accentuate vertical depth of clouds.  Since it's difficult to geo-locate the clouds to the earth, this product must be used with the 2D cloud product.

	Layer Clouds
	Same as 2D clouds, but only for certain layers: 3-10 kft (MSL), 10-18 kft (MSL), and 18-26 kft (MSL).  Only clouds within the specified layer will be displayed.  Thresholds are every 1,000 ft.

	Clouds Below A Certain Level
	Same as 2D clouds for the following levels: clouds below 24 kft (MSL), and clouds below 10 kft (MSL).  Only clouds below the specified layer will be displayed.  Thresholds are every 3,000 ft and 1,000 ft, respectively.

	Surface Winds/RH
	Surface wind barbs and relative humidity colored at 10% intervals (except for Central America).

	Low-Level AGL Winds/RH
	Low-level (AGL) wind products at 1,000, 2,000, and 3,000 ft (AGL).  Identical to surface winds/RH product.

	Low-Level RH
	Composite that includes relative humidity at surface, 1,000, and 2,000 ft (AGL).  At the surface, the RH must be above 90%, at 1,000ft the cutoff is 85%, and at 2, 000ft it is 80%.  Good product for identifying potential for fog and stratus.

	Dew Point Depression Above 24 kft MSL Thresholds
	Composite that displays dew point depressions less than 10.5° C for altitudes above 24 kft (MSL).  Above 24 kft (MSL), thresholds are colorized at 1.5° C intervals.  Generally, thicker cirrus clouds occur when the depressions are less than 8° C, and scattered cirrus occurs  with depressions between 8° C and 10.5° C.

	Dew Point Depression At 24 kft and 35 kft
	Dew point depression at specific flight levels of 24,000 ft and 35,000 ft (MSL).  Same applications as Dew Point Depression Above 24 kft MSL Thresholds product.


AFWA MM5 Clouds and Moisture Products
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2D Clouds

	Max Winds Between 30 kft and 40 kft
	Max wind speeds between 30 and 40 kft (MSL).  Wind barbs in 5 kt increments and colored isotachs at 25 kt intervals beginning when speeds exceed 50 kts.  Good for pinpointing location and intensity of jet stream.

	MSL Winds
	Wind products at 10 kft, 15 kft, 20 kft, 25 kft, 30 kft, 35 kft, and 40 kft (MSL).  Similar look and feel as the Max Winds product.

	Low-Level AGL Winds
	Wind products at 500 ft, 1,000 ft, 1,500 ft, and 2,000 ft (AGL) and up to 1,0000 ft (AGL) at 1,000 ft intervals.  Wind barbs are at all grid points, and speeds are colored at 10 kt intervals beginning at 20 kts.

	Standard Millibar Level Winds
	Wind products at 925 mb through 200 mb, at standard millibar levels. Wind barbs are at all grid points, and speeds are colored at either 10 kt or 25 kt intervals.


AFWA MM5 Winds Products
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Low-Level AGL Winds

	Surface Winds/Temperature
	Surface temperature colored at 5° F intervals with surface wind barbs.

	Surface Dew Points/Winds
	Surface dew points colored at 5° F intervals with surface wind barbs.

	Surface Severe Dew Points
	Surface dew points colored at 5° F intervals beginning at 45° F.  This product useful for identifying moist areas favorable for thunderstorm development.

	Wind Chill
	Wind chills, starting at 20° F.  Thresholds are every 10° F.

	Heat Index
	Heat index, starting at 80° F. Thresholds are every 10° F.

	Upper Air Heights/Temp
	Heights and temperature products at 925 mb, 850 mb, 700 mb, 500 mb, 400 mb, 300 mb, 250 mb, and 200 mb.  The heights are contoured, and temperatures are colored at 2.5° C intervals.


AFWA MM5 Temperature Products
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Surface Winds/Temperature

	Surface Visibility 
	Surface visibility, with intervals of less than .5, 1, 2, 3, 4, 6, and 8 miles. The algorithm was originally developed by the Forecast Systems Lab (FSL) and estimates the visibility at the surface based on state of surface relative humidity and surface dew point depression.

	Icing
	Icing at various levels: 2,000 and 5,000 ft (AGL) and 10 kft, 15 kft, 20 kft, and 25 kft (MSL).  RH is used to determine the areal coverage of icing and liquid water is used to determine the intensity (light, moderate or severe).  Algorithm provided by AF Research Lab (AFRL) and based upon research conducted by National Center for Atmospheric Research (NCAR).

	Turbulence
	Turbulence, at various levels: 2,000 and 5,000 ft (AGL) and 10 kft through 50 kft (MSL) at 5,000 ft intervals.  Includes turbulent kinetic energy (TKE) due to convection, shear and gravity waves.  Algorithm provided by AFRL and based upon research conducted by FSL.  Turbulence is categorized as light, moderate, and severe.


AFWA MM5 Hazards Products
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Icing

	Accumulated Precipitation
	Accumulated precipitation in inches, up to the valid time of the product.  For example, the 24 hr product would be accumulated precipitation from 00 through 24 hours.

	Accumulated Precip/700 mb VV
	Same as above, but includes 700 mb vertical velocities (VV) at the specific time period.  For example, with Vertical Velocities, the 18 hr product would have accumulated precip from 00 thru 18 hours, and the vertical velocity values would be valid only at the 18 hr point.

	3 hr Precipitation
	Precipitation in inches for the preceding three hour period.  For example, the 24 hr product would include the precip that fell between the 21 and 24 hr time frames.

	3 hr Precipitation/Thickness
	Same as above, but with 1000-500 mb thickness overlaid.  Depending on geographic area, a certain thickness value is closely associated between rain versus snow.

	Surface Precipitation Type
	Mirrors 3 hr precip coverage.  Whenever 3 hr precip exceeds .01 inch, a built-in algorithm determines if the precipitation is rain, snow, mixed/sleet or freezing rain.  If rain, the algorithm further determines convective (thunderstorms) versus non-convective (rain).

	Grey-Scale Clouds/Precipitation
	Gray-scale clouds with 3 hr precip overlaid.  The clouds product is a composite of low-level RH, 2D clouds, dew point depressions less than 6C at heights above 24 kft (MSL).

	3 hr Snowfall
	Snowfall in inches based on 3 hr Precip and Surface Precip Type products.  Where snow is forecast, algorithm determines the 3-hour snowfall in inches based upon the amount of liquid precipitation and the surface temperature.


AFWA MM5 Precipitation Products
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Surface Precip Type

	Absolute Humidity
	Absolute humidity, max value between surface and 5 kft (AGL), in grams per meters cubed.  Good product for infrared electro-optics.  

	Upper Air Heights/Temp
	Heights and temperature products at 925, 850, 700, 500, 400, 300, 250, and 200 mb.  The heights are contoured, and temperatures are colored at 2.5° C intervals.

	700 mb Heights/RH/VV
	700 mb heights contoured, relative humidity colorized at 10% intervals and vertical velocities contoured at thresholds above 15 cm/s.

	500 mb Heights/Vorticity
	500 mb heights and vorticity: both absolute and relative.

	500 mb Heights/RH
	500 mb heights contoured, and relative humidity colorized at 10% intervals.

	300 mb Heights/Winds
	300 mb heights contoured and winds colored at 20 kt intervals, beginning at 40 kts.

	D-Values
	D-Values at 10, 15, 20, and 25 kft (MSL).  Thresholds are at 100 ft intervals.


AFWA MM5 Hazards Products
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Absolute Humidity

	K Index
	K Index

	Storm Relative Helicity
	Storm relative helicity

	Lifted Index
	Lifted Index

	Total Totals
	Total Totals

	CAPE
	Convective Available Potential Energy (CAPE) values

	SWEAT
	SWEAT Index

	Severe Dew Points/Winds
	Surface dew points colored at 5° F intervals, beginning at 45° F. Surface wind barbs also included.

	Moisture Convergence
	Moisture convergence in grams per kilogram.


AFWA MM5 Severe Products
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Severe Dew Points/Winds

2.1.2.  Navy Operational Global Atmospheric Prediction System (NOGAPS)
This model (Version 3.4) is the primary spectral model used by AFWA.  It has 18 vertical levels and an effective horizontal resolution of approximately 1.5° of latitude and longitude.  The model includes effects of atmospheric radiation with a diurnal cycle, clouds, and large-scale precipitation.  NOGAPS makes 5-day forecasts of the atmosphere, surface to 10 mb, twice daily from data gathered at 0000Z and 1200Z.  NOGAPS has the highest skill in the Atlantic Basin and the least skill in the Tropics.  The skill at the 500 mb level is better than National Center for Environmental Prediction (NCEP) spectral models.

Known NOGAPS Tendencies/Weaknesses

Surface lows are slow to deepen and move during the early stages of development, as well as slow to fill after reaching minimal pressure.

Surface lows north of the polar front jet (PFJ) are generally forecast too deep.  These are usually mature lows which have bottomed-out and tend to be slow to fill.  Surface lows south of the polar jet are forecast too weak and slow.

NOGAPS tends to merge complex lows into one, usually deeper low pressure system, especially at the extended forecast times. 

Surface lows associated with the formation of upper-level cut-off lows in the cool season are minimally overforecast (deep).  Mature cut-off lows are slow to fill after bottoming-out.  Occasionally, NOGAPS tends to overforecast the deepening rate of surface cut-off low at the extended forecast periods. 

Moisture is overforecast over land.

Explosive cyclogenesis (deepening rate 15 mb or greater in 24 hours) is slow to deepen, and central pressures are underestimated on analysis.

Surface highs are often 1 mb to 2 mb too high.

NOGAPS tends to overforecast tropical cyclone (TC) genesis frequency and intensification.  In the development stage, forecast TCs are slow to move.  After reaching maximum intensity, mature tropical cyclones continue to be slow to move during and after transition to extratropical.

Sea-level pressure analyses and forecasts over the very high terrain of Greenland, Himalayas, and Antarctica are unreliable because NOGAPS does not directly analyze SLP over high terrain--it analyzes terrain pressure.  In the warm seasons, late Spring to early Fall, a spuriously deep surface low is observed in the analysis and forecasts over the very high terrain of the Himalayas (vicinity 30° N - 90° E).  This "lock-in" feature is caused by model reduction of station pressure to sea level, and the warm season surface air temperatures. 

Upper-level heights are too low north of the polar jet and too high south of the polar jet.

Surface temperatures tend to be too cool over land.  Temperatures in the mid-troposphere and lower stratosphere are slightly cool, whereas temperatures in the upper stratosphere are slightly warm.
Upper-level short wave troughs in strong zonal and broad meridional flow are minimally weak. The associated developing surface low tends to be slow to deepen and 3 to 4 mb weak. 

The formation of upper-level cut-off lows continues to be well forecast in the transition seasons.  The associated surface low is minimally overforecast and deep throughout. 

NOGAPS wind speed forecast variability is greatest in the 300 to 250 mb jetstream region of the upper troposphere with a mean error of 10 kts by 48 hrs. 

Region Specific NOGAPS Tendencies

Asia deepening land lows over Manchuria tend to be overforecast and 3 to 4 mb too deep by 36 to 48 hrs.  Asia mature land lows are 3 to 4 mb too deep and slow to fill after bottoming-out. 

North America deepening land lows are minimally deep.  North America filling land lows are also minimally deep and slow to fill.

Europe deepening land lows are 3 to 5 mb too deep by 36 hrs while filling land lows are also too deep after bottoming-out, and slow to fill.

Oceanic Areas- Due to the general tendency to underforecast oceanic developing, deepening surface lows and overforecast oceanic mature, filling surface lows; NOGAPS surface wind speed forecasts associated with these lows also exhibit similar biases. 

Meridional flow: deepening lows are minimally ahead of the analysis track (fast to move), especially at the extended forecast period; filling lows are typically biased to the left of the analysis track (toward the upper-level cold air).

Strong zonal flow or broad flow: deepening lows are ahead of the analysis track (fast to move), especially at the extended forecast period; mature lows are usually biased behind the analysis track (slow to move), and right of the analysis track at extended forecast period. 

In the Central Mediterranean, rapidly deepening surface lows tend to be 4 to 6 mb overforecast (too deep) as upper-level troughs amplify over the region.  The overdeepening bias is primarily associated with digging troughs over the Central Med as opposed to west-east moving troughs.  This tendency to overdeepen lows is mostly observed in the cool seasons. 

Western Pacific tropical cyclones are slow to move during and after transition to extratropical. 

During the primary North Pacific TC season (June through November) TC development tends to be overforecast in the size of the circulation in the northwest North Pacific.  In the eastern North Pacific off the West Coast of Mexico, there is a significant overforecast tendency as related to the number of TC systems.  Nevertheless, the overforecast tendency does provide early identification of potential TCs.
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NOGAPS Surface Prog (From AFWA)
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NOGAPS Surface Prog (From FNMOC)

 Relocatable Window Model (RWM)
The Relocatable Window Model (RWM) was the Air Force Weather mainstay regional-scale meteorological forecast model for the decade of the 1990s until mid-September 1998 when the MM5 officially took over as the "model of choice."  The RWM supported up to seven theaters of interest (“windows”) at one time.  The forecast domains for three of the areas were fixed geographically (US, Europe, and Asia), while the other four windows could be moved geographically to support operational contingencies.  The fixed windows had a horizontal resolution of 50 nm while the contingency windows could be configured to other horizontal resolutions.  Each window had a resolution of 16 vertical (terrain-following “sigma”) levels, with four levels below 850 mb and two levels above 100 mb (assuming a 1013 mb surface pressure).  The lowest sigma level was about 300 meters above the surface.  
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