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TRAINEE WORKBOOK INSTRUCTIONS

· This QTP (Qualification Training Package) Trainee Workbook standardizes on-the-job training (OJT) for Air Force Weather (AFW) personnel.  It breaks down subject matter by modules into teachable elements called task objectives.  A Table of Contents is provided for quick reference to find needed modules.

· Workbook material includes a module overview and a list of task objectives required for minimum certification in this subject area.  Each workbook module lists equipment and training references, prerequisites and safety considerations, estimated module training time, core training material and review questions, and a module review confirmation key.

· As a trainee, before you start completing this workbook, you need to understand the QTP process. You need to know that each QTP has three components. Part one is this Trainee Workbook (TW) that contains all subject matter material.  Part two is the Trainer’s Guide (TG) explaining how each module and task objective is taught. Part three is the Evaluation Package (EP) containing all task certifier written exams, performance applications, and confirmation keys to grade the trainees comprehension.

· Ensure your trainer thoroughly explains all three QTP documents and how to complete this training package.

· As you progress through each module, answer the review questions pertaining to that section.  You will find the answers to these section review questions at the end of each module.  Compare your response to the correct answer.

· After completing a module, your trainer will have a task certifier administer the Evaluation Package.  This task certifier will grade all responses.  If a written score or performance application is less than required, you will need to restudy the module material and your trainer will provide additional OJT in weak areas.  Once the material has been restudied you will be required to retake the evaluation.

· After you successfully complete the Evaluation Package for each module, inform your trainer.  Your trainer will get a task certifier who will perform a final certification checkride on the module.  Upon completion of a module, your supervisor will ensure all documentation is correctly completed in your training records.  

· You are ultimately responsible for completing this QTP in the allotted time.  If you cannot do so, let your trainer know ahead of time.  If you feel you are not getting adequate training on a topic, discuss this situation with your supervisor and/or unit training manager.  Additional material or a different trainer may be assigned.

· Routine corrections and minor updates to this document will be done via page changes.  Urgent changes will be disseminated via message.  Submit recommended TW improvements and/or corrections to HQ AFWA/DNT, 106 Peacekeeper Dr., Ste 2N3, Offutt AFB, NE 68113-4039.

Module 1 - COMPUTER MODELS - GENERAL INFORMATION

TRAINEE’S NAME_______________________________

CFETP REFERENCE:  13
MODULE OVERVIEW:  This module covers general information about Numerical Weather Prediction (NWP) including uses and types of models, computer model types model grids, and classification of models.

TRAINING OBJECTIVES: 

· OBJECTIVE 1:  Demonstrate your comprehension of the subjects listed below about forecast models by answering questions with at least 80% accuracy.

· The fundamentals of Numerical Weather Prediction (NWP)

· The definition of grids and how they are used in the models

· The effects of resolution and lack of data on grids and grid spacing 

· The classification of models and the uses of different models

EQUIPMENT AND TRAINING REFERENCES: 

· SC 1W051A, Volume 2, Upper Air and Surface Forecasting Techniques
· Users Guide to ECMWF Products

· AFGWC/TN-92/001, Computer Models
· NOGAPS Model Tendencies (FNMOC)

· AWS/FM-93/001, Basics of Weather Models
· Aerographer's Mate 1 & C

· Check It Out 96-04, NOGAPS 3.4
PREREQUISITES AND SAFETY CONSIDERATIONS:

· Trainee can access model data and products.

ESTIMATED MODULE TRAINING TIME:  2.0 Hours

CORE TRAINING MATERIAL AND REVIEW QUESTIONS

1.1.  Introduction to Computer Models

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.

1.1.1.  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 meteorological fields are represented by a finite set of values.  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 meteorological fields with numerical values in a process called "discretization."  It is so named because we are representing a continuous field with discrete values on a three-dimensional grid.  Discretization emphasizes the limits of the numerical approach.  The farther apart the grid points, the coarser the discretization, and the less detail about the future state of the atmosphere.  The closer the gridpoints, 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 covering the same area, 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 area being modeled.  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 still 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 limited area 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 parameterizations.  Parameterizations are algorithms that account for the effects of these "sub-gridscale" processes on the grid-scale model variables.  As model resolution improves, fewer parameterizations are needed because more and more meteorological processes are explicitly resolved.  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 parameterizations 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.
?

1.  A forecast model must start out by knowing the present state of the atmosphere.  What information is provided to the model?

2.  One reason that forecast models are not perfect is because they do not start with exact data.  How is error introduced into the modeling process when we perform “objective analysis?” 

3.  What is meant when we say that we are using a “nested” model?

1.2.  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.

1.2.1.  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.  Wind is a vector that includes both speed and direction.  These vectors can be decomposed into eastward (u) and northward (v) wind components.  Many analysis and forecast models use u-v wind components to represent the wind at each grid point.  Temperature, pressure, and humidity are calculated on grid points.  However, because of the form the dynamical equations take when applied in a grid-point model, the two horizontal wind components (u, v) must be calculated either in the center of the grid boxes (on a separate staggered set of grid points) 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.

1.2.2.  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.

?

4.  __________ (TRUE/FALSE) The number of grid points is limited by the capacity of the existing computing facilities because the computational burden and money costs increase with the number of grid points.

5.  What is the difference between a grid-point and a spectral model?

6.  Which model has a finer horizontal resolution: a 108-wave spectral model or a 126-wave spectral model?

1.3.  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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Figure 1-1.  Example of a Grid Superimposed on a Map

1.3.1.  Grid Resolution

Atmospheric features that are smaller than the grid in use cannot be represented explicitly.  In order for a meteorological feature to be directly resolved, it must be as big as or bigger 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 or hemispheric 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).  With regional models like MM5, the grid resolutions are generally referred to in terms of distance.

One thing to remember about model resolution is that 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, larger-scale models may not be good at forecasting localized weather associated with things like mountainous terrain or sea breezes, while the finest resolution nests of a regional model may represent these features quite well.

[image: image3.png]/" /'© °/v©

Quarter-Mesh  Half-Mesh Whole-Mesh





Figure 1-2.  Example of Grids Relationships

1.3.2.  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, the Lambert conformal grid and the Mercator grid.  The global grid uses variable spacing similar to latitude-longitude lines (see Figure 1-3).  Grids can be projected onto maps for display.
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Figure 1-3.  Global Model Grids (Examples of Japanese GSM and Canadian GEM-GBL Grids)

1.3.2.1.  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 (see Figure 1-4).  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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Figure 1-4.  Sample Polar Stereographic (PST) Grid

1.3.2.2.  Lambert Conformal Grid

The Lambert conformal grid projection scale is the same in every direction from any point on the map.  The deformation of scale increases regularly in all directions.  Parallels and meridians intersect at right angles (90°), and the shapes of very small areas ('orthomorphic'), and angles with very short sides are preserved.  Since there is no angular deformation, and true angles are maintained, angular measurements can be made from conformal projections.  Lambert conformal grids are useful for military maps, topographic maps, world general reference maps, and navigational charts and other navigational uses where angular measurements are needed.   Most AFWA MM5 visualizations use the Lambert conformal grid with resolutions changing as needed for nested areas (see Figure 1-5).
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Figure 1-5.  Sample Lambert Conformal Grid

1.3.2.3.  Mercator Grid

These grids cover an area from 50° N to 50° S for tropical meteorological needs (see Figure 1-6).  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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Figure 1-6.  Sample Mercator Grid

?

7.  What is the standard and lowest resolution hemispheric grid used at AFWA?

8.  Explain why a grid model whose resolution is half-mesh would not be good at forecasting a sea breeze.

9.  What are the main types of grids used at AFWA?

Module 2 - types of forecast models

TRAINEE’S NAME_______________________________

CFETP REFERENCE:  13
MODULE OVERVIEW:  In this module, we’ll discuss specific models, including some of their strengths and weaknesses, used by forecasters in Air Force Weather.  First, we begin with models that are produced and shipped from AFWA.  Then, we’ll cover models produced and shipped by National Center for Environmental Prediction (NCEP), and lastly, talk about some indigenous models from Europe, Asia and other world areas.

TRAINING OBJECTIVES:

· OBJECTIVE 1:  Demonstrate your comprehension of the different forecast models, both military and non-military, that are available to AFW users by being able to answer questions with at least 80% accuracy.

· OBJECTIVE 2:  Show your knowledge of the specific strengths and weaknesses of each model and how some models act alike and how they act differently when compared to other models by answering questions or matching the model to either its description or its strengths and/or weaknesses with at least 80% accuracy.

EQUIPMENT AND TRAINING REFERENCES:

· SC 1W051A, Volume 2, Upper Air and Surface Forecasting Techniques
· Users Guide to ECMWF Products

· AFGWC/TN-92/001, Computer Models
· NOGAPS Model Tendencies (FNMOC)

· AWS/FM-93/001, The Basics of Weather Models
· Aerographer's Mate 1 & C

· Check It Out 96-04, NOGAPS 3.4

PREREQUISITES AND SAFETY CONSIDERATIONS:  
· Trainee can access model products.

ESTIMATED MODULE TRAINING TIME:  5.0 Hours

CORE TRAINING MATERIAL AND REVIEW QUESTIONS

2.1.  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.

2.1.1.  The Penn State/NCAR Fifth Generation Mesoscale Model (MM5)

The Penn State/NCAR Fifth Generation Mesoscale Model (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, Italy, 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 currently uses a 36 km outer nest and 12 km, 4 km and 1.33 km inner nests.  Figure 2-1 is an example of how nesting is done.  
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Figure 2-1.  Sample Various MM5 Model CONUS Nesting

The MM5 is a numerical weather prediction model, generally similar to 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 ETA).  Table 2-1 shows a comparison of the spatial and temporal resolutions of some CONUS regional models.

Regional Model
Grid Spacing(km)
Number of Vertical Levels

MM5
Various (36 km or less at AFWA)
33 (present), 40 (planned)

ETA
32
38

Meso-ETA
29
54

NGM
80
16

Table 2-1.  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 versus mid-latitude regions. 

2.1.2.  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.  One thing to remember is that the AFWA MM5 is ever-evolving, that is, the physics packages continue to be “tweaked,” new products implemented, resolutions subject to change, etc.  Currently at AFWA, MM5 is initialized from the previous run of another larger-scale model, the AVN or NOGAPS (described later in this module).  Recently, the use of observations to make the MM5 initial conditions more representative of the "current" state of the atmosphere was incorporated.  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 satellite data and expanding the observations to include satellite-derived information, pilot reports, wind profilers, radar, and other observations that are stored in the database at AFWA. 

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 were identified for some of the AFWA MM5 windows.  However, adjustments continue to be made to the MM5 to correct identified deficiencies, and so, specific strengths and weaknesses continually change.

2.1.2.1. European Window – Germany and Bosnia Nests 

This window (see Figure 2-2) currently 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.  Products in the European window are available from 0-66 (proposed 0-72) hours while products within the Germany and Bosnia nest are available from 6-36 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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Figure 2-2.  European Window – Germany and Bosnia Nests

2.1.2.2.  Southwest Asia Window - Iraq Nest

This window (see Figure 2-3) currently 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 databases.  Products in the Southwest Asia window are available from 0-66 (proposed 0-72) hours while products in the Iraq nest are available from 6-36 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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Figure 2-3.  Southwest Asia Window - Iraq Nest

2.1.2.3.  CONUS Window

This window currently 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.  Products are available from 0-48 hours for the window (outer nest) and 6-30 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 convergent areas (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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Figure 2-4.  CONUS Window - Regional (Movable) Nests

2.1.2.4.  Alaska Window 

This window (see Figure 2-5) currently 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.  Products are available from 0-48 hours for the window (outer nest) and 6-30 hours for the inner nest.  Known strengths and weaknesses have not been compiled to date.
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Figure 2-5.  Alaska Window

2.1.1.6.  Central America Window – Honduras Nest 

This window (see Figure 2-6) currently 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.  Products are available from 0-48 hours for the window (outer nest) and 6-30 hours for the inner nest.  Known strengths and weaknesses have not been compiled to date.

[image: image14.png]




Figure 2-6.  Central America Window 

2.1.1.7.  Pacific (East Asia) Window - Korea Nest 

This window (see Figure 2-7) currently 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.  Products are available from 0-48 hours for the window (outer nest) and 6-30 hours for the inner nest.  Known strengths and weaknesses have not been compiled to date.

[image: image15.png]




Figure 2-7.  Pacific (East Asia) Window - Korea Nest

2.1.1.8.  Diego Garcia (Indian Ocean) Window

This window currently has a horizontal resolution of 36 km and no nested areas at present (see Figure 2-8).  It has a vertical resolution of 33 layers.  Products are available from 0-48 hours for the window.  Known strengths and weaknesses have not been compiled to date.
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Figure 2-8.  Diego Garcia (Indian Ocean) Window

2.1.1.9.  Africa Window

This window currently has a horizontal resolution of 36 km and no nested areas at present (see Figure 2-9).  It has a vertical resolution of 33 layers.  Products are available from 0-48 hours for the window.  Known strengths and weaknesses have not been compiled to date.
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Figure 2-9.  Africa Window

2.1.1.10.  MM5 Research Model 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.

· The model has underpredicted some upslope precipitation events. 

· 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.

?

1.  __________ (TRUE/FALSE)  Although most MM5 products available over the Internetfrom other agencies have outer nests of 45-54 km and inner nests of 15-18 km, AFWA currently uses 36 km and 12 km for its outer and inner nests, respectively.

2.  Explain the benefit of using the higher resolution MM5 model.

3.  Which of the following AFWA MM5 windows does not have an inner nested window?

a.  CONUS 

b.  Central America

c.  Southwest Asia

d.  Diego Garcia

4.  What unique feature is found in the CONUS window? 

2.1.3.  AFWA MM5 Products Available

Tables 2-2 through 2-8 list most of the AFWA MM5 products currently available via AFWIN/SAFWIN.  Note that the number of products available and the product depictions are subject to change.  To stay current, go to the MM5 Homepage website through AFWIN/SAFWIN.  Some sample product charts are interspersed as Figures 2-9 through 2-15 following the table describing the products.

Clouds and Moisture Products

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.

Table 2-2.  AFWA MM5 Clouds and Moisture Products
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Figure 2-9.  2D Clouds

Winds Products

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 3,000ft AGL. Identical to surface winds/RH product.

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 10,000 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.

Table 2-3.  AFWA MM5 Winds Products
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Figure 2-10.  Low-Level AGL Winds

Temperature Products

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.

Table 2-4.  AFWA MM5 Temperature Products

[image: image20.png]e _"_'Q“\_‘\ 1 10 Nov 98

S NSO Tuesday
NS D LY
R ,<1‘:_\\
NN

c ‘\“;\L‘ o e\
LAY
9 of 17

e [ /ﬁirtiorce
3\\\ A /“\J\\ Agency.
HM5
™~ OV e T Wodel Time
Qh‘ \\"\(/ // "[\/q ///‘981109002
I3 m“* "

Sl }/ Landdbdune ;s_
o o '\\ \\\; B T T T A G )
== ST

R

P~
N \'\‘\‘\‘\\‘
e N A,

Surface Minds (KTS) /Temperature (deg F) Yis5D





Figure 2-11.  Surface Winds/Temperature

Hazards Products

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: 2000 and 5000 ft AGL, and 10 through 50 Kft MSL, at 5000 ft intervals.  Algorithm provided by ARL, with turbulence categorized as light or moderate.  The index is comprised of vertical wind shear, convergence, and deformation  components.  While it will pick up on at least synoptic scale features conductive to turbulence events, actual occurrences in the atmosphere are often very short-lived, small-scale events, especially for moderate and severe turbulence.

Table 2-5.  AFWA MM5 Hazards Products
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Figure 2-12.  Icing

Precipitation Products

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 00-18 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.

Total Snow Accumulation
Amount of accumulated snowfall in inches up to the valid time.  Accumulation is zero at model initiation.  Subsequent forecasts add amount of newly fallen snow in 3-hr increments.  The 24-hour product would be accumulated precip from 00 thru 24 hours.

Table 2-6.  AFWA MM5 Precipitation Products
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Figure 2-13.  Surface Precip Type

Aviation and Other Met Parameters

Altimeter Setting
Surface altimeter setting contoured at .10 inches of mercury.

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, 25, 30, 35, 40, 45, and 50 kft (MSL).  Thresholds are at 100 ft intervals.

Table 2-7.  AFWA MM5 Aviation and Other Met Parameters
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Figure 2-14.  Absolute Humidity

Severe Weather Parameters

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.

Table 2-8.  AFWA MM5 Severe Weather Parameters
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Figure 2-15.  Total Totals

2.1.4.  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° 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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Figure 2-16.  NOGAPS Surface Prog (From AFWA)
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Figure 2-17.  NOGAPS Surface Prog (From FNMOC)

?

5.  Describe the Max Winds Between 30 kft and 40 kft product and how it is best used. 

6.  __________ (TRUE/FALSE)  Temperatures and dew points on all AFWA MM5 products are in ° F only.

7.  On the Surface Precipitation Type product, how is the precipitation type determined?

a.  Users in the field looking at MM5 temperature and thickness products 

b.  Manually by forecasters at AFWA

c.  A built-in algorithm 

d.  None of the above 

8.  __________ (TRUE/FALSE) NOGAPS has the least skill in the Atlantic Basin and the highest skill in the Tropics and its skill at the 500 mb level is better than National Center for Environmental Prediction (NCEP) spectral models.

9.  Why are NOGAPS sea-level pressure analyses and forecasts over the very high terrain of Greenland, Himalayas, and Antarctica unreliable?

2.2.  National Center for Environmental Prediction (NCEP) Models

In the US, AFW forecasters can compare the AFWA models to those of the NWS.  NCEP is the branch that produces the NWS runs, which use three models (ETA, NGM and MRF) to produce five runs.  The five runs are:

· Early Look Run (ERL) - The ERL is designed to provide a quick 48 hour forecast for North America.  The model uses the ETA and is run twice a day.  Data cut-off is one hour and 30 minutes from the data base time.  This limits the number of available observations.

· Regional Run (RGL) - The RGL is designed to provide the best 48 hour forecast for North America in an operationally significant time frame.  It uses the NGM as the forecast model and is run twice a day with a data cut-off of two hours from the data base time.

· Aviation Run (AVN) - The AVN provides support for international aviation and field operations.  Forecasts are generated out to 72 hours using the hemispheric global spectral model that is run in two modes--the AVN mode and the Medium Range Forecast (MRF) mode.  In the AVN mode, there are now two daily runs available to the field, the 00Z run (at 0245Z) and the 12Z run (at 1445Z), and two off-time runs at 06Z and 18Z for in-house evaluation.  Data cut-off is 2 hours and 45 minutes from data base time.

· Medium Range Forecast Run (MRF) - The MRF provides a 3-15 day forecast for the Northern Hemisphere.  The MRF model has a data cut-off time of 6 hours.  It is run once per day at 00Z, but output is not available until about 18Z.

· Final Run (FNL) - The FNL provides a first guess for the other models using the MRF and is produced twice a day.  Data cut-off is 6 hours, and the output is all internal at this time, and its availability to the field has not been determined. 

2.2.1.  ETA Model

Named after the vertical coordinate, the Greek letter eta, the model evaluates 38 vertical layers with a 32 km horizontal resolution (see Figure 2-18).  Also, there is a mesoscale-ETA model with a 29 km resolution with 56 vertical layers, but there is no plan to replace the initial ETA with the Meso-ETA.  The Meso-ETA compliments the initial ETA and is run after the aviation (AVN) run.

The lowest layer of the ETA model is 20 meters thick over the oceans.  The layers thicken gradually with height into the mid-troposphere and then thin again, with respect to mass, as the upper part is reached.  A second maximum resolution was placed around 250 mb in order to capture more details in the vertical structure of the jet stream.  From this better coverage, the ETA model normalizes with respect to mean-sea-level pressure; the NGM normalizes with respect to surface pressure.  The ETA, for this reason, is not affected by rapid changes in ground elevations.  The model takes each process (advection, convection, etc.), computes them sequentially, and then updates the prognostic variables to reflect the influence of that process.

· Strengths

· The ETA has greater vertical coverage of layers than the NGM.  This results in an improved sample of the jet stream, more accurate boundary layer resolution, and better stacking between layers.  

· ETA uses sea-level pressures, which allows for topography changes.  

· There is little or no bias in either warm or cold seasons, whereas the NGM has to be adjusted for the time of year. 

· The ETA is superior to the AVN and NGM at forecasting convection.

· Precipitation verification is very high compared to the NGM and is produced relatively quickly; thus, it can be disseminated quickly to the field.

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

· The ETA is superior to the NGM and AVN with Arctic airmasses plunging southward through the Plains east of the Rockies.  ETA LI gradients are a good indication of the southward extent of the cold air through 48 hours.  However, the model often slightly overforecasts the strength of Arctic anticyclones.

· The ETA is usually best forecasting frontal position (using LI gradients) in cold-air damming events over the eastern US.

· Weaknesses

· The 1,000 mb forecast is too wet and too warm, but this may be due to the resolution compactness associated with the model.  

· Low-level wind speeds are too strong compared to the NGM.

· Mid-level heights are too low as a result of temperatures being too cold in the lower troposphere.  

· Jet-stream wind speeds are too low, as usual, but on par with the NGM.  

· In initial evaluations, major systems in the Rockies are moved a little too fast.

· The ETA sometimes overdevelops the low-level jet. 

· The ETA is too slow and too far west with cyclones coming up the east coast of the United States (cold and warm seasons).  It has the most southern bias with respect to forecasted cyclone storm track, especially from east of the Rockies to west of the Appalachians.  East of the Appalachians (east coast storms), this model can be too far west, even more so than the NGM. 

· Due to differences in convective parameterization between land and water, the ETA sometimes forecasts too much precipitation along the Gulf and Atlantic coasts, Florida in particular.

· Vorticity centers are often too strong, especially later in the forecast cycle and when associated with convection.  Vorticity centers often have too round an appearance.

· The ETA significantly underpredicts monsoonal convection over the southwestern states (both in amounts and area coverage)

· There is not enough convection forecast by the ETA in the Plains during summer.
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Figure 2-18.  ETA Surface Pressure and 1000-500 mb Thickness Prog Chart (From COLA/IGES)

2.2.2.  Nested Grid Model (NGM)
The NGM (see Figure 2-19) is the widely-used grid-point baroclinic model most CONUS forecasters are familiar with.  This model took the place of the Limited Fine Mesh (LFM) as the primary model used in the regional (RGL) run at NCEP.  The acronyms NGM and RGL are used synonymously--they are one and the same. 

The NGM evaluates 16 layers, 4 in the stratosphere and 12 in the troposphere.  It is a two-grid model with varying resolutions, approximately 160 km (middle) and 80 km (inner) at 60° N.  This gives the model a better vertical and horizontal resolution.  The strengths and weaknesses listed below were compiled from verification data versus actual analyses or comparisons against the LFM that it replaced.

· Strengths

· The model handles frontal processes well (frontogenesis, frontolysis, occlusions, and dry slots) and organized convection near frontal boundaries.

· It makes better overall forecasts of precipitation areas, 36- and 48-hour forecasts of 500 mb heights and vorticity patterns.

· The models hemispheric grid enables it to forecast systems moving into the West Coast with better timing and definition.  

· The model accurately handles cyclone and anticyclone positions and is able to catch explosive cyclogenesis.

· The NGM is generally accepted for all meteorological situations.  This is not to say, though, that a thorough verification of the model should not be made daily.

· Weaknesses

· The NGM is sometimes too efficient at converting latent heat into upward vertical motion.  This usually occurs at the 36- and/or 48-hour forecast, and many times results in the overforecasting of precipitation (especially large areas of light rainfall).

· The model tends to overforecast the self-development process and, with that, it tends to forecast systems a little slowly (especially cold pushes into the Gulf of Mexico).  This also leads to a general overforecast of precipitation in frontal situations and over the Gulf of Mexico in the winter.

· The NGM is too far north and too strong with systems coming out of the Rocky Mountains (fails to consider upstream short wave and associated jet streak in the west side of trough). 

· In general, the NGM overdeepens cyclones over land. 

· In general, the NGM underdevelops cyclones over oceans. 

· The NGM is too far south and west with systems coming up the east coast of the United States much the same as the ETA. 

· The NGM grossly underforecasts rains over the south during the cool season (return flow too westerly). 

· The NGM overforecasts upslope precipitation over the central and southern Rocky Mountains. 

· The NGM underforecasts precipitation amounts along the West Coast with a blocking ridge over the Gulf of Alaska. 

· The NGM is too slow with arctic air masses plunging southward into the Plains.

· The NGM has a northern bias with respect to storm track prediction, similar to the AVN model.

· The NGM tends to overpredict surface pressures for anticyclones across the western US. 

· Sea breeze occurs below horizontal scale of NGM grid points, and so, the NGM tends to overpredict the strength of sea-breeze convergence zones and associated boundary layer moisture convergence and resultant precipitation. 

· During the warm season, the NGM overpredicts the areal coverage of light precipitation (amounts <0.50"). 

· Near the Gulf of Mexico, the NGM very often underforecasts 0.50" to 1.00" rains, and grossly underforecasts amounts heavier than that. 

· Like the AVN, the NGM has a cold bias with respect to forecasting 1000 to 500-mb thicknesses over surface cyclones during the winter. 

· The NGM can be slow in deepening surface cyclones across the Gulf Stream during winter. 

· The NGM tends to overdevelop surface cyclones in the lee of model terrain features. 

· The NGM predicts too much stability through too deep of a layer with temperature inversions. 

· Except for the UKMET, the NGM can be the weakest of all models with digging troughs across the western US. 

· The NGM forecasts too much precipitation across Texas during pre-frontal squall line situations.  That is, once the squall line has moved east and mid-level winds have veered to more westerly, the rain event for Texas has usually ended.  Often the NGM will still predict rainfall.  This bias is most true during spring and fall/early winter. 

· The NGM has trouble handling return flow cases after strong cold fronts have pushed into the Gulf of Mexico.

· The NGM overpredicts precipitation in the lee of Cascades/Sierras, but not enough precipitation along windward slopes.

· The NGM tends to be too cold at lowest levels and too warm at and above 850 mb.

· The NGM has trouble simulating the inversion during cold outbreaks.
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Figure 2-19.  NGM 500 mb Vorticity Prog Chart (From AFWA)

2.2.3.  Aviation Run Model (AVN)

The Aviation Model (AVN) is one of the oldest operational models used by forecasters today.  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 105 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 US.  The AVN also has its own set of statistical equations that use the AVN model output.  The AVN is run twice a day (00Z and 12Z databases) for field use and twice a day for in-house evaluation/verification (18Z and 06Z databases).  The advantages of the off-time (18Z and 06Z) AVN runs are increases of 2 to 3 hours in the daily mean skill of all AVN forecast products and improvement in supporting other NCEP forecasting activities, i.e., mesoscale and hurricane models.  Since the AVN and MRF are derived from the same global spectral model and the only difference is in the data cut off times, the AVN will generally display the same biases as the MRF.

· Strengths

· Generally, the AVN may be the first short-range model to forecast cyclogenesis when it is possible.  But it can be too slow with the deepening rates of surface cyclones.  The AVN does the best with filling cyclones.

· The AVN has the smallest errors of any models on position of surface lows.  It is best at simulating filling lows, but too slow with deepening ones.

· The AVN is superior to the NGM and ETA Model in forecasting the position of surface lows. 

· The AVN tends to have the smallest position errors for cyclones and anticyclones at days 2 and 3.

· Weaknesses

· Generally, AVN temperatures are too cold, mainly across the eastern US.

· Generally, the AVN has a tendency to be too far north and west with surface cyclones forming in the lee of the Rockies.  This is especially true when the mid/upper trough is still digging into the Great Basin

· Often the AVN will overdevelop a lead short-wave trough and allow its unrealistically deep surface response to advance too far north and west.  Once the mid/upper trough and/or closed cyclone center has advanced to the lee of the Rockies, the surface cyclone placement is fairly reasonable.

· The AVN often underdevelops surface lows, especially over the oceans.

· The AVN has a tendency to predict 1000 to 500-mb thicknesses too low over surface cyclones.

· The AVN can be too slow deepening cyclones, especially during the first 12 hours.

· The AVN often weakens southern stream systems or phases the two separate systems.

· The AVN is too slow with arctic airmasses plunging southward down the Plains.

· The AVN tends to overforecast upslope precipitation over the central/southern Rockies and strength of upslope flow.

· With strong wrapped up systems, the AVN forecasts the heavy precipitation too far north and west.

· The AVN lacks detail in the West compared to the ETA, although it is better than the NGM.

· The AVN tends to overdeepen weak tropical waves.

· During hurricane season, the AVN tends to be too strong with the subtropical ridge extending it too far to the west over the western Atlantic.  This causes the AVN to track tropical systems too far to the west and doesn't allow them to turn to a more northwestward track.

· The AVN significantly underpredicts monsoonal precipitation in the Southwest US.

· The AVN overpredicts the number and strength of anticyclones over the Great Basin during the cool season.

· The AVN underpredicts MCS activity across the Plains during the warm season.

· The AVN is too far north and too strong with systems coming out of the Rocky Mountains. 
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Figure 2-20.  AVN Surface Pressure and 1000-500 mb Thickness Prog Chart (From COLA/IGES)

2.2.4.  Medium-Range Forecast Model (MRF)

As mentioned in Module 1, a spectral model uses a different concept than the grid-point model uses--waves.  The MRF (see Figure 2-21) is based on a 126-wave global spectral model and has a global grid of 384 X 190, roughly 105 km (equivalent to 1° X 1° latitude/longitude).  There are 28 unequally spaced vertical levels in this model; for a surface pressure of 1000 mb, 8 levels are below 800 mb, and 7 levels are above 100 mb.  This model services the AVN and the medium-range forecast (MRF) runs at NCEP.  There are a variety of products produced by the MRF run, including 7-day forecast temperature alphanumeric bulletins and surface and 500 mb progs out to 15 days.  The MRF is run once a day with a 00Z database, generally available by 18Z.  

· Strengths
· The MRF is good at maintaining amplitude of waves.  It is quite accurate at forecasting the long-wave pattern, even out to 10 days. 

· MRF thickness progs are good for tracking polar outbreaks. 

· Probably the major strength of the model is that it is the only available US model that forecasts past 72 hours.

· Weaknesses
· The model is not as good as the NGM or ETA in defining smaller-scale systems.  This leads to surface lows being forecasted too weak or not being forecasted at all.  

· The 500 mb heights tend to be forecast too high in the high latitudes and too low in the low latitudes.  

· The MRF has a cold bias, especially in the long-range progs.  

· The MRF has a tendency to forecast too much upper air troughing over the northeastern United States.  

· The moisture forecasts are usually too dry and have not performed well in the tropics.

· During hurricane season, the MRF, like the AVN, tends to be too strong with the subtropical ridge extending it too far to the west over the western Atlantic.  This causes the MRF to track tropical systems too far to the west and doesn't allow them to turn to a more northwestward track.
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Figure 2-21.  MRF Surface Pressure and 1000-500 mb Thickness Prog Chart (From COLA/IGES)

2.2.5.  Rapid Update Cycle Model (RUC-2)

The Rapid Update Cycle (RUC) model is designed to “update” the forecaster with model guidance in the short term (00-12 hours).  The latest version with a 40 km horizontal resolution, the RUC-2, replaced the original 60 km RUC model (RUC-1) in April 1998.  Although the RUC-2 is mainly used for short-range forecasts, another use concerns initialization of other models.  RUC-2 forecasts are unique in that they are initialized with very recent data.  Thus, the most recent RUC forecast has been initialized with more recent data than the other forecast model runs available.  RUC-2 analyses and forecasts are useful to confirm (or call into question) the short-term predictions of the ETA, NGM, and AVN models.  This is often helpful in establishing which of the 48-72-hour models is verifying most accurately in the first 12-hour period. 

The RUC-2 is displayed on a Lambert conformal projection.  Its size is 151 X 113 grid points (compared to 81 X 62 for RUC-1).  Due to the varying map-scale factor from the projection, the actual grid length in RUC-2 varies from about 40.6 km at 35° N to 33 km at the north boundary.  The grid length is roughly 38 km at 43° N.  The RUC-2 has 40 vertical levels compared to 25 levels in RUC-1. 

The RUC-2 has distinct finer-scale topographical features.  Thus, RUC-2 analyses and forecasts can depict many significant topographically induced features, including mountain/valley circulations, mountain waves, sea/land breezes, and orographic precipitation patterns.  The surface elevation of the RUC-2 is defined by a "slope envelope" topography instead of the full envelope topography used in other models.  The envelope topography is defined by adding the sub-grid-scale terrain standard deviation (calculated from a 10 km terrain field) to the mean value over the grid box.  In the slope envelope topography, the terrain standard deviation is calculated with respect to a plane fit to the high-resolution topography within each grid box.  This gives more accurate terrain values, especially in sloping areas at the edge of high-terrain regions.  It also avoids a tendency of the standard envelope topography to project the edge of plateaus too far laterally onto low terrain regions.  Using the slope envelope topography gives lower terrain elevation at locations such as Denver and Salt Lake City that are located close to mountain ranges.

· Strengths

· The RUC-2 lateral boundaries move slightly farther off the east and west coasts than in RUC-1 to improve coastal forecasts (a weakness of RUC-1) 

· The 40 km RUC-2 covers about 50% more area than the 60 km RUC-1. 

· The RUC-2 higher resolution allows considerable improvement in resolution of topography and also in shapes of coasts and lakes--improves the ability of the RUC-2 to resolve local circulations and orographic precipitation patterns. 

· Because the RUC-2 model has less internal smoothing than the ETA or MM5 models, these features tend to be fairly well depicted considering its 40 km resolution.

· Temperature and dew point temperatures displayed are extrapolated to a "minimum" topography field to give values more representative of valley stations in mountainous areas, where surface stations are usually located. 

· Precipitation fields more detailed than ETA. 

· Good mountain wave depiction as well as frontal features.

· Weaknesses

· Still some precipitation spin-up problems, especially for light precip/overrunning (1-3 hours late). 

· Too much precipitation over warm oceans, and too little near the Southeast coast in the cold season (still better representation than the ETA and NGM).

· Convective precipitation forecasts miss many small areas, and underforecast peak amounts. 

· Too much graupel (soft hail) near 0° C.

· Diurnal cycle of surface temperature too weak--too cool/dry in day, too warm at night. 

· CAPE/CIN analysis values too high in high CAPE areas - jump between analysis and 1-hour forecasts.

· SLP reduction over the Colorado Rockies with very cold surface temps better than RUC-1 but still anomalous high in this winter situation. 
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Figure 2-22.  RUC-2 Surface Temperature/Winds Forecast  and Clouds/Icing Forecast Charts 

?

10.  Other than horizontal and vertical resolution differences, what other significant difference is there between the ETA and NGM models?

11.  __________ (TRUE/FALSE) The AVN will generally display the same biases as the MRF because they are the same numerical model (cut-off times are the only difference).

12.  Which of the following statements is not true about the MRF’s strengths?

a.  The MRF moisture forecasts have performed well in the tropics.

b.  MRF thickness progs are good for tracking polar outbreaks. 

c.  The MRF is the only available US model that forecasts past 72 hours.

d.  The MRF is good at maintaining amplitude of waves, even out to 10 days.

13.  __________ (TRUE/FALSE) Because of its 40 km resolution, the RUC-2 cannot detect smaller scale local circulations and orographic precipitation patterns.

2.3.  European Models

Although AFWA possesses a MM5 European window, just like in CONUS, forecast model comparison is a must.  The complexity of the atmosphere dictates looking at the different models to see which is handling the weather best during your forecast period.  There are numerous indigenous forecast model products available throughout Europe for comparison, but remember that the finer a model's resolution, the better it's able to pick up features.  In almost all cases, the AFWA MM5 has better horizontal and vertical resolution.  In Europe, forecasters have the luxury of being able to access numerical weather prediction models from the German Military Geophysical Office, the Deutsche Wetterdienst (DWD), the European Center for Medium-Range Weather Forecasting (ECMWF), the United Kingdom Meteorological Office (UKMO) either over the Internet or facsimile circuits.

2.3.1.  German Military Geophysical Office (GMGO) Boundary Layer Model (BLM)

The BLM is a regional weather forecast model for Western Europe and the Eastern Atlantic.  It is ideally suited for synoptic scale prediction.  The model is run twice per day, using the 12Z and 00Z databases.  The BLM is a nested grid model that uses the Deutsche Wetterdienst GM model for its boundary conditions.  Forecasts are generated out to 36 hours.  The BLM is capable of resolving synoptic and sub-synoptic scale waves, thermal fronts, large-scale land/sea breezes and alpine upslope/downslope winds.  It has horizontal resolution of 63.5 km and vertical resolution of 10 layers, with the highest resolution in the lowest 10,000 feet.

· Strengths

· The BLM features easy-to-interpret display of winds, temperature, and moisture at selected levels.

· The BLM is available early enough to become incorporated into routine weather forecasting.

· Although statistical quality averages for surface pressure are similar to the GM, the BLM pressure fields contain more realistic detail.

· Weaknesses

· Precipitation field detail is only as good as the resolution of the BLM.  Small topographical features and their and their effects on precipitation distribution are not accounted for.

· Precipitation is forecast better in the northern half of Central Europe than in the southern half.  Orography results in general overestimation and excessive persistence of precipitation.

· Showers and thunderstorms are forecast too often and too widespread.  Forecasts for thunderstorms are better in the southern half of Central Europe than in the northern half.  Thunderstorm forecasts in the summer are better in the afternoon and evening hours than are forecasts for late night and early morning.

2.3.2.  Deutsche Wetterdienst Global Model (DWD-GM)
The GM (see Figure 2-23) is a global spectral model and is basically an older version of the ECMWF model.  The GM can resolve 106 waves in the horizontal (roughly 110 km grid resolution) and has a vertical resolution of 19 layers.  Forecast fields, from the 00Z and 12Z databases, are received twice per day from the DWD.  Model output is received out to 168 hours.

· Strengths
· The GM provides more accurate insight into the weather developments over Europe on the synoptic scale; it is less sensitive to some erroneous data inputs.

· It provides a usable first guess precipitation outlook 6 days in advance.

· Good resolution of moisture fields up to +36 hours.

· Weaknesses
· Lee-side lows can be slightly underestimated.  This is especially true in the Mediterranean.

· In spring and summer, cold pockets at 500 mb entering central Europe are often calculated too warm.

· In spring and summer, 850 mb temperatures tend to be too warm over land.

· The data assimilation process of the GM results in poor performance of systems coming off the Greenland ice cap.

· Precipitation coverage is overforecast, and precipitation amounts are overestimated.
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Figure 2-23.  2 Panels of DWD Global Model 500 mb GPH/Temperature and Surface Pressure Prog Chart

2.3.3. Deutsche Wetterdienst Europa Model (DWD-EM)
The EM (see Figure 2-24) is a very advanced fine mesh model nested within the GM and is produced by the DWD.  It has a horizontal resolution of 50-55 km grid-point spacing and a vertical resolution of 20 layers.  It is produced twice per day with data base times of 00Z and 12Z.  It is used to forecast synoptic scale events.  Its domain is the Atlantic and Europe, though its eastern border ends in the Balkans, and southern border ends in central Italy.  The model is run out to 96 hours.

· Strengths
· Provides a much finer resolution for central Europe.

· Refines precipitation forecasts, particularly over the Balkans.

· Weaknesses
· The model hierarchy dictates the EM must use the GM’s solution as the input data.  As a result, if the GM performs poorly, the EM can only refine the input.

· The model tends to develop a negative bias in the surface pressure over continental Europe.  This bias translates to errors in wind direction and speed.  Wind errors are usually smaller than 2.5m/s (5 kts) except in coastal and mountainous areas where the models underlying assumptions of the turbulence scheme are no longer valid.  In these locations, wind speeds are generally higher.

· Temperature errors are larger for Scandinavian countries in winter due to the impact of snow covered surfaces.

· The model overestimates stratus clouds and light precipitation.

· The EM cannot resolve local winds below an inversion.

· The EM performs better over land and over open water than over coastal regions.  Diurnal land/sea breezes are not taken into account.
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Figure 2-24.  One Panel of DWD Europa Model 

400 mb/500 mb GPH and Temperature Prog Chart

2.3.4.  Deutsche Wetterdienst Deutschland Model (DWD-DM)

The DM (see Figure 2-24) is a high-resolution model that is nested within the EM.  It has a horizontal resolution of 14 km grid-point spacing and a vertical resolution of 20 layers.  It provides a more detailed forecast of weather conditions close to the ground and better simulates clouds and precipitation.  The topographic package integrated in the DM is considered one of the most advanced for an operational forecast model.  The domain for the DM is Germany, Austria, and Switzerland.  The model is run twice per day using the 00Z and 12Z databases.  The forecast period runs out to 36 hours. 

· Strengths

· Finest resolution model over Germany.

· Best model for cloud and precipitation forecasting over Germany.

· Weaknesses

· Since the DM is nested within a larger-scale model, it takes on some of the weaknesses of its parent coarser model and refines them.  In general, the DM has some difficulties in properly simulating weather conditions in the Alps.  The DM’s resolution of 14 km is still insufficient to resolve the fine details of local topography like high peaks and steep valleys.

· It has some difficulty handling all processes related to the occurrence of snow.

· Local wind systems developing below an inversion are poorly depicted.

· Temperature forecast is somewhat too conservative.

· The model may miss the initial development of low stratus.

[image: image35.jpg]e

ot 10 o () Saoaiy P=1res

T e znzsnmm:(nm 18) et )l Hells t - e






Figure 2-24.  One Panel of DM 10 Meter Winds Prog Chart

2.3.5.  European Center for Medium-Range Weather Forecasts Model (ECMWF)

This model is considered by many to be the best medium-range forecast model in the world.  The ECMWF (see Figure 2-25) is a spectral model with a global domain, run once per day for operational use on the 12Z database.  It has a horizontal resolution of 213 waves (approximately 95 km grid point spacing) and vertical resolution of 31 layers between the surface and 30 km.  Forecast fields are generated out to 240 hours.  Output charts include surface pressure, high and low centers, 850 mb geopotential heights and temperatures, 700 mb relative humidity, and 500 mb geopotential heights and temperatures.  The model analyses are done every 6 hours using global satellite data, global free-atmosphere data, oceanic data, and land data--roughly 50,000-80,000 observational data are used in each analysis.

· Strengths

· The best vertical and horizontal resolution of any global model, along with good terrain representation.

· Acts sensitively on flow changes from zonal to meridional; good alert on storm development along the Alps and other high terrain.

· Forecasts out to 10 days; good for comparison with the NCEP MRF run from 12 hours earlier.

· Weaknesses

· Predictive skill is higher in the Northern Hemisphere than the Southern Hemisphere, primarily because of better data coverage in the Northern Hemisphere (better model initialization).

· On the average, surface and 500 mb height and temperature forecasts for the Northern Hemisphere show skill out past 5 days.  The same is not true for the Southern Hemisphere.

· The accuracy of tropical wind forecasts is comparable with climatology beyond 72 hours.

· Even with recent changes, the model still performs poorly over the European Theater if systems rapidly move off the Greenland ice cap.

· Practically no precipitation biases during the cold half of the year.  In summer, especially over mountainous regions, overestimates precipitation during the day and, to a lesser extent, underestimates it during the night.  

· Slightly underestimates (by .5 octa) cloud cover during the day.

· 2 meter nighttime temperatures average two degrees too low in all seasons (more so in winter).

· 2 meter daytime temperatures are too low in winter and spring.

· 10 meter wind speed is generally one to two meters/second too low during the day

· Performance in the United States

· Best of the medium-range models in forecasting shallow, cold air situations.

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

· Sometimes too slow to move systems out of the southwestern deserts of the US.

· Slight tendency to over-forecast mid- and upper-tropospheric heights (resulting thicknesses are too great).

· Sometimes forecasts too many closed centers during the warm season.

· Be cautious if main systems originate in areas where analysis uncertainties are large (lack of reliable observations).

· 120- to 168-hour forecasts of the long wave pattern is fairly reliable, though the creation of blocks can be underestimated.

· 120- to 168-hour predicted positions and intensities of cyclones or fronts are doubtful and bogus features may appear.

· 168- to 240-hour forecasts of the long waves and blocking cyclones lose reliability

· Synoptic scale is almost totally unreliable and no skill in weather parameter forecasts from 168 to 240 hours.
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Figure 2-25.  ECMWF Surface Pressure Prog

2.3.6.  Limited Area Model (LAM)

The LAM is the North Atlantic-European version of the UKMO-GM.  The model physics of the LAM are similar to the UKMO-GM, but not totally the same.  Data assimilation of the LAM is somewhat different than for the UKMO-GM; hence, the LAM is not a totally nested sub-model of the UKMO-GM.  The LAM has a horizontal resolution of 50 km and a vertical resolution of 19 layers.  It is run four times per day out to 48 hours and forecast fields are received twice per day from the 00Z and 12Z databases out to 36 hours.

· Strengths

· Inherits the strengths of the UKMO-GM.

· The model’s 850mb wet-bulb potential temperature field is especially useful in locating frontal boundaries.  The warm edge of the strongest potential temperature gradient is often associated with surface fronts, since potential temperature is conserved in adiabatic processes.  The 850mb level is optimal since it is high enough to avoid diurnal variations and still low enough to represent the lower tropospheric air mass.

· Weaknesses

· Small vorticity lobes and polar lows can not be satisfactorily resolved.

· The model overdoes the amount of dynamic rain at the expense of showers, if the atmosphere is unstable.

· The model does not necessarily resolve secondary waves that form to the south of the UK.

· Surface winds tend to be too strong over land

· Moisture is often poorly represented; therefore, rainfall can be misleading, particularly in the summer season.

· Polar air outbreaks towards the UK are calculated too intense in low development and too cold aloft.

· The model has a cold and dry bias in the Mediterranean.

· The surface analysis/forecast incorporates the frontal analysis done by the Chief Forecaster that generally becomes less reliable east of Germany.

2.3.7.  United Kingdom Meteorological Office Global Model (UKMO-GM)
The UKMO operates a global operational tropospheric model, the Unified Model, that supports other operational models such as the Global Model, the Mesoscale Model, the Ocean Model (not covered in this QTP), and the stratosphere only model (also not covered in this QTP).  The Global Model (GM not to be confused with the DWD-GM), also known as the UKMET model, has a horizontal resolution of 0.8333° longitude and 0.555° latitude giving a grid spacing of approximately 60 km in mid- latitudes.  There are 30 vertical levels with humidity calculated on the lowest 27 levels.  The levels are arranged in a hybrid system.  The lower levels are based upon sigma levels, defined as pressure/surface pressure ratio implying that they closely follow the terrain and the upper levels are defined on pressure levels.  The model is run twice a day to forecast up to 6 days ahead with intermediate runs to maintain the assimilation cycle.  Figure 2-26 is an example of a 300 mb winds prog.

· Strengths

· The UKMO-GM handles cyclogenesis events very well.

· The GM is good at precipitation forecasting in the winter when stronger baroclinic systems dominate.

· Air mass showers are generally handled well by the GM.

· Weaknesses
· The UKMO-GM tends to slightly underestimate the amplitudes of troughs and ridges.

· The model has difficulties modeling rapid energy flux changes due to sea ice margins and snow cover.

· The model performs generally poorer in a northwesterly flow off the Greenland ice cap.

· Strengths of the jet streams tends to be underforecast by the GM.

· Islands in the Mediterranean are not recognized.

· The UKMO-GM has problems in forecasting shallow, cold air situations.

· The model tends to be too zonal, especially after the third day.

· The UKMO-GM forecasts the westerlies to be too far south.

· The model often lowers sea-level pressure too much and too far south--resulting synoptic-scale fronts are implied to be too far south.

· The GM rarely develops mid- and upper-tropospheric closed cyclones and anticyclones.
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Figure 2-26.  UKMO-GM 300 mb Winds Chart

2.3.8. United Kingdom Meteorological Office Mesoscale Model (UKMO-MM)
The UKMO-GM is used to provide boundary conditions for the high resolution regional model, the Mesoscale Model.  Figure 2-27 shows an example of a 10-meter winds prog.  It is centered on the UK and covers the UK and adjacent waters, including the North Sea.  The UKMO-MM provides products not possible from the global model, such as visibility and fog, and forms an input to the short range (0-6 hour) forecasting system.  This model has a horizontal resolution of 0.11° longitude and 0.11° latitude, a grid spacing of approximately 11 km.  The UKMO-MM has 38 vertical levels with humidity calculated on the lowest 35 levels.  The additional levels in this model are in the boundary layer to provide extra detail for forecasting over the UK.  In the Mesoscale Model, the model North Pole is not located at the geographical North Pole (has it situated at 37.5° N 177.5° E).  This is done in order to obtain a fairly uniform horizontal resolution over the area of interest, i.e., the UK.  Data assimilation is different than for the UKMO-GM and the LAM.  Observations are assimilated into the MM using a continuous nudging process known as the analysis correction scheme.  This means that every three hours the model produces an analysis that will be used as initial conditions for the next 3 hour data assimilation cycle.  There are four full forecasts run per day at 00Z, 06Z, 12Z and 18Z. 

· Strengths

· The UKMO-MM is especially good at air mass showers due to high resolution.

· The model’s MOS temperature data is very good, although they may be unreliable during the transition months of April and September.

· Weaknesses

· UKMO-MM surface wind forecasts tend to be somewhat weak.

· Low cloud and fog forecasts can be misleading, particularly under strong inversions with a height below the 850 mb level.

· Forecast soundings can be erroneous if low-level inversions are lower than 850 mb, and the 850 mb level is warm and dry.

· Under low stratus, UKMO-MM temperatures are calculated too cold.
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Figure 2-27.  UKMO-MM 10-Meter Winds Prog Chart

?

14.  __________ (TRUE/FALSE) The BLM and the DWD-EM use the DWD-GM model for boundary conditions.

15.  Which of the following statements about the DWD-DM is true?

a.  It provides a more detailed forecast of weather conditions close to the ground and better simulates clouds and precipitation.  

b.  The DM is a high-resolution (14 km) model that is nested within the EM. 

c.  The topographic package integrated in the DM is considered one of the most advanced for an operational forecast model.

d.  All of the above

16.  __________ (TRUE/FALSE) The DWD-GM, UKMO-GM and ECWMF all have weaknesses with precipitation, especially in the warm season.

17.  Which model is considered the best medium-range forecast model in the world?

a.  GMGO BLM

b.  ECMWF

c.  DWD-GM

d.  UKMO-GM

2.4.  Asian Models
The Korea Meteorological Administration (KMA) has recently (since 1996) begun using its own models, the Global Data Assimilation and Prediction System (GDAPS) and the Regional Data Assimilation and Prediction System (RDAPS).  There are also several typhoon tracking models used by the KMA: the Korea Typhoon Model (KTM) adapted from the Japan Typhoon Model, the Geophysical Fluid Dynamics Korea (GFDK) model and the Barotropic Adaptive Typhoon System (BATS).  These typhoon models aren't covered in this QTP.  The Japan Meteorological Agency (JMA) produces four models: the Global Spectral Model (GSM), the Regional Spectral Model (RSM), the Typhoon Model (TYM--not covered in this QTP), and upper stratospheric analysis for the one-month forecast model (also not covered in this QTP).  The JMA is anticipating the operation of very-short-range forecast system using a model with 10 km horizontal resolution.  The main object of the system is to provide the information of severe mesoscale phenomena such as heavy rainfall and strong winds up to 12 hours from the initial time (06Z and 18Z).  

2.4.1.  KMA Global Data Assimilation and Prediction System (GDAPS)

The GDAPS is a spectral model.  Its horizontal grid is 320 X 160 (roughly 90 km resolution).  It has 21 levels from surface to 100 mb.  The GDAPS is a 36-120 hr MRF with outputs twice daily, at 00Z and 12Z.  Data assimilation is 4 times per day at 6-hour intervals with a "first guess" 6-hour forecast from the previous GDAPS.  All GDAPS forecast times are 00Z or 12Z+36, 48, 60, 72, 84, 96, 108, 120 hours.  Model strengths and weaknesses have not been published to date.

The GDAPS (see Figure 2-28) covers the Far-East Asian Region with the following charts:

· 500 mb Height and Relative Vorticity 

· Surface Pressure and Precipitation 

· 850 mb Temperature and Winds 

· 700 mb P-velocity and T-Td 

· 500 mb Temperature 

The GDAPS also covers the Northern Hemisphere with:

· 500 mb Height and Relative Vorticity 

· Surface Pressure and Precipitation 
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Figure 2-28.  One Panel of KMA GDAPS Surface Pressure and Precipitation Chart

2.4.2.  KMA Regional Data Assimilation and Prediction System (RDAPS)

The RDAPs is a grid-point regional model with a 40 km (105 X 121 grid points) horizontal resolution with 22 levels from surface to 100 mb.  Like other worldwide regional models, it is runs off a spectral model, the GDAPS in this case.  The RDAPS covers out to 48 hours and is produced twice a day, at 00Z and 12Z.  Data assimilation is 4 times per day at 6-hour intervals.  All RDAPS forecast times are 00Z or 12Z+12, 24, 36, and 48 hours.  Model strengths and weaknesses have not been published to date.

The basic RDAPS (see Figure 2-29) forecast package consists of:

· 500 mb Height and Relative Vorticity

· Surface Pressure and Precipitation

· 850 mb Temperature and Winds

· 700 mb P-Velocity and T-Td 

· 500 mb Temperature

· 3 Hour Rainfall and 850-700 mb T-Td

These auxiliary analyses are also produced, but are not always available:

· 850 mb Moisture Flux and Streamline 

· 1000-700 mb Thickness and Thickness Advection 

· 925 mb Temperature and 700, 850 mb Isotachs 

· 500 mb Height and 850 mb Temperature Change for 24 hours 

· 925-700 mb Showalter Stability Index 

· 850 mb Convergence and 500 mb Relative Vorticity 

· 700 mb Vertical Velocity
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Figure 2-29.  One Panel of KMA RDAPS Surface Pressure and Precipitation Chart

2.4.3.  JMA Global Spectral Model (GSM)

The GSM is the JMA’s model for medium range forecasts.  It has a global domain with a horizontal resolution of 0.5625° (640 X 320 grid points).  It has 30 levels up to 100 mb.  There are two versions of the GSM.  The high resolution version of the GSM produces daily 8-day (196 hours) forecast to support operational one-week forecasts and 3-day forecasts of typhoon tracks.  The model provides the time-dependent lateral boundary conditions to RSM and TYM.  A low-resolution version of the GSM is used to make an ensemble one-month forecast with ten parameters every week.  Model strengths and weaknesses for the GSM have not been published to date.
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Figure 2-30.  Sample JMA GSM Surface Pressure and Precipitation Chart

2.4.4.  Regional Spectral Model (RSM)

The RSM is the main model for short-range weather forecast and supports objective forecast guidances processed with Model Output Statistics (MOS).  The RSM has a horizontal resolution of 20 km (257 X 217 grid points), is centered over Honshu, and covers East Asia and adjacent seas.  Its vertical resolution is 36 layers up to 100 mb.  Output charts go out 51 hours at 00Z and 12Z.  Model strengths and weaknesses for either the RSM have not been published to date.
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Figure 2-31.  Sample JMA RSM Surface Pressure, 850 mb Temperature and Precipitation Chart

2.5.  Other Indigenous Models

Given the computer resources and improved communications capabilities in AFW, it's possible to grab even more indigenous forecast model products.  It's now possible to really perform model comparisons.  Let's take a look at one North American indigenous model.

2.5.1.  Canadian Global Environmental Multiscale (GEM) Model

A relatively unknown indigenous source available over the Internet for model comparison, especially for Alaska, the Pacific Northwest, the remaining Northern Tier locations, and the Great Lakes, is the Canadian Meteorological Centre.  Its main forecast model is the Global Environmental Multiscale (GEM) variable resolution forecast model.  A recent change in horizontal resolution of the model grid and the parameterization of the physical processes makes the GEM useful in comparing different models, especially regional, over North America.  The GEM drives two configurations, the Regional (REG) and the Global (GBL).  Both the REG  and GBL run in parallel, the only difference is the horizontal resolution.  The REG (see Figure 2-30) has a horizontal latitude-longitude resolution of .22° (about 24 km) with a vertical resolution of 28 levels.  The GBL (see Figure 2-31) has a latitude-longitude resolution of 0.9° with the same vertical resolution.  The REG covers 00-48 hours while the GBL is a 6-day (144 hours) medium range forecast.  

Charts available are the:

· Classic 4-Panel (500 mb Heights and Vorticity, Surface Pressure and 100-500 mb Thickness, 700 mb Heights and 850-500 mb Humidity/Moisture, and 1000-700 mb Thickness and 12-Hr Precipitation) from 00-48 hours

· Vertical Motion from 00-48 hours

· Precipitation from 00-48 hours

· Severe Weather (250 mb) from 00-24 hours (Summer)

· Severe Weather (Stability) from 00-18 hours (Summer)

· Severe Weather (Buoyant Energy (BE) and Storm Relative Helicity (SRH)) from 00-18 hours (Summer)

· Severe Weather 4-Panel Precipitation (1000-850 mb and 850-700 mb Thickness, Surface Pressure and Pressure Tendency, Precipitation Amounts, Precipitation Type) from 12-48 hours (Winter)

· Severe Weather (250 mb) from 12-30 hours (Winter)

· Aviation Products from 06-24 hours

· Wave Atlantic from 00-48 hours

· Wave Pacific from 00-48 hours

The following strengths are a comparison between the newer GEM model and the previous version only.

· Strengths

· The tendency exhibited by the earlier version of the GEM to overdevelop oceanic lows to which is associated deep convection is clearly improved.

· The GEM proved superior several times in handling precipitation associated to convective lines such as cold fronts and squall lines than the previous version--precipitation patterns more realistic and maximum values closer to observed values.

· For precipitation, significant improvements were made in the low amounts (0 to .2 mm over 24 hours), more modest gains in the large amounts (more than 15 mm over 24 hours), but few changes in the intermediate amounts.

· The newer GEM has shown an improvement of the MSLP field bias as well as an improvement of the low level humidity bias.
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Figure 2-32.  One Panel of GEM-REG 4-Panel (Surface Pressure and 1000-500 mb Thickness Chart)
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Figure 2-33.  GEM-GBL Wave Pacific Chart

?

18.  Which Asian regional model has the better resolution, the KMA RDAPS or the JMA RSM?

19.  __________ (TRUE/FALSE) The KMA GDAPS, JMA GSM and Canadian GEM-GBL are medium-range spectral models that also furnish lateral boundary conditions for their respective countries’ regional models. 

Module 3 - computer model derived products
TRAINEE’S NAME_______________________________

CFETP REFERENCE:  13
MODULE OVERVIEW:

In this module, we get into discussions of the interpretation of products derived from weather models including meteograms (visualizations) and MOS and trajectory bulletins.
TRAINING OBJECTIVES:

· OBJECTIVE 1:  Demonstrate your ability to access the various meteograms available from AFWIN/SAFWIN and other Internet web sites.  Then, demonstrate how to interpret features depicted on the different meteograms and explain how to use them in forecasting by answering questions with at least 80% accuracy or by demonstrating your comprehension to the satisfaction of the trainer/certifier.

· OBJECTIVE 2:  Show your ability how to access and decode model-derived bulletins, explaining the different parameters on each bulletin and how to use these bulletins in forecasting, by answering questions with at least 80% accuracy or by demonstrating your comprehension to the satisfaction of the trainer/certifier.

EQUIPMENT AND TRAINING REFERENCE(S): 

· SC 1W015A, Volume 2, Upper Air and Surface Forecasting Techniques
· Users Guide to ECMWF Products

· AFGWC/TN-92/001, Computer Models
· NOGAPS Model Tendencies (FNMOC)

· AWS/FM-93/001, The Basics of Computer Weather Models
· Aerographers Mate 1 & C

· Check It Out 96-04, NOGAPS 3.4
PREREQUISITES AND SAFETY CONSIDERATIONS:  

· Completion of Module 2

· Trainee can access meteograms and bulletins

ESTIMATED MODULE TRAINING TIME:  3.5 Hours

CORE TRAINING MATERIAL AND REVIEW QUESTIONS

3.1.  Meteograms

One very useful way to look at a time series of meteorological data at a particular point is by plotting the data in a meteogram.  A meteogram is a visualization in the form of a time cross-section of data for a specific surface reporting station.  Meteograms are relatively new products produced by both AFWA and National Centers for Environmental Research (NCEP) using the MM5, ETA, MRF, NOGAPS, and less so, NGM models.  There are several educational and research institutions producing their own meteograms for the CONUS and Canada, and at least one country, Brazil, is already producing its own using its national model.  These meteograms may look different from the AFWA and NCEP.

The AFW meteograms over AFWIN/SAFWIN are derived from the MM5, AVN, MRF, ETA, and NGAPS models.  The MM5 meteogram has the highest resolution, but shortest duration.  The AVN, MRF and NOGAPS meteograms are much coarser, but still useful for extended planning.  The NWS (NCEP) employs two other meteograms--one based on the NGM MOS data and the other on the better resolution ETA modal.  In this QTP, we'll look at how to read meteograms; interpretations are covered more in detail in the Analysis and Prognosis QTP.  Table 3-1 shows how meteograms compare.  

Model
Resolution
Vertical Levels (Layers)

MM5
(AFWA)36 km
33, planned 40 

MRF
100 km day1-7, 250 km after day 7
16 

NGM MOS
80 km
16 

ETA
40 km
38 

Table 3-1.  Meteogram Comparisons

In a meteogram, time progresses from left to right across the figure.  One or more quantities may be plotted, either as line graphs, bar graphs, symbols, numbers, shading, etc.  Using a meteogram, you get a feel of how conditions change and evolve at a stationary point (termed the "Eulerian" perspective).  This is handy because most people are rather stationary with respect to the atmosphere.  Weather maps, or satellite "movies" are good for giving an overall perspective of the "big picture," but it can be difficult to tell what will transpire in your particular locality. 

Keep in mind that meteogram data are "as is"--straight from the computer models at AFWA or NCEP.  No interpretation, corrections, or other objective or subjective changes have been made. These are not the "official" forecasts, though in most cases they should resemble them rather closely since the official forecasts for your region are based on these models to various extents.

Current AFWA meteograms are based on grid points worldwide, and so, almost any location where the DoD has a presence can have a meteogram generated.  The MM5 meteogram has a resolution of 36 km, although finer resolution 12 km ones are available for a few locations (planned 27 and 9 km).  Current forecast NCEP meteograms are given for certain major cities in the US and Canada.  The forecasts are based on the grid point nearest the city in question (to the nearest .5° in latitude and longitude except for the MRF forecasts beyond day 7, where the grid point to the nearest 1.25° is used).  The resolution of the ETA model is 40 km, and is 100 km for the MRF day 1-7 and 250 km past day 7.  There are also websites that allow you to develop customized meteograms for any location in the world.  These meteograms are not as simple easy to read and interpretate nor have as many parameters as the AFWA and NCEP meteograms.  One thing to remember about model resolutions is that the models cannot directly discern any features of the terrain or atmosphere smaller than those sizes (although 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 parameterizations).  Thus, these models may not do a good job of forecasting very localized weather such as might be associated with things like mountainous terrain, or sea breezes.

3.1.1.  AFWA MM5 Meteogram

AFWA MM5 meteograms are based on the outer nest 36 km (planned 27 km) window.  Some locations have meteograms based on the 12 km inner nest (planned 9 km).  AFWA MM5 meteograms (see Figure 3-1) are available for most DoD locations worldwide.  Here are the parameters depicted on an AFWA MM5 meteogram (vertical-time cross section) from 1000 mb to 100 mb from analysis through 48 hours (out to 30-36 hours for inner nests): 

· 19 vertical layers are depicted by a wind barb at each layer for every 3-hour interval. 

· Wind barbs (direction and speed)

· Temperature is isoplethed in red at 4° C intervals. The 0° isopleth is depicted in blue. 

· Moisture - Relative humidity, only depicted when 70% or above, shown in shades of green from the surface to 400 mb.

· Shades brighten at 80% and 90%. 

· Areas with near 100% relative humidity isoplethed within the 90% region.

· Clouds - Cloud forecasts are outlined in a purple contour. These areas are derived from MM5's cloud water, cloud ice, cloud snow, and cloud rain mixing ratios.

· Sea-level pressure

· Surface wind barbs (speed and direction).  Speed also graphed. 

· 3-hour quantitative precipitation (total from 00-hour to valid time)

· Lifted Index

· 1000-500 mb thickness

· Surface temperature, dew point, heat index, and wind chill (° F worldwide)
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Figure 3-1.  AFWA MM5 Inner Nest 12 km Meteogram

3.1.2.  AFWA MRF Meteogram

AFWA MRF meteograms are valid for the next 16 days and are based on the Medium Range Forecast (MRF).  AFWA MRF meteograms (see Figures 3-2 and 3-3) are available for most DoD locations worldwide.  Here are the parameters depicted on an AFWA MRF meteogram:

· Sea-level pressure

· Surface wind barbs (speed and direction).  Wind speed also graphed.

· Maximum and minimum temperature, wind chill, and heat index (° F worldwide)

· Surface (2 m) relative humidity 

· 12-hour quantitative precipitation/precipitation type (only through day 9)  

· The legend block in the lower right hand corner explains the precipitation type and the heat index or wind chill thresholds.
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Figure 3-2.  AFWA MRF Meteogram (CONUS)
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Figure 3-3.  AFWA MRF Meteogram (Overseas)

3.1.3.  AFWA MRF Upper-Air Meteogram

AFWA also produces a second type of MRF meteogram--the MRF Upper-Air meteogram (see Figure 3-4).  AFWA MRF Upper-Air meteograms provide a 16-day vertical-time cross section for each location.  Here are the parameters depicted:

· 16 vertical layers (1000 mb-250 mb) are depicted by a wind barb at each layer for every 12-hour interval. 

· Wind barbs (direction and speed)

· Temperature is isoplethed in red at 4° C intervals. The 0° isopleth is depicted in blue. 

· Moisture - Relative humidity, only depicted when 70% or above, shown in shades of green from the surface to 400 mb.

· Shades brighten at 80% and 90%. 

· Areas with near 100% relative humidity isoplethed within the 90% region.
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Figure 3-4.  AFWA MRF Upper-Air Meteogram

?

1.  What is a meteogram?

2.  __________ (TRUE/FALSE) AFWA produces meteograms for over 400 locations worldwide.

3.  The AFWA MM5 meteogram displays a vertical profile of winds and temperatures.  How many vertical layers are there and what are the levels?

a.  16; 1000 mb to 100 mb

b.  16; 1000 mb to 250 mb

c.  19; 1000 mb to 100 mb

d.  19; 1000 mb to 250 mb

4.  __________ (YES/NO)  Looking at the AFWA MRF Upper-Air meteogram for Nellis AFB, NV (Figure 3-4), does the freezing level drop below 10,000 feet anytime during the forecast period?  If so, what time period(s)?

3.1.4.  NCEP ETA Meteogram  

The NCEP ETA meteogram shows a time step of 6 hours out to 48 hours.  The ETA meteograms are made twice a day, initialized at 00Z and 12Z.  ETA meteograms are available for large US cities (metropolitan areas) and a few large Canadian cities at this point.  Conditions for the lower troposphere (up to about 600 mb) are shown in profile.  The model data received is interpolated down to 1000 mb, but over high terrain only data that is near or above ground level is displayed.  Data below ground level has no physical meaning and is omitted (remember: pressure decreases with height).  Parameters and their depictions on the ETA meteogram (see Figure 3-5) are:

· 9 vertical layers (1000 mb to 600 mb) are depicted by a wind barb at each layer for every 6-hour interval.

· Wind barbs (direction and speed in mph for US and m/s for Canada)

· A full barb = 10, and a short barb = 5.  A pennant = 50.  The speed can be found by tallying the barbs.

· Temperature (° F for the US and ° C for Canada).  Contour interval is 10°F or 5°C.

· Freezing level (32°F or 0°C) is indicated by the double black line labeled FR.

· Relative Humidity (Moisture) - Depicted for 70% and above in graduated green shading

· Thickness

· 1000-500 mb Thickness - Cyan line shows the thickness of the 1000-500 mb layer in decameters (10s of meters, 10 m = ~33 ft).

· Rule of thumb is that if the thickness of this layer is less than 540 dm, any precipitation will be in the form of snow.

· 850-700 mb Thickness - Green line shows the thickness of the 850-700 mb layer in decamenters. 

· Rule of thumb is that if the thickness of this layer is less than 155.4 dm, that any precipitation will be in the form of snow.

· Stability - Indices and measures of the potential for strong or severe weather

· Convective Available Potential Energy (CAPE) - Red line indicates the amount of CAPE in meters squared per seconds squared.

· High values of CAPE indicate that most (but not necessarily all) conditions exist for strong thunderstorms.

· Total-Totals Index (TTI) - Orange and yellow bars indicate the TTI value (dimensionless) with a baseline of 40.

· TTI over central and eastern North America is also a good indicator of the potential for severe weather.  TTI of around 40-45 indicate the potential for thunderstorms.  Around 55, storms producing tornadoes are possible.

· Sea-Level Pressure - Blue line indicates SLP in mb. 

· 10-Meter Winds (~33 ft AGL) - Wind barbs (direction and speed in mph for US and m/s for Canada).  Green line graph for speed also shown.

· Temperature - Ranges and comfort indices are given at the 2-meter level (~6.5 ft AGL).

· Temperature (° F for the US and ° C for Canada) indicated by the red line (with color shading below the line to aid interpretation).

· Wind chill factor below 32° F or 0° C indicated by a light blue symbol.

· Heat index exceeding 75° F or 25° C indicated by a peach-colored symbol.

· 2-Meter (~6.5 ft AGL) Relative Humidity - Green line and graduated green shading indicates relative humidity in %. 

· Precipitation Type and Amount

· Color indicates the type of precipitation.

· The model data received does not actually specify the form of the precipitation--calculated after the fact.

· Rain/Snow and Rain/Sleet indicates that the possibility of either kind of precipitation exists.  

· Mixed category indicates sleet/snow, or rain/sleet/snow combinations could occur.  

· Narrow red bars within the other bars indicates the portion of rain likely to come from convection (showers and thunderstorms).  

· Black plate beneath the bar indicates the possibility of ice or freezing rain (rain falling on ground that has a temperature that is below freezing).

· Liquid water equivalents (in inches for US cities and millimeters for Canada).  For example, 1" of snow means one inch of water in the melted snow.  It could mean anywhere from 3-20" of actual snow, depending on how "wet" the snowfall is.  Depths of sleet and ice will more closely match their liquid water equivalents.
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Figure 3-5.  NCEP ETA Meteogram

3.1.5.  NCEP NGM MOS Meteogram

This meteogram is a 60-hour time cross-section of NGM MOS data for a specific surface reporting station.  The data plotted include temperatures, winds, pressure, clouds and present weather.  These plots are updated once every 12 hours.  NGM MOS meteograms are becoming scarcer on the Internet--being replaced by the ETA meteogram.  Parameters on the NGM MOS meteogram (see Figure 3-6) plot of forecast data from 00Z/12Z+6 hours out to 60 hours in 3-hour intervals (times displayed at meteogram bottom) are:

· TEMP - Temperature (° F) as the top line and dew point as the bottom line. 

· EXTT - The maximum and minimum temperatures are plotted below the TEMP display.  12Z is the low temperature and 00Z is the high temperature. 

· WX - Present weather as a weather symbol forecast to be occurring at that time.

· SNWDP - Snowfall forecast in inches for the previous 12 hours.

· Value of 1 indicated anywhere from a Trace to 2 inches.

· Value of 2 indicates snowfall of 2 to 4 inches.

· Value of 4 indicates 4 to 6 inches, and 6 means more than 6 inches.

· PREC - Precipitation forecast in inches for the previous 6 hours. 

· VIS - Visibility (horizontal visibility) in miles. 

· WGST - Wind gust in knots

· WIND - Winds and cloud cover.  Standard wind and cloud cover (total) symbols used in the surface data plots.

· CLD - Cloud layer plotted as horizontal lines.  Vertical axis is height of cloud base in feet. 

· Clear skies are plotted as a "C". 

· Scattered cloud layers (1/8ths to 3/8ths coverage) are plotted as a single short dash.

· Broken cloud layers (4/8ths to 7/8ths coverage) are plotted as two short dashes.

· Overcast layers are plotted as a single long dash. 

· CLDCL - Actual cloud ceiling is displayed below the chart in 100s of feet. 

· PRALT - Sea-level pressure forecast in mb.

[image: image50.png]NGM MOS Meteogram for MSP from 0600Z 2 OCT 98 to 1200Z 4 OCT 98

06 02 12 5 ® 21 00 03 06 02 © 16 ® 21 00 03 05 09 2





Figure 3-6.  NCEP NGM MOS Meteogram

3.1.6.  NCEP MRF Meteogram 

NCEP MRF meteograms are valid for the next 16 days and are based on the Medium Range Forecast (MRF).  NCEP meteograms are identical to the AFWA MRF meteogram and are available for large US metropolitan areas and a few Canadian ones (see Figure 3-7).  The parameters depicted on an NCEP MRF meteogram are:

· Sea-level pressure

· Surface wind barbs (speed in mph for US and m/s for Canada and direction).  Wind speed is also graphed.

· Maximum and minimum temperature, wind chill, and heat index (° F for US, ° C for Canada)

· Surface (2 m) relative humidity

· 12-hour quantitative precipitation (inches for US and millimeters for Canada) and precipitation type (only through day 9)
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Figure 3-7.  NCEP MRF Meteogram

3.1.7.  NCEP MRF Upper-Air Meteogram 

NCEP, like AFWA, produces a second type of MRF meteogram--the MRF Upper-Air meteogram.  NCEP MRF Upper-Air meteograms provide a 16 day vertical-time cross section for each location and have many parameters of the ETA meteogram extended past 48 hours.  The parameters depicted are (see Figure 3-8):

· Cloud - Low, middle and/or high cloud depiction as white horizontal lines on a blue field.  Based on  Ranges shown by tick marks on the left side, roughly interval of 10,000 feet.  

· Clear skies indicated no line (all blue)

· Scattered cloud layers (1/8ths to 3/8ths coverage) indicated by thin white line

· Broken cloud layers (4/8ths to 7/8ths coverage) indicated by intermediate-sized white line.

· Overcast layers indicated by thick white line. 

· 9 vertical layers (1000 mb to 600 mb) are depicted by a wind barb at each layer for every 12-hour interval.

· Wind barbs (direction and speed in mph for US and m/s for Canada)

· A full barb = 10, and a short barb = 5.  A pennant = 50. 

· Temperature (° F for the US and ° C for Canada).  Contour interval is 10° F or 5° C.

· Freezing level (32° F or 0° C) is indicated by the double black line labeled FR.

· Relative Humidity (Moisture) - Depicted for 70% and above in graduated green shading.

· Shades brighten at 80% and 90%. 

· Areas with near 100% relative humidity isoplethed within the 90% region.

· Thickness

· 1000-500 mb Thickness - Cyan line shows the thickness of the 1000-500 mb layer in decameters (10s of meters, 10 m = ~33 ft).

· 850-700 mb Thickness - Green line shows the thickness of the 850-700 mb layer in decamenters. 

· Stability - Indices and measures of the potential for strong or severe weather

· Total-Totals - Orange and yellow bars indicate the Total-Totals value. 

· Lifted Index - Red line graph with LI values (points).
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Figure 3-8.  NCEPMRF Upper-Air Meteogram

3.1.8.  Indigenous Meteograms

AFWA and NCEP aren't the only meteorological services that produce meteograms.  Brazil is the only country producing meteograms available over the Internet to AFW at this writing.

3.1.8.1.  Brazil

Brazil's CPTEC produces two types of meteograms (see Figure 3-9).  Both are simple and easy to interpret.  The Global Model meteogram is a coarse 200 km resolution MRF meteogram that is produced for only for sites within Brazil.  The 40 km resolution Regional ETA meteogram is produced for the Brazilian locations and also major cities in South America.
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Figure 3-9.  Brazilian Global Model and Regional ETA Meteograms

?

5.  __________ (TRUE/FALSE)  The NCEP MRF meteogram is in a different format and uses different data than the AFWA MRF meteogram.

6.  What levels' conditions are shown in vertical profile on an ETA meteogram?

a.  1000 mb (surface) only

b.  1000 mb to 600 mb

c.  1000 mb to 250 mb

d.  1000 mb to 100 mb

7.  What are the main differences between the ETA meteogram and the NGM MOS meteogram?

8.  __________ (TRUE/FALSE)  Meteograms are developed only in the US and Canada.

3.2.  Numerical Output Bulletin

Numerical output bulletins offer an unbiased numerical output of the model.  As mentioned already, meteograms are graphical visualizations of different models’ numerical outputs.  The numerical format eliminates the necessity of interpolating data from a number of products.  Many AFW forecasters are used to seeing these text bulletins instead of meteograms.  Thus, they’ve developed Rules of Thumb for their particular locations concerning their forecasts.  AFWA recently began making MM5 numerical outputs (FSAF) available.  The NWS issues numerical output bulletins based on the ETA (FOUS) and NGM (FOUM/FOUS).  There is a commonality between all numerical outputs.  Model output parameters are interpolated to the ICAO's latitude/longitude based on values of the surrounding 4 grid points except the precipitation type that is obtained from the closest grid point.  However, model layers (R1R2R3 in particular) differ between the AFWA and NWS numerical outputs--be careful and not confuse the AFWA layer values and those ETA and NGM layer values that many ROTs were developed. 

3.2.1.  MM5 Numerical Output Bulletins

The recent addition (as of this writing) of the MM5 numerical output bulletins based on the 36km (soon to be 27 km) MM5 model has added yet another valuable tool for AFW personnel.  So far, there are a limited number of MM5 output bulletins for CONUS, European, and Alaskan bases, and none for PACAF bases.  FSAF10-11 bulletins are for most European bases, FSAF 15 covers Alaska, and FSAF20-21 covers many but not all CONUS bases

FSAF15 KGWC 161200

OUTPUT FROM MM5 12Z Jun 16 99

TTPTTR1R2R3 VVVLI PSDDFF HHT1T2T3 WX

PAEI/465970 -2206 030606 52130906   

03000506170 -2604 030409 53141007   

06000566471 -2202 030109 53141007   

09000627178 00401 040109 52131007   

12000828791 -0600 040309 52110907   

15000949393 00000 040310 52100807   

18000819686 -1300 040410 53120807   

21000668492 -1000 030411 55151108   

24003668191 -0699 030613 56161108   

27003658087 -3799 030712 56161209 TS

30000738080 -3900 050811 55151109   

33000798076 -0200 060908 54131009   

36000808586 00800 072203 53121008   

39000809195 -0201 092505 52110807   

42000719297 -0801 102805 53120806   

45000729299 -0601 103109 53130906   

48000789798 -0201 113309 53130806   

Figure 3-11.  MM5 Numerical Output Bulletin

3.2.1.1.  MM5 Numerical Output Bulletin Parameters

There are 17 lines of the MM5 (FSAF) output bulletins preceded by a caption line that identifies the station (PAEI in this case) and the meteorological variables contained in each of the 17 following lines.  The first data line is the analysis; the second line the 03-hour forecast; the third line is the 06-hour forecast; etc.

Each line contains 14 parameters.  The 14 parameters shown in the boldface print at the 24-hour point in Figure 3-11 are clarified in Table 3-2.  All temperatures are in ° C with the encoding convention that temperatures below zero are subtracted from 100.  All positive vertical velocities are preceded with a zero.  All negative vertical velocities are preceded with a minus sign.  All wind directions are in tens of degrees.  All negative lifted index values are subtracted from 100.

Parameter
Explanation

TT
Number of hours past model’s 00-hour; e.g., 03 would be the 3-hour forecast from MM5 analysis.  Example shows the 27-hour point.

PTT
Quantitative precipitable water in inches.  024 is .24 inches; 123 is 1.23 inches.  Example shows 0.03 inch.

R1
Relative humidity at 500 ft AGL (100 shown as 99).  Example shows 65%.

R2
Relative humidity at 2000 ft AGL (100 shown as 99). Example shows 80%.

R3
Relative humidity at 3000 ft AGL (100 shown as 99).  Example shows 87%.

VVV
Vertical velocity at 700 mb in tenths of microbars per second.  029 is +2.9 microbars per sec.  Positive values denote rising air; negative values denote sinking air.  Example shows –3.7 microbars per second.

LI
Lifted index value. Lifted index.  Negative values are denoted by "9s"; e.g., 97 is a LI of –3.  Example shows a value of –1.

PS
Surface pressure in millibars.  28 would be 1028mb; 94 would be 994mb.  Example shows 1002 mb.

DDFF
Wind speed (knots) and direction.  3325 would be winds from 330 ° at 25 knots.  Example shows 070( at 12 knots.

HH
1000-500 mb thickness in meters.  52 would be 5520 m; 40 would be 5400 m.  Example shows 5560 meters.

T1
Temperature in degrees C at 500 ft AGL.  Negative values are subtracted from 100; e.g. 92 would be –8° C.  Example shows 16( C.

T2
Temperature at 2000 ft AGL.  Example shows 12( C.

T3
Temperature at 3000 ft AGL Example shows 9( C.

WX
Present weather (includes rain (RA), snow (SN), ice pellets (PL), freezing rain (FZ), and thunderstorms (TS)).  Note: This element is not displayed for the initial forecast hour.  Also, a precipitation type may not display with QPT values less than 004.  Example shows TS.

Table 3-2.  MM5 Numerical Output Bulletin Breakdown

?

Using the MM5 numerical output bulletin for KADW (Andrews AFB, MD) below, answer the following questions.

FSAF20 KGWC 020600

OUTPUT FROM MM5 06Z JuN 16 99

TTPTTR1R2R3 VVVLI PSDDFF HHT1T2T3 WX

KADW/898788 00097 182014 73222120

03000909091 00497 182016 72232120

06000879892 00297 192116 71232019

09000759499 00496 192217 72252119

12000648092 00296 192117 72272320

15000597283 -2797 192017 73282321

18000657380 -3198 191916 74272320

21001778487 01798 202113 73252119

24030899495 13099 212212 73232018

27069939799 14299 212311 72221918 RA

30016879293 -1999 222311 72232019 TS

33001718999 01298 222310 73262119 TS

36003648093 -0898 222209 74272320 TS

39002647789 01997 222109 75282321

42005647383 -0698 221809 75272421 TS

45000696778 -1699 231913 76262421

48000737079 -0800 222215 75252220

9.  __________ (TRUE/FALSE) There is no measurable precipitation forecast during the 48-hour  forecast period.  If FALSE, what is the total amount of precipitable water (rainfall) forecast?

10.  The winds at 00Z on 18 Jun are forecast:

a.  220° at 15 kts

b.  180° at 9 kts

c.  190° at 16 kts

d.  220° at 11 kts

11.  Why are thunderstorms forecast at the 30-hour point when the vertical velocity (VVV) drops so much to –1.9 microbars per second? 

3.2.2.  ETA/NGM Numerical Output Bulletins

ETA/NGM output is an unbiased numerical output of the model.  It is developed for over 300 locations in the US, including military bases, and some Canadian locations.  Forecast data are provided at 6-hourly intervals, out to 48 hours (see Table 3-2).  The numerical format eliminates the necessity of interpolating data from a number of products.  The following example output is intended to be used to explain the meteorological variables only.

FOUS65 KWNO 120000

OUTPUT FROM ETA 00Z JUN 12 98 

TTPTTR1R2R3 VVVLI PSDDFF HHT1T3T5 

ORD//653906 -1699 042321 76271913 

06000653913 -1401 082519 74251912  

12000674218 -0199 072217 73232013   

18000744736 00594 072313 74292214   

24003815037 02292 062614 75322414  

30001633323 -0494 103220 71252113   

36000683012 -1100 133114 70211812   

42000512414 -1701 133210 72251813   

48000502418 -1001 113504 75262115  

Figure 3-11.  ETA Numerical Output Bulletin

3.2.1.1.  ETA/NGM Numerical Output Bulletin Parameters

There are nine lines of the NGM (FOUM/FOUS)/ETA (FOUS) bulletins preceded by a caption line that identifies the station (ORD in this case) and the meteorological variables contained in each of the nine following lines.  The first data line is the analysis; the second line the 06-hour forecast; the third line is the 12-hour forecast; etc.

Each line contains 13 parameters.  The 13 parameters shown in the boldface print at the 24-hour point in Figure 3-11 are clarified in Table 3-2.  All temperatures are in ° C with the encoding convention that temperatures below zero are subtracted from 100.  All positive vertical velocities are preceded with a zero.  All negative vertical velocities are preceded with a minus sign.  All wind directions are in tens of degrees.  All negative lifted index values are subtracted from 100.  Keep in mind that the ETA model has more layers (vertical resolution) than the NGM.

Parameter
Explanation

TT
Forecast valid times projected at 6-hour intervals beginning at the 00 hour.  Example shows the 24-hour point.

PTT
Six-hour accumulated precipitation.  Example shows 0.03 inch.

R1
Relative humidity in the lowest model layer.  Example shows 81% from approximately SFC to 960 mb.

R2
Mean relative humidity from the model layers 2 to 9.  Example shows 50% from approximately 960 mb to 480 mb.

R3
Mean relative humidity from the model layers 10 to 13.  Example shows 37% from approximately 480 mb to 180 mb.

VVV
Instantaneous vertical velocity at 700 mb in microbars per second.  Example shows +2.2 microbars per second.

LI
Lifted index value.  Example shows a value of –8.

PS
Sea-level pressure.  Example shows 1006 mb.

DDFF
Wind direction and speed in the lowest layer.  Example shows 260( at 14 knots.

HH
1,000 - 500 mb thickness.  Example shows 575 decameters.

T1
Temperature in model layer 1.  Example shows 32( C at approximately SFC to 960 mb.

T3
Temperature in model layer 3.  Example shows 24( C at approximately 910 mb to 870 mb.

T5
Temperature in model layer 5.  Example shows 14( C at approximately 830 mb to 760 mb.

Table 3-2.  Numerical Output Bulletin Breakdown

3.2.3.  Graphical Plots (Cross-Over Charts)

An old method familiar to most pre-1990s forecasters and observers that a few weather stations still use are manual plots of numerical output data on charts, called "cross-over charts."  Meteograms have more or less replaced cross-over charts.  However, you should know that this tool can be used to forecast individual weather elements.  Simply plot certain values from the numerical output bulletin onto a time graph and look for trends in moisture, vertical velocities, and stability over time.  These plotted graphs represent a technique that can condense the data into a meaningful format but still display changes in magnitude at a location through time ("Eulerian" perspective).  Some uses of cross-over charts:

· Thickness plots are provided primarily to help determine precipitation type.  Remember the thickness rules of thumb from meteograms' discussions?

· The T1 and T3 values may be plotted to help determine what the temperature characteristics are in the lowest layers of the environment.  

· R1 and R2 values are plotted in such a way that the graph representing R1 moves upward as the RH values increase, and the R2 graph slides downward as the RH values increase.  

· If the R1 line on the graph is physically above the R2 value, there is the increased likelihood of clouds (more low-level moisture, at a higher relative humidity).  The farther the R1 value is above the R2 value, the more likely it is that clouds will advect in/develop.

· If the R2 line on the graph is above the R1, forecasters should expect clearing/no clouds.  

?

Using the NGM FOUS bulletin for MIB (Minot AFB, ND) below, answer the following questions.

FOUS93 KWNO 120000

OUTPUT FROM NGM 00Z NOV 12 98

TTPTTR1R2R3 VVVLI PSDDFF HHT1T3T5

MIB//625533 -0817 232915 17958984

06000654529 -2919 263114 19938885

12000704135 -4618 293308 23919186

18000676097 00115 252108 29959590

24000657295 -1414 192520 34009792

30000776677 -1212 162621 38009994

36000898190 -1111 122721 42000096

42000949186 -0911 092619 44010096

48000958488 -0610 072719 46020096

12.  Why is there is no measurable precipitation forecast at the 18-hour forecast point with upward vertical motion to +.1 microbars per second?

13.  The winds at 00Z on 14 Nov are forecast:

a.  330° at 8 kts

b.  250° at 20 kts

c.  270° at 21 kts

d.  270° at 19 kts

14.  __________ Which is indicated from 00Z on 13 Nov for the remainder of the forecast period, WAA (warm air advection) or CAA (cold air advection)? 

3.3.  Trajectory Bulletins

Trajectories show the paths of air parcels into a location.  There is a high correlation between the integrated vertical motion and the history of the air parcel and resulting cloud patterns.  Trajectory data is useful to the forecaster in predicting terminal weather conditions.  By using trajectory bulletins, forecasters can make many useful deductions that are not easily derived from the products currently available.

Following air parcels' trajectories reveal possible pollution or moisture modifications to the parcels and the effects of the integrated vertical motions acting on the parcels.  In addition, 

trajectories help in forecasting temperature, moisture, movement of fronts, and other synoptic features.

Trajectories for each parcel at the three mandatory pressure levels are computed backwards from the forecast time at the location of the station to find the initial point of the parcels that will be over the station at forecast time.  Knowing where an air parcel is coming from can tell a lot about the weather it brings with it.  Also, the location of the air parcel as indicated by the trajectory forecast is frequently quite different from what you might expect from a quick glance at synoptic products.

One disadvantage of this output is that it shows only the integrated vertical motion and not the instantaneous vertical motion.  This means that it tells the forecaster what the net effect will be in the future, but not specifically what the parcel will be doing at the instant of verification.  Also, the trajectory forecast does not consider addition of temperature, moisture, or instability.  However, the forecaster can predict the addition of these factors by studying the calculated trajectory path to see what the parcel is likely to pick up along the way.  The last disadvantage is that topography is not currently included in the considerations.  It is hoped that future models can consider terrain effects.

Trajectory bulletins are produced twice a day at 00Z and 12Z.  The outputs are station forecasts for temperature, moisture, vertical motions, and stability at 6-hourly intervals out to 48 hours.  The output gives current positions of air parcels that will be arriving over a station at a given time.  Simply plot the latitude/longitude positions given on the appropriate level chart to see what's in store for your location for that level. 

The forecast levels in Figure 3-12 are for the gradient level, 850 mb, 700 mb, and 500 mb.  The forecasts are in 6-hour increments out to 48 hours.  Each forecast line contains eight parameters.  Table 3-3 breaks down the 12-hour forecast line (highlighted in boldface print in the table) to explain these parameters.

FJUM57 KGWC 101200Z     

GG  TT DP LA LON PPP TT DP N LA LON PPP TT DP N LA LON PPP TT DP N SI   

KHOP  938 850MB              700MB              500MB 10/1200Z JUN 98   

06  24 22 37  89 000 18 10 5 37  89 989  9 M3 2 36  91 731 M8M20 4  0   

12  25 23 36  90 001 19 10 5 36  91 001 10 M4 3 36  92 001 M7M19 8  0   

18  23 22 35  91 001 19  9 8 34  92 001 10 M6 8 34  93 001 M6M17 8  0   

24  23 22 33  91 001 19  8 5 32  92 000 10 M4 8 29  95 862 M6M15 8  0   

30  25 22 30  92 901 19  6 2 25  93 928 10 M2 7 26  94 000 M6M13 8  0   

36  25 23 28  92 890 19  7 0 23  93 000 11 M2 7 26  95 000 M5M14 8  0   

48  22 22 24  92 560 18 10 0 22 117 300 11 M8 8 18 119 300 M5M23 8  0

Figure 3-12.  Trajectory Bulletin 

Parameter
Explanation

GG
Forecast time in hours after the database time; e.g., 12 equals 12 hours after the database time, or 11/0000Z in the above example bulletin.

TT
Forecast temperature in degrees Celsius at a specific level.  “M” indicates a negative temperature; e.g., 25 equals 25( C at the gradient level.

DP
Forecast dew point temperature in degrees Celsius at a specific level.  “M” indicates a negative temperature; e.g., 23 equals 23( C dew point temperature at the gradient level.

LA
Initial latitude of the parcel of air; e.g., 36 equals 36( north latitude.

LON
Initial longitude of the parcel of air; e.g., 90 equals 90( west longitude.

PPP
Initial pressure value of the parcel of air; e.g., 001 equals 1001mb.

TT
850mb temperature of the parcel of air. 19( C

DP
850mb dew point temperature of the parcel of air. 10( C

N
Forecast cloud amount reported in eighths at 850mb; e.g., 5 equals 5/8ths of clouds at 850mb.

SI
Showalter stability index; e.g., 0 equals 0.  The letter “M” preceding the value indicates a negative number.

Table 3-3.  Trajectory Bulletin Breakdown

?

15.  What are the advantages of trajectory data?

Using the trajectory bulletin for EGUN (Mildenhall AB, UK), answer the following questions.

FJEU51 KGWC 121200Z     

GG  TT DP LA LON PPP TT DP N LA LON PPP TT DP N LA LON PPP TT DP N SI   

EGUN  942 850MB              700MB              500MB 12/1200Z NOV 98   

06   9  5 53   3 000 M1 M3 5 53   3 788 M9M20 5 53   4 463M26M37 0  0   

12   8  5 54   8 001 M2 M5 4 55   9 945 M9M24 5 54  12 491M26M31 7  0   

18   7  4 56  14 863 M2 M7 4 56  14 638M12M17 4 55  15 513M28M30 8  0   

24   8  4 55  18 590 M2 M6 4 53  19 624M12M20 0 53  23 799M30M35 5  0   

30   9  5 52  20 816 M1 M6 4 51  21 979M11M19 0 52  26 671M24M26 0  0   

36   8  5 51  13 825 M1 M5 8 51  13 826M11M16 7 52  16 746M28M34 0  0   

48   8  5 51  15 763 M2 M5 3 51  15 777M12M15 0 52  16 734M31M35 0  0

16.  __________ (TRUE/FALSE) Overcast low clouds (850 mb) are forecast for 00Z on 14 Nov.

17.  The air parcel at 700 mb for 06Z on 13 Nov originated from:

a.  55° N, 9° W

b.  56° N, 14° W

c.  51° N, 21° W

d.  51° N, 13° W 

3.4.  NGM MOS Guidance

The NGM MOS guidance bulletin (FOUE/FOUM/FOUW) is generated twice a day, from 00Z and 12Z data.  It is available about 2 to 4 hours after database time (see Figure 3-13).  The bulletin is formatted in plain language and 3-hour probability groups, primarily shown as percentage chance of occurrence of various events or categories (precipitation, clouds, thunderstorms, etc.).

FOUM08 KWNO 121200

NGM MOS GUIDANCE   6/12/98  0000 UTC

DAY /JUNE 12             /JUNE 13                /JUNE 14   

RDR    06 09 12 15 18 21 00 03 06 09 12 15 18 21 00 03 06 09 12   

 MX/MN                   85          49          85          50   

 TEMP  68 63 57 66 77 82 84 77 67 61 53 64 76 82 83 77 66 62 53   

 DEWPT 50 48 46 48 47 45 44 43 41 41 40 43 43 41 41 40 42 42 41   

 CLDS  CL CL CL SC CL SC SC CL CL CL CL CL CL SC SC SC CL CL CL   

 WDIR  32 32 30 30 35 01 33 33 30 30 28 29 34 33 30 33 31 29 28   

 WSPD  12 07 06 09 07 07 09 10 09 07 06 07 08 11 14 15 11 09 07   

 POP06        1     3     0     0     0     0     0     0     0   

 POP12                    2           0           0           0   

 QPF        0/    0/    0/0   0/    0/0   0/    0/0   0/    0/0   

 TSV06     0/ 0  0/ 0  0/ 3  0/ 0  0/ 1  0/ 0  0/ 4  1/ 0  1/ 7   

 TSV12           0/ 0        0/ 4        0/ 0        1/ 2   

 CIG    7  7  7  7  7  7  7  7  7  7  7     7     7     7     7   

 VIS    5  5  5  5  5  5  5  5  5  5  5     5     5     5     5   

 OBVIS  N  N  N  N  N  N  N  N  N  N  N     N     N     N     N 

Figure 3-14.  NGM MOS Guidance Bulletin

3.4.1.  Guidance Elements

You need to know what the specific elements (abbreviations/acronyms) of the NGM/MOS guidance represent in order to use this data.  

Parameter
Explanation

MX/MIN 
MX/MN refers to maximum or minimum temperature in (( F) for a daytime or nighttime period.  Temperatures of 100( F or more fit on this line.

TEMP
Temperature (( F) at 3-hour intervals from 6 to 60 hours.  Temperatures of 100( F or more appear without spaces between that temperature and the temperatures immediately to the right and left.

DEWPT
Dew point (( F) at 3-hour intervals from 6 to 60 hours

CLDS
Categorical forecast (best category) of opaque sky cover in plain language.  The categorical forecasts:  CL = clear, SC = scattered, BK = broken, and OV = overcast

WDIR
Wind direction (tens of degrees) at 3-hour intervals from 6 to 60 hours

WSPD
Windspeed (in knots) at 3-hour intervals from 6 to 60 hours.

POP06
Probability of precipitation (0.01 inches or more of liquid-equivalent) in a 6-hour period; probability is given to the nearest percent and is not rounded.  The maximum POP value is 100%.

POP12
POP12 is the same as POP06, except that the probabilities are for 12-hour periods.

QPF
Categorical forecast (best category) of liquid-equivalent precipitation equaling or exceeding five categories (see below) in a 6-hour period to the left of the solidus and six categories (see below) in a 12-hour period to the right of the solidus.  Category number 6 applies to the 12-hour QPF only.  The categorical forecast includes values of 0 to 5 for the 6-hour periods and values of 0 to 6 for the 12-hour periods and are denoted as follows: 0 = No precipitation expected, 1 = 0.01 to 0.09 inch, 2 = 0.10 to 0.24 inch, 3 = 0.25 to 0.49 inch, 4 = 0.50 to 0.99 inch, 5 = 1.00 to 1.99 inches, and 6 = > 2.00 inches

TSV06
TSV06 refers to the unconditional probability (to the nearest percent) of thunderstorms occurring in a 6-hour period.  These values are to the left of the solidus.  To the right of the solidus is the conditional probability (to the nearest percent) of severe weather occurring in a 6-hour period.

TSV12
TSV12 is the same as TSV06, except that the probabilities are for 12-hour periods.

PTYPE
PTYPE is the categorical forecast (conditional) of precipitation type in plain language.  PTYPE is not transmitted during the warm season.  The categorical forecasts are as follows: Z = freezing precipitation (ZR, ZL, or IP). S = Snow. R = liquid precipitation

POZP
POZP refers to the conditional probability (to the nearest percent) of freezing precipitation. POZP is not transmitted during the warm season.

POSN
POSN refers to the conditional probability (to the nearest percent) of snow.  Like, POZP, POSN is not transmitted during the warm season.

SNOW
SNOW refers to the categorical forecasts (best category) of snow amount falling in a 6-hour period to the left of the solidus (value 0, 1, or 2) and in a 12-hour period to the right of the solidus (value of 0, 1, 2, 4, or 6)  Snow is not transmitted during the warm season.  Forecasts are indicated as follows: 0 = No Snow, 1 = Trace to < 2 inches, 2 = 2 or more inches for 6-hour period or 2 to less than 4 inches for a 12-hour period, 4 = 4 to less than 6 inches, which is available for 12-hour periods only, and 6 = 6 inches or more, which is available for 12-hour periods only.

CIG
CIG is the categorical forecast (values of 1 through 7) of ceiling-height conditions (best category).  The categories are denoted as follows: 1 = <200 feet, 2 = 200 - 400 feet, 3 = 500 - 900 feet, 4 = 1,000 - 3,000 feet, 5 = 3,100 - 6,500 feet, 6 = 6,600 - 12,000 feet, and 7 = >12,000 feet.

VIS
VIS refers to the categorical forecast (values of 1 through 5 ) of visibility conditions (best category of visibility).  The categories are denoted as follows: 1 = < 1/2 mile, 2 = 1/2 to 7/8 mile, 3 = 1 to 2 3/4 miles, 4 = 3 to 5 miles, and 5 = > 5 miles.

OBVIS
OBVIS is the categorical forecast (best category) in plain language of obstructions to vision.  The categorical forecasts are as follows: F = fog, H = haze, and N = neither fog nor haze conditions.

Table 3-3.  MOS Bulletin Breakdown

?

18.  __________ (TRUE/FALSE)  PTYPE POZP, POSN and SNOW are included on NGM MOS bulletins year-round.

19.  What are the probability groups on the NGM MOS guidance bulletin shown as?  

Using the NGM MOS bulletin for TCM (McChord AFB, WA), answer the following questions.

FOUW01 KWNO 020000

NGM MOS GUIDANCE   6/02/99  0000 UTC

DAY /JUNE  2             /JUNE  3                /JUNE  4   

TCM    06 09 12 15 18 21 00 03 06 09 12 15 18 21 00 03 06 09 12   

 MX/MN                   64          49          65          52   

 TEMP  54 50 48 53 58 61 62 59 54 52 50 54 60 63 63 61 57 54 53   

 DEWPT 44 44 43 46 46 45 46 46 47 46 46 48 48 48 48 49 50 50 49   

 CLDS  BK OV OV OV BK BK OV BK OV OV OV OV OV OV OV OV OV OV OV   

 WDIR  22 19 19 21 22 23 25 24 22 19 19 21 21 24 24 24 22 20 20   

 WSPD  08 07 05 06 09 05 10 07 05 04 03 05 01 02 03 05 05 05 06   

 POP06       29    23     8    15    19    38    36    33    34   

 POP12                   27          26          50          48   

 QPF        0/    0/    0/0   0/    0/0   0/    1/1   1/    1/1   

 TSV06     1/ 3  1/ 0  0/ 4  0/ 0  1/ 3  1/ 0  7/ 3  7/10  2/ 3   

 TSV12           1/ 3        0/ 2        1/ 2       10/ 7   

 CIG    5  5  5  5  4  5  6  6  6  5  5     5     5     5     4   

 VIS    5  5  5  5  5  5  5  5  5  5  5     5     5     5     5   

 OBVIS  N  N  N  N  N  N  N  N  N  N  N     N     N     N     N   

20.  What maximum total precipitation is forecast through 4/1200Z?

a.  .09 inch

b.  .18 inch (use the number after the solidus)max .09 inch for the 12-hr period ending 04/00Z and .09 inch ending 04/12Z

c.  .27 inch

d. .36 inch

21.  Why are there no entries in the OBVIS line even though measurable precipitation is forecast on 4 June?

Module 4 - model intializATion and verification process

TRAINEE’S NAME_______________________________

CFETP REFERENCE:  13
MODULE OVERVIEW:  This module explains the verification and initialization process for forecast models.  It also explains the importance of the analysis and verification functions associated with numerical weather prediction.
TRAINING OBJECTIVES:

· OBJECTIVE 1:  Be able to show your comprehension of the initialization and verification process by answering questions with at least 80% accuracy.

· The use of  satellite and real time data in the initialization and verification process

· The use of different model data from available sources for comparison and any adjustments needed

· OBJECTIVE 2:  Given MetSat data, a model package, and various charts, demonstrate an understanding of the process by initializing and verifying a model package to the satisfaction of the trainer/certifier.

EQUIPMENT AND TRAINING REFERENCES:
· SC 1W015A, Volume 2, Upper Air and Surface Forecasting Techniques
· Users Guide to ECMWF Products

· AFGWC/TN-92/001, Computer Models
· NOGAPS Model Tendencies (FNMOC)

· AWS/FM-93/001, The Basics of Computer Weather Models
· Aerographer's Mate 1 & C

· Check It Out 96-04, NOGAPS 3.4

PREREQUISITES AND SAFETY CONSIDERATIONS: 

· Completion of Module 3

· Trainee can access model products.

· Trainee can interpret MetSat imagery and has completed the Analysis and Prognosis QTP.

ESTIMATED MODULE TRAINING TIME:  4.5 Hours

CORE TRAINING MATERIAL AND REVIEW QUESTIONS

4.1.  Need for Initialization and Verification

Numerical weather prediction forecast models are continually improving at forecasting the weather, but they still need that human interface to check to see whether the model is on track with the current synoptic situation.  This process is known as initializing and verifying the model.  In initialization and verification, you’re checking to see if a model on which you’re basing your forecasts starts with a true representation of the analysis.  Remember that model forecasting is not an exact science.  Even small errors at the initial stage, if not corrected, can turn into large errors by the 48-hour point.  It’s during this process that you make the proper model adjustments.  It’s imperative that you initialize and adjust for errors every new model run before use.

The initial panel of the model run is called a 00-hour forecast.  The former misnomer of the 00-hour forecast as an analysis caused many forecasters to believe, and may still believe, that the first panel of a forecast model run is an analysis--a fallacy!  In reality, the model takes as a “first guess” its prior forecast and biases (attempts to correct) this data with real time data.  If the previous model run was far off in its 12-hour forecast, the initial panel of the current run may also be an incorrect 00-hour forecast.  Forecasters must be able to correct any inaccuracies in the 00-hour forecast and subsequent forecasts in the model run.  Without this correction, the model may not be used with any confidence.

4.2.  The Initialization and Verification (IV) Process
The IV process is accomplished in three steps to try to correct for model deficiencies.  

· Step 1

The first step is basically verification done on a previous run’s 12- or 24-hour prognosis by comparing the prognosis to the current, initialized 00-hour forecast (the date/time period of the 12-hour forecast and the current 00-hour must coincide).  This can be done by transferring the previous data to the current 00-hour forecast chart using another color (typically yellow or orange).  Once this is done, the forecaster can compare the forecast positions to the current 00-hour forecast for accuracy.  At this point, the forecaster is only trying to determine how the previous model run did.

· Step 2

The second step of the IV process is initialization and deals only with the 00-hour forecast.  Physically compare the 00-hour forecast positions with the analysis by using satellite and other real-time data from the same time to see how the 00-hour forecast is doing.  For example, the forecaster might initialize the 500 mb vorticity product by comparing major short-wave troughs to the satellite and the 500 mb analysis.  If the model’s initial placement of significant features agrees with the real time data, then no adjustments are needed and the rest of the model run may be used with confidence.  If significant features do not agree with the 00-hour forecast, then obvious adjustments will have to be made, and the prognosis may be suspect.

· Step 3

The third step of the IV process is basically a quality control verification to check the first two steps.  In this step, the forecaster compares the positions of significant features from the 12-hour forecast on the current run to real-time data to see if the model is still doing well, getting better, or getting wore than it was during the first two steps.  For example, if the 00-hour forecast time was 15/00Z, the 12-hour forecast time would be 15/12Z.  At 15/12Z, the forecaster would check this forecast of significant features against real-time data to determine how well the model is running (i.e., too fast, too slow, etc.).  This leads us to trend analysis.

4.3.  Trend Analysis
During the IV process, you, the forecaster, are to analyze how the prognosis is forecasting the current weather situation, and especially, whether it is correcting its inaccuracies (analyzing for trend).  Remember that the initial panel (00-hour) is just a biased forecast from a previous run.  When a model’s forecast is somewhat wrong in comparison to real-time data, biasing attempts to correct the model.  This biasing will correct the model’s forecast, but this correction may take place over one, two, or even more model runs.  It's your job to use the IV process to analyze how well (or poorly) these corrections are taking place.  The first two steps of the process must be used together to see whether the current or previous run is doing better on significant weather features.  Most of the time the model tries to correct itself, but the forecaster must make sure these corrections are taking place.  The third step continues this trend analysis by noting whether the correction is continuing or whether the model is getting worse.  Physical corrections (if needed) must then be made to the model in order to use the rest of the run’s forecast products (and data).  If any corrections are needed, forecasters typically use extrapolated adjustments 

· Make the correction(s) on the 00-hour initial panel and then extrapolate the correction(s) onto the 12-hour panel, 24-hour panel, etc.

Many forecasters take the attitude that certain prognoses are poor, i.e., “the model’s not handling the situation well.”  Although new advances in modeling have made the newest prognoses very accurate, every once in awhile, the model may not correctly forecast systems.  If the IV process described is used, corrections may be made to the model, and the model can be used with confidence.

?

1.  Why is there a need for the initialization and verification process

2.  __________ (TRUE/FALSE) The first panel (00-hour) of a forecast model run is an analysis.

3.  Describe the third step of the 3-step IV process?

4.  __________ (TRUE/FALSE) In trend analysis, you are analyzing how the prognosis is forecasting the current weather situation and correcting its inaccuracies.

4.4.  Model Initialization Checks

There are several model initialization checks to see if the model analysis is reasonable.  Use previous runs, actual plotted data and satellite data.  In the end, analysis provides initial values for prognostic variables.  The better the analysis initial values, the better the progs that lead to a better forecast.

4.4.1.  Surface Package

Surface package initialization consists of comparing:
· Surface isobars and circulation centers to the model's surface isobars and circulation centers.

· Adjust for placement and pressure values

· Surface pressure troughs/fronts/ridges to model's surface pressure troughs/fronts/ridges.

· Adjust for placement and pressure values.

· Thickness isopleths to 1000-500 mb model thickness

· Spot check specific thickness values from Skew-T(s) to the same spot on model.

· Compare satellite to model's surface analysis.

· Adjust model's analysis to match satellite.

4.4.2.  850 mb Package

Initialization at 850 mb requires you to:
· Compare geopotential heights and circulation centers.

· Adjust model ridge, trough and circulation center positions. 

· Compare moisture pattern.

· Adjust moisture areas.

4.4.3.  700 mb Package

700 mb initialization consists of comparing:

· 700 mb geopotential heights to model 700 mb geopotential heights 

· Adjust for changes in location/amplitude

· Trough/ridge axes to model's position

· Adjust for placement 

· Moisture pattern to current analysis (not 00-hr forecast)

4.4.4.  500 mb Package

500 mb initialization consists of comparing:

· 500 mb geopotential heights to model 500 mb geopotential heights

· Adjust for changes in location/amplitude

· Trough/ridge axes to model's position 

· Adjust model ridge/trough positions

· Vorticity

· Adjust vorticity centers (Shear + Curvature)

· Check for X-N distribution (shear lobes) on 500 mb 00-hr vorticity

· Prog against 300 mb jet analysis and adjust lobes

· Synoptic satellite cloud features to 500 mb 00-hr vorticity prog vorticity maxima positions.  Comma cloud inflection points to vorticity maxima.

An example:  You might initialize the vorticity product by comparing major short-wave troughs to the satellite and the 500 mb analysis.  If the model's initial placement of significant features agrees with the real-time data, then no adjustments are needed, and the rest of the model run may be used with confidence.  If significant features do not agree with the 00-hour forecast, then obvious adjustments will have to be made, and the forecasted prognosis may be suspect.

· Satellite baroclinic zone cloud shield(s) to model RH analysis

· Adjust model's analysis to match satellite

· Moisture pattern at 500 mb to current analysis (not 00-hr forecast)

4.4.5.  MetSat

During the model initialization, use MetSat data to locate:
· Ridges

· Cirrus shield orientation defines amplitude and sharpness of ridge

· Leading edge used to define ridge axis

· Troughs

· Breaks in frontal bands

· Mid-tropospheric trough at intersection of frontal band and trough line

· Enhanced cumulus clouds

· PVA reflected in cellular clouds behind cold front.  Frequent over ocean areas

· Comma-shaped clouds

· Jet stream/segment analysis

· Cirrus shield - On right side of jet axis

· Visible imagery- Texture changes from lumpy to smooth

· No high clouds - Boundary between different types of low clouds

· Cirrus streaks - Parallel and right of jet

· Transverse cirrus - Bands perpendicular, jet left and one degree north of edge

· Water vapor (WV) imagery

· First analyze the image without using any other tools

· Good method is to print the water vapor image and draw on it

· Water vapor normally the best image to print because you can identify many things from it alone:

· Jet stream(s) and jet streaks (if any)
· Upper-level moisture
· Upper-level confluence/difluence
· Short waves and circulation centers
· System development
· Comma cloud head darkening indicates weakening surface system.
· Cyclonic surge darkening where zone takes on elongated shape and moves into storm slot indicates upper air cyclogenesis and surface deepening.
· Base darkening indicates base of trough jet maxima in digging situations.
· VIS or IR Imagery

· Use VIS or IR shots to locate (draw on the printed WV):

· Migratory lows (regimes) and associated fronts

· Low-level moisture

· Areas of convection

· Any small scale features

· Types of clouds (open/closed cell CU, lenticulars, SC lines)

?

5.  Which of the following is not an initialization check of the 500 mb package?

a.  Troughs/ridges

b.  Geopotential heights (contours)

c.  Thickness 

d.  Vorticity
6.  __________ (TRUE/FALSE)  WV imagery is considered the best MetSat imagery to use during model initialization and verification.

4.5.  IV Process Application

Let's look at how the IV process works using a case study.  We’re going to cover the process of checking whether a product based on a certain forecast model, in this case, the surface prog using the surface-500 mb thickness, is on track with the current situation.  There are many questions you’ll need to answer to explain your analysis of the model initial hour package.

· Why did you place features where they are?

· How well did the model handle the initial conditions?

· Explain the steps you took to compare actual conditions to the model's representation of the analysis.  Make sure you include Met Sat Data.

· How well did the old 12-hr forecast compare to the current actual initial conditions?

· What changes did you make to the model's analysis to make it correct and did you apply these changes to the rest of the model package?  Explain why features are placed where they are on the prog portions (12- to 48-hr) of the model.

· Explain the pros and cons of the model's forecast.  Is it representative (is it on, or is it off)?

· Discuss the model numerical output (bulletins or meteograms) and the model trajectory output (if available).  You need to explain values as necessary and explain changes made to the output.
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Figure 4-1.  A Comparison of Model Runs

Figure 4-1 shows the analyzed 12-hr surface-500 mb thickness chart from the previous surface model run.  Note the frontal and circulation centers positions.  The orange positions represent the previous model run’s 24-hr continuity for the same time period (03/12Z).  From this, you can see that the two models have been in fairly good agreement both on positioning and strength. 
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Figure 4-2.  Analyzed MetSat Imagery

In Figure 4-2, we see the 12Z MetSat IR shot with fronts and pressure centers drawn based on satellite interpretation techniques.  
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Figure 4-3.  12Z Analyzed Surface Chart

Figure 4-3 is the actual 12Z analyzed surface chart.  Note the circulation centers and pressure values as well as the frontal positions.  The next figure will show how the model actually compares to actual conditions.
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Figure 4-4.  A Comparison Of The 12Z Surface Analysis With The 12-Hr Prog

Looking at the actual 12Z surface analysis (in orange) overlaying the 12-hr prog (Figure 4-4), you can easily see that the model was actually handling the main systems fine.  Mountainous areas will have some problems.  The low in the Texas Panhandle was almost exactly on, only 1 mb deeper.  Weak cold-air damming (yes, even in early June) probably caused the cold front being farther south in the Carolinas.  The Alberta Highs were only 2-3 mb stronger than the model forecast.  So now, you get the 00-hr surface-500 mb thickness chart and compare its initial positions to the actual analysis and the 12-hr.  Then, you need to adjust if the model is fast or slow.  This completes the initialization and verification process.  

?

MODULE REVIEW QUESTIONS CONFIRMATION KEY

Module 1 - Computer Models - General Information
1.  Forecast models use 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 covering the whole globe.  The data is exchanged between the many international meteorological services including the military.

2.  The “objective analysis” process interpolates irregularly spaced observation data and transforms the data to the forecast model grid.  This interpolation introduces some uncertainty in the initial conditions of the model in that the model is not initialized with exact data.  The interpolation scheme will estimate the parameter, say a temperature, at the grid point.  Although this estimate is not exact, it will most likely be close to the actual temperature. 

3.  Nesting is the process of creating finer scaled modeling by embedding a higher resolution limited area model in a global model.  Each of the finer scaled models receives at its lateral boundaries values of the atmospheric state variables from the coarser scale global model.

4.  TRUE

5.  A grid point model uses U - V wind components to represent vectors.  A spectral model uses sine and cosine functions.  Grid-point models are based on spectral models.

6.  126-wave 

7.  Whole-mesh grid  

8.  The half-mesh grid horizontal resolution is roughly 100 km.  Since models cannot directly resolve any features smaller than the grid size, and a sea breeze is typically a mesoscale feature well less than 100 km, the half-mesh grid model will miss it.

9.  Polar Stereographic, Lambert Conformal and Mercator
Module 2 - Types of Models

1.  TRUE

2.  Because of the increased resolution, output from MM5 will depict mesoscale features that you may not have seen in either global scale models (AVN and NOGAPS) or larger scale regional models (NGM).

3.  d.  Diego Garcia

4.  The 12 km inner nests are movable.  This allows AFWA to move the 12 km inner nests around to a part of the CONUS having the most weather on a particular day.

5.  This product shows the max wind speed between 30 and 40 kft (MSL).  Surface wind barbs and winds colored at 25 kt intervals 30 kft and 40 kft (MSL) beginning when speeds exceed 50 kts.  Good for pinpointing location and intensity of jet stream.

6.  False

7.  c.  A built-in algorithm

8.  FALSE

9.  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.

10.  The ETA model normalizes with respect to mean-sea-level pressure while the NGM normalizes with respect to surface pressure.  The ETA, for this reason, is not affected by rapid changes in ground elevations.

11.  TRUE

12.  a.  The MRF moisture forecasts have performed well in the tropics.

13.  FALSE (Because of the hourly assimilation of data and finer-scale model terrain features, despite its 40 km resolution, the RUC-2 can detect local circulations and orographic precipitation patterns.)

14.  TRUE

15.  d.  All of the above

16.  TRUE

17.  ECMWF

18.  JMA RSM (20 km with 36 levels versus the RDAPS 40 km and 22 levels)

19.  FALSE (The Canadian REG is driven by the same spectral model as the GBL, whereas the other two regional models are grid-point and need lateral boundary conditions from the spectral models.)

Module 3 - Computer Model Derived Products
1.  A meteogram is visualization in the form of a time cross-section of data for a specific surface reporting station.

2.  TRUE

3.  c.  19; 1000 mb to 100 mb

4.  YES; approximately 25/12Z to 28/00Z 

5.  FALSE

6.  b.  1000 mb to 600 mb

7.  ETA meteograms show conditions to 48 hours in 6-hour increments whereas the NGM MOS meteograms go out to 60 hours and are in 3-hour increments.  ETA meteograms show thickness values and upper-level profiles to 600 mb; NGM meteograms do not. 

8.  FALSE (AFWA produces meteograms for worldwide locations.  Other countries are also producing meteograms.  You can now go to meteogram websites to get customized meteograms for any location in the world.)

9.  FALSE (There is a total of 1.27” of measurable precipitation forecast during the 48-hour  forecast period after 18 hours through 42 hours in the PTT column.  Also check the WX column.)

10.  b.  180° at 9 kts 

11.  The values represent a 3-hour period.  At the beginning after the 27 hour point, there was probably positive VVV that dropped to a negative VVV by the 30-hour point.  Thunderstorms occurred sometime in that 3-hour block.

Using the NGM FOUS bulletin for MIB (Minot AFB, ND) below, answer the following questions.

FOUS93 KWNO 120000

OUTPUT FROM NGM 00Z NOV 12 98

TTPTTR1R2R3 VVVLI PSDDFF HHT1T3T5

MIB//625533 -0817 232915 17958984

06000654529 -2919 263114 19938885

12000704135 -4618 293308 23919186

18000676097 00115 252108 29959590

24000657295 -1414 192520 34009792

30000776677 -1212 162621 38009994

36000898190 -1111 122721 42000096

42000949186 -0911 092619 44010096

48000958488 -0610 072719 46020096

12.  If you look at the relative humidity values in the low and middle levels, you can see that there is relatively little moisture.  Also, look at the high even though there’s possibly a weak frontal boundary south of Minot moving north as a warm front (indicated by the WAA by and after the 24-hour point).

13. d.  270° at 19 kts 

14.  WAA

15.  Following air parcels' trajectories reveal possible pollution or moisture modifications to the parcels and the effects of the integrated vertical motions acting on the parcels.  Trajectories help in forecasting temperature, moisture, movement of fronts, and other synoptic features.  Knowing where an air parcel is coming from can tell a lot about the weather it brings with it.  Also, the location of the air parcel as indicated by the trajectory forecast is frequently quite different from what you might expect from a quick glance at synoptic products.

16.  TRUE

17.  b.  56° N, 14° W

18.  FALSE (PTYPE, POZP, POZP, and POSN are not transmitted during the warm season.)

19.  Probability of precipitation (0.01 inches or more of liquid-equivalent) in a 6-hour period or 12-hour period is given to the nearest percent and is not rounded.   Max probability is 100%.

20.  b.  .18 inch (use the number after the solidus)max .09 inch for the 12-hr period ending 04/00Z and .09 inch ending 04/12Z).

21.  OBVIS is the categorical forecast (best category) in plain language of obstructions to vision.  The categorical forecasts are as follows: F = fog, H = haze, and N = neither fog nor haze conditions.  Although rain may obstruct vision, it fits in the last of the three categories (N).

Module 4 - Model Initialization and Verification Process
1.  You’re checking to see if a model on which you’re basing your forecasts starts with a true representation of the analysis.  Small errors at the initial stage, if not corrected, can turn into large errors by the 48-hour point.  It’s during this process that you make the proper model adjustments--you need to initialize and adjust for errors every new model run before use.
2.  FALSE

3.  The third step of the IV process is a quality control verification to check the first two steps.  The forecaster compares the positions of significant features from the 12-hour forecast on the current run to real-time data to see if the model is still doing well, getting better, or getting worse than it was during the first two steps.

4.  TRUE

5.  c.  Thickness

6.  TRUE
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